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Chemoinformatics is the application of informatics methods to solve chemical problems. Although this
term was introduced only a few years ago, this field has a long history with its roots going back more than 40
years. These different origins have now merged into a discipline of its own that is full of activities. All areas
of chemistry from analytical chemistry to drug design can benefit from chemoinformatics methods. And
there are still many challenging chemical problems waiting for solutions through the further development of

chemoinformatics.

1 Introduction

The term “Chemoinformatics” appeared a few years ago
and rapidly gained widespread use. Workshops and
symposia are organized that are exclusively devoted to
chemoinformatics, and many job advertisements can be
found in journals. The first mention of chemoinformatics
may be attributed to Frank Brown. [1]

The use of information technology and management
has become a critical part of the drug discovery process.

Chemoinformatics is the mixing of those information
resources to transform data into information and infor-
mation into knowledge for the intended purpose of mak-
ing better decisions faster in the area of drug lead identi-
fication and organization.

Whereas we see here chemoinformatics focused on
drug design, Greg Paris came up with a much broader
definition [2]:

Chemoinformatics is a generic term that encom-
passes the design, creation, organization, management,
retrieval, analysis, dissemination, visualization, and use
of chemical information.

Clearly, the transformation of data into information,
and of information into knowledge is an endeavor needed
in any branch of chemistry not only in drug design. We
therefore share the view that chemoinformatics methods
are needed in all areas of chemistry and adhere to a much
broader definition:

Chemoinformatics is the application of informatics
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methods to solve chemical problems.

Why do we have to use at all informatics methods in
chemistry?

First of all, chemistry has produced an enormous
amount of data and this data avalanche is rapidly in-
creasing. More than 45 million chemical compounds
are known and this number is increasing by several mil-
lions each year. Novel techniques such as combinato-
rial chemistry and high-throughput screening generate
huge amounts of data. All this data and information can
only be managed and made accessible by storing them in
databases.

On the other hand, for many problems the necessary
information is not available. We know the 3D structure,
determined by X ray crystallography for about 300,000
organic compounds. Or, as another point, the largest
database of infrared spectra contains about 200,000 spec-
tra. Although these numbers may seem large, they are
small in comparison to the number of known compounds:
We know from less than 1% of all compounds their 3D
structure or have their infrared spectra. The question is
then, can we gain enough knowledge from the known
data to make predictions for those cases where the re-
quired information is not available?

There is another reason why we need informatics
methods in chemistry: Many problems in chemistry are
too complex to be solved by methods based on first prin-
ciples through theoretical calculations. This is true, for
the relationships between the structure of a compound
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and its biological activity, or for the influence of reaction
conditions on chemical reactivity.

All these problems in chemistry require novel ap-
proaches for managing large amounts of chemical struc-
tures and data, for knowledge extraction from data,
and for modeling complex relationships. This is where
chemoinformatics methods can come in.

2 History of Chemoinformatics

With all these problems at hand in chemistry, complex
relationships, profusion of data, lack of necessary data,
quite early on the need was felt in many areas of chem-
istry to have resort to informatics methods. These vari-
ous roots of chemoinformatics often go back more than
40 years into the 1960s.

2.1 Chemical Structure Representatio

In the early sixties, various forms of machine readable
chemical structure representations were explored as a ba-
sis for building databases of chemical structures and re-
actions. [3] Eventually, connection tables that represent
molecules by lists of the atoms and of the bonds in a
molecule gained universal acceptance. Connection tables
were also used for the Chemical Abstracts Registry Sys-
tem which appeared in the second half of the sixties. [4]

2.2 Structure Searching

A connection table is essentially a representation of the
molecular graph. Therefore, for storing a unique repre-
sentation of a molecule and for allowing its retrieval, the
graph isomorphism problem had to be solved to define
from a set of potential representations of a molecule a sin-
gle one as the unique one. The first solution was the Mor-
gan algorithm for numbering the atoms of a molecule in
a unique and unambiguous manner. [5] This provided the
basis for full structure searching. Then, methods were de-
veloped for substructure searching, for similarity search-
ing, and for 3D structure searching.

2.3 Quantitative Structure Activity / Prop-
erty Relationship (QSAR/QSPR)

Building on work by Hammett and Taft in the fifties, Han-
sch and Fujita showed in 1964 that the influence of sub-
stituents on biological activity data can be quantified. [6]

In the last 40 years, an enormous amount of work
on relating descriptors derived from molecular structures
with a variety of physical, chemical, or biological data
has appeared. These studies have established Quantita-
tive Structure—Activity Relationships (QSAR) and Quan-
titative Structure-Property Relationships (QSPR) as fields
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of their own, with their own journals, societies, [7] and
conferences.

2.4 Chemometrics

Initially, the quantitative analysis of chemical data relied
exclusively on multilinear regression analysis. However,
it was soon recognized in the late sixties that the diversity
and complexity of chemical data need a wide range of
different and more powerful data analysis methods. Pat-
tern recognition methods were introduced in the seventies
to analyze chemical data. In the nineties, artificial neu-
ral networks gained prominence for analyzing chemical
data.[8] The growing of this area led to the establishment
of chemometrics as a discipline of its own with its own
society, [9] journals, and scientific meetings.

2.5 Molecular Modeling

In the late sixties, R. Langridge and coworkers devel-
oped methods for visualizing 3D molecular models on
the screens of Cathode Ray Tubes. At the same time, G.
Marshall started visualizing protein structure on graphic
screens. The progress in hardware and software technol-
ogy, particularly as concerns graphics screens and graph-
ics cards, has led to highly sophisticated systems for the
visualization of complex molecular structures in great de-
tail. Programs for 3D structure generation, for protein
modeling, and for molecular dynamics calculations have
made molecular modeling a widely used technique.

2.6 Computer-Assisted Structure Elucida-
tion (CASE)

The elucidation of the structure of a chemical compound,
be it a reaction product or a compound isolated as a natu-
ral product, is one of the fundamental tasks of a chemist.
Structure elucidation has to consider a wide variety of dif-
ferent types of information mostly from various spectro-
scopic methods, and has to consider many structure alter-
natives. Thus, it is an ambitious and demanding task. It is
therefore not surprising that chemists and computer sci-
entists had taken up the challenge and had started in the
1960 ' s to develop systems for computer-assisted struc-
ture elucidation (CASE) as a field of exercise for artificial
intelligence techniques. The DENDRAL project, initi-
ated in 1964 at Stanford University gained widespread
interest. [10]

Other approaches to computer-assisted structure elu-
cidation were initiated in the late sixties by Sasaki at Toy-
ohashi University of Technology [11] and by Munk at the
University of Arizona. [12]
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Figure 1. The various areas of activities in chemoinformatics

2.7 Computer-Assisted Synthesis Design
(CASD)

The design of a synthesis for an organic compound needs
a lot of knowledge about chemical reactions and on
chemical reactivity. Many decisions have to be made
between various alternatives as to how to assemble the
building blocks of a molecule and which reactions to
choose. Therefore, computer-assisted synthesis design
(CASD) was seen as a highly interesting challenge and
as a field for applying artificial intelligence techniques.
In 1969 Corey and Wipke presented their seminal work
on the first steps in the development of a synthesis design
system. [13] Nearly simultaneously several other groups
such as Ugi and coworkers, [14] Hendrickson [15], and
Gelernter [16] reported on their work on CASD systems.
Later also at Toyohashi work on a CASD system was ini-
tiated. [17]

3 Chemoinformatics — A Mature
Discipline of Its Own

3.1 A New Discipline

The various fields outlined in the previous section have
grown from humble beginnings 40 years ago to areas of
intensive activities. On top of that it has been realized
that these areas share a large number of common prob-
lems, rely on highly related data, and work with similar
methods. Thus, these different areas have merged to a
discipline of its own: Chemoinformatics. (Figure 1)

The extent of this field has recently been documented
by a “Handbook of Chemoinformatics”, covering 73 con-
tributions by 65 scientists on 1850 pages in four volumes.
[18]
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It is also felt that chemoinformatics has to be taught
in courses of their own to prepare experts in this field
for academia and industry. Furthermore, the major topics
of chemoinformatics have to be integrated into chemistry
curricula to produce a new generation of chemists aware
and knowledgeable in the essentials of chemoinformatics
to make chemical research and development more effi-
cient. In order to assist in this endeavor, a “Textbook on
Chemoinformatics” has been produced. [19]

3.2 Overview of Topics

The following gives an overview of chemoinformatics,
emphasizing the problems and solutions — common to
the various more specialized subfields. These topics also
constitute the various chapters of the Textbook and of the
Handbook of Chemoinformatics. [18, 19]
1. Representation of Chemical Compounds

A whole range of methods for the computer represen-
tation of chemical compounds and structures has been de-
veloped: linear codes, connection tables, matrices. Spe-
cial methods had to be devised to uniquely represent a
chemical structure, to perceive features such as rings and
aromaticity, and to treat stereochemistry, 3D structures,
or molecular surfaces.
2. Representation of Chemical Reactions

Chemical reactions are represented by the starting
materials and products as well as by the reaction condi-
tions. On top of that, one also has to indicate the reaction
site, the bonds broken and made in a chemical reaction.
Furthermore, the stereochemistry of reactions has to be
handled.
3. Data in Chemistry

Much of our chemical knowledge has been derived
from data. Chemistry offer a rich range of data on phys-
ical, chemical, and biological properties: binary data for
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classification, real data for modeling, and spectral data
having a high information density. These data have to be
brought into a form amenable to easy exchange of infor-
mation and to data analysis.
4. Datasources and Databases

The enormous amount of data in chemistry has led
quite early on to the development of databases to store
and disseminate these data in electronic form. Databases
have been developed for chemical literature, for chemical
compounds, for 3D structures, for reactions, for spectra,
etc. The internet is increasingly used to distribute data
and information in chemistry.
5. Structure Search Methods

In order to retrieve data and information from
databases, access has to be provided to chemical struc-
ture information. Methods have been developed for full
structure, for substructure, and for similarity searching.
6. Methods for Calculating Physical and Chemical Data

A variety of physical and chemical data of com-
pounds can directly be calculated by a range of methods.
Foremost are quantum mechanical calculations of vari-
ous degrees of sophistication. However, simple methods
such as additivity schemes can also be used to estimate a
variety of data with reasonable accuracy.
7. Calculation of Structure Descriptors

In most cases, however, physical, chemical, or bio-
logical properties cannot be directly calculated from the
structure of a compound. In this situation, an indirect ap-
proach has to be taken by, first, representing the structure
of the compound by structure descriptors, and, then, to
establish a relationship between the structure descriptors
and the property by analyzing a series of pairs of structure
descriptors and associated properties by inductive learn-
ing methods. A variety of structure descriptors has been
developed encoding 1D, 2D, or 3D structure information
or molecular surface properties.
8. Data Analysis Methods

A variety of methods for learning from data, of induc-
tive learning methods is being used in chemistry: statis-
tics, pattern recognition methods, artificial neural net-
works, genetic algorithms. These methods can be clas-
sified into unsupervised and supervised learning methods
and are used for classification or quantitative modeling.

4 Applications of Chemoinformat-
ICS

4.1 Fields of Chemistry

The range of applications of chemoinformatics is rich in-
deed; any field of chemistry can profit from its methods.
The following lists different areas of chemistry and indi-
cates some typical applications of chemoinformatics. It
has to be emphasized that this list of applications is by
far not complete!
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1. Chemical Information

e storage and retrieval of chemical structures
and associated data to manage the flood of
data

o dissemination of data on the internet

e cross-linking of data to information
2. All fields of chemistry

o prediction of the physical, chemical, or bio-
logical properties of compounds

3. Analytical Chemistry

o analysis of data from analytical chemistry to
make predictions on the quality, origin, and
age of the investigated objects

¢ celucidation of the structure of a compound
based on spectroscopic data

4. Organic Chemistry

o prediction of the course and products of or-
ganic reactions

e design of organic syntheses
5. Drug Design

o identification of new lead structures
e optimization of lead structures

e establishment of quantitative structure-
activity relationships

e comparison of chemical libraries

o definition and analysis of structural diversity
e planning of chemical libraries

e analysis of high-throughput data

e docking of a ligand into a receptor

e de novo design of ligands

e modeling of ADME-Tox properties

o prediction of the metabolism of xenobiotics

e analysis of biochemical pathways

Varied as these areas are and diversified as these ap-
plications are, the field of chemoinformatics is by far not
fully developed. There are many areas and problems that
can still benefit from the application of chemoinformatics
methods. There is much space for innovation in seeking
for new applications and for developing new methods.
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4.2 Teaching Chemoinformatics

Chemists have to become more efficient in planning
their experiments, have to extract more knowledge from
their data. Chemoinformatics can help in this endeavor.
Furthermore, it is important that a certain amount of
chemoinformatics is integrated into chemistry curricula
in order that chemists realize where chemoinformatics
could help them, where they best ask chemoinformat-
ics experts. In addition, a few universities have to offer
training for chemoinformatics specialists. The first steps
have already been made at a variety of universities around
the globe. More has to come in order that more experts
on chemoinformatics are trained that society so urgently
needs.

5 Conclusions

Chemoinformatics has developed over the last 40 years
to a mature discipline that has applications in any area of
chemistry. The field has gained so much in importance
that the major topics of chemoinformatics have to be in-
tegrated into chemistry curricula, a few universities have
to offer full chemoinformatics curricula to satisfy the ur-
gent need for chemoinformation specialists. There are
still many problems that await a solution and therefore
we still will see many new developments in chemoinfor-
matics.

References

[1] F. K. Brown, Ann. Reports Med. Chem., 33, 375-
384 (1998).

[2] G. Paris (August 1999 Meeting of the American
Chemical Society), quoted by W. Warr at
http://www.warr.com/warrzone.htm

[3] F. A. Tate, Ann. Rev. Inf. Sci. Technol., 2, 285-309
(1967).

[4] G. M. Dyson, M. F. Lynch, H. L. Morgan, Inf. Stor-
age Retriev., 4, 27-83 (1968).

[5] H. L. Morgan, J. Chem. Docum., 5, 107-113 (1965).

http://www.sccj.net/publications/JCCJ/

[6] C. Hansch, T. Fujita, J. Am. Chem. Soc., 86, 856-
864 (1964).
C. Hansch, T. Fujita, J. Am. Chem. Soc., 86, 1616-
1626 (1964).

[71 QSAR and Modelling Society: http://www.qgsar.org
Molecular Graphics and Modeling Society:
http://mgms.org

[8] J. Zupan, J. Gasteiger, Neural Networks in Chem-
istry and Drug Design, 2nd Edition, Wiley-VCH,
Weinheim (1999).

[9] International Chemometrics Society:
http://www.mamics.nysaes.cornell.edu/
chem-society.html

[10] R. K. Lindsay, B. G. Buchanan, E. A. Feigen-
baum, J. Lederberg, Applications of Artificial In-
telligence for Organic Chemistry; the Dendral
Project, McGraw-Hill, New York (1980).

[11] S. I. Sasaki, H. Abe, T. Ouki, M. Sakamoto, S.
Ochiai, Anal. Chem., 40, 2220-2223 (1968).

[12] C. A. Shelley, T. R. Hays, M. E. Munk, H. V. Ro-
man, Anal. Chim. Acta, 103, 121-132 (1978).

[13] E. J. Corey, W. T. Wipke, Science, 166, 178-193
(1969).

[14] J. Blair, J. Gasteiger, C. Gillespie, P. D. Gillespie, I.
Ugi, Tetrahedron, 30, 1845-1859 (1974).

[15] J. B. Hendrickson, J. Am. Chem. Soc., 93, 6847-
6854 (1971).

[16] H. L. Gelernter, N. S. Sridharan, A. J. Hart, S.-C.
Yen, Top. Curr. Chem., 41, 113-150 (1973).

[17] K. Funatsu, S. Sasaki, Tetrahedron: Comput.
Methodol., 1988, 127-137.
K Satoh, K. Funatsu, J. Chem. Inf. Comput. Sci., 39,
316-325 (1999).

[18] J. Gasteiger, Editor, Handbook of Chemoinformat-
ics — From Data to Knowledge, Wiley-VCH, Wein-
heim (2003).

[19] Chemoinformatics — A Textbook, J. Gasteiger, T.
Engel, Editors, Wiley-VCH, Weinheim (2003).

57



58

J. Comput. Chem. Jpn., Vol. 5, No. 2 (2006)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


