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Abstract: Semantic Web (SW) is a vision of World Wide Web Consortium for seamless 
integration and query of complex data of all kinds and here we describe its 
implementation for chemical drug-like compounds. Resource Description Framework 
(RDF) is a recommended technology to integrate a variety of applications and provide a 
light weight ontology system to support annotation, search and exchange of knowledge in 
a SW. Establishing, managing and exchanging information on chemical compounds is a 
huge challenge for researchers working in many fields ranging from drug-discovery to 
enzymolgy, bio-fuels to agriculture. Structures of chemical compounds are complex to be 
described by names alone. Subtle structural changes may result in huge change in 
chemical properties and these changes may not all be explicit in its name. Also, the total 
number of chemical compounds one may have to deal within a particular field may run 
into millions. These are just a few of the reasons why we need a new generation 
technology - the Chemical Semantic Web (CSW), to manage chemical compounds. Here 
we describe a technique of establishing CSW using Chem-BLAST[1] and present a 
prototype CSW resource for AIDS research 
(http://bioinfo.nist.gov/SemanticWeb_pr2d/chemblast.do). Recently, we have extended 
(http://xpdb.nist.gov/pdb/chemblast.html ) this work to the tens of thousands of ligands 
held in the Protein Data Bank (http://www.rcsb.org/pdb/home/home.do ). 
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Introduction: Chemical compounds (compounds) are one of the most abundant and 
fascinating creation of nature; many of these compounds existed prior to life on earth. 
Every living body is a mini-factory for many compounds and these compounds play 
several critical roles in biological functions ranging from self-defense to survival, growth 
to self-regulation and reproduction. Extracting, identifying, naming, classifying and 
exchanging information on compounds have been a major process of evolution of human 
civilization over tens of thousands of years. Names derived from their source, names 
identifying their discoverer or their use, names based on structural information (IUPAC 
name, International Chemical Identifier (InChI) http://old.iupac.org/inchi/ ) of a 
compound are some of the popular choices for their identification. Though these choices 
are very useful and they have been widely adopted, they fall short of providing a reliable 
mechanism for humans to organize, exchange and instantly visualize their chemical 
structures.  
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Clear and succinct specification of a chemical structure by names alone can be difficult as 
it may have atoms connected by a complex network of atomic bonds stretching in three-
dimensions (Fig 1).  

 
Fig 1shows a compound with (IUPAC name 1-CARBOXY-1'-[(DIMETHYLAMINO)-
CARBONYL]FERROCENE ) with hetero-atom found in the PDB (ID = 1A3I)). The three-dimensional 
structure of this compound is very complex and it is difficult to visualize its structure from its IUPAC 
name. For this reason we present a rule-based Chemical Semantic Web concept that uses visual tools to 
present compounds using a recursive structural RDF. Structural RDFs are generated from structural sub-
components (such as the five member rings or the metal atom and its surroundings). For clarity over the 
Web, theses elements of RDF are presented as molecular images for visual inspection and subsequent 
selection. If an element of a RDF can be further expressed as a new RDF of its sub-component then a 
recursive method for generating RDF is used. The idea we use to present compounds is that of a super store 
where you no longer need to remember the brand names; the items are laid out to choose from pictures laid 
out in shelves in a predictable rule-based method; you see what are in that store and what you do not see in 
the shelves are not in that store. 
 
Three-dimensional arrangements of atoms determine the inter-molecular interaction 
properties (Fig 2) of a compound with other molecules such as drug targets. Thus an 
understanding of these arrangements impact ones ability to use of these compounds in 
technological development ranging from medicine to pest-control, biofuels to 
agricultural.  



 
Fig 2 shows a compound bound to the active site of HIV protease – a major target of AIDS drugs.  The 
molecular surface (shown in dotted gold) of the residues of the protease forms complementary interactions 
with the molecular surface (shown in pink) of this compound that is also known as a drug-candidate. This 
drug-candidate is made up of several sub-structures that branch out to reach into the cavities (shown by the 



dimples in the blue surface) formed by the protein residues. We propose to breakup the drug-candidate into 
these sub-structures and use the sub-structures in a recursive RDF for developing ontology for Chemical 
Semantic Web. Change in the protein surface caused by drug-resistance mutations is a major cause of the 
drug-resistance phenomenon shown by the HIV protease. Presenting this drug-candidate in a way that 
facilitates the visualization of its interaction with protein surface is a key component of Chemical Semantic 
Web that we present. 
 
For decades, scientists have been working to unravel the three-dimensional or at least 
two-dimensional projection of the three-dimensional structure of compounds. Currently 
structural information on tens of millions of compounds is available. PubChem[2] has 
one of the largest (over five million) public collections of structural information and 
Chemical abstracts (http://www.cas.org/) and Cambridge Structural Database 
(http://www.ccdc.cam.ac.uk/products/csd/) have been the leaders in providing such 
information for decades. The Protein Data Bank[3] 
(http://www.rcsb.org/pdb/home/home.do)  is the sole resource for structures of 
compounds bound to marco-molecules. 
 
The sheer volume and distributed ownership of the data on compounds make it hard to 
vision of managing it by traditional methods such as that integrate the information into a 
single or few data warehouses mentioned above.  Efficient use of these huge volumes of 
structural data in Web based distributed data resources requires smart easy-to-use 
technologies and common vocabularies. Making sense of these data in a multi-
disciplinary distributed environment is an ideal challenge to be tackled by Semantic Web 
technologies (http://www.w3.org/2001/sw/ ). We have been working in collaboration 
with HCLS of W3C (http://www.w3.org/2001/sw/hcls/) to illustrate some of the concepts 
of Chemical Semantic Web (CSW) and its implementation. This work has two main 
goals one to develop methods and automated procedures to prepare structural data for 
CSW and second is to illustrate their use for a visible project such as that of AIDS 
research.  
 
Semantic Web (SW[4-14]) is the vision of the World Wide Web for future Web both for 
distributing and integrating data. There have been several recent proposals[15-17] to use 
InChI as a rule-based name for complete compounds in a CSW. However, the use of 
compounds in a CSW needs more than this. CSW needs to use name and associate 
ontology not only on the complete compound but also on several additional parameters 
that are characteristic of the compound such as its substructures, type of its atoms and 
bonds, and their disposition in three-dimensions. Thus the challenge is not only to 
uniquely name each compound but also to uniquely name and correlate each sub-
component of every compound. Our research therefore focuses also on assigning names 
and managing ontology on these additional parameters.  
 
Resource Description framework (RDF, http://www.w3.org/RDF/ ) is a preferred 
framework to annotate, store and integrate data for CSW as per the recommendations of 
W3C/HCLS. A chemical structural RDF may be written as ‘structure’ – ‘relationship’ – 
‘a sub-component of the structure’. ‘Sub-component of a structure may often be a 
recursive property of the structure; for instance, a triple fused ring may be a sub-
component of a structure and that triple fused ring itself may be made of a six, five and a 
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seven member rings and also one of these rings may be bonded to a heavy atom. Our 
proposal is to develop an ontology and RDF with all these information on substructures 
included. We call this a recursive RDF. A recursive RDF on a structure is developed by 
expressing the ‘sub-component’ or ‘sub-components’ of a RDF element in a new RDF. 
Thus a recursive RDF is of the type ‘sub-component of a structure’ – ‘relationship’ –
‘sub-component of the sub-component of the structure’. The number of recursive layers 
of RDF that may be built on a given compound may depend on several factors like the 
size (number of atoms) and the number of unique structural scaffolds in that compound. It 
may also depend on the ‘use case’. For instance a sub-structure, thio-proline, may be of 
special consideration for AIDS inhibitors but it may be of lesser significance for another 
‘use-case’ such as drug-design for malaria and thus the thio-proline need not be a part of 
ontology for a ‘use-case’ focused on malaria.  
 
We use the Chem-BLAST[1] method to establish recursive RDF layers of a compound. 
The basic principle of the Chem-BLAST is to first express a compound in the form  
 

compound <->’A’-‘B’-‘C’-‘D’-… 
 
where ‘A’,’B’, .. are sub-components of the compound. These sub-components may be 
considered as ‘amino-acids’ if the compound is considered to be a peptide. Then each 
sub-component is further divided into its sub-components. The rules used to define sub-
components of a compound may vary between different applications. These rules may be 
broadly classified into two types – ‘a use-case based’ and ‘a general purpose based’. 
 
Use-case based RDF: The sub-components of a compound are generated using rules that 
are applicable to a particular ‘use-case’. Structure-based drug-design, chemical synthesis 
or study of chemical reaction and its products are few examples of ‘use-cases’ of an 
RDF. In each one of these ‘use-cases’, the compounds are divided into sub-components 
and then these sub-components into further sub-components using rules applicable to that 
‘use-case’. For instance, recap-rules[18] or chemical reaction rules are a possibility for 
‘use-cases’ on chemical synthesis. For drug-design for AIDS using peptidic inhibitors, 
sub-components may be defined by breaking the compound at peptidic bonds 
(http://esw.w3.org/topic/HCLS/ChemicalTaxonomiesUseCase ) and its illustration is at 
http://bioinfo.nist.gov/SemanticWeb_pr2d/chemblast.do . 
 
General purpose RDF: Rather than building a ‘use-case’ specific RDF, a developer of 
CSW may try to target a wider audience by choosing to build RDFs built on commonly 
used concepts that are applicable to many ‘use-cases’. We used structural scaffolds 
(http://xpdb.nist.gov/pdb/chemblast.html ) to illustrate the building of a general purpose 
RDF. This work presents a CSW case-study for structural data from the Protein Data 
Bank and focuses on several diseases. In this implementation, each compound is first 
examined for ring structures using an automated procedure. Then, in a recursive cycle, 
each one of these ring structure is allowed to grow in size by adding one or two atoms 
that are bonded to it. Each recursive cycle generates a super-structure of the sub-structure 
it started with and the new super-structure forms a new RDF with the sub-structure it 
started with. 
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Building a Chemical Ontology: Recursive RDFs are stacked head-to-tail to generate 
ontologies on compounds and their sub-structures as 
 

‘A’ <->’sub-structure1’; 
‘sub-structure1 <->’sub-sub-structure1’; 

…. additional classification of sub-structure1. 
 

‘B’<->’sub-structure2’; 
‘sub-structure2<->’sub-sub-structure2’; 

…. additional classification of sub-structure2. 
 
‘A’ and ‘B’ refer to the sub-components of a compound. 
 
Subsequently, RDFs for biological properties for compounds are generated and stacked 
against the corresponding structural ontologies as 
 

Compound 1 <->’cellular assy1’; 
Compound 1 <->’anti-viral assay 1’; 

…. other assays or data. 
 

Compound 2 <->’cellular assay 1’; 
Compound 2 <->’antiviral assay 1’; 

…. other compounds. 
 

 
New research directions and possible focus areas: At present chemical Semantic Web 
is in its infancy and a global participation is needed by many data providers to make it to 
grow. Common vocabularies, general ontologies, efficient and scalable technologies for 
generating and searching ontologies, and ‘use-case’ based methods to define RDFs for 
compounds are just a few stumbling blocks for the growth of CSW. Presentation of 
information on a compound is also a challenge due to lack of easy-to-use naming and 
organizing scheme for the millions of compounds to be handled by CSW. Here we 
propose a recursive automated method, similar to the ones used to manage file folder in a 
computer, for weaning through the millions of elements of a CSW. In the method, a user 
specifies compounds using one of their low level features, for instance a common 
structural scaffold of his interest and then refines his specifications in successive steps. 
For example, for HIV Protease inhibitors a ‘6-member ring’ may be a starter and 
structures with more atoms bonded to the ‘6-memebr ring’ may be subsequent choices for 
refinement of his choice. Chemical structures are often complex to draw on the fly and 
also several tautomeric forms of the structures may make it even more difficult to decide 
what to draw. Therefore a preferred and probably the intuitive way to facilitate search on 
structures is by presenting the elements of CSW as visual examples of pre-defined 
choices of ontological elements to choose from. A user may also be allowed to switch 
between different ontologies depending on his/her preferences. (Fig 3). 
 



 
 
 
Fig 3 shows the Web interface that we developed to present the ontology for CSW for AIDS research. The 
lowest level of the CSW that we use here focuses on the types of the substructures and the atoms they 
contain. A user may open any one of these lowest level folders (left of the figure) and view through its 
contents. After he opens a folder, he may step though a lower to higher level of ontology presented using 
images of structural sub-components. 
 
One may also think of other ways of defining the lowest level of the ontology. For 
instance the lowest level of the ontology need not be a classification of the structural 
scaffold as shown above. Instead it can be a range of petencies or the synthetic core of the 
compound or the manufacturer or toxicity of the compound. The interface we present here 
is a rule-based system that allows user to infer the results of a query using familiar items. 
The items that may be used to query the database are all presented as molecular images. 
The result generated by this system in response to a query is dependent on the ontology 
chosen by the user. User requirements may vary between different ‘use-cases’ and thus 
community participation is needed to build ontologies that meet the needs of as many 
‘use-cases’ as possible. 
 
Coordination between the many efforts on developing CSW ontologies pursued around 
the world is also an important focus area. Certainly, a full agreement between the 
ontologies adopted by all developers is not only impractical but also it may hinder 
independent efforts to develop CSW. Therefore, emphasis on only a partial overlap 



between different ontologies is desirable at this time. Common elements among differing 
ontologies may be used as cross-over points between them. For instance, certain types of 
the rings and/or type of the atoms contained in a compound may be used as common 
elements among many ontologies and a user may use these elements to switch between 
different applications available world wide. These cross-over points between ontologies, 
may be also used to provide inter-Web page query capabilities between CSW Web pages 
that do not share complete ontologies. 
 
To summarize here we describe how we have been formulating, developing and 
implementing Chemical Semantic Web to a real-world problem – namely for AIDS-drug 
discovery. We also present a Web resource to illustrate it and we hope that this work will 
be useful for others in their attempt to develop shared Web resources for complex data 
such as those of chemical structures and cellular images that may be best presented to 
users using visual examples of images of the data item being queried. Some of our related 
publications may be downloaded from http://xpdb.nist.gov/hiv2_d/download.html . 
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