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ABSTRACT 

Modeling scientific problems in workflows involves a number of activities. At a very 

basic level scientists specify the design of the workflow and implement the design using 

different tools. Issues such as specifying an efficient design, resource discovery, 

interoperability of the selected resources plague the bioinformaticians while creating a 

workflow. Tools such as ProtocolDB [1] can assist the scientists in specifying and 

reasoning about their workflows. One such workflow related to the superposition of the 

protein structures was analyzed and implemented using the underlying workflow model 

of ProtocolDB. 

 The use of domain ontologies to specify the design of the protocol increases its visibility, 

understandability and reusability by defining it with well accepted standards. Once the 

concepts have been selected, the design is mapped onto the implementation protocol. In 

the implementation phase the selection of tools takes place which requires prior 

knowledge about what the tool does. In an ideal world all tools would be intelligently 

annotated and placed efficiently according to different concepts in the ontologies thus 

making them uniquely identifiable according to the tasks they can perform and the type 

of inputs and outputs they consume and produce respectively. Each tool would either 

understand all the relevant formats or would be able to convert the incoming data into the 

desired format without having the scientist to write shims and wrappers to do so. But in 

reality, the scientists comes across a number of problems during resource discovery and 

incompatibility between the resource formats that hinder the specification and execution 

of the workflow. Thus the decision to use a particular tool becomes dependant more on 

the format than the tools that can perform the task efficiently. In this report we analyze a 

well known life sciences repository called BioMoby [2] that tries to overcome such 
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resource discovery and interoperability issues by specifying a common service and data 

type ontology. We identify the absence of a suitable domain ontology in BioMoby and 

try to extract one using the existing ontologies. 
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GOAL OF THE PROJECT 

The goal of our project is to alleviate the challenges met by bioinformaticians while 

performing tasks such as scientific modeling and resource discovery. 
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INTRODUCTION 

 

Typically while conducting a research a scientist would access a number of tools to 

obtain the desired results. A single tool would be incapable of fulfilling all their scientific 

needs. The output of a particular tool has to be made available as an input for the next 

tool. Thus the scientist becomes involved in the repeated process which in essence 

resembles a workflow.  

Scientific workflows go through a number of construction phases before providing the 

desired results. Initially the scientist specifies the scientific aim of the protocol using 

concepts derived form the relevant scientific domain. Once the design had been specified, 

tools that are capable of performing the design tasks are searched for and selected. After 

overcoming the dataflow inconsistencies, the workflow is executed.  

In the field of life sciences information integration becomes a challenge due the highly 

dynamic nature of the data. Therefore it is unrealistic to consider the current scientific 

model implemented in the workflow is going to persist for a long time. Even after the 

workflow has been fully implemented it goes through evolutionary changes based on 

results obtained or as its aim becomes clearer and more refined with new discoveries. 

Finally, the newly created workflow would be of importance only if it produces 

meaningful data or results. It will be considered vital, if it adds value to the environment. 

Value comes from the increase in knowledge about the environment or the process itself. 

Thus the over all aim is not only the efficient generation of data but the knowledge that 

can be extracted.  

Data can be turned into knowledge once their meaning is known. Thus we need what is 

called “meta data” to assist us in the path of knowledge discovery. Another important 
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aspect is the reusability of both data and the workflows producing the data. The myriad of 

tools now being made available is reducing the need for writing ones own scripts. A 

popular way of making resources available nowadays is converting them into web 

services.  A web service model offers advanced automation and application integration 

[3]. A complete annotation process using the relevant ontologies is the only way that can 

make these tools and web services uniquely identifiable and efficiently exploitable. 

In this report we present the work done in the area of scientific modeling and resource 

discovery. A workflow regarding the protein structures superpoisitioning was analyzed as 

a part of an internship completed at Translational Genomics (TGEN). Further more we 

explored the different aspects of a famous life sciences resource repository called 

BioMoby [2] in an effort to extract a domain ontology from its existing ontologies. 
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METHODOLOGY 

SCIENTIFIC MODELING 

In silico experiments carried out by the scientist make use of tools that take the shape of 

workflows.  

A scientific protocol is constructed in two phases [4] 

•  design 

•  implementation 

In the design phase tools such as ProtocolDB [1] can assist the scientist in expressing the 

scientific aim of their protocols at the conceptual level. A domain ontology is used to 

identify the scientific objects and tasks for the protocol. 

The next phase is the implementation phase. It requires the selection of tools and data 

sources. These resources should map directly onto the scientific tasks and objects. 

Scientific protocols can be implemented using applications such a Taverna [5]or Keppler 

[6] that are specifically aimed at work flow implementation. 

During an internship completed at TGEN a protein structure superposition protocol was 

expressed and analyzed using the underlying model for ProtocolDB.  

The aim of the protocol is to superpose proteins structures evaluated at the residue level, 

when both sequences and structures have diverged. The main superpostioning task in the 

protocol is performed by the GAPS (Gaussian Based Alignment of Protein Strucutres) 

algorithm. GAPS uses a Gaussian representation of selected atoms in the proteins and 

utilizes a 3-D molecular similarity function as a metric for quality of superposition. 

 The workflow was executed on two proteolytic enzymes structures namely Matrix 

Metalloproteinases (MMP) such as gelatinase A (MMP-7, PDB ID: 1MMP)2 and 

                                                 
2 http://www.rcsb.org/pdb/explore/explore.do?structureId=1MMP 
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membrane-type MMP-1 (MT1-MMP, PDB ID: 1BQQ)3. These enzymes regulate various 

cell behaviors with relevance for cancer biology. Overlaying their structures provides 

insights into their structurally-conserved regions, which are valuable for drug discovery 

projects in general.  

 

 

 

 

 

 

 

 

 

 

 

To express the protocol we make use of the existing domain ontology for proteins i.e., 

Protein Ontology (PO) [7]. Figure 1 shows the structure of the PKB KINASE DOMAIN 

(PDB ID: 1gzn) downloaded from the Protein Ontology (PO) instance repository4 for 

various proteins and being displayed in Protégé5. The language used for annotation is 

OWL [8]. The figure shows the numerous elements bonds and chains that contribute to 

the overall structure of the protein. Deriving the concepts from the ontologies removes 

the need for specifying any kind of formats at this stage. In the implementation phase 

                                                 
3 http://www.rcsb.org/pdb/explore/explore.do?structureId=1BQQ 
4

 Protein Ontology ID:PO0000007412 instance can be found at the following site:      
http://proteinontology.info/proteins.php?currentPage=0&sortby=pofilename&sortOrder=desc 
5 http://protege.stanford.edu 
 

Figure 1.  Ontological representation of the structure of the PKB KINASE DOMAIN (pdb id:1gzn)
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these concepts can be associated with different formats. 

The different phases of protocol construction are shown in the Figure 2-4. As mentioned 

earlier the ProtocolDB workflow model was used to design and implement the protocols. 

To express the protocols, the model uses split and parallel operators to connect the 

different tasks to one another. Integrity constraints prevent any new inputs or outputs to 

be declared for the intermediate tasks. These inputs and outputs are expressed using the 

basic types used in the ProtocolDB data model. 

 

Basic Type:= Xc where, c is an ontology concept 

Using this basic type complex types are made, 

Set {Xc} 

List (Xc) 

Record  [Xc1,Xc2, . . . ,Xcn] 

 

 

 

 

 

 

 

 

The design for our protocol shown in Figure 2 has three tasks, two parallel and one 

sequential. The parallel tasks retrieve the structures (aS, rS) of the adapting protein (aP)  

and the reference protein (rP). The sequential task reorients the aS with respect to rS thus 

Figure 2. Design Protocol.



 13

providing us with a final reoriented aS’. 

In the implementation protocol the tools selected are (1) PDB [9] used as a resource of 

protein structural information and (2) the GAPS program [10] , selected to compute the 

protein structure similarity and to generate molecular superpositions. Figure 3 presents 

the basic protocol implementation. The execution details are as follows. 

Reference and Adapting Protein structures (aP, rP) are downloaded from PDB into a file 

directory. Both aP and rP are fed into a routine called ‘α-carbon Extractor’ that extracts 

the α-carbon chains of the protein structure (aS, rS) which are then passed onto the GAPS 

routine. The GAPS algorithm produces a set of multiple orientations of the adapting 

protein (aS’) with respect to the reference protein. Next the best superposition extractor 

routine extracts aS’ with the best orientation. A script written in Scientific Vector 

Language (SVL) that interfaces with the Molecular Operating Environment (MOE) 

platform (SVL and MOE are products of Chemical Computing Group, Montreal, 

Canada)6 converts the best orientation  α-carbon structure of the adapting protein (aS’) 

back into its original full protein form. Finally reference and adapting protein structures 

can be viewed superposed through a molecular viewer and further analyzed by the 

scientist. 

In Figure 3 we can identify a number of format discrepancies as well as other missing 

connectors needed for the smooth execution of the protocol. We recognize a need for 

connectors to convert between PDB format and an internal format understood by the 

GAPS algorithm i.e., a CCC format.  A complete picture of the protocols including all the 

missing connectors is presented in Figure 4. 

 

                                                 
6 http://www.chemcomp.com/ 
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It took approximately 7 seconds7 for the protocols to execute on the two proteolytic 

enzymes structures namely Matrix Metalloproteinases (MMP) such as gelatinase A 

(MMP-7, PDB ID: 1MMP) and membrane-type MMP-1 (MT1-MMP, PDB ID: 1BQQ).  

and present us with the re-oriented adapting protein. 1MMP was selected to be the 

reference protein and 1BQQ was chosen as the adapting protein. Originally 1MMP 
                                                 
7 Processor model: Intel(R) Pentium(R) 4 CPU 3.20GHz 

Figure 3. Protocol Implementation- Phase 1. Figure 4. Protocol Implementation - Phase 2.
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consists of two identical chains A and B and 1BQQ also consists of two identical chains 

M and T. In each case, duplicate chains point to the same protein sequence. Therefore 

only one chain per protein is necessary to pursue the analysis. After manual 

deduplication, the protocol is executed with the two files as inputs. The results are shown 

in Figure 5. 

 

 

 

1MMP and 1BQQ are close homologs thus their superposition their best superpositioning 

result is very accurate. 

The performance of the protocol in Figure 4 is limited by a few factors. The limitations 

mostly regard the steps that remain manual and require some kind of human intervention. 

These include the retrieval of files from the PDB repository through its website and the 

cleaning of files to remove any excess chains of the protein structures that would not be 

involved in the superimposition process. If both steps were automated, the time taken and 

the effort required by the user to execute the protocol would be considerably reduced. 

Our analysis of the protocol in ProtocolDB allows the identification of steps that 

can be optimized.  

A more sophisticated version of the protocol is presented in Figure 6. In this version we 

provide the user an interface to view all the orientations of the adapting protein. The 

Figure 5. Case Study: Structural Alignment of two MMPs, namely MMP-7 (PDB ID: 1MMP) and MT1-MMP 
(PDB ID: 1BQQ). Structurally conserved regions correspond to residues with root mean square deviation of 
mainchain atoms below 1.0 A° . 
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availability of a browsing function enables the scientist to select the best orientations of 

the adapting protein based on other considerations including structural ones. This 

improvement would suppress the need for the Best superposition extractor routine. Hence 

this empowers the scientist by allowing him to browse through all the possible 

superimpositions and select what he considers to be the best one instead of relying on the 

algorithm to extract one for him. 

Figure 7 presents the Design phase and one of the implementation phases as entered in 

ProtocolDB.  

A more detailed explanation and analysis of the protocols can be found in the research 

article attached in the Appendix B of this report. 
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Figure 6. Protocol Implementation - Phase 3.

Figure 7. Protein Structure Superposition Protocol as entered in ProtocolDB. 
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RESOURCE DISCOVERY 

 

When researchers and scientists decide to share their discoveries with the rest of the 

community or across communities they come across hindrances such as the procedure of 

disseminating information and making the resources visible to everyone, which is not a 

trivial task. 

Even if they are able to overcome the first hurdle and finally do publish their resource, 

there still exist problems such the inability to locate and discover the resource. Once 

discovered basic questions such as how to actually use and communicate with the 

resource, how to integrate it in different applications and how to handle the data formats 

of the inputs and outputs arise. 

Mainly the search for resources is concentrated in the broad areas of access to databases, 

retrieval task and analysis. While searching for a particular resource the scientists are 

either equipped with the knowledge of what resources they are interested in using or are 

clueless for the most part about the resources. The latter scenario is quite common with 

the abundance of different types of resources being made available either on the web or 

privately. Therefore the scientists require robust resource discovery applications to assist 

them in identifying the resources suitable to implement their scientific tasks.  

Resource discovery is facilitated through data centric means such as conforming to 

specialized formats e.g. FASTA thus enabling discovery on the basis of formats. It is also 

made possible by having repositories such as the BioMoby central or Grimoires [11] that 

provide a platform for resource registration thus discovery. 

Web services are discoverable through yellow pages or a UDDI. BioMoby provides one 

such repository which can be searched for a desired web service in life sciences. 
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BioMoby is an excellent effort at the syntactic and up to a certain extent the semantic 

levels. However what is missing is a conceptual layer on top of frameworks such as 

BioMoby that would provide scientific meaning to the resource. This can be achieved 

through the implementation of a controlled ontology which can be accessed by the 

resource developers as well as resource users which includes both humans and programs. 

Thus resource discovery stands facilitated. 

We decided to work with the BioMoby ontologies and make an effort to extract 

semantics thus knowledge from an existing domain instead of starting an ontology from 

scratch. Furthermore BioMoby repository has generated a lot of interest in the field of life 

sciences and is growing quite rapidly with time. We focus on the analysis of the 

BioMoby repository that contains 1,611 services registered in BioMoby Central by 84 

different authorities as of April 2008, a dramatic increase since the 2000 release with 140 

resources registered [5].  

In our efforts we would like to create a repository for the ProtocolDB application that 

includes services in BioMoby. However, ProtocolDB is semantics-oriented thus relies on 

the scientific concepts that describe the resources which is found missing in BioMoby. 

Once the semantics are in place, we hope to be able to download and store web services 

from repositories such as BioMoby at regular interval of time. 

Our aim is to not only perform tasks such as discovering resources based on biological 

data types they accept or output by exploring the data type ontology like Taverna but also 

perform searches on the scientific thought level by exploring the conceptual ontology 

created through tools like SemanticMap [12, 13]. 

Therefore we see a need for classification of the resources according to the purpose they 

achieve. 
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Increasing numbers of resource providers are making their tools available on the web in 

the form of web services.  

A simple web service is described  in Web Service Definition Language (WSDL) [14]. 

The WSDL file is a simple XML file that contains information regarding the operations 

that the web service can perform as well as their inputs and outputs. As the awareness 

and need for semantics increased the community decided to utilize constructs such as 

ontologies and structured meta data while describing a web resources. A number of 

formats such a OWL-S [15, 16], WSDL-S [17] and SAWSDL [18] to name a few, were 

used to integrate semantics while describing a web service.   

BioMoby is an effort that builds on existing constructs and works towards providing a 

platform that can be used to make the resource visible and interoperable with other 

resources. It accomplishes this by providing a datatype as well as a service type ontology 

to the user. A comparison between a simple web service and a BioMoby web service is 

provided in Table 1. 

A detailed overview and analysis of the ontologies in the BioMoby domain can be found 

in the paper in Appendix A.   
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 Simple Web Service BioMoby Web Service 
Service Registry UDDI (Universal 

Description, Discovery and 
Integration) 

Moby Central 
 

Inside the Service 
Registry 
 

In UDDI the web services 
do not conform to any one 
standard i.e. Multiple 
services are made according 
to the logics of the people 
who made them 

In BioMoby Central standardized interface 
is made available by all the services 
 

Types of Service 
Registries 
 

A business can deploy its 
own UDDI for external/ 
internal services  [19] 
• Internal registry – for 
services on intranet 
• External registry – for 
services on internet 

Here too one can install his own BioMoby 
central and run his own registry  [23] 
 

Architecture 
 

No specific architecture 
 

A specific architecture provided by 
BioMoby in which you have to fit in your 
service 

Platform Restriction 
 

Any platform or language 
can be used to develop a web 
service as long as that 
platform provides the 
functionality to do so. 

Only specific languages can be used namely 
java, Perl and python  [24] of which 
working in java environment has the most 
documentation. The rest lack 
documentation. 

Need For Special 
Softwares 
 

No specific softwares need to 
be downloaded or configured 
to make your web service. 
The platform on which you 
develop you web service is 
sufficient. 

One of the three softwares has to be 
downloaded and configured  [24] 
• Jmoby from Moby CVS repository 
• Moby-s Perl Libraries 
• Python 

Steps For  developing 
a Web Service 
 

Design  Implement Busi- 
ness logic  Test  
deployment  Register in 
UDDI 
 

For Java 
Map/register Data Structure  select/register 
service type  select/register 
Namespace register service implement 
business logic in the generated skeleton 

Test  deployment 
For Perl 
Map/register Data Structure  
select/register service type  select/register 
Namespace  implement business logic in 
the generated skeleton  Test  
deployment  register service 

Communication 
 

Client and web service talk 
through XML messages. 

Client and web service talk through XML 
messages 

Datatype Definition 
Format 
 

Primitive datatypes e.g. 
string, integer etc 
 

In BioMoby precise syntax of a datatype is 
defined by an ontology in an xml format  
[20] 

Type of Datatype 
 

Primitive datatypes e.g. 
string , integer etc 
 

In BioMoby a repository of biological 
datatypes exists. Data structure mapping i.e. 
class mapping has to be done for each 
variable. New datatypes can be declared by 
the person creating the service if what he is 

Table 1. Biomoby versus a Simple Web Service
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looking for is not present in the repository. 
Datatype of Variables Inputs and outputs are of 

primitive type 
Inputs and outputs are of specialized types. 

Namespace 
 

none 
 

A special namespace has to be  associated to 
the service one wants to declare  [21] 

Special Data 
Structure 
 

None 
 

A special data structure of the input and 
ouput for the service one wants to declare  
[22] (class, namespace, identifier) 

Syntax and Semantic 
Separation 
 

Data represented in one 
format 
 

Syntax is kept separate from semantics. In 
this way the same data can be represented in 
a variety of ways when going from one too 
to another  [25] 

Service Type 
Declaration 
 

No special service type needs 
to be declared 
 

A special service type needs to be associated 
with the service. If not present a new service 
type can be declared . 

Metadata 
 

Metadata can be attached 
about the service in the 
WSDL. Messages are 
described by parameter 
names and datatypes. 
Therefore a simple web 
service fails to achieve 
semantic interoperability  
[26] 

Metadata can be attached to the service at 
the time of registering the service . 
 

Target Users Anyone 
 

Bench Scientists as well as  
bioinformaticians 

Clients 
 

No one specific client 
 

Moby Service Clients  [24] 
• Gbrowse moby 
• Taverna 
• MOWserv 
• Remora 
• Ahab 
• Seahawk 
Clients with embedded MOBY functionality  
[24] 
• BioTrawler 
• BlueJay 
• BioFloWeb 
• AtiDB Client 

 

As mentioned earlier, the main aim of this effort was to extract a domain ontology from 

the existing BioMoby ontologies. The details of the techniques adopted, the algorithm 

used and the output statistics can be found in the paper in Appendix A. 

The algorithm was run against 1,611 services, a service classification tree of depth 5 

containing 115 nodes, and a datatype classification tree of depth 8 containing 613 

datatypes. Running time was approximately 40 seconds8. 

                                                 
8 Processor model: Intel(R) Core(TM)2 CPU 2.13GHz, 2GB of RAM 
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 Our efforts led to the generation of a first version of the SemanticMap of the resources in 

BioMoby. This version has its short comings which shall be addressed in the future 

versions of the map. Figure 8 shows a subset of the generated SemanticMap. The boxes 

in Figure 8  represent the services and the oval are the concepts. In the map presented in 

Figure 8 the concepts are not necessarily the actual inputs and outputs of the service but 

rather the more abstract (super class) data type of the hierarchy. We can see that most of 

the concepts generated are formats rather that scientific concepts. This is due to the 

orthogonal motivations of what we are trying to achieve and what BioMoby has to offer. 

Resource discovery is driven by scientific concepts whereas resource composition efforts 

concentrate more on the format rather than concepts. BioMoby is inclined more towards 

resource composition rather than discovery thus its ontologies depict the main driving 

motivation.  
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Figure 8. Semantic Map of BioMoby Services (partial view)
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CONCLUSIONS AND FUTURE DIRECTIONS  

In this report we explored two related scenarios i.e., Scientific modeling and Resource 

Discovery that are quite common in the field of bioinformatics. We described the 

implementation and analysis of a protein superposition protocol using a domain ontology 

and the ProtocolDB workflow model. At the moment, a team is working towards a new 

more modern version of the GAPS algorithm. Once that is achieved we hope to fix the 

remaining shortcomings of the workflow and come up with an optimized implementation. 

This workflow could then serve as an algebraic operator called ‘superposition’ in 

different related workflows while defining a conceptual task. 

Next we moved on to shed some light on the challenges being faced by scientists during 

resource discovery. We analyzed a famous life sciences repository for web services 

called BioMoby and discussed our approach for extracting a domain ontology from its 

existing ontologies.  A manual curation of the web services in the repository along with 

their inputs and outputs into a conceptual graph would require a lot time and effort. In 

this day and age where computational capabilities have evolved many folds, performing a 

manual curation should not be an option at all. A semi-automatic procedure is a more 

acceptable approach. Therefore we developed an algorithm and presented our results. The 

algorithm and the results are still in their preliminary stages. As a future effort the 

algorithm has to be enhanced by exploring the nature of services even further. We 

identified a number of inconsistencies in the ontologies as well as the misclassification of 

services at registration. Therefore we would need to verify if all the services extracted 

based on the service type ontology even the ones that we have included in our map, do 

actually belong to that service type category.  

 At the moment the algorithm is faced by a number of challenges such as generation too 
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many concepts that do not have any subclasses and overcoming the orthogonal 

motivation or resource discovery and composition. We would be coming up with rules 

and axioms that would traverse multiple ontologies in addition to the ones in BioMoby 

which if satisfied would allow a particular data type to be considered as a concept. These 

rules would help decrease the level of curation and allow expansion of the conceptual 

mapping at certain places where the meaning is being lost.  
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