ISYMOD: a Knowledge Base for Integrated System Modeling
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Introduction

Complex biological functions emerge from interactions between proteins in stable supra-molecular
assemblies and/or throughout transitory contacts. Most of the time, protein partners of the assemblies are
composed of one or several domains which exhibit different biochemical functions. As an illustration, ABC
transporter systems, that are involved in import or export of diverse molecules throughout the cytoplasmic
membrane, are composed of two ATPase proteins (or domains) hydrolyzing ATP, and two membrane proteins
(or domains) forming the membrane channel [1]. Thus, the study of cellular processes requires the identification
of different functional units and their integration in an interaction pathway; such complexes are referred as
integrated systems. The integrated systems that are involved in the exchanges between the bacterial cell and its
environment, are of particular interest for biological reasons but also for illustrating computational challenges we
are facing. Indeed, these systems are important for the adaptation of the bacteria to its biotope, so the genomic
comparative analysis of their repertories should help to understand the molecular mechanisms that are involved
in the adaptation processes of bacterial genomes. In addition, some of them, such as ABC transporters and two
component systems, are functionally linked, allowing an extension of the modeling to a higher level. From the
computational point of view, both systems are encoded by families of paralogous genes which are among the
most numerous in bacterial genomes, and both show the same identification and reconstruction problems. In
bacteria, they are composed of different domains encoded by separated genes, some of them having a fuzzy
sequence conservation.

In order to establish, in a complete genome, the repertory of a given integrated system, we have to go further
than the first level of genome annotation (gene and functional predictions). This higher level includes the
following steps: i) identifying the different partners using different bio-informatic methods according to their
sequence properties, ii) reconstructing the systems using assembly rules, and iii) classifying the system into the
correct functional subfamily. Information on interaction pathway is not directly accessible from the analysis of
the complete sequence. However, this knowledge can be inferred, either by the analysis of the genomic context
of the genes involved in such systems, or throughout phylogenetic inferences drawn from multiple genomic
comparisons. Therefore, new computational approaches are needed to handle the analysis and modeling of
integrated systems. As a first step in this direction, we have implemented a general automated bio-informatic
strategy [2]. Its validation has been first done on the ABC transporters, then extended to the two component
systems. The strategies rely upon the use of rules and parameters updated with the incoming data. Thus,
predictions obtained in initial states can be updated in the upcoming runs with the possibility of incorrectly
propagating the modifications in the complex network of dependencies. Such a pitfall can be avoided if the
knowledge of the biological objects and the strategy used to predict their caracterisation are all embedded in the
same environment as it occurs in a knowledge representation system.



ISYMOD : a knowledge base developed under AROM

ISYMOD attempts to integrate in the same environment, the knowledge, both factual and methodological,
concerning the biological integrated systems. It integrates the modeling of two systems (ABC transporters and
two components systems), their functional relations, and the modeling of the methods used for their
identification and reconstruction (Fig. 1). The modeling and storage of the data are achieved through the
development of a domain knowledge base (Dkb), while the modeling of the methods is embedded in a
methodological knowledge base (Mkb). Among its originalities, AROM permits the joint existence of classes
and n-ary associations linking them, with a specialization relation among classes but also among associations [3].
The ontology of ISYMOD exploits such new constructs for modeling the physical interactions between proteins
forming a functional complex, as well as to represent a functional relation between two integrated systems.

The developed bio-informatics strategies for identifying and reconstructing integrated systems have been
declaratively modeled as task organization in the Mkb. A task is an encapsulated method whose input and output
result in domain knowledge base objects or tuples. A task may correspond to a biological problem (for example,
comparison of two proteins), thus it will be associated to several bio-informatics solving methods (for example,
Blast, Fasta, etc.). A strategy comprises a specified task layout and facilities for the selection of the appropriate
solving method depending on the context of execution. This is achieved using AROMTASKS, a module coupled
to AROM. At each step of the strategy, in order to keep the coherence of the Dkb, only the root classes are
instantiated. Indeed, knowledge is increasing along with the bio-informatics strategy and the tuples linking the
objects can contain information enhancing the knowledge on the object itself. For example, a family linked to a
system can specify the system type. Therefore, before specializing the objects in the class hierarchy we must
obtained all the information about them. Then, the last problem to be solved in the identification strategy is the
classification of instances of classes and associations. It is achieved by applying AROM’s classification extended
with a recursive propagation algorithm that allows i) to automatically attach one object, as well as its partners
within a tuple (instance of an association), to the most specialized class they can belong to, and ii) to
automatically classify the concerned tuples in the right sub-association [4].
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Fig. 1 Overview of ISYMOD architecture
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