Vol. 00 no. 00 2006
Pages 1-2

BIOCHAM: An Environment for Modeling Biological

Systems and Formalizing Experimental Knowledge

Laurence Calzone, Francois Fages and Sylvain Soliman *
Projet Contraintes, INRIA Rocquencourt, BP105, 78153 Le Chesnay Cedex, France.

http://contraintes.inria.fr/

ABSTRACT

Summary: BIOCHAM (the BIOCHemical Abstract Machine) is a soft-
ware environment for modeling biochemical systems. It is based on
two aspects: (1) the analysis and simulation of boolean, kinetic and
stochastic models and (2) the formalization of biological properties in
temporal logic. BIOCHAM provides tools and languages for descri-
bing protein networks with a simple and straightforward syntax, and
for integrating biological properties into the model. It then becomes
possible to analyze, query, verify, and maintain the model w.r.t. those
properties. For kinetic models, BIOCHAM can search for appropriate
parameter values in order to reproduce a specific behavior obser-
ved in experiments and formalized in temporal logic. Coupled with
other methods such as bifurcation diagrams, this search assists the
modeler/biologist in the modeling process.

Availability: BIOCHAM (v. 2.5) is a free software available for down-
load, with example models, at

http://contraintes.inria.fr/BIOCHAM/

Contact:  Sylvain.Soliman@inria.fr

1 INTRODUCTION

With the outbreak of new techniques in experimental biology, ther
has been an increasing amount of data that needs to be treated, cl
sified and analyzed. A typical way to organize these data is to gathef™ .
all this information into a consensus diagram, or a mathematical
model, that integrates heterogeneous pieces of data (observatio
in wild-type or mutated organisms under various conditions). The
study of the networks and the corresponding mathematical mode
help understand complex systems, make predictions and drive futu

experiments.

(S

allows the user to write models of biochemical networks and to
perform multi-level analyses with a minimum knowledge of mathe-
matics or computer science; and one powerful yet simple temporal
logic language (CTL or LTL) used for formalizing experimental
knowledge. The first versions of the software were restricted to
boolean model analysis using the NuSMV model-checker [5]. BIO-
CHAM now permits continuous or stochastic simulations, and also
model validation or revision with respect to a formal qualitative or
quantitative specification. As a result, BIOCHAM features functions
to automatically check that no mistake is made at different stages of
the model-building process. For example it is possible to verify that
whenever an interaction or a molecule is added to the diagram, the
global properties of the system, expressed by temporal logic formu-
lae, are conserved. Similarly, it is possible to automatically search
for parameter values that reproduce the specified behavior of the
system in different conditions.

2 WRITING MODELS

A model is defined by a set of reaction rules, possibly equipped with
kinetic expressions, a list of parameter values and initial conditions.
é;_specification that accounts for the relevant biological properties

an also be added to the model as a list of temporal logic formulae.
single BIOCHAM file can be used for boolean, continuous or sto-
ﬁgastic analyses. According to the type of study chosen by the user,
the model receives different interpretations, e.g. the kinetic expres-
%ions are respectively ignored, seen as reaction rates or interaction
I%robabilities.

A network of protein interactions is thus modeled by a list of

biochemical reaction rules such aSycB + CDK => CycB-CDK

The BIOCHemical Abstract Machine BIOCHAM software [8, 3] . . .
where CycB and CDK are two proteins andCycB-CDK is their

is part of the recent effort in computational systems biology to mplex. The locations of the interaction nalsob licitl
design formal languages for describing qualitative or quantitativec_c;_ ggx' € OC? 1o fo €nte ahc 10 ;shca also ett;xp ICIt ylspe-
models of biochemical systems, such as: Moleculizer [11], BioNet-C't'e_ c yB(.:'ompa: rgeDrL"natmeisgc BaéDK? ntuc eus, i cytopiasm,
Gen [1], Pathway Logic [7], Bio-ambients [12], Hybrid Petri Nets frcr']' ycrt rcxl/to CveB CISE_’_O t_ _>yé i B C|5+C<)-/-0 | » O |nAa

[9], Hybrid Concurrent Constraint languages [2], the (stochastic) ansport ruie: ycB- ~eylo == Lycb- ~nucleus ) )
calculus [13], etc. However, there has been no comparable effort oh'net'c expression can be attached to a reaction rule, as TOHOWS'
formalizing thebiological propertiesknown from the experiments K*[CycBI"[CDK] _for CycB N CPK. = CyCB'CDK - AS mgntlo-

and used to build the models. The promise of siachal specifica- ned above, this expression is ignored in the boolean view of the

tionswould be to systematically validate and maintain models using{g (r)n(:e':; t\rgv:Iclﬁffclenret:t?alc gntlgygﬁs ol?:ﬁcraprr:;?:ttlgr?t’ I;r:Sd d:eorévecg as ?:h
automated reasoning tools. ! : al équations S products, su

. - = k* %
BIOCHAM is an attempt to make progress on this issue of auto-aosbcgcyc?hCDK)/ ?t tk [Cﬁ'CB] [CDKE df ) Ttk;]e th'? syst;e_m Ofl
matic validation, using model-checking techniques. It is based o S 1S Ihus automatically generated from the set ofreaction rules.

two formal languages: one straightforward rule-based language th y th(_e_stochastlc. view, the kinetic expressions are interpreted as
transition probabilities.

The input file is saved in the BIOCHAM format, with the exten-
sion .bc and can be loaded with the console or graphical user
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interface (depicted in Fig. 1). The BIOCHAM models (without their

4 CONCLUSION

specification) can also be saved in, orimported from, SBML level 2, gjocHAM, two formal languages have been defined: one rule-

v. 1 format (ttp://www.sbml.org/

).
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Fig. 1. Graphical User Interface with a model of the cell cycle.

3 CHECKING FORMAL BIOLOGICAL
PROPERTIES

The main contribution of BIOCHAM is the formalization of the qua-
litative and quantitative experimental knowledge in temporal logic,
namely CTL [6] and LTL with numerical constraints. For example,
if the activity of molecule A is known to oscillate, this informa-
tion can be inserted into the BIOCHAM specification as a CTL
formula abbreviated byscil(A). If the period has been measured
experimentally and is equal to 24 hours, an LTL formula shorte-
ned ageriod(A,24)s added. Reachability, stability, and checkpoint
properties can be formalized as well [3].

The formalization of biological properties is an essential step to

based language for describing biochemical processes, interpreted
at three abstraction levels (boolean, concentration, stochastic), and
one temporal logic language for formalizing the relevant biologi-
cal properties as a specification. This allows BIOCHAM to assist
the modeler by analyzing and verifying the structure of the model
through simulation and property checking, and by proposing para-
meter values or reaction rules that satisfy the expected behavior of
the system given as a specification.

The most important aspect of the environment is the possibility to
provide the model with various types of information, qualitative or
guantitative, that can be found in the literature. This documentation
effort is a fundamental step to facilitate the modeling process and
the re-use of models, as it offers a formal framework to compare
and combine several models together.
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