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ABSTRACT

Summary: Chemical reaction network theory (CRNT) is widely
used in modeling and analysing complex biochemical systems such
as metabolic networks and cell signalling pathways. Being able
to produce all the biologically and chemically important qualitative
dynamical features, CRNs have attracted significant attention in
the systems biology community. It is well-known that the reliable
inference of CRN models generally requires thorough identifiability
and distinguishability analysis together with carefully selected prior
modeling assumptions. Here we present a software toolbox CRNreals
that supports the distinguishability and identifiability analysis of CRN
models using recently published optimization-based procedures.
Availability and Implementation: The CRNreals toolbox and
the associated documentation are available at http://www.iim.
csic.es/"gingproc/CRNreals/ . The toolbox runs under the
popular MATLAB computational environment and supports several
free and commercial linear programming (LP) and mixed integer
linear programming (MILP) solvers.

Contact: szeder@scl.sztaki.hu

1 INTRODUCTION

The key importance of dynamics in the explanation of complex
phenomena occurring in living systems is now a commonlyatece
view (Alon, 2007) that underscores the importance of ma#teal
model building and model parameter estimation (Banga amsbBa
Canto, 2008). An important family of nonnegative nonlinear
dynamical systems is the class of deterministic chemicadtien

and qualitative dynamical properties (Shinar and Feinb2d.0;
Conradi and Flockerzi, 2011).

It is known from the early literature that different CRNs can
produce exactly the same kinetic differential equationer(Hand
Jackson, 1972). This phenomenon is calledcro-equivalence
or dynamical equivalenceHowever, effective optimization-based
procedures for the analysis and synthesis of dynamicalivatgnt
CRNs have been developed only recently, using the pogsgibili
of transforming propositional logic statements encoditigcsural
properties into MILP problems (Szederkényi, 2009; Szkeleyi
etal, 2011b,a). The primary purpose of our toolbox is to makeghes
numerical methods accessible in an easily usable way.

As a related software tool, first we have to mention the Chalmic
Reaction Network Toolbox (Ellison and Feinberg, 2000) that
can produce detailed reports about the basic network piepger
multiple and degenerate steady states, injectivity antbr(g)
concordance. Additionally, the open source ERNEST Toolbox
(Soranzo and Altafini, 2009) performs a detailed model aigly
of the input CRN by determining the basic system features and
by using the Deficiency Zero or Deficiency One Theorems. The
toolbox is also capable of running the Deficiency One Alduorit
where applicable. However, both of the above-mentionelhtoes
assume that the structure of the analyzed network is a [xriorivn,
therefore they have no functionality for examining dynaahic
equivalence.

network (CRN) models obeying the mass-action law (Horn and2 METHODS AND IMPLEMENTATION

Jackson, 1972). Such networks can be used to describe pu
chemical reactions, but they are also widely used to model th
dynamics of intracellular processes, metabolic or celhaligng
pathways.

Chemical reaction network theory (CRNT) is originated ie th

fehe basic model form of CRN dynamics describing the time-
evolution of species is the following: = Y - A - ¢(x),
where z € R" is the concentration vector of the species,
Y € R™™, called thecomplex composition matrixstores
the stoichiometric coefficients of the complexe$, € R™*™

1970’s by the pioneering works of Horn, Jackson and Feinbergontains the information corresponding to the weighteeatéd

(Horn and Jackson, 1972; Feinberg, 1987). Since then, CRN& h
gained an increasing attention, and many strong results begn
published in the field on the relation between network stnéct

*to whom correspondence should be addressed

graph of the reaction network, ang(z) = ]}, x)9, forj =

1,...,m (see, e.g. (Horn and Jackson, 1972) for more details).
Therefore the basic data structure used by the CRNrealbaxol
for uniquely representing a CRN is the matrix péif, Ax). Two
reaction networks with distinct specific values of the rearctrate
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Fig. 1 shows the structure of the dense realization of a
biochemical switch model analyzed in (Szederkéstyal., 2011a).
The dense realization and the core reactions were detetmBsirg
the CRNFindSDRealization and CRNFindCoreReact-
ions functions, respectively (the detailed computations can be
found in Example 4 of the toolbox).

3 CONCLUSION

A software toolbox called CRNreals was presented in this fat
the analysis and synthesis of dynamically equivalent CRNe&
XstXe e » K =® tools provided by our software aid modeling and dynamicalysis
in the following areas: (i) they support the distinguistigpiand
identifiability analysis of CRN models by deciding whethegizen
CRN has a unique structure or not, (ii) they clearly extenel th
application scope of CRNT results by searching for dynatyica
equivalent network structures with preferred propertisshsas
density/sparsity, (weak) reversibility, detailed/complbalance,
coefficients are calledynamically equivalent realizations, if they etc., (i) they allow the CRNT-based analysis of nonnegati
give rise to the same set of differential equations. polynomial models possibly coming from application aretsep
Besides several utility functions for basic model analyamsl  than (bio)chemistry. Further work in future versions witl focused
manipulation, the main high-level functionality of the W0X  on making the applied numerical methods more effective, and
includes the following. on including the recently developed algorithms relatedinedr
conjugacy thus extending the notion of dynamical equivaden
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Fig. 1. Dense realization of a biochemical switch analysed in (Szeshyi
et al, 2011a).Core reactions are indicated by thick directed edges.
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