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Special Theme: Computational Biology

Modelling of Rapid and Slow Transmission
Using the Theory of Reaction Kinetic Networks

by David Csercsik, Gabor Szederkényi and Katalin M. Hangos

With their interdisciplinary background and interest in nonlinear process systems, the Process
Control Research Group at Computer and Information Research Institute Hungarian Academy

of Sciences carries out research in modelling, analysis, representations and control of reaction
Kinetic systems, and their application in systems biology.

The modelling and analysis of signalling

pathways in living organisms is one of

the most challenging problems in sys-
tems biology that can be handled using
the theory of chemical reaction networks
(CRNs) obeying the mass-action law. In
addition to being used to describe pure
chemical reactions, such networks are
also widely used to model the dynamics
of intracellular processes, metabolic or
cell signalling pathways. This model
class enables the use of the deficiency-

based, multi-stability-related results of

Martin Feinberg et al., which provide
very strong theorems about qualitative
behaviour of the modelled system, based
only on the structure of the reaction net-
work, independently of its parameters.

In the case of reaction kinetic models,
we consider a system of n chemical
species participating in an r reversible
steps reaction network. For graphical
representation of the kinetic system,
reaction schemes can be used, which
describe the structure of the enzymatic
and non-enzymatic reactions in a com-
pressed way (not depicting every single
reaction). Reaction schemes can be
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Figure 1: The reaction
scheme of the kinetic
model describing fast (G
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transmission).

ERKP 4'____“ ERKPP

depicted in mathematical terms using
hypergraphs, where the edges may be
adjacent to more than two vertices. The
vertices of a reaction scheme corre-
spond to the non enzymatic complex
type components, while the hyper-
edges describe chemical reactions (not
necessarily reaction steps). An enzyme-
catalytic reaction corresponds to a pair
of hyper-edges with different directions,
both adjacent to three components S, P
and E (substrate, product and enzyme,
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respectively). An example of a reaction
scheme is shown in Figure 1.

One recent project in which CNRs have
been applied to biological systems is the
modelling of rapid (G protein coupled)
and slow (P-arrestin coupled) transmis-
sion. Until the 2000s the most widely
accepted classic paradigm of signalling,
related to G protein coupled receptors,
hypothesized that the most important
elements which contribute to informa-
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Figure 2: The simulation results of the model describing fast (G protein coupled) and slow (B-arrestin coupled) transmission.
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tion transfer to the internal system of the
cell are the o and By subunits of G pro-
teins. In recent years, it has been shown
that, in addition to taking part in
receptor desensitization and attenuation
of G protein coupled signalling,
B-Arrestins also form an endocyctic
protein complex. This complex initiates
a G protein independent transmission
and regulation of extracellular regulated
kinase (ERK), an important kinase that-
plays a central role in the intracellular
signalling network (ERK is also acti-
vated by G protein coupled pathways).
The recognition that a single receptor
acts as a multiple source of signalling
pathways, and various drugs binding to
this receptor, might differentially influ-
ence each pathway (in contrast to
pathway-specific drugs), led to the
reassessment of the efficacy concept.
These recent biological findings led to
the concept of a dynamical model,
capable of describing the interactions of
the two convergent, but qualitatively
different signalling mechanisms.

In cooperation with the Neuromorpho-
logical and Neuroendocrine Research

SCAI-VHTS - A Fully Automated Virtual
High Throughput Screening Framework

Laboratory of the Department of
Human Morphology and Developmental
Biology (Hungarian Academy of
Sciences and Semmelweis University),
we have developed a simplified
dynamic model that describes the
dynamic behaviour of G protein sig-
nalling. The model takes into account
the effect of slow transmission, RGS
mediated feedback regulation and
ERK-phosphatase mediated feedback
regulation. The parameters of the model
have been determined via numerical
optimization.

The proposed reaction kinetic model,
depicted in Figure 1 as a reaction
scheme, gives rise to an acceptable
qualitative approximation of the G pro-
tein dependent and independent ERK
activation dynamics that is in good
agreement with the experimentally
observed behaviour (see Figure 2).

The developed and validated model
could potentially be applied to disorders
of the reproductive neuroendocrine
system. In cases of polycystic ovary
syndrome for instance, treatment may

include administration of the key hor-
mone GnRH (which acts via G protein
coupled receptors) or its analogues. The
importance of slow transmission is also
becoming evident in other areas of
physiology and medicine, for example
recent studies suggest that ?-arrestins
may play a central role in diabetes mel-
litus and insulin resistance.

Link:
http://daedalus.scl.sztaki.hu/PCRG/
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One of the major challenges of in-silico virtual screening pipelines is dealing with increasing
complexity of large scale data management along with efficiently fulfilling the high throughput
computing demands. Despite the new workflow tools and technologies available in the area of
computational chemistry, efforts in effective data management and efficient post-processing
strategies are still ongoing. SCAI-VHTS fully automates virtual screening tasks on distributed
computing resources to achieve maximum efficiency and to reduce the complexities involved in
pre- and post-processing of large volumes of virtual screening data.

Virtual screening is an important and
complementary step in the modern drug
discovery process. Small molecules in
virtual compound databases are compu-
tationally screened against specific bio-
logical protein targets by computing the
binding energy of these molecules inside
the protein active site. Scoring and
ranking is performed to filter and select
drug-like molecules, which are active
against the biological targets of interest.
The three dimensional structures of both
the protein targets and small molecules
are required to perform virtual screening
in the structure based drug discovery
process. There are more than 60,000
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protein 3D structures available in the
Protein Data Bank (PDB) and millions
of small molecules in compound data-
bases, which are publicly available.
Furthermore, there are billions of vir-
tual compounds that could be obtained
from combinatorial chemistry space.
Even simulating a few million of such
large datasets increases the demand for
computing resources, as well as the
effort involved with management of
large datasets.

Without a framework that fully auto-
mates the virtual screening workflow,
manual execution and management of

the workflow is very cumbersome.
First, there is the subtle issue of han-
dling huge amounts of data in the form
of large numbers of input/output files.
Data management during pre- and post-
processing stages is the most tedious,
laborious and time-consuming work.
Other important issues include the
manual distribution of the workload on
the available computing resources, and
tracking and monitoring of the running
tasks. Furthermore, fault tolerance is an
important issue that requires great effort
in failure management, including iden-
tification and resubmission of tasks that
are failed or lost for various reasons.
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