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Abstract In biology, one of the most challenging problemsto maintain it in time with an adequate quantity of catalyst
is how the emergence of self-organization and operationaholecules. Nonetheless, self-repairing of catalytic rooles
closure are maintained through time. In this topic, phenomin a chain of reactions remains an unsolved issue in theoret-
ena like regulation, replication and reparation have todse d ical biology.

fined in order to get a concept of self-organization. Up to A very precise molecular description of the pathways
now, reparation in metabolic networks has a non trivial deinvolved in self-repair at biological sciences is deeply de
scription and many efforts have been made to investigatscribed. Nonetheless, such types of specialized mechanism
related concepts as closure existence or system dynamidselong to a more complicated infrastructure that, at the be-
We propose a model where the coexistence of intermitterginning of life, with a limited number of species and func-
coupled dynamical systems allows the emergence of globaibns, could be not possible to obtain [8]. For this reason,
reparation as a property of the whole network and, also, it isimpler and more efficient mechanisms of self-repair had to
needed to maintain the normal function of the individualityemerge in the mutual interaction of simple catalytic specie
in time. [13]. A classical example of catalysis in biological sysgem
are the enzymes, molecules encoded in highly conserved
DNA or RNA templates that have a great importance for the
maintenance of catalytic closures at the beginning of éife,
well as in present times [11]. In this communication, we pro-
pose a model where the self-reparing catalytic propenties i
a cell can emerge as the result of interactions in the network

) ) o . Even that enzymes production based on the transcription of
Different proposals in self-organization have as centieai DNA templates is very efficient, it seems that complicated

the oper_ati_on of a catalytic_ closure to start the process cﬁwulti-steps processes at the beginning of life are more diffi
d|fferen_t|at|on from the enwr_onment [10.9.7,12]. Forgthl cult to obtain . By this phenomena, maybe the emergence of
the basic concept of two basic molecules, one catalyzing thg,q first mechanisms of reparation (independent from DNA)

other to produce a new one, is one of the basic requiremen&%‘n be due to this emergent process, a more simple and dy-
to start an operational closure. All these types of mOdelﬁamic one

try to solve the problem of how catalytic closures are able

Keywords self-repair- catalysis- self-organization
(M,R)-systems.

1 Introduction
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tence of global mappings switching functions and inverses
are a difficult mathematical problem [6]. The complexity
of the (M, R)-systems can be analyzed with hyperset theory
[2], to avoid the computational modeling of the autonomy in
life systems.

3 Modeling

Be the procesaL b, wheref is the catalizer of this re-
action. If f has a lifespan, it is conditionated by its own
degradation through time. Whehis degradating, the out-

put b is also gradually corrupted. If in an instanthe el- Fig.
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1 Diagram of evolution for the intermitent oscillatory preses

ements of a system aseand f, this state is expressed by of tranformation and reparation

{a, f}. If the reaction time i, a is joined with f; in an
instantt to generatédy,, then thehistory of the system is
{a fitt, { ferp, b frip-

If fr, n<t < m,isinanormal production state (notcom-
pletly degradated), with the starting production time, and
m the complete degradation time, then the process can be
described for the diagram:

lat by

For simplicity, if f has only two stateBl (normal) and
D (degradated), the process has the followed transitions:

normal :{a, fnh — {fp,b}isp
degradated : {a, fp}t — {a, fo} 1>t

Fig.

1.

In order to maintain the processL b, for long time, an-
other intermitent transition to repairis needed{ fp,b}; —

{b, fn }t+r, with process time, then a part in théistory of

the process could be:

{a, fn}t, {fp,b}tep, {b, In}ttper

The intermitent process is showed in Fig. 1, and also in5.
a state diagram in Fig. 2.

More precisely, in the modeling, the self-repair system s ¢
an intermitent coupled dynamical system that evolves at dif
ferent time-scales, specially the production time-scthle,
repair time-scale, and the parameter evolution time-scale

2.

4.

4 Conclusions ®

9.
In this work we discuss the concept of self-reparation in
living systems, modeling the production and reparation o
different coupled processes that coexist in different time11.
scales. The feedback between systems in the network is main-
tained in intermitent oscillations. The study of long-tedyn
namics, is essential to show the self-reparation as an emers,
gent behavior, and in our model, the self-reparation is van-
ished if we analyze only the short-term behavior.

2 State diagram of a proceasf—> b.

References

A. H. Louie, Stephen W. Kercel: Topology and Life ReduxbRrd
Rosen’s Relational Diagrams of Living Systems. Axiomathes
(17), 109-136 (2007)

Anthony Chemero, Michael T. Turvey: Autonomy and hypexse
BioSystems (91), 320-330 (2008)

. Athel Cornish-Bowden, Maria Luz Cardenas: Self-orgation at

the origin of life. Journal of Theoretical Biology (252), #1418
(2008)

I. C. Baianu: Robert Rosen’s Work and Complex Systems-Biol
ogy. Axiomathes (16), 25-34 (2006)

Juan Carlos Letelier, Gonzalo Marin, Jorge Mpodozistopai-
etic and (M,R) systems. Journal of Theoretical Biol@p, 261—
272 (2003)

Juan-Carlos Letelier, Jorge Soto-Andrade, Flavio €aif
Abarzua, Athel Cornish-Bowden, Maria Luz Cardenas: @iga
zational invariance and metabolic closure: Analysis imteiof
(M,R) systems. Journal of Theoretical Biology (2005)

7. Kauffman, S.: The Origins of Order: Self-organizatiorl 8elec-

tion in Evolution (1993) (1993)

Kauffman, S.: Question 1: Origin of life and the living &aOri-
gins of Life and Evolution of Biosphere&7(4), 315-322 (2007)
Maturana, H., Varela, F.: De maquinas y seres vivos: \dodd
sobre la organizacion biologica. Editorial Universigaf1972)

0. Maturana, H., Varela, F.: The tree of knowledge: Thedgjmal

roots of human understanding. Shambhala (1987)
Ringe, D., Petsko, G.: How enzymes work. ScieB2§5882),
1428 (2008)

2. Rosen, R.: Life itself: a comprehensive inquiry into treure,

origin, and fabrication of life. Columbia Univ Pr (2005)

Smith, E., Morowitz, H.: Universality in intermediaryetabolism.
Proceedings of the National Academy of Sciendd¥l(36),
13,168-13,173 (2004)



