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THE CHEMOTON THEORY

Chemoton theory is a uniquely comprehensive,
exact and quantitative, pioneering and surprising
scientific theory of the 20th century showing how
chemical processes are or can be organized into
dynamical systems, from simple reactions through fluid
automata to living cells.

It is uniquely comprehensive, since starting out from the
coupling of chemical processes, passing through reaction
chains and reaction nets to chemical cycles and their coupling,
passing step by step it arrives to the design and realization of
fluid (chemical) machineries, and by coupling the operation
of autocatalytic cycles, to the design of self-reproducing
automata. By building into these systems fluid infor-
mation storage, it proves that the self-reproducing program-
controlled fluid (chemical) automata, the chemotons, behave
like living systems. Furthermore, the theory proves that by
considering their basic chemical operation, living systems
are systems of chemoton organization, and thus by crossing
over the borderline between chemistry and biology, it creates
the minimum system of life definable also quantitatively by
using cycle stoichiometry. By means of this, the process of the
origin of life can be sketched step by step up to the appearance
of information sequences, i.e. to the birth of enzymes and genes.
Simultaneously, it provides a guideline to the synthesis of
artificial living systems.

It is exact and quantitative, since a new field of arithmetics,
the so-called cycle stoichiometry has been elaborated for
use in chemoton theory, making the arithmetic characterization
of fed-back networks (cyclic processes) possible. Thereby - in
contrast to, for instance the similarly comprehensive evolution
theory of Darwin in the nineteenth century — each step of
chemoton theory can be characterized mathematically and
calculated quantitatively. This makes the design of fluid

(chemical) automata by engineering methods possible.
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It is pioneering and surprising, since up to now nobody
has studied consequently how is it possible to prepare step
by step more and more complex machineries from chemical
reactions, and it is surprising, since at a certain degree of
complexity, these machineries cross the borderline
between living and non-living. From then on, these
constructions do not belong to the field of chemistry any
more, they belong to the field of biology.

Chemoton theory has been created by Tibor Ganti by
half a century's research work, behind the iron curtain. Being
totally isolated from the world politically, geographically and
in his language, he has published by far the greater part only in
Hungarian. However, these results became available for the
international scientific world at the end of 2003, due to the
following books published in English:

1.0 ThePrinciplesof Life. With acommentary(]
by James Griesemer and EOrs Szathmary.[]
Oxford University Press, 2003

2.1 Chemoton Theory Voal. 1.[]
Theoretical Foundation of Fluid Machineries.[]
Kluwer Academic/Plenum Publishers, 2003

3.0 Chemoton Theory Vol. 2.00
Theory of Living Systems.[]
Kluwer Academic/Plenum Publishers, 2003
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SIGNIFICANCE OF THE
CHEMOTON THEORY

The major significance of the chemoton theory consists
naturally in the attitude creating a unified, common scientific
background for chemical and biological phenomena, and in
the step by step mode in which it provides a solid foundation for
them by using philosophical, scientific and mathematical
means. It is also significant that, in addition to creating
mechanical and electric machineries, it makes also possible to
go athird way, to design fluid (chemical) machineries. Finally,
it isalso of outstanding importance that it defines accurately the
borderline between chemistry and biology, i.e. it separates
exactly the living from the non-living by creating and defining
also mathematically the minimum system of life, the
chemoton.

Moreover, the theory has also partial results in fields of
both chemistry and biology being very significant per se, as
they solve or make quantitative problems of chemistry or
biology having existed in science for centuries.
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CHEMICAL RESULTS
Catalysis

Berzelius who created the final form of chemical
stoichiometry, discovered in 1835 the phenomenon of
catalysis, but he could not interpret the process stoichio-
metrically. This could not be done in the following one and a
half century either. This interpretation becomes possible in a
natural way by using cycle stoichiometry, i.e. by pointing out
that the catalyst is one of the internal components of a cyclic
process.

Catalysisat two levels

Albert Szent-Gyorgyi got his Nobel-prize in 1937 for his
studies concerning Vitamin C and for discovering ,, fumaric
acid catalysis’. After it had turned out that several steps of
this system of processes is catalyzed by enzymes, the
profession treated this statement tacitly as an interpretational
failure of the Nobel Committee, because of the belief that the
catalyst is not fumaric acid, but the enzymes. However, cycle
stoichiometry proves unambiguously that the Nobel Committee
has been right: ,fumaric acid catalysis’ exists. Namely, the
Krebs cycle (Nobel prize, 1953) as a whole, behaves as a
catalyst, irrespective of the fact whether itsindividual steps are
catalyzed by enzymes, or not. The processes of this two-level
catalytic process can be treated quantitatively by means of
cycle stoichiometry.

Autocatalysis

In the late nineteen-sixties, Eigen and Ganti discovered
independently of each other that autocatalysis is a
self-reproducing chemical cycle. Neither of them published
this as a separate chemical result, but Eigen published it in
1971, built it into his hypercycle theory, whereas Ganti in the
same year used it as part of his chemoton theory. Later on,
Ganti elaborated also the cycle stoichiometry of autocatalytic
processes.
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Co-enzymes

Half a century ago it was acknowledged that enzymes consist
of two parts, namely the apo-enzyme with protein-like nature,
and the co-enzyme having small molecular mass. The concept
co-enzyme is used up to now. However, by means of cycle
stoichiometry it can be proven unambiguously that no
co-enzyme in the old sense exists, they are stoichiometric
reaction partners like any other reaction partner. Neverthel ess,
a so-called co-enzyme coupling exists connecting two
enzymatic cycles by the bidirectional transformation of the
same compound, which compound behaves thus in this system
as a catalyst. Co-enzyme coupling can also be treated
guantitatively by means of cycle stoichiometry.

Chemical reaction networ ks

In the last almost two centuries, chemistry has studied mainly
individual reactions, in several cases coupled chemical
reactions. Chemical networks have only been treated by
biochemistry, but only in a qualitative way, since chemical
stoichiometry could not handle chemical feed-backs, cycles
or more complex reaction networks, as by using conventional
stoichiometry, overall equations can be formed only from
linearly coupled reactions. By the application of cycle
stoichiometry, the overall equations of arbitrarily complicated
reaction sytems can be dealt with, except for systems
containing so-called OR-branchings. (These OR-branchings are
stoichiometrically undefined, but they can be treated
kinetically, and they may play an important role in controlling
fluid automata from the outside.)
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Fluid (chemical) machineries

It has already been mentioned in the introductory part (see
fluid (chemical) automata) that human technology applies
only mechanical and electric instruments for manipulating
energy in its machineries, though the living world manipul ates
energy in its machineries in a fundamentally chemical way.
The latter manipulations occur in solutions, in the
fluid state without using any solid construction. The essence
of the design of these systems is provided by the
organizational mode of various reaction networks. However,
the results of these manipulations can be transformed into
mechanical or electric energy changes by means of
appropriate solid or semi-solid constructions (soft automata).
By this method, the living world solved every task necessary
for it, from the programmed production of different chemical
compounds to flying, from information operations to
self-protection.

The secret of the methods is hidden in the possible
organizational ways of reaction networks. The mode of
visualization of these networks developed in chemoton
theory (the separation of AND/OR branchings), together with
cycle stoichiometry makes the quantitative design of these
networks at a desk possible. Thus design of fluid automata
is possible in the way as engineers design mechanical or electric
machines. Chemoton theory provides thereby, in addition
to mechanical and electric technology, the possibility for
developing anew, third technology for humanity.

Self-reproducing automata

Half a century ago, J. von Neumann proved that self-
reproducing automata can be produced in principle, but no
such automata have been produced since then by human
technology. Thisis so, in spite of the fact that the phenomenon
of self-reproduction has been known in chemistry already for
a century (autocatalysis). The fact that self-reproducing
machineries can be actually realized in the realm of fluid
(chemical) automata is proven individually by the tens of
millions of living species.
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By means of methods developed for designing fluid automata,
self-reproducing, and even proliferating, spatially separated
automata can be constructed. The simplest fluid automaton
operating in a program-controlled way is called chemoton.
The whole theory was named after this unit. The chemoton
IS a chemical supersystem consisting of three autocatalytic
chemical systems coupled by a particular stoichiometry. The
chemoton symbol, the chemoton coupling comprising the
stoichiometric and network fundamentals, as well as the
overall equation of the chemoton providing the quantitative
relationships of chemoton can be found in the following pages.

It can be proven about fluid automata of chemoton coupling
that they behave as living sytems, and conversely, all
living sytems are fundamentally sytems of chemoton coupling,
irrespective of how many other layers of regulation have been
added to them in evolution.
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CYCLE STOICHIOMETRY

Cycle stoichiometry is basically a new branch of arithmetics
(cycle arithmetics), making the quantitative discussion of
networks not containing OR-branchings possible. Theoretically
it is applicable to any network (economic, financial,
transportation, ecological, etc.), but up to now its application
Is elaborated for chemical networks (cycle stoichiometry)
only. The essence of cycle stoichiometry lies in the fact that
the members in the equations are divided into two groups at
both sides of the equation, and treats the so-called linear
members according to the usual rules of arithmetics, whereas
for the so-called cycle members prescribes the application of
new arithmetic rules. The two sides of equations are connected
by the so-called cycle symbol, instead of the usual equality
sign.

Page 9



ENGLISH
VERSION

THE CHEMOTON
THEORY

SIGNIFICANCE

CHEMICAL
RESULTS

CYCLE
ARITHMETICS

BIOLOGICAL
RESULTS

CURRICULUM VITAE
OF TIBOR GANTI

BOOKS OF
TIBOR GANTI

THE CHEMOTON
SYMBOL

CHEMOTON COUPLING,

OVERALL EQUATION

BIOLOGICAL RESULTS

System of lifecriteria

In biology, a big confusion exists until now about the question,
what and when can be considered something living, non-living
or dead. Génti, by setting up a phenomenological system of
life criteria has not only clarified the borderline, but has also
shown that some of the old criteria are not criteria of
individual life, but those of a potential to develop the living
world (absolute and potential life criteria).

The minimum model of life: the chemoton

Having life criteria at hand, it can be investigated to what
an extent the more and more complex systems designed by
means of fluid automata satisfy the individual life criteria.
The simplest such system satisfying all the absolute life
criteria is the self-reproducing, program-controlled fluid
automaton, the chemoton. Consequently, the chemoton should
be considered aliving system, even the simplest living system,
I.e. the minimum system of life . Chemotons can be designed
by exact engineering methods and discussed quantitatively by
cycle stoichiometry.

The basic units of theliving world

Chemotons satisfy not only the absolute life criteria, but also
the potential ones, consequently they are not only living
systems, but they are also capable of evolving into the living
world. On the other hand, all known members of the living
world in the Earth built on a basic chemoton organization.
It is noteworthy that chemoton theory has facilitated a fresh
look at the ‘levels-of-selection’ debate leading to aview going
beyond replicators (genes) and encompassing an irreducible
developmental dimension (See also: James Griesemer: The
philosophical significance of Ganti's work. In: T. Ganti: The
Principles of Life p. 169-186) By this, the chemoton theory
creates the stoichiometrical foundations of an exact, theoretical
biology.
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Biogenesis

Intensive research for finding the basis for the origin of life has
been going on already for half a century, without the researchers
being able to answer the basic question: what is life?
The chemoton theory is not only capable of giving an exact
answer to this question, it also sketches step by step the
possible way of biogenesis from chemical evolution to the
appearance of prokaryotic cells. In the frame of this, Ganti
and coworkers constructed a hypothetic chemical network
consisting of real prebiotic chemical reactions, a possible
» prebiotic chemoton”, the quantitative relations of which
they calculated by breaking it down into elementary reactions
by means of cycle stoichiometry. Thereby they proved that
the chemoton theory is suitable for the quantitative designing,
controlling and calculation of processesin biogenesis.

RNA-enzymes and RNA-genes

In 1978, Ganti published (in Hungarian, with an English
abstract) that the spontaneous formation of RNA-enzymes
and RNA-genes should have preceded the development of
protein enzymes and DNA genes. He also elaborated the
possible mechanism of this process by means of chemoton
theory. Five years after that, in 1983, the first RNA-enzyme
was found, this discovery brought the Nobel prize for the
researcher in 1989.

Origin of biological periodicity

By means of the theory of fluid automata, chemical systems
of different mechanisms and properties generating periodicity
can be designed. Presumably, they form a part of the chemical
basis of biological periodicity. (See: T. Ganti: On the early
evolutionary origin of biological periodicity. Cell Biology
International, 2002, Vol. 26, No. 8, 729-735.)

(I
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Artificial life

These fields are in the spotlight both in computer science and
synthetic chemistry. This problem cannot be solved without
our knowing what life is. The chemoton theory shows not only
the exact theoretical basis for thisresearch, but it provides also
a practical guideline for choosing the ways of synthesis ways,
and for the stoichiometric feasibility of such constructions.

Astrobiology

The chemoton, as an abstract model is valid for any group of
compounds, if their transformations are capable of fulfilling
the stoichiometric conditions required by the model. Thus the
statements of the chemoton theory are valid not only for the
living world in the Earth, even less only for carbon
compounds, but e.g. if there is somewhere life on silicon basis,
also for this. This the reason, why chemoton theory offers
a general theoretical basis for astrobiological/exobiological
research aswell.

Thetwo levels of life

Since the discovery of tissue culturing , that is for more than
seven decades, a pressing but concealed problem of biology is
the problem of ,surviving” organs, tissues, cells. How is it
possible that after the death of a person, his’her heart, kidney
is still living (transplantation)? What is then living, the human
or its cells? Ganti solves this problem also by means of the
chemoton theory by pointing out that considered hierarchi-
cally, life has at least two levels. The organization of both is
basically that of a chemoton, but the elements of the system
being at the lower level are chemical reactions, whereas those
of the systems at the upper level are living systems of
chemoton organization.
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CURRICULUM VITAE
Tibor Ganti

Birth:
10 Sept 1933, Véac, Hungary

Citizenship:
Hungarian

Mailing address:

Prof. Dr. Tibor Ganti,

H-2626 Nagymaros, Rakoczi u. 46,
Hungary

E-mail:
cogitator@vnet.hu

Univ. Studies and Degrees:

Dipl. Chem. Eng.

Dr. techn.

Candidate of biol. Sci.
Honorary docent:
Doctor of biol. Sci.
Honorary professor:

Technical University, Budapest, 1958
Technical University, Budapest, 1962
Hungarian Academy of Sciences, 1974
Eo6tvos University, Budapest, 1974
Hungarian Academy of Sciences, 1980
E6tvos University, Budapest, 1982
Positions:
1951-1952 Laboratory assistant. Bacteriological Laboratory,
Factory of Canned Food, Dunakeszi

Laboratory assistant. Photochemical Research
Institute, Vac

Head, Yeast Laboratory, Yeast Factory, Budapest
Head, Biochemical Department. REANAL Factory
of Laboratory Chemicals, Budapest

Scientific Consultant, Ecological and Modelling
Research Group of Hung. Acad. Sci., Budapest
Director, Cogitator deposit company, Nagymaros

1953-1954

1958-1965
1965-1974

1974-1999

1992-2000
([T
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Teaching positions:

1968-1972 Guest lecturer of industrial biochemistry,
Eotvos University, Budapest

1974-1976 Guest lecturer of the theoretical biology,
University of Godolld

1975-1979 Guest lecturer of the theoretical biology,
Jozsef Attila University, Szeged

1978-1999 Guest professor of the theoretical biology,
Eotvos University, Budapest

Other positions:

1968-1973 Member, Presidency of the Hungarian Biochemical
Society

1978-1986 General Secretary, Hungarian Biological Society

1980-1988 Member, Presidency of the Hungarian Astronautic
Society

1986-1992 President, Environmental Council of the Federation
of Scientific and Technical Societies of Hungary

1980-1992 Member, Presidency of the Federation of Scientific
and Technical Societies of Hungary

1980-1990 Chief editor of Természet Vilaga (a Hungarian journal,
similar to the Scientific American)

2000-2001 Fellow of Collegium Budapest (Institute for Advanced Study)

Awards:
1982 Herman Otto prize
1986 MTESz prize

1989 Pro Natura medal
i
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Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

BOOKS OF TIBOR GANTI

Revolution in the Research of Life.
(Forradalom az élet kutatasaban)
Gondolat, Budapest, 1966. (In Hungarian).

The Principle of Life. (Az Elet Principiuma)
Gondolat, Budapest, 1971. (In Hungarian).
Gondolat, Budapest, 1978. (Revised edition).
Kriterion, Bucurest, 1979. (In Hungarian).
OMIKK, Budapest, 1983. (In Hungarian).
Wiezda Powszechna, Warsawa, 1986. (In Polish).
OMIKK, Budapest, 1987. (In English).

From Quarks to Galactic Societies.
(a Kvarkoktol a Galaktikus Tarsadalmakig).
Kossuth, Budapest, 1975. (In Hungarian).

A Theory of Biochemical Supersystems and its
Application to Problems of Natural and
Artificial Biogenesis.

Akadémiai Kiado, Budapest, 1979.

University Park Press, Baltimore, 1979.

Life and its Births. (Az Elet és sziiletése)
Tankonyvkiado, Budapest, 1980. (In Hungarian).
Prosveschenie, Moscow, 1984. (In Russian).

Chemoton Theory. Vol.1.

Theory of Fluid Automata.

(Chemoton elmélet 1. kotet

A fluid automaték elméleti alapjai)
OMIKK, Budapest, 1984. (In Hungarian).

Chemoton Theory. Vol.2.

Theory of Living Systems.

(Chemoton elmélet 2. kotet.

Az é10 rendszerek elmélete)

OMIKK, Budapest, 1989. (In Hungarian).
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Ganti, T.

Ganti, T.

Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

Ganti, T.:

Disappearing Islands. (EItind szigetek) Natura,
Budapest, 1983. (In Hungarian).

Contra Crick, or the Nature of Life.
(Kontra Crick, avagy az élet mivolta)
Gondolat, Budapest, 1989. (In Hungarian).

The ""Recluse-piglet™ (A remetesuldod)
Kogitator, Budapest,1992. (In Hungarian).

The General Theory of Life. (Az élet altalanos elmélete)
Mdaszaki konyvkiadd, Budapest, 2000 (In Hungarian)

The Principles of Life With a commentary by J. Griesemer
and E. Szathmary. Oxford, University Press, 2003

Chemoton Theory. Vol. I.
Theory of Fluid Mashineries
KluwerAcademic/Plenum Publishers, New-York, 2003

Chemoton Theory. Vol. 11.
Theory of Living Systems.
Kluwer Academic/Plenum Publishers, New-York, 2003

Books with co-authors

Ganti, T.:

Ganti, T.

Ganti, T.

Ganti, T.:

The Origin of Life: New Research and New Results.
In: Actual Problems of Biology. Vol.l.
(Ed: Gy. Csaba) Medicina, 1974. p.45-90. (In Hungarian)

Selfregulation and Selforganization of Molecular
Supersystems. In: Biological Regulation (Ed: Gy. Csaba)
Medicina, Budapest, 1978. p.37-73. (In Hungarian)

The essence of the living state. In: Defining Life:
The central problem in Theoretical biology (M.Rizotti, ed.)
pp. 103-117. University of Padova, Padova, 1996

The Genesis of the Genom. The conditions of Life.

In: The Genom. (Ed: E. Hidvégi).
Széphalom Kényvmahely, Budapest, 2003 (In Hungarian) [T
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THE CHEMOTON SYMBOL
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THE CHEMOTON COUPLING
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The design of a Chemoton.

Three self-producing subsystems are stoichiometrically coupled:
cycle A — 2A, template polymerization pV, — 2pV,, and membrane
formation |T,,|— 2|T,,| This coupling results in a poliferating,
program-controlled fluid automaton, the so-called chemoton.
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