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Fig. 1. The common catalytic mechanism of an enzyme according
to Michaelis and Menten involves (at least) threc intermediates:
the free enzyme (E), the enzyme-subsirate (ES) and the enzyme-
product complex (EP). The scheme demonstrates the equivalence
of catalytic action of the enzyme and cyclic restoration of the
intermediates in the turnover of the substrate (S) to the product
(P). Yet, it provides only a formal representation of the true mecha-
nism which may involve a stepwise activation of the substrate
as well as induced conformation changes of the enzyme.



The Bethe - vonWeizsdcker catalytic cycle ist responsible
- in part - for the energy production in massive stars.
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The tricarboxylic acid or citric acid cycle is fuelling
the metabolic reactions of the cell.
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Fig. 4. The catalytic cycle represents a higher level of organization
in the hierarchy of catalytic schemes. The constituents of the cycle
E, — E, are themselves catalysts which are formed from some en-
ergy-rich substrates (S), whereby each intermediate E, is a catalyst
for the formation of E,, ;. The catalytic cycle seen as an entity
is equivalent to an autocatalyst, which instructs its own reproduc-
tion. To be a catalytic cycle it is sufficient, that only one of the
intermediates formed is a catalyst for one of the subsequent reac-
tion steps.



Complementary (£) replication of RNA as an example
of an autocatalytic cycle.



Fig. 7. A catalytic hypercycle consists of self-instructive units I,
with two-fold catalytic functions. As autocatalysts or—more gener-
ally —as catalytic cycles the intermediates I, are able to instruct
their own reproduction and, in addition, provide catalytic support
for the reproduction of the subsequent intermediate (using the
energy-rich building material X). The simplified graph (b) indicates
the cyclic hierarchy
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Hypercycles with one and two members are
common in nature.







04

T o3 ———

S5 025 / /

§ o0 S

3 0.15 /

S y ﬂ_____//

S) 0.1

| 0.05 / //
I L
0 10 20 30 40 - 50

—time t—>

Hypercycle dynamics for n=3



Hypercycle dynamics for n=4
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Chemical kinetics of replication and mutation as parallel reactions



Metastable structures
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Fitness values f(Iy)
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A fitness landscape including neutrality
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Fig. 3.1. Behavior of mutant genes following their appearance in a
finite population. Courses of change in the frequencies of mutants
destined to fixation are depicted by thick paths. N, stands for the

effective population size and v is the mutation rate.
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Is the Kimura scenario correct for frequent mutations?
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STATIONARY MUTANT DISTRIBUTIONS AND
EVOLUTIONARY OPTIMIZATION

® PEeETER SCHUSTER and JORG SWETINA
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und Strahlenchemie der Universitit Wien,
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A 1090 Wien,
Austria

Molecular evolution is modelled by erroneous replication of binary sequences. We show how the
selection of two species of equal or almost equal selective value is influenced by its nearest
neighbours in sequence space. In the case of perfect neutrality and sufficiently small error rates
we find that the Hamming distance between the species determines selection. As the error rate
increases the fitness parameters of neighbouring species become more and more important. In
the case of almost neutral sequences we observe a critical replication accuracy at which a drastic
change in the “quasispecies”, in the stationary mutant distribution occurs. Thus, in frequently
mutating populations fitness turns out to be an ensemble property rather than an attribute of the
individual.

In addition we investigate the time dependence of the mean excess production as a function of
initial conditions. Although it is optimized under most conditions, cases can be found which are
characterized by decrease or non-monotonous change in mean excess productions.

1. Introduction. Recent data from populations of RNA viruses provided
direct evidence for vast sequence heterogeneity (Domingo et al., 1987). The
origin of this diversity is not yet completely known. It may be caused by the low
replication accuracy of the polymerizing enzyme, commonly a virus specific,
RNA dependent RNA synthetase, or it may be the result of a high degree of
selective neutrality of polynucleotide sequences. Eventually, both factors
contribute to the heterogeneity observed. Indeed, mutations occur much more
frequently than previously assumed in microbiology. They are by no means
rare events and hence, neither the methods of conventional population genetics
(Ewens, 1979) nor the neutral theory (Kimura, 1983) can be applied to these
virus populations. Selectively neutral variants may be close with respect to
Hamming distance and then the commonly made assumption that the
mutation backflow from the mutants to the wilde type is negligible does not
apply.

A kinetic theory of polynucleotide evolution which was developed during the
past 15 years (Eigen, 1971; 1985; Eigen and Schuster, 1979; Eigen et al., 1987;
Schuster, 1986); Schuster and Sigmund, 1985) treats correct replication and
mutation as parallel reactions within one and the same reaction network

635
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....... ACAUGCGAA --:---
....... AUAUACGAA -------
....... ACAUGCGCA -------
....... GCAUACGAA -
....... ACAUGCURAA ------
....... ACAUGCGAG -
....... ACACGCGAA -------
....... ACGUACGAA --:---
....... ACAUAGGAA -
....... ACAUACGAA -

Consensus sequence of a quasispecies of two strongly coupled sequences of
Hamming distance d,,(X;,X;) = 1.
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....... ACAUGCGAA -
....... AUAUACGAA -------
....... ACAUACGCA -------
....... GCAUACGAA -------
....... ACAUACUAA -------
....... ACAUACGAG -«
....... ACACGCGAA -
....... ACGUACGAA -
....... ACAUAGGAA ------
....... ACAUACGAA -

Consensus sequence of a quasispecies of two strongly coupled sequences of
Hamming distance d,,(X;,X;) = 2.
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