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Mirror Symmetry Breaking, Origin of Biochirality

and Prebiotic Evolution.
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Lecture 1.

What is the Biochirality?
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How many scenarios for the origin of Biochirality can be?
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Could Biochirality result from the action of any asymmetric factor ?
Lecture 4.

The equation for the origin of Biochirality.

Problems and Approaches

The self-replication of polymeric systems is known to be one of the most
important features of Life. However from the physical standpoint, the
self-replication is a non-trivial phenomenon. This can be illustrated in
the following manner.

Let the primary structure of the polymeric chain containg N units of m
types. The total number of polymers differing by the sequence of units in
the chain is equal to P=mNA. Here the dependence of P on m is unessential,
but the rapid growth of P with N is of a principle importance. For polymers
with N more than 100 the number P is the number being anomalously high for

chemistry. For example, for enzymes with m = 20 and N > 100 it is more



than 10130 . This number is greater than the number of electrons in

Universe!. For nucleic acids with » = 4 and with N of the order of 106, the
quantity P reaches the value of 10]00000 .

Therefore the self-replication of polymers is the assembly resulting in
the formation of the given chain among the tremendous nuamber of possible
chains.

As a result two questions arise, i.e. how to realize the only required
sequence among all possible sequences and whether it is possible tc make
such choice in the framework of abiogenic "stochastic" chemistry.

The probability of the stochastic assemble of some given structure is
proportional m_N and, hence, it is exponentially small. While for rather
short chain assembling some hopes may exist, the reproduction of such long
chaing as DNA kills illusions. Therefore the self-replication of polymers
scems to be unlikely from the standpoint of the abiogenic chemistry.
However the probability of self-replication in biclogy is practically equal
to unity.

What tools has Nature to realize such a high accuracy of the
self-replication?. The answer is also well known. In biological systems the
gself-replication is realized by special macromolecules - enzymes, which
ensure the exclusive precision of the assembly of polymeric chains.

The functionality of enzymes looks like the functionality of very
precise automatic machines. In this sense we are dealing with chemical
transformations governed by strictly defined rules, i.e. with the so-called
algorithmic chemistry.

Now we can formulate the main problem of prebiotic evolution as the
elucidation of conditions necessary for the transition from stochastic
chemistry t; algorithmic one.

Encountering such a problem one should try to find properties common to



all objects under consideration. In this context another question becomes
important. Do any properties general for all biopolymers exist ?
Fortunately, we know these properties. The first is homochirality. Enzymes
are constructed only from "left-handed" amino acids and nucleic acids
consist of only "right-handed" sugars. This property of biopolymers is the
structural manifestation of Biochirality. The second important property is
the absolute enantioselection which is the functional manifestation of
Biochirality.

These properties are so exited that following Louis Pasteur giochirality
is often considered as "the demarcation line between living and non-living
matter". From this point of view, the background of living matter is the
sell-replication of homochiral polymers. Whatever the pathway of evolution
might be, it has led to homochiral structures posgsessing an absolute
enantioselection.

From the first glance, it seems that the problem of the origin of
Biochirality is similar to the problem of the origin of self-replicating
complex systems. But we can hope that the Biochirality can play a role of
the Ariadna’s thread in the labyrinth of the prebiotic evolution, because
this phenomenon relates to symmetrical properties of complex chemical
compounds and their functions. Indeed, the symmetry conservation or the
syametry breaking implies the existence of a corresponding physical law.

Let us try to do the first step in this labyrinth by formulating
conditions for the origin of homochiral polymers. Obviouslyl we are
interested in such conditions which allow to obtain the large amount of
homochiral polymers, i.e in conditions of polymeric takeover of organic
medium.

The latter process depends on the interplay of two factors. The first one

is the relation between the content of L- and D-isomers in the medium (the



so-called chiral polarization). The second factor takes into account the
difference in probabilities of the incorporation of L- or D-isomer into the
chain (the so-called enantioselectivity of polymerization).

I1f we consider necessary conditions for the assembling of a homochiral
chain, we shall obtain a very simple condition of the type "all or
nothing". The polymeric takeover of organic medium by a long homochiral
chains could be possible either in chiral pure medium (for any
enantioselectivity) or for an extremely high enantioselectivity (in an
environment with any chiral polarization). The high sterecselectivity which
allows to construct a chain in any environment practically without mistakes
is strictly speaking algorithmic chemistry.

Thie result is the direct consequence of the fact that N is a large
number, for example one hundred, two hundred or even more. Therefore we are
dealing with the problem of the choice of the only required sequence of
units among the tremendous number of all possible sequences.

Thus Ariadna's thread led us to two different scenarios of prebiotic
evolution.

The first of them denoted as abiogenic scenario (A} includes the stage
of the strong mirror symmetry breaking, which has preceded by primary
polymeric takeover. It was just a particular medium that provided the
formation of homochiral polymers and their evolutionary changes towards the
formation of specifically active structures. In other words, the tramnsition
from the conventional cheaistry to algorithmic one was realized in chirally
pure medium.

The second scenario denoted as biogenic one (B) implies that initially
polymeric takeover in racemic medium has led to the heterochiral or achiral
polymers formation. After that, in the course of their evolution, the

transition from the conventional chemistry to algorithmic one hag been



realized and specifically active structures have originated. The evolution
of the latter could lead, at least im principle, to the appearance of the
absolute enantioselectivity and to the self-replication of homochiral
polymeric structures.

As a result the problem of the choice of the scenario for the prebiotic
evolution reduces to the question, what has originated earlier: homochiral
structures or functions of biochemical level of complexity?

If we choose scenario A, we must explain how the mirror symmetry has
been broken and how the chirally pure medium has been forwed. If, in
opposite, we choose scenario B, we should have an answer to the question,
whether heterochiral or achiral protoenzymes could exist. However, it can
be shown that a random sequence of L and D units leads to the destruction
of the secondary and tertiary structures and, hence, such heterochiral
chains cannot form an ordering patterns of biochemical functions. Moreover,
it can be shown that chains with regular sequences of L- and D~isomers or
any special achiral polymers could not takeover the organic medium due to a
strong kinetic limitation for such process in abiogenic conditions.

Consider the scenario A. The key question for this variant is how a
chiral purity of medium could appear at the chemical stages of evolution.
In the discussion of this guestion one should take into account that the
chiral purity had to appear not only at the beginning of evolution, but had
to be maintained in the course of the eﬁtire trangition from abiogenic
chemistry to algorithmic one,

In general, there are two possibilities for strong mirror syametry
breaking.

The first one is asymmetric actions, for example circularly polarized
radiations, mineral asymmetric catalysts and so on.

The second possibility is the formation of a chirally pure medium due to



the bifurcation with symmetry breaking, i.e due to the spontaneous mirror
syametry breaking.

From the standpoint of the formation of the initial chirally pure
medium, we have no reasons to reject any of these two possibilitiea. But
these two ways of symmetry breaking are distinguished by their abilities
for the stabilization of chirally pure state in the course of prebiotic
evolution. As will be shown, only chemical processes with spontaneously
mirror symmetry breaking can guarantee the stability of & chirally pure
medium in the course of the formation of structures and fuaction by
biochemical level of complexity.

Finally, we discuss some examples of chemical processes which could be
important for the strong mirror symmetry breaking in organic medium and for
the origin of Biochirality.

Summing up, we conclude that Biochirality is in fact the Ariadna’s
thread which does help us to pass through the labyrinth of prebiotic
evolution. In addition, this thread does allow to give a sketch of the
prebiotic evolution scenario. Certainly one cannot state that it is
impossible to imagine another scenario for the prebiotic evolution . But if
somebody would like to offer another version, please, find another

Ariadna’s thread.
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