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ABSTRACT

General crystal is an extension of the crystal concept to any form of matter which
exhibit neighbour structure determination. This extension makes many results of solid
state physics applicable to heterogeneous matter. Among others it includes the description
of phase transition from random to unique structure. The advantage of the general crystal
approach is demonstrated on globular protein, one of the most important macromolecules
of life, which are capable to adopt unique 3D structure spontaneously, regardless of the
heterogeneous character of their chemical structure and conformation. It is suggested
that the use of general crystal concept may help to find candidates among heterogeneous
matters capable to spontaneous self-organization in the same way as crystallization results
in unique structure of homogeneous matter, and to apply some of the results of solid state
physics to describe the phase transition and other behaviour of this matter.
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Folding of proteins and nucleic acids into their unique,
biologically active forns is one of the nost important
unsolved problens of today's biochemistry. It is probable
that the folding problem will not be solved until we
understand what makes a certain sequence of amino acids
capable of folding to a unique structure, since polypeptides
with random sequences do not adopt unigue conformations.
Self-organization of protein, RNA and DNA is crucial to
their biological functions. It is obvious that
self-organization played even more important roles in the
early days of evolution, when no splicing enzymes nor
molecular chaperons were present.

It is evident that under certain conditions, every
honogeous matter undergoes self-organization into a unique
structure. The procedure called crystallization, and solid
state physics established several principles and laws about
this phase transition as well as properties"of the matter
in the solid phase. Unfortunately, biochemistry teaches us
that only heterogeneous matter can play active biological
roles, while the homogeneous ones, like homopolymers play
only passive supporting or storage roles.

To find criteria which make a heterogeneous matter
capable of adopting tongue structures spontanously and to
learn about laws governing the behaviour of these matters
nay be inportant from the viewpoit of the origin of life
for the reason we discuss below.

Every crystal has a common feature, called Neighbour
Structure Determination (or NSD) since in a crystal the
position of every aton or ion is deternined by the
structure of any neighbouring unit-cell by translational
and other symmetry. For homogeneous matter, symmetry and
NSD are equivalent. On the one hand symmetry is a perfect
forn of NSD. On the other hand, in homogeneous matter,
consisting of identical elements, the way of NSD is
identical for all elements and this identical determination
results in structures with translational (and other)
symmetries. However, symmetry is not the only form of NSD.
It was suggested that it is worth to extend the crystal
concept in such a way that any form ofnatter which shows
NSD should be recognized as a general crystal. The
advantage of this extention is that all results of solid
state physics which are based on the NSD and not on the
symmetry of the crystals can be applied in a much larger
set of matter then the homogenious ones ill.

For example, let us consider a sequence of 100
letters, in which every overlapping 5 letter segment is
an English word. To create even a much shorter such sequence
is so difficult that it is evident that these sequences, if
they exist at all, are extremly rare, forming a relatively
small subset of the 26(exp 100) possible sequence of letters.
Since there are only about 100000 five letter words which
make sense in English out of the about 10 million
possible combinations of the letters, it is very hard to
change, pny letter, outside the few terminal ones, in such a
way that all the five words containing the letter in question,



change into another Meaningful word, Therefore here every
letter is determined by their neighbours. Consequently, this
sequence can be created from any of its parts into a unique one
by successive fitting of all letters to the growing sequence.
It was shown by a sinple probability calculation, that even if
in some point more than one letter would fit to the preceeding
four letters, in general, the propagation cannot be continued
in any wrong directions further than a few step 111, Note,
that here NSD is implemented by probability, therefore it is
not as perfect, and rigid, as in a real crystal.

A protein is a nore realistic example, Due to the
way of the de novo folding /3-4/ and the natural selection for
extended lifetime III. all native protein structure have a
common feature, namely, they are the only conformation of the
polypeptide chain in which all of the overlapping short
segments appear in one of the low energy confornations of the
respective oligopeptides /5,6/. Since an average pentapeptide
has about ten Billion conformations which correspond to local
niniiia in the ^informational energy surface: 992 of these
correspond to high energy local minima and only about 100000
have really low energy structure. Therefore the case is very
similar to that discussed for the overlapping English words.
Thus the conformation of an amino acid residue is nore or less
determined by the conformation of the adjacent one, to the
same extent whether the residue in questions part of a
symmetrical structure, like alpha helix or beta strand, or
belong to non-syitmetrical structures like coil ot turn.
One should note however, that the restriction, that all
overlapping short segments are in low energy conformation is
so strong, that only a relatively small subset of the possible
amino acid sequence can adopt such a structure. (A simplified
calculation suggests that from the possible 20(exp 100)
different 100 residue long polypeptide 10(exp 45) belong to
this subset /5/). Thus polypeptides in general do not fall
into the category of a general crystal, only a relatively snail
(but in absolute value, extemely large) subset which, among
other, contains all naturally edited, or successfully designed
protein sequences.

Since proteins are general crystals there has to be an
analogy between behaviour of solid states governed by USD.
and that of globular proteins.

Crystallization from supercooled liquid or from
supersaturated solution is based exclusively on NSD and it has.
nothing to do with the symmetry. The procedure starts with
random nucleation and subsequent fast growth by adjusting new
elenents to the already existing part of the crystal. Protein
refolding, self-organization of the polypeptide chain, takes
place according to the same pattern. Adding even a very small
piece of crystal or a surface which catalizes the formation of
the crystal nucleus to the supercooled liquid or to the
supersaturated solution can speed up the crystallization.
Likewise, any trace of native structure due to non complete
unfolding, the surface of molecular chaperons do the same
kinetic effect on folding. In general, the sane thernodynanics
and kinetics which describes crystallization can be applied to
prptein folding as well.



A phase transition between states of natter is a similar
case. The well-defined structure of solid state and the
random nass distribution in a gas phase correspond to the
unique structure of the folded protein and the unfolded one
respectively. In a certain interval of tenperature and
pressure there is a third phase called liquid. This nay
correspond to the molten globula state of protein. The phase
diagrams of the three phases, including the critical point
where the three phases can coexist generally used in solid
state physics can be applied for describing the folded -
- unfolded equilibrium of protein too.

The last example is about the influence of a foreign
atoi on the properties of the solid state. Their influence on
the transport properties is mainly based on their influence
on the symmetry feature of the matter. However, their
influence on the overall stability (nelting temperature)
and the local stability (novements of vacancies and
dislocations under external pressure) are based on NSD.
It is known that while in lov concentration foreign natter
always reduce the melting temperature, they can influence
the local stability in both directions, independently from
the global stability IV. Likewise, it was shown that ligand
binding or amino acid replaceitent infuence the overall
stability (measured by tbernal unfolding) and the local
stability (measured by E-D exchange) are independent /8-10/.

These examples on the general crystal character of
proteins also show that NSD can take place in a probability
level. This is a great advantage of general crystals over the
real ones from the viewpoint of evolution. As we know a
protein can undergo certain limited structural changes
without loosing its overall conformation. This happens when
protein binds any other molecule, including the substrate
which a protein as enzyme transfers into product. Therefore a
general crystal can adopt its structure to the environment,
and able to active interaction with the environment. Another
inportant feature is the tolerance of foreign natter.
Crystallization often used for purification, because a growing
crystal hardly tolerate foreign matter. This is due to the
deterministic (not probabilistic) way of NSD. Mien NSD
takes place by probability, the natter can be nore tolerant.
The evolution of protein sequences results in many slightly
different chemical structures in various species, which adopt
the sane 3D structure, but they have different stability and .
other biochemical properties. So a general crystal can evolve.

Turning back to the question of prebiotic evolution, the
general crystal approach nay help to overcame difficulties
energing from the fact that while crystallization is a perfect
way of self-organization and it works properly on simple
inorganic natter, it works only on homogenious ones which are
not of interest fron the viewpoint of evolution. Therefore,
when we are looking for heterogeneous natter capable of
adopting unique structures spontaneously, it is worth to check
the NSD ability of the candidates.
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