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THE ROLE Of PORPHIRIN SYSTEMS IN THE EVOLUTION OF LIFE

( Bummary)

In the present work the role played by porphyrin systems has been*

dealt with in the conbtext of the studies on abiogenesis and sarly
stages of the molecular evolution of life. The Imowledge of this role
is essentlal for the elucidation of the origin of the bioemsrgetic -
processes, especially those undarljim the most importanc and ubiq"ui-
tous ones in the present biosphere, i.e. photosynvhesis and respira-
ticn.

In discusalng this role, mainly the s0 called "avolutionary
me thod" has been used along with reinterpreting the data taken from
various particulsr branches of science (e.g. from inorganic bioche-
mistry, molecular biophysics, organic geochemistry, exobiology, phy-
sica of the blological environment, and microbiology), and & superior
"problem-unity" bas been constructsd. Some simple mathematical calcu-
lations have been performed as well.,

The pressnt work 1s divided into four chapters. The first one
presents an extensive review on the occufrence and propertiss of
porphyrino systems in the present molecular organization of life, as
well as in the non-blological environment. As could be expected, it
bhas becoms ‘evident that advancement of ths ocurrent investigations in
particular areas of the study of porphyrin systems is unsqual, and,

what is wore, it falls short of the needs of evolutionmary biochemistry

and thecretical blology. For example, tetrapyrrols complexes of with
¥e, Mg, Zn, Mn, Co, Ni, and Cu ions are kmown to occur. However, ex-
cept for the first two mentioned ones, there is only a scarce amount
of data on the five remaining ones. Accordingly, very little is known'
about the paths of bilosynthesis of them, of the physiological part
they play, and above all of their comparative taxonomy. Siroheme,
hsme d, heme s, and the role of some Fe-porphyrins belng chemically
identical prostbetic groups, but furctioning in the proteins perform-
ing completely different functions (e.g. heme b in cytochroms P-450

-
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and in hemoglobin) are also poorly known entities. It may be proved
the poorly determined biophysical role of certain metallocomplexes,
@.Z« the significance of the elactronic¢c structure of the porphyrin
system and of the spin-state of the 302" in the above mentioned heme
b for the blochemical processes, and the significance of the elec-
tronic conductivity for these prucesses, etc.

It is interesting from the biocelsctronic point of view, that
semiconduc tor theories of photosynthesis and the action of cytochrome
oxidase refer just to the electronic phenomsnas on the submolecular
and supramolecular levels of ths organlization of living systems.
These theories, however, may have more general significance. Namely,
one may suggest an electronis role of chlorophylls, bemes, and other
molecules of this type.

It should also be stressed here that there is a disproportion in
the number of various types of proteins containing this same porphy-
rins system, e.g. the highest number of them is bound with héme b,
and a very small one - with siroheme. Probably, this disproportion
stemms from the verlety of side-groups of the porphyrin ring, which
is the result of molecular evolution of these compounds.

In the second chapter an attempt is made at a reconstruction of
the genesis and evolution of porphyrin systems. It has been shown
there that in the course of chemical evolution the most probable way
of bringing these changes about was ablosynthesis of porphyrins on
eluminosilicates. In this context, a possible use of a new esnsrgy
source, so far not taken into account has been suggested, namely, the
slectric currents modelling the telluric onmes, which flew in alumino-
silicates of primordisl environment. The author suggests that undsr
the influence of the telluric currents in the electronic plasma of
aluminosilicates the complexes of porpbyrins with 81 and Al might
have originated, and taksn part in the next stages of biochemical
evolution.

Unfortunately, the experiments simulating the probable conditions
of the primordial environment carried out so far, falled to synthe-
tige the presently known siroheme, chlorophylls, hemes, etc. It is
well kmown that the synthesis of them in the present living forms is
a ocomplex one. In all probability, these compounds bave been producsd
in a biogenic way, being the result of a relatively advanced molecular
evelution of live. From among all these compounds siroheme seems to
be the oldest one, and it seems to preceds all the porphyrin compounds.
However, corrinoids may be considered to precede all these compounds.
It is not known what bhas happened in the course of the evolution of
tetrapyrrole compounds on the stage between abiotically synthe tized
natural porphyrins and corrinoids and sirohems.
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The author suggests that the evolution of porphyrin compounds has
been initiated by silicoporphyrins at the stage wbhen hypothstical
carbon-siliceous protoforms of life existed. In this context, it is
worth mentioning that the oldest bilogeaic porphyrins have been found
Just in quarsites (dated ebout 3.8 billion years), while the cldest
sedimentary carbonate rocks are dated cnly at 3.5-3.7 blllion years.

The biochemical evolution of presently known porphyrin systems
seems to have procseded both from fhe more to less reduced forms and
of acquiring the central ions which have stronger donor or acceptor
properties. In the present work, ths idsd that ths blophysical evolu-
tion of these systems takes place has also been su.sénatad.

Pursuing the above mentloned line of argument, a pruposal ia put
forward that in living orgenisems such presently unkmown porphyrin
complexes, as those cOntalning Al, Bi, as well as thouse with transi-
tion elements (Cr, V, Ti, S¢...), and intratransition slements (lan-
tenides) saould Y@ searched for., The author suggests that these me—
talloporpbhyrine could perform catalytic functions or even take part
in laser or maser processes lovolved in bloensrgetica. 4 possible
bhuntiog-sround for these complexes could be bacteria which arg able
to decompose aluminosilicates, as well as the organisms which inhebit
urnusual and extremal environment conditions, as microorganisms in
petrcl, thermo- and base-philic bacteria, etc.

Tne enormous structural and functiconal diversity of porphyrin
systems, in all probability, adequately reflects the adeptation of
orgacisums to thelr changing environment. With thils in mind, the third
chapter is devoted to the role of porphyrin systems in the adaptation
to changes in environment. As ths asuthor sees it, the role of these
structurss consisted more in helping %o develop the exploitation
adaptations (e.g£. hemoglobins, chlorophylls), that the compensationary
ones (e.g. cytochrome P-450). Moreover, it seems that the adaptational
roles expressed themselves in the following three ways: i/ by -changes
of the type of porphyrin systems and their molecular milisu, iil/ by
adjusting the concentration or the number of the porphyrin systems of
the given type, and ili/ by suitable reguletion of the functions of
the molscules containing these systems.

This type of adaptation functions could, in the authors’ view,
bhava great significence in the reducing envircnment of the early pre-
cambrian, bscause of the ability of some hemes to react to changes in
the content ol methsne or carbon monoxide.

Taking into congldsration the adaptative role of hemes in the en-
vironment whsre the concentration of oxygen changes, the author raised
the problem of the evolution of the cooperative interactions between
the sites where oxygen becomes attached. Thus, apart from the evident
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existence of the blochemical adaptation, the existence of the blo-
physical adaptation is also postulated in the present work.

The common feature of all kinds of biochemical and, seemingly,
blophysical adaptations in which porphyrin systems are involved, are
the changes of chemical affinity of the macromolscule of the porphyr-
in-containing protein to the micromolecule of a given substrate, as
well as of the protein component of the given macromolecule to the
porphyrin system. These changes of affinity, being of crucial signi-
ficance toc the mechsnisms of adaptation, are acted upon by the che-
mical and physical changes in ths environment. Life in the course of
its adaptation to the changing environment has choosen the most
optimal processes. Keeping this in mind, one may understand that the
biochenical pathways become adopted to some ranges of physical va-
riables, which, in turn, enabled them to proceed optimsliy (e.g. in
the presencs of the excited state of biomolecules generated by sui-
tabls temperature, quanta of the rsdiation in the UV and visible
range). Therefore, it is not excluded that concrete photo-emissive
and photoabsorptive properties of porphyrin systems played in blo-
systems the pert of the factor initiating the processes involving the
slectromagnetic radiation in the viclinlity of porphyrin compounds.

It has been also suggested, that some poassible mechanlsms in~-
fluencing the adaptative role of porpbhyrin systems should be sought
in the fislds both of the physics of bilological solid state and of
bicelectronics. Consequently, when the changes of environmental tem-
peratures are considered, the alleged pyroelsctrie properties of
porphyrin-containing proteina should be considered, when the changed
of the environmental pressure take place, the plezoelectric proper-
ties come into effect. Bimilarly, in the enviroonment where electro-
megnetic radiation in the visible range of spectrum acta as a factor
to which the living system must adopt itself, the important role is
played by these properties of porphyrin systems making them a good
laser material, etc.

In connsction with this, a suggestion may be put forward, nsmely
that various blochemicsl and biophysical adaptations in which the
porphyrin systems are imvolved may be e:r,pla'l.inad by the functions of
these syatems on the submolecular level of the organiszation of the
living system.

In the search for the mechanisms of the evolution of porphyrin
systems clalmed above and thelr adaptative role, the bioelectronic
model of ablogemesis end the bloplasma concept have been considered,
as they are directly related to the submolecular level of organiza-
tion, Thie has been done in the fourth chapter. Besides this, an
attempt has been made at calculating and discussing the conditions
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for the existence of the plasma state, as well as an evaluation of
some ilmportant plasme parameters.

The most important sonclusion reached in tshis paper is that the
conditions for the existence of the plasma state in a single porphyrin
systems are fulfilled only under the two followlng rslations - binding
together two essential paramestors of plasma “r - the static dielesc-
tric constant of the medlum in which the elecirons are tramsfared,

m, - the ration of the electrdn effective mass and its resting mass)
- are simultensously met:

1) BB« 0 «65

and

2) 6 By T 8.7517 x 1021 mp-z ’

wherea wp = tbe plasma anguler fregquency.
It has also been found that the range of the values of W, may
be assumed as;

2.0677 = 107" o, 0,13 17« 0y ® 2.0877 x 107 w1 2,23,
wherc: o, ~ the concentration of the electroms (in the porphyrin ring)
[m'-?’}, L - the linsar dimension of the system [m]. Generally speaking,
the relation mentionsd above shows that the range of the resonant
frequencies which may be exploited by the organisam brosdens, if the
slze of ths =ystem end its subsystems increase. In this context, it
bas been pointed out that this relationship might be crucial for the
adaptation of the living systems to the changing slectromagnetic en—
virooment. .

Wnen considering the essential requiremsnts for the existence of
the plasms state in the porphyrin system, the fermuls expressing the
optimal, as it geems, conditicns for the existence of the plasma
atate has been reached:

S

1/6
where & = 2(37°) m b,

This inequality bas some interesting fsatures, For exampls, if
the plasma gtate ls to be maintained in a living system, it ought -
and sven must - to be able to lncrease ths ¢oncentration of moblle
charge carriers (which may be called cataboliam in terms of biochemi-
stry), or to increase its slze (anabolism), or to change its rlasma
frequsnoy, as well as the effective mass of elsotrons,
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In apalysing the conditions for the existence of the plasma state
in biostructures containing porphyrin systems, & rather disputable
problem arises. Neamely, if the concentration of tree electrons in
these structures lies in the vicinity of 1.7 x 10°2 @7, then ths
entropy of the degenerate electron gas should be minimsl or even Eero.
Therefore, a suggestion has been made that bioplasme may be under—
stood as plasaa, the density of which oscillates in tbe border regiom
between the nondegensrate and degensrate states. If so, the bottom
1imit for the linear size of such a system should be 39 £. Possibly,
this may be an explanation why the living organism must not be smaller.

In this work, the problem of %he possible existence of the super-
condmpting plasme in the porphyrin system has been also raised. This
state might act as a factor coordinating the movement of elsctroms in
supramolecular structures.

The genaral conclusion following from the above considerations is
that in the course of molecular evolution of life the primcipal func-
tion of porphyrin systems has been en elsctronic one, the other only
being of secondary importance. As far as the me thodological aspect of
the presens work is concerned, i% must be admitted that the problems
dealt with were of & very broad nature. Therefore, some simplifica-
tions and statements put implicitly were inevitable. The reconstrue-
tions which have been presented are also only of a fragmentary nature.
However, these short-comings point out to the nacessity of further
research both in the plane of theoretical biology, and easpecially in
its bioelectronic branch, and in suwh fields, as: paleoblochemistry
of silicon compounds, microbiology of archascbacteria, and many
others. Thers are also some interesting aspects which had to be omitted
in the present work, for example the evolution of megnetic propersies
of porphyrin compounds and its significance to the bloelectromégnetic
evolution.

The suthor belisves that in the near future the essential progress
in the research of the genesis of life will depend on the taking into
accouns the electronic model of orgeniem as well as bloslsctronlo
evolution. However, to bring this progress into reallty, one will
probably bave to have at his disposel data from presently nmon—existent
or not well-developed branches of science, such as physics and che-
mistry of organic and biologic semicondmctors and superdondac tors,
biophysidcs of archaic forms of metabolism, comperative emd ewolu-
tionary blochemistry of silicom compounds, bloenergeties of proceases
involving organosilicon compounds, and guanvmn biomaspophysics.

In apite of these shorw~comings it seams, thad the above men—
tioned perspective of progress in the discussed field does ot trans+
gress the realm of admissible axt_:zp:latim.



