[image: image1.jpg]VoLume 7 - VWS |17 HEMATOLOGY REVIEWS

Edited by 0.K. Gavrilov
Russian Academy of Sciences, Moscow

Edited by 0.K. Gavrilov- -
Russian Academy of Medical Sciences, Moscow

Hematology Reviews focuses on ke i i - :
ey y developments in fund: tal | e U H
hematological research in the former Soviet Union. The semue e 2PPled ‘ "Astronaut's Anemia™: Possible Mechanisms

ent medical research in the former So t i i i &
Who does not read Russian, viet Union readily available to the researcher { 1 of PathngeneAﬂz
Yu.N. Tokarev, A.P. Andreeva,

i A.A. Levina and E.G. Kazanets

“Astronauts Anemia": Possible Mechanisms of Pathogenesis by Y
Levina, and £.6, Knzanets genesis by Yu.N. Tokarev, A.P. Andreeva, A.A.

Bl fanemia of sace fight) is & condiion of the erython resbing from the impact of 1 Arteriovenous Differences in Hemostatic
Weigntlessness which is possibly the only major space-fight factor of substantial bilogical import i 8 5
= v Potentials in Various Regions of the

Arteriovenous Differences in Hemostatic Potentials in Vari Parts of the Circul { I i
A.0. Gavrilov Ge S CHIne ks ey S e by, 1 Circulatory System

This review presents the author's concept of biologic rationale of the phenomenon of arteriovenous (A-V) I AO Gavrilov
differences in hemostatic potentials. =

Mechanisms of Clotting Disorders afterAcute Blood Loss by N.A. Gorbunova y Mechanisms of clotting Disorders after

The author reviews mechanisms of clotting disarders afer acute blood loss, Blood fluidity is maintained in the =

body through the activity of a complex functional system regulating the aggregative state of blood (RASB) and = 3 Acute Blood Loss

consisting of a range of components at different levels. | .
N.A. Gorbunova

One Variant of Point Mutations is Possibly Triggered by Reverse Translation of Individual Epitopes:
A Hypothetical Concept by A.M. Deichman

This review presents the author's concept of a biological ratianale for the existence of a mechanism by which | & | u"e Variant 0' Pﬂint Mutations is Possib|v
reverse transtation is effected for an individual protein epitope (individual epitope reverse translation, or IERT)

of 5-10 amino acids, whereby a nucleic acid (RNA) equivalent of such an epitope is synthesized with Triggered by Reverse Translaﬁon of

participation of a mitochandrial or chiloroplast (thylakoid) aminoacyl-tRNA complex under the controf of the i . . _

appropriate polymerase Individual Epitopes: A Hypothetical Concept
A.M. Deichman

Disaster Medicine and Transfusion Services by 0.K. Gavrilov
The author describes health consequences of natural and man-made (anthropogenic) disasters. At present,
man-made disasters posing the greatest threat to mankind are wars which may lead to the complete

elimination of the biosphere (including man himselt} and turn the Earth into an uninhabitable casmic object. f Disas(er MedICIne and T[ansfusujn sefvices
i 0.K. Gavrilov

_—*\

QF.) harwood academic publishers kol M

T S —_— ISoN 9[1:5872;3054 0 - ‘ Soviet Medical Reviews are published by harwood academic publishers
SMR Soviet Medical Reviews ISSN: 0888-392





[image: image2.jpg]Hematology Reviews, 1997, Vol. 7, pp. 57-79 ©1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only by Harwood Academic Publishers GmbH

Printed in Malaysia

ONE VARIANT OF POINT MUTATIONS IS
POSSIBLY TRIGGERED BY REVERSE
TRANSLATION OF INDIVIDUAL EPITOPES:
A HYPOTHETICAL CONCEPT

A.M. Deichman

Cancer Research Center, Russian Academy of Medical Sciences, Moscow

ABSTRACT
This article formulates and supports, by examples, the author's concept of a bio-
logic rationale for the existence of a mechanism by which reverse translation is
effected for an individual protein epitope (individual epitope reverse translation, or
IERT) of 5-10 amino acids, whereby a nucleic acid (RNA) equivalent of such an
epitope is synthesized with participation of a mitochondrial or chloroplast (thyla-
koid) aminoacyl-tRNA complex under the control of the appropriate polymerase.
This nucleic acid (RNA) equivalent, together with the vector-like nucleic acid
sequence (VLNAS) into which it is incorporated, may be exchanged (VLNAS
transfer) between cell cytoplasm and nucleus as well as between cells of the same
or a different organism. For several reasons (the main reason being the probable
existence of more than one translation variant from ‘the language’ of amino acids
to that of nucleic acids), it is possible to bypass the molecular-biologic dogma in a
noncontradictory manner by invoking these two putative mechanisms (namely,
those of IERT and VLNAS transfer) and regard them as underlying the hypervaria-
bility of many normal and pathologic processes including, among others, antibody
production, the formation of antigen-specific sites in T-cell receptors, the develop-
ment of drug resistance, carcinogenesis and the metastatic spread of tumors as well
as the joint evolution of viral and host genomes.
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ABBREVIATIONS

AIDS acquired immunodeficiency syndrome
GSF system  genetic shuttle feedback system
IERT individual epitope reverse translation
mRNA messenger ribonucleic acid

tRNA transfer ribonucleic acid

UGC universal genetic code

VLNAS vector-like nucleic acid sequence
APC antigen-presenting cells

Ty helper T cell

To cytoxic T cell

ST specific T

Td"?'+ cells . .

cells expressing terminal deoxynucleotidyl transferase

1. INTRODUCTION

According to the central molecular-biologic dogma, information transfer
from DNA to RNA and from RNA to proteins is unidirectional (Watson,
1967), but the discovery of the enzyme revertase (reverse transcriptase)
and reverse transcription (Baltimore, 1970; Temin and Mizutani, 1970)
cast doubt upon the validity of this thesis. The issue of so-called reverse
translation, unlike that of reverse transcription, can hardly be attributed to
the discovery of one enzyme. Some authors have tried to expound their
views on reverse translation, emphasizing the need to consider this issue
from chemical, physicochemical, immunologic and general biologic
standpoints (Mekler, 1980a, b). Mekler listed the various dogmas that
have collapsed under the pressure of recent evidence and suggested that
the central molecular-biologic dogma would have to be modified (Mekler,
1980a). He described a model expressing the structure of an antigenic
determinant (a protein epitope comprising 5-10 amino acids) in terms of
the corresponding nucleotide sequence and provided physical and chemi-
cal evidence supporting the possibility that such a model can exist (Mek-
ler, 1967, 1980a). In his model, anti-amino acids within anti-aminoacyl—
tRNA complexes line up near the corresponding amino acids of an anti-
genic determinant, and the aligned tRNA anticodons are assumed to be
capable (provided the appropriate polymerase is active) of functioning as a
matrix for the synthesis of a mRNA segmentT. This model and another
similar one are discussed below.

2. BIOLOGIC RATIONALE FOR THE EXISTENCE OF A
MECHANISM FOR INDIVIDUAL EPITOPE REVERSE
TRANSLATION (IERT)

It may be considered, with some reservations, that the operation of mecha-
nisms associated with processes such as replication, transcription and
translation or with powerful reparative systems is predominantly directed
toward maintaining the stability of the genome, but that the operation of
mechanisms underlying the activity of mobile elements (transposons) and
such events as amplification, recombination, regulated processing and
splicing, and frameshift, is focused on the maintenance of genome plastic-
ity. Both mechanisms may operate inaccurately, in particular when repro-

tAmino acids and anti-amino acids have complementqry codons (Idis, 1980; Mek-
ler, 1980a, b; Mekler and Idis, 1981).
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ducing nucleotide sequences of DNA and RNA and amino-acid sequences
of proteins. There are indications in the literature that mutations are com-
monly attributed to errors in replication mechanisms (Vilenchik, 1987,
Tetushkin, 1991) or in some other of the mechanisms mentioned above
(Vogel and Motulsky, 1986), and that the mutation process itself is
regarded as being random.

Indeed, the term “mutation™ was introduced by De Freese to designate
accidental genetic changes (Vogel and Motulsky, 1986). However, many
authors hold the view that mutations may not be exclusively random at the
molecular level and ascribe the so-called randomness of the mutation
process to the adaptive properties of mutant genes; if this is so, then the
emergence of mutations may be genetically controlled rather than being
entirely attributable to accidental copy errors (Grant, 1985). Although
most spontaneously arising mutations are generally believed (on the basis
of Kimura's estimates) to be neutral (Vogel and Motulsky, 1986, Tetush-
kin, 1991), the “neutrality theory™ does not negate that many mutations are
deleterious and are eliminated, with only a small number being fixed under
positive selection pressure; and that intraspecific genetic variability manj-
fests itself at the molecular level as protein polymorphism and is, by and
large, selectively neutral (Tetushkin, 1991).

In their molecular clock theory, Zuckerkandl and Pauling associated the
propagation and fixation of evolutionary efficient mutations with the small
selective advantage of such mutations (Tetushkin, 1991); the extreme view
held by selectionists is that a rate of evolution independent of cither the
population size or the mutation frequency is preset by the continuously
changing environment (Tetushkin, 1991). The process of mutation fixa-
tion, unlike that of radioactive decay, exhibits considerable deviations
from the Poisson distribution (Tetushkin, 1991). The fact that the specific
mechanisms by which mutations arise have attracted little study seems
surprising considering the close association of mutations with the patho-
genests of neoplastic and infectious (including AIDS) diseases, with
aging, and with certain evolutiomary processes (Vilenchik, 1987), Today,
the existence of specific mechanisms through which genetic variability is
achieved and maintained cannot be ruled out. As a candidate for such 2
mechanism wich is responsible for genomic variability, we propose the
method of reverse translation of an individual protein epitope, referred 1o
as individual epitope reverse transiation (IERT). This hypothetical mecha-
nism should apparently interact with other mechanisms responsible for
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Figure 1. One possible variant of amine aeid to nucleic acid translation. Numt
1--7 are the amino acids of an epitope; arrows indicate likely sites of peptide b
breakage; circles with a perpendicular line delimit tRNA s CCA sequence. Das
lines schematically show the part of tRNA from the CCA sequence side, wi
solid lines show its part from the anticodon region. Inflection points denote the
where the L-shaped tRNA bends, while 8 denotes its approximated anticodons

The term “reverse translation” may be understood to mean the conv
sion of a certain abstract protein into its nucleic acid analog (equivalen
However, this interpretation of reverse translation (let us call it “tota
cannot be offered for consideration since the pathways of catabolism
usually distinct from those of anabolism.

3. INDIVIDUAL EPITOPE REVERSE TRANSLATION IS NOT
INVARIANT

Each protein epitope is an entity in its own right in biochemical, immur
logic and evolutionary terms. A protein epitope may be part of proteins
the same or different types, and individual epitope reverse translati
(IERT), therefore, implies the conversion of a small protein vregi
(epitope), comprising 5-10 amino acids of the primary sequence, into
nucleic acid (mainly RNA) equivalent. The corresponding tRNA wil] te

Tkachenko (1991) proposed his own variant of reverse translation, in which sy
cial importance is attached to lipoprotein components of the cell membrane.
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Figur’e 2: Another possible variant of amino acid to nucleic acid translation. Num-
bers 1'-7" are the amino acids of an epitape; arrows indicate likely sites of peptide
bond breakage, while colons (:) indicate interaction of the amino acids of epitope

with anti-aminoacyltRNA (I-7) complexes in accordance with the A-A code.
For other designations, see Figure 1.

to approximate to each amino acid in such an epitope, with the result that
eventually these approximated anticodons may serve as a minimatrix for
the polymeraw~catalyzed synthesis of 15-30 nucleotides’ (Figure 1). This
model differs somewhat from that proposed by Mekler (19804, b) in which
the amino acids of an epitope interact with anti-aminoacyl-{RNA com-
plexes (Figure 2).

Discussing particular details of the models depicted in Figures 1 and 2 is
bcypnd the scope of this article (and more detail discussing may find in
Deichman, 1993). Here, we will only note that the model in Figure 1
gllows, at Fhe primary structure level, for a completely equivalent transla-
tion of amino acids into their nucleic acid analogs, while the modcl in Fig-
ure 2 also allows for such translation but, according to the A-A code
(Mc:klfzr and Idlis, 1981), via antisense-mRNA. Both models also allow for
d.evmtmns from the basic (sense-mRNA and antisense-mRNA, respec-
uv.ely) nucleic acid equivalents of the epitope during amino acid tZ) nucleic
acid translation. Such deviations may oceur because several different prin-

t . .
_It may be that the approximated anticodons may themselves act as an RNA primer
in nucleic acid synthesis.
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ciples and codes for amino acid substitution are now known (substitution
may result from IERT), the more significant substitutions being those
based on charge, polarity (Brimfield and Hunter, 1985; Meshcheryakova
and Andreev, 1993), hydropathicity (Blalock and Smith, 1984), the second
codon base (Blalock and Bost, 1988; Chipens et al., 1991), and chemical
structure similarity (Meshcheryakova and Andreev, 1993). Depending on
the specific conditions and microenvironment, any one of these principles
or codes (including the A-A code) may predominate (Deichman, 1994a).
The two key questions that have to be answered are under what conditions
and where in the cell this mechanism might operate.

4. MITOCHONDRIA AND CHLOROPLASTS AS THE MOST
LIKELY SITES OF INDIVIDUAL EPITOPE REVERSE
TRANSLATION

Mitochondria and chloroplasts appear be the best candidate sites since
these organclles have all the components and conditions required far
IERT. That is to say:

1. Some fractions of their tRNA are membrane-bound and cannot be
separated from the membrane even under harsh conditions (Filip-
povich et al., 1977). If 2 mitochondrial or chloroplast tRNA has fix-
ation points on the membrane, then the entire ribosomal complex
must have additional conditions for stabilization.

2. The occurrence of post-transcriptional synthesis of the CCA
sequence for tRNA suggests that this mechanism “subserves™ some
other umidentified and very old mechanism (possibly IERT); such
formation of the CCA sequence probably permits steric hindrances
to be overcome al the most opportune moment during interaction
with a particular epitope.

3. The protein-synthesizing apparatus and tRNA itself are membrane-
bound to a greater extent (Pinus and Rabinovich, 1976, Filippovich
et al., 1977, Kuzmin and Zitseva, 1987) than their cytoplasmic
counterparts. Possibly, IERT and protein biosynthesis will prove to
be conjugated processes in this case.

4. Mitochondria and chloroplasts not only contain DNA and RNA but
also all that is necessary for their synthesis. Synthesis proceeds at
those sites where polynucleotide sequences are in contact with the
inner membrane of these organelles (Ilendersen ef al., 1983) in both
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dividing and resting somatic cells. Interestingly, several arcas of
homology where RNase-H activity is manifested have been identi-
fied for mitochondrial genomes and reverse transcriptases of vari-
ous viruses (Kuzmin and Zaitseva, 1987); single nucleotide
substitutions in such an area, as well as in the stem region (ORI)),
inhibit replication in vitro, and the regions where replication is initi-
ated in vitro and in vivo are the same.

5. DNA synthesis in mitochondria and chloroplasts is initiated with
the formation of an RNA primer’ and of a primosome complex
(Kuzmin and Zaitseva, 1987; Lewin, 1987; Odintsova, 1987). Also,
heterogeneous linear, circular and minichromosomal (episomal)
sequences have been detected in mitochondria and chloroplasts in
addition to the major genomes (Kuzmin and Zaitseva, 1987, Lewin,
1987, Minchenko and Dudareva, 1990), while the D loop of DNA
in these organelles has been shown to contain hypervariable regions
where the intraspecific frequency of base substitutions is four times
that in other DNA regions (Minchenko and Dudareva, 1990). There
are thus good reasons to believe that a hypothetical nucleic acid
(RNA) equivalent of the epitope (sce Figures 1 and 2) has many
opportunities to be incorporated into a specific nucleotide sequence
in order to transfer the appropriate signals.

6. Mitochondria and chloroplasts are relatively autonomous intracellu-
lar structures, having high mutation rates for the genes of tRNA and
certain proteins (exceeding the mutation rates recorded for nuclear
genes by more than one order of magnitude) (Kuzmin and Zaitseva,
1987; Lewin, 1987; Minchenko and Dudareva, 1990) and with an
evolutionary limited power of the repair systems.

The notion that genctic information is transferred to the nucleus from
mitochondria and chloroplasts, but not in the reverse direction during the
course of evolution, requires explanation (Minchenko and Dudareva,
1990). These organelles may break down and fuse with other organelles or
with the nucleus (Lehninger, 1966; Kuzmin and Zaitseva, 1987, Frolov
and Pukhlyanko, 1989; Zotin, 1991).

The organelles under consideration have two bilayer membranes, ran 2-
ing in thickness from 45 to 75 A each and separated by an intermembrane
space 85-100 A thick. The highly permeable outer membrane allows mol-

TCircular molecules of chioroplast DNA have been shown to possess short ribornu-
cleotide inserts (up to 20 nucleotides long). Although their biological role is uncer-
tain, they are presumably involved in initiation, transcription, replication, or
recombination.
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ecules up to 10° daltons to pass through and contains enzymes that convert
lipids to their reactive intermediates. We are concerned here with the mito-
chondrial inner membrane and matrix and with the chloroplast inner mem-
brane, stroma and thylakoid membrane, (antenna complex), since these
structures are of interest as components for IERT;, there are also enzymes
responsible for biochemical and energetic processes. The inner membrane
is usually impermeable even for small ions (Alberts er al., 1987).
Although, mitochondria and chioroplasts passes many similarities, they
differ considerably in several respects.

A distinction may be drawn between two varieties of IERT: a true TERT
if each amino acid of the epitope joins its corresponding tRNA (or anti-
aminoacyl-RNA), and an alternative IERT if one or more amino acids of
the epitope join inappropriate tRNAs (or anti-aminoacyl-tRNAs).

4.1 Macrophage Mitochondria and IERT

An antigen that has entered a macrophage may be cut into fragments (She-
vach, 1984; Brondz, 1985). Powerful lysosomal enzymes arc cven capable
of degrading proteins to individual amine acids (Dingle, 1980, Shevach,
1984) leaving small numbers of short peptide fragments. This appears to
be sufficient for IERT to take place. During IERT, such fragments are pre-
sumed to be subjected to analysis individually in sequence or, occasion-
ally, in parallel. Antibodies are known to be produced to protein fragments
(epitopes)T (Berzofsly and Berkower, 1984). For simplicity, lct us con-
sider an antigenic determinant (epitope) foreign (immunogenic) for a
given organism. Such an epitope can easily pass through the outer (readily
permeable) mitochondrial membrane and enter the inner membrane. Its
encounter with a mitochondrion is likely since each cell contains many
mitochondria (tens, hundreds, sometimes thousands), tending as they do 10
approach the nucleus, mitochondria can move up to the cytoplasmic cell
membrane (Lehninger, 1966; Frolov and Pukhlyanko, 1989) and, in so
doing, these “respiring” organelles may alter their size and surface curva-
ture.

Mitochondria are responsible for many energetic and biochemical proc-
esses in the cell. Effects such as inhibition of respiration, uncoupling of
oxidative phosphorylation (through reductions in ATP production and
electrochemical membrane potentials) can be exerted on mitochondria by
a variety of agents including proteins, polypeptide hormones, and cyclic or

tAntibodies are also produced to spatially approximated peptide fragments (Ber-
zofsly and Berkower, 1984).
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other peptides. There are proteins that act as mitochondrial poisons, for
example diphtheria toxin (Frolov and Pukhlyanko, 1989), Yersinia pestis
and Yersinia pseudotuberculosis toxins (Dzhaparidze et al., 1973), and
fungal toxin from Bipolaris maydis (Kuzmin and zaitseva, 1987); similar
effects are produced by antibiotics with a cyclic structure (for example,
gramicidins C, S and D) and polypeptide hormones (oxytocin, vaso-
pressin, insulin, somatostatin, thyroxine), which may be strong uncouplers
and very potent stimulators of mitochondrial swelling. These effects may
be associated not only with the primary structure of the respective agents
but also with their conformational influences (Lehninger, 1966). Low-
molecular peptides of cobra and adder venoms have been found to be par-
ticularly potent mitochondrial poisons (Sakhibov and Saltykov, 1973).

A “nonself” epitope present on the surface of the inner mitochondrial
membrane probably disturbs the concordant behavior of a muititude of
molecules engaged in cooperative interactions; if this happens, then indi-
vidual amino acids of the epitope (or the entire epitope) are likely to infer-
act with those regions of the inner membrane's molecules (including newly
synthesized protein molecules) that match them conformationally or phys-
icochemically. Such interaction of individual amino acids may block the
elongation of protein molecules. In reality, IERT may differ from its mod-
cls shown in Figures 1 and 2. In this context, it is of interest that the immu-
nologic processing of antigens in antigen-presenting cclls (APC) can be
disrupted or interrupted by inhibiting the work of their mitochondria or
lysosomes (Shevach, 1984).

A macrophage engulfing foreign antigen partially digests it by means of
lysosomes which are present in large numbers in activated macrophagesT.
There is a wide overlap in size and density of macrophage lysosomes and
mitochondria (Suss e al., 1973; Dingle, 1980) as a result of close contact
between these organclles, the mitochondrial membrane may lose its
bilayer structure. After it has captured the antigen, the macrophage
releases toxic oxygen products (free radicals) and emits superweak chemi-
luminescence (Vladimirov, 1966; Parker, 1984; Shevach, 1984). Mito-
chondria are not indifferent to superoxide dismutase, catalase and
peroxidase activitics (Metzler, 1977; Skulachev, 1987) and are capable of
emilting superweak chemiluminescence themselves (Vladimirov, 1966).

Mitochondria were shown to be present in reduced numbers in kidney in vivo and
to undergo complete regeneration over a period of 10 days following the introduc-
tion of a foreign protein; in resistant cells, mitochondria disptayed a high degree of’
stability (Lehninger, 1966).
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Mitochondria possess a very limited set of tRNAs (22-24 (RNA genes)T
in comparison with chloroplasts (Kuzmin, E.V. and Zaitseva, G.N., 1987).
Such a restricted set could contribute to decreased specificity in the selec-
tion of amino acids that match tRNAs (or aminoacetyltRNAs).

During the immune response, the macrophage comes in close physical
contact with a helper T lymphocyte, and soluble factors cannot, as a rule,
substitute for the interaction between these cells (Shevach, 1984). Once
the antigen has entered the macrophage, it is impossible to arrest its
processing there either by antibodies or by trypsinization of the macro-
phage's surface receptors (Shevach, 1984). It is also important that cyto-
toxic T lymphocytes undergo maturation in the thymus in the complete
absence of antigen (Schwartz, 1984). Thesc (and other) facts can be
explained by assuming that antigen processing involves transfer of a vee-
tor-like sequence containing the nucleic acid equivalent of an epitope. This
possibility of RNA transfer from macrophage to lymphocyte has been con-
sidered, for example, by Mekler (1967) and Carr (1973).

Burnet, who developed the clonal selection theory of antibody forma-
tion, did not exclude the possibility of an antigen fragment being somehow
incorporated into the antibody-synthesizing mechanism, nor that a vector-
like nucleic acid sequence (termed “genocopy™ by Bumet) may be trans-
ferred from cell to cell (the two mechanisms can be tentatively viewed as
analogs of our hypothetical IERT and VLNAS transfer, respectively),
which is an attractive possibility from the general biologic viewpoint,
although it is highly unlikely that all the information required for an
immune response is already present in the genome before birth (Burnet,

1964).

Since physical T cell-T cell or (at least) T cell-B cell contact independ-
ent of soluble factors is necessary for the development of an adequate
immune response (Henney and Gillis, 1984; Paul, 1984; Shevach, 1984;
Tada, 1984) the following chain of events may be assumed: a helper T cell
“receives” a VLNAS from the macrophage and transfers it to slightly dif-
ferentiated hemopoietic cell precursors (hemopoietic stem cells) in the
bone marrow or in both the bone marrow, and thymus (Figure 3). Such
cells may be presumed 1o be thosc expressing the enzyme terminal deoxy-
nucleotidyl transferase (TdT" cells). TAT* cells are believed to exhibit an
increased tendency toward somatic mutations (Brondz, 1985). Differentia-
tion of hemopoietic stem cells may result in the emergence of plasma cells
specific for particular epitopes and of antigen-specific sites in T-cell

TIn higher plants, deviations in the mitochondrial genetic code are minimal (22,
27.
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Figure 3. Probable pathway of vector-like nucleic acid sequence (VLNAS)
transfer. Ag, antigen; Ty, helper T cell; SDP, slightly differentiated pre-
cursor (in bqne marrow and thymus, before the emergence of TdT*-cells);
Te. cytotoxic T cell; ST, specific T suppressors, MO, macrophage; o,
vector-like nucleic acid sequence (VLNAS) transferred in the hypothetic
series macrophage — helper T cell (monocyte) — slightly differentiated
precursor. The double arrow (=) indicates a possible pathway of VLNAS
transfer from bone marrow to thymus.

receptors’; a cytotoxic T lymphocyte may have more than one antigen-
specific site.

4.2 Chloroplasts of Photosynthesizing Organisms, Energy-ray Flux, and
Individual Epitope Reverse Translation

It is ‘assu'med here that the IERT mechanism in chloroplasts is similar to
that in mitochondria in its general features (see Figures 1 and 2). The outer
chloroplast membrane is also highly permeable (Alberts er al., 1987), but

TSpeciﬁc information on the nucleic acid equivalent of the epitope is likely to be

incgrporated into the hypervariable regions of antibodies and into antigen-specific
regions.
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Figure 4. Energy-ray flux-dependent formation of amino acid—nucleic acid (“ami-
nonucleic™) correspondence (or of scts thereof).

the electron-transporting chain and enzymes of the ATP synthase complex
(and other enzymes) are contained in the thylakoid membrane, as is a
light-collecting antenna complex. Chloroplasts possess two types of ribos-
omes: free stromal ribosomes, which synthesize soluble stromal proteins,
and bound ribosomes (20-50% of all ribosomes) synthesizing polypep-
tides for the thylakoid membrane (Yurina, 1987). Most of the stromal pro-
teins are encoded by nuclear DNAs, while thylakoid proteins are encoded
by chloroplast DNAs; a 32 kDa herbicide-binding protein is translated on
thylakoid ribosomes (Morozov, 1988). The development of antibiotic
resistance (for example erythromycin) may be accompanicd by mutations
in the nuclear and chloroplast genomes for proteins and ribosomal RNAs
(Yurina, 1987). Of all proteins contained in chloroplasts, 30-50% are syn-
thesized therein (Yurina, 1987). IERT in these organelles may involve
epitopes of endogenous or exogenous origin.

Conditions under which the putative IERT could occur differ from those
in mitochondria because the chloroplast, unlike the mitochondrion, con-
tains a full complement of cytoplasmic t(RNAs (32 species, 37 genes)
(Odintsova, 1987) and, being the site of photosynthesis, is specialized to
perceive light. Light not only supplies energy (photons) but can sclectively
trigger transcription and translation processes, induce mutations, and
mediate complex physiologic, biochemical, and behavioral reactions
(Aschoff, 1984; Grant, 1985; Yurina, 1987, Deichman, 19945). Thus, the
possible impact of light on IERT cannot be ignored.

If we assume that the hypothetical IERT is indeed linked with light
perception by the chloroplasts, this would mean that the formation of an
amino acid-nucleic acid (“aminonueleic™) complex in these organelles
depends on the energy-ray flux (Figure 4). If this assumption is valid,
then genetic and protein diversity (Deichman, 1993, 1994b) may be
thought to occur via photosynthesizing organisms, at least in the frame-
work of the universal genetic code (UGC)T which probably cvolved no

tThere are several codons (triplets) that do not have the same sense as in the UGC.
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later than present-day unicellular organisms; other genetic codes appear
to have been fixed in the mitochondrion-like structures of eukaryotes
(higher plants, animals, fungi) and prokaryotes (algae, bacteria, myco-
plasmas)’. Different codes evidently still coexist: nuclear and chloro-

mitochondria and other similar types of structures show numerous spe-
cific differences from the UGC. These differences are possibly associ-
ated with the many combinations in which individual components of the
total energy-ray flux* may present themselves?. For each segment of the
Earth's surface (biosphere), there is probably a distinctive pattern of
change from one set of these components to another over time. Since
such changes depend on the alternation and superposition of the cyclic
and noncyclic astronomical constituents of the total energy-ray flux, the
latter can never be repeated in its entirety for a single moment, which
agrees with the concept that spatiotemporal events in our Universe are
irreversible (Zubarev, 1983).

IERT is a membrane-dependent process, and similarities as well as dif-
ferences in structure and in the ratios of lipid, protein and carbohydrate
constituents can always be found for any biologic membranes (Kotyk and
Janacek, 1980). The mesomorphic nature of biomembranes (Kizel, 1985)
allows us to applying the concept of elementary excitation ovents** (such
as photon, polariton, exciton, magnon, and soliton) (Haken, 1980) to
describe the interaction of elementary particles (photons, etc.) with the
membrane substituents. Chloroplast biomembranes apparently evolved
over many millions of years, probably as a result of selection based on the
criterion of mutual correspondence of the interacting components. Pre-

TThe genetic code of mycoplasmas is highly degenerated and deviates from the
UGC. It has been suggested that mycoplasmas may share a common phylogenetic
ancestor with mitochondria (Berzofsly and Berkower, 1984; Borkhsenius and
Chernova, 1989).

"The total energy-ray flux is composed of its solar, terrestrial, and cosmic compo-
nents.

:Intercstingly, a mechanism of the IERT type may be responsible, in particular, for
the transfer of nucleic acid information from the language of one code to that of
another (Deichman, 1994b). It is also of interest that the formation of pseudogenes
requires a stage of reverse transcription which may occur in conjunction with IERT
and VLNAS transfer; analogies may also be drawn here in respect of gene amplifi-
cation, protein polymorphism, and other phenomena.

"*Elementary excitations of a condensed medium are alternatively called quasi par-
ticles. As a result of photon absorption, the excited state propagates as a wave of
interaction between all particles of the system (Kachanov, 1983).

plast structures possess the UGC, while the genetic codes of
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sumably, a particular type of chloroplast may eventually. develop a spccifivc
profile of the total function' of such elementary excitation events on their
membrane surface — a function whose overall characteristics are predeter-
mined from the “inside”, that is to say genetically; if so, then specific
interactions between the energy-ray flux components (particular combina-
tions of frequencies, spin states, etc.) and the membrane substance are a
likely possibility.

If IERT does take place in chloroplasts, it may be exploited by photo-
synthesizing organisms, on the one hand, as a synchronilzing “switch”
(triggered and sustained by flux components) for particular sets of
epitopes (during protein synthesis) and, on the other, as a mechamsm.for
the correction (sorting) of individual epitopes, with simultaneous activa-
tion of the mechanism responsible for point mutations. Thus, IERT would
occur in chloroplasts under conditions differing to a certain extent, from
those prevailing in mitochondria and hence could probably promote the
maintenance of the “aminonucleic” correspondence and diversity, at least
within the framework of the UGC. The formation of such correspondencp
would mean, in fact, a translation from the language of elementary parti-
cles — and by means of quasi particles in particular combinations — into the
biologic language of “aminonucleic” correspondence. .

This hypothetical concept implies continuous communication petween
the photosynthesizing and nonphotosynthesizing parts of the bxqsphere
through the transfer (exchange) of vector-like nucleic acid information.

5. THE PUTATIVE GENETIC SHUTTLE FEEDBACK SYSTEM

After considering possible features of our putative IERT in mitochondria
and chloroplasts, we are now in a position to regard the biosphere as con-
sisting of two parts, photosynthesizing and nonphotosynthesizing. Para-
phrasing Chizhevsky (1976), the photosynthesizing part may be callgd
“tracking”, for it perceives light (the energy-ray flux) and forms genetic
and protein diversity, at least within the framework of the UGC (see Fig-
ure 3). At present, this code is used in nuclear and chloroplast genomes,
but not in those of the mitochondria (with the exception of certain struc-
tural genes such as those of Schizosaccharomyces pombe aqd
Chlamydomonas Spp.). 1t is generally believed that genetic infonnalion_ is
transferred from chloroplasts to the mitochondria and nucleus, but not vice

MThis aspect lies, in part, outside the scope of this article.
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versa (Minchenko and Dudareva, 1990). The nonphotosynthesizing part of
the biosphere, which contains mitochondria (animals, fungi) and carries a
large volume of diverse genetic information, may be referred to as a “res-
ervoir”.

We may ask whether or not the use of the same nuclear UGC by the two
parts of the biosphere is the result of a phylogenetically long-lasting
nucleic acid exchange and, if it is, what are the nature, pathways and meth-
ods of this exchange? Or, in other words, how is the balance struck
between the mechanisms through which constancy (stability), plasticity,
and variability of the genome is achieved and maintained? Although no
adequate answer to this question can yet be given, we will try to analyze
some known facts.

It is known, for example, that certain viruses — members of the families
Rhabdoviridae and Bunyaviridae — course between two hosts (plants and
insects), showing a degree of specificity for the species and even individ-
ual tissues of the insect (Veckson et al., 1987, Fields and Knight, 1989).
Some rhabdoviruses may have hosts both among insects and vertebratcs,
and the possibility of nucleic acid sequences being exchanged cannot be
excluded. The Marburg and Ebola viruses causing disease in green (Afri-
can) monkeys (Frolova, 1989) are of plant origin. For some RNA- and
DNA-containing viruses, the system of replication of single-stranded plus-
chain RNAs (using po! genes having extensive homologous regions) has
been shown to be capable of overcoming barriers between the plant and
animal kingdoms (Metzler, 1977, Zhdanov, 1990). Antibodies to structural
proteins of an RNA virus (chrysanthemum B virus) have been detected in
plasmas from humans, green monkeys, goats, rabbits and mice (Morozov
et al., 1989), and preparations of these viruses displayed MgZ*-dependent
revertase activity at 37 °C, although this activity is characteristic of animal
rather than plant cells. These findings suggest that a genetic shuttle feed-
back (GSF) system mediating communication between different parts of
the biosphere may exist.

In reality, a GSF system could form within a community which ma
contain diverse of organisms, ranging all the way from viruses, viroids',
phages, mycoplasmas, bacteria, etc. to higher animals (and plants) and
man. Nucleic acid equivalents can probably be transmitted from photosyn-
thesizing to other organisms in a stepwise fashion by means of IERT and

TViroids, satellite viruses, mitochondrial and chloroplast introns, nuclei and trans-
posons may all have common nucleic acid “ancestors” (Zhdanov, 1990); introns
may, in general, evolve more rapidly than exons because of their similarity 1o
mobile elements (Kuzmin and Zaitseva, 1987; Odintsova, 1987).
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VLNAS transfer. The idea of rhythmic influences exerted by solar activity
on the spread of epidemics and pandemics of influenza, plague, cholera
and other diseases (Chizhevsky, 1976) may be supplemented by our con-
cepts of mechanisms such as IERT and VLNAS transfer (operating within
the GSF system) (Deichman, 1993, 19944, b) dependent on the energy-ray
flux. It is significant that each organism possesses a multiplicity of tissues
with their own specific metabolic characteristics (in the rat, for example,
ATP concentration are, on average, 2.5 M in the brain, 3.5 pM in the
liver and 7.5 pM in muscle tissue) and sets of proteins (epitopes), and that
viral tropism (Fields and Knipe, 1989) and tissue-specific expression of
retrovirus-like elements for specific sites are observed (Lewin, 1987). The
ultimate goal (albeit rarely) for virus-like sequences may be germinative
cells (Gudkov and Tikhonenko, 1988) or some other stem cells.

One function of the GSF system may be the regulation of cytoplasmic
male sterility in higher plants (wheat, comn, rice, etc.), which is dependent
on mitochondrial plasmids (S- and S,-type episomes) capable of translo-
cation in the mitochondrial genome, between mitochondria and towards
the nucleus. The mechanisms responsible for surface exclusion and plas-
mid incompatibility in bacteria and for the conversion of yeast plasmids
(Lewin, 1987) to “shuttle” plasmids with respect to E. coli and S. cerivi-
siae a] probably characterize the plasticity of the VLNAS transfer system
(as part of the GSF system).

The development of resistance to drugsT, herbicides, and foreign pro-
teins is sometimes accompanied by point mutations and the breakdown of
mitochondria and chloroplasts (Henney and Gillis, 1984; Odintsova, 1987,
Yurina, 1987; Donenko et al., 1991) as well as by amplification and point
mutations in the nucleus. This also supports the hypothesis that a GSF sys-
tem may function.

Point mutations at the level of nucleotide or amino acid substitution
(Grant, 1985; Tsilinskiy, 1988, Tetushkin, 1991) are characteristic of
many normal and pathologic processes. They oceur, for instance, in chlo-
roplasts, mitochondria and the nucleus (Odintsova, 1987, Tsilinskiy, 1988;
Deicman, 1994c), possibly with the participation of our hypothetical
mechanisms, during the development of resistance to herbicides, drugs,
fungal pathogens or toxic protein agents; in antibodies (Paul, 1984) and
antigen-specific sites of T-cell receptors (Janeway et al., 1984) during the
formation of hypervariability; in human immunodeficiency viruses (HIV)
in AIDS (Morozov, 1988, Zuyev, 1988, Ivanov and Drankin, 1989); in

YThere are mutants among different strains of Drosophila cells that transfer drug
resistance through the matemnal line.

v
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carcinogenesis (Kiselev et al., 1990); and in jointly evolving host and viral
genomes (Tsilinskiy, 1988). Point mutations accompany the above-men-
tioned processes in members of all three natural kingdoms.
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