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(Abstract)

Prebiotic evolution on the primitive Earth
could have proceeded through the interplay between
the two modes of quenching, rapid and slow, of the
synthesized products. The rapid quenching
instrumental to stabilizing the synthesized products
occurring near the surface of the Earth materializes as
traversing from the high temperature specific to the
energy source driving synthetic reactions, such as the
photons from the sun or the magmatic heat from the
core mantle of the Earth, to the normal ambient
temperature near the surface. In contrast, the slow
quenching as a necessary vehicle for disintegrating
the synthesized products into the raw materials for
the subsequent synthetic reactions to successively
follow materializes as traversing from the normal
ambient temperature near the surface of the Earth to
the extremely low temperature characterizing deep
outer space. A means of reaching out to deep outer
space from the Earth is through the emission of the
microwave photons. The microwave photons can be
emitted in the process of orientational polarization of
electric dipole moments intrinsic to the synthesized
oligomeric products.
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1. Introduction

Chemical evolution is cosmological in its scale.
When an inter-stellar dust particle is irradiated by a
ultra-violet photon emitted from a remote star, the
particle would suddenly be warmed up and start
synthetic reactions among the small molecules, such
as methane, nitrogen, carbon mono-oxide and water
among others, adhered on its surface. The
synthesized products including the precursors of
amino acid molecule could then be stabilized through
the rapid quenching due to the subsequent direct
contact with deep outer space. The temperature of
deep outer space to be measured as referring to the
microwave spectrum is about 2.725K imputed to the
cosmic microwave background if the inter-stellar
cloud nearby is not dense enough.

Heating up of the reactants and the subsequent
rapid quenching of the synthesized products in the
cosmological scale are quite suggestive to
experimental studies on simulating prebiotic
synthesis proceeding on the primitive Earth (e.g., see
the appendix in Japanese). Miller’s gas discharge
experiment [1] was equipped with both energy supply
in the form of gas discharge and rapid quenching of
the effluent products in the attached condenser. What
is more, recent re-examination of the products saved
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in vials from Miller’s other experiments [2], though
not reported previously, reveals that when an
aspirating nozzle from which a jet of steam and gas
was injected into the spark chamber was further
attached to the water-containing flask, 22 different
kinds of amino acid and five amines were identified.
This result makes a marked contrast to the original
result Miller reported, especially in the respect of the
enhanced diversity of the products. Use of an
aspirator or an orifice can more explicitly signify the
act of adiabatic expansion which is in turn aptly
capable of inducing adiabatic cooling or rapid
quenching [3].

Functional competence of rapid quenching in the
simulated prebiotic evolution is widespread and
ubiquitous [4-8]. Nonetheless, one methodological
limitation remains inescapable in the framework of
experiments in the laboratory. Implementing the
process of quenching requires at least two separate
heat reservoirs at different temperatures. The
products whose synthesis is activated by the heat
energy available from the reservoir at the higher
temperature can be quenched and stabilized when
they suddenly come to contact with another reservoir
at the lower temperature. In fact, preparing two heat
reservoirs at different temperatures is technically
feasible in the laboratory. However, once the
decomposition of the synthesized products comes to
be focused upon, participation of a third heat
reservoir whose temperature is further lower than
those of the former two would have to be called for.
Otherwise the proper continuous operation of
prebiotic evolution would be jeopardized because of
facing the stalemate frozen in the form of
stabilization of the synthesized products.

We shall then try to see how the three different
kinds of heat reservoir at three different temperatures
could be implemented in the natural setting so as to
keep the natural operation of prebiotic evolution
sustainable.

2. Slow Quenching

Sustainable prebiotic evolution could proceed
through the interplay between the synthesis and the
decomposition of oligomeric products. Nonetheless,
if the time scale of each synthetic reaction happens to
be of the same order of that of each decomposition
reaction, the whole combined set of the two sorts of
reaction could eventually reach an apparent stationary
condition and could not be evolutionary any more
over the long time span which is far greater than the
time scale measuring each reaction. If the interplay
between the synthesis and the decomposition turns
out evolutionary altogether by all means, on the other
hand, the time scale characterizing the decomposition
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would have to be far greater than the time scale for
the synthesis if the latter remains fixed. A large
difference between two time scales, for synthesis and
for decomposition, can let the underlying reactions be
evolutionary in avoiding easy access to stationary
stalemates.

This observation then raises a serious question on
whether and how, if ever possible, the time scale
characterizing the decomposition reactions could turn
out far greater than the time scale measuring the
synthetic reactions.

Indicative to the extraordinary enhancement of the
time scale of the decomposition reactions on the basis
of factual observation is an enzymatic reaction met in
the practice of biochemistry. Take, for instance, an
ATP hydrolysis with the help of a myosin molecule
serving as an ATPase enzyme. A myosin molecule
helps hydrolyzing an ATP molecule and releasing the
energy of order of 30kJ/mol over 10 milli-seconds. If
energy release as much as 30kJ/mol by breaking a
single phosphate bond within an ATP molecule takes
place as emitting a single photon, the energy of the
photon could roughly be of order of 5x107%°J and its
emission would be completed within 10™'*s. However,
the actual energy release takes as long as 10 milli-
seconds. Such an enormous elongation of the time
scale for an ATP hydrolysis is equivalent to releasing
the energy of 5x10”°J by emitting a train of many
low-energy photons. If the emission of those low-
energy photons over 10 milli-seconds is uniform in a
continuous fashion, each photon would turn out to
carry energy as much as 10%J and the total number
of the low-energy photons emitted over 10 milli-
seconds would reach about 10°. The frequency of
each emitted photon could be about 100MHz in the
microwave range [9, 10].

The present survey, though specific to the already
fully developed biological organisms, is quite
suggestive in calling our attention to a possible
scheme of enhancing the time scale of decomposition
reactions in prebiotic evolution. A key at this point is
a possibility of emitting the microwave photons in
the process of decomposition reactions.

Once the prebiotic synthesis of oligopeptides with
use of rapid quenching is focused upon, it could be
likely to encounter participation of polar amino acids,
such as aspartic acid, glutamic acid, arginine and
lysine, in the oligomerization process. A polar amino
acid in a synthesized oligopeptide then maintains a
permanent electric dipole moment, and the resulting
oligopeptide is electrically polarized. When the
polarized oligopeptide is mechanically disturbed
from its outside, it tends to be stabilized through the
adjustment of the orientational polarization of the
oligomer. Since the movement of the orientational
polarization is associated with the acceleration of
electrically charged particles in the oligomer, it can
radiate an electromagnetic wave as a matter of
principle.

Furthermore, the characteristic frequency for the
orientational polarization of oligo- or polypeptide can
be found in the frequency range of 100MHz~10GHz
[11]. Oligopeptides to be synthesized in prebiotic

evolution could thus be seen to undergo an extremely
slow quenching as releasing the stored energy in the
form of the microwave photons. The next question
coming up would be how prebiotic evolution could
naturally implement such a decomposition scheme
accompanied with emission of the microwave
photons.

3. Three-Staged Heat Reservoirs

As a matter of principle, a role of heat reservoirs to
be involved in prebiotic evolution can be evaluated in
terms of the energy flux density from each source
[12]. The density of the solar energy flux impinging
on the surface of the Earth or the solar constant is
about 1370W/m’. Although the flux density on the
surface of the sun maintained at temperature 6000K
is estimated about 2.4x10°W/m”* based upon Planck’s
law of black body radiation, the density of the
impinging solar photons on the Earth is significantly
diminished while the energy of each solar photon
remains unchanged during the flight from the sun to
the Earth. In contrast, the ambient temperature 290K
near the surface of the Earth gives the thermal energy
flux density of roughly 20W/m?, which should be
contrasted to the basal metabolic rate of 30W/m” of
an average organism living on the Earth. The present
rough coincidence between the energy flux density
from the black body radiation and the basal metabolic
rate of an average organism, though their origins are
totally different, would make the surface of the Earth
a habitable zone to the organism in the hindsight.
Underlying the coincidence is the slow
decomposition of the products synthesized as being
subject to the energy influx of 1370W/m” while
experiencing, at the same time, the thermal energy
flux density specific to the ambient only as much as
20~30W/m’.

In a similar vein, the thermal energy flux density in
the hot spring at, say, 573K or 300°C, near
hydrothermal vents in the ocean is about 170W/m?,
while the cold surrounding water maintained at 273K
or 0°C keeps the nearby energy flux density on the
level of 10W/m”. The rapid quenching from the
energy flux density 170W/m” near hot vents to
10W/m’ in the immediate neighborhood of the cold
surrounding water could be instrumental to various
synthetic reactions as freezing the former thermal
energy into the binding energy of various chemical
bonds. In addition, the slow decomposition of the
products synthesized in the process of rapid
quenching would take place as experiencing the
thermal environment allowing for the thermal flux
density of 10W/m”.

The likelihood of slow decomposition of the
synthesized products, which may be indispensible for
both prebiotic and biotic evolution, now comes to
face a serious challenge. In any case, thermodynamic
constraints are inescapable. The temporary
stabilization of the evolving products to be
synthesized and their slow decomposition cannot
proceed as experiencing one and the same
environment in thermal equilibrium, in the latter of
which there is no likelihood of evolution. The slow
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decomposition requires one more heat reservoir, in
addition to the reservoir at a higher temperature
driving various synthetic reactions and another one at
the normal ambient temperature for saving and
stabilizing the synthesized products at least
temporarily. The third reservoir must be the one
being capable of absorbing the microwave photons of
their frequency around 100MHz. As a matter of fact,
the black body radiation whose peak frequency is
around 100MHz is to maintain its temperature as low
as | milli-Kelvin.

An empirical likelihood of the heat reservoir that
can absorb the microwave radiations is in fact
guaranteed by the present big-bang cosmology.
Although deep outer space is filled with the cosmic
microwave background whose black-body radiation
is centered around its frequency 100GHz or at
2.725K in terms of the black-body radiation
temperature, it is quite transparent to the microwaves
whose frequency is far less than 100GHz. Deep outer
space can serve as a heat reservoir maintained at an
extremely low temperature even compared to 2.725K
due to the cosmic microwave background, and it can
be reached out by means of the emission of the
microwave photons even from the surface of the
Earth.

The cosmic microwave transparency being
infinitely absorptive towards the microwave disposals
without suffering the risk of being struck back on the
part of the emitter now function as the third heat
reservoir positioned at an extremely low temperature
[13]. Such a natural implementation of the heat
reservoir maintained at an extremely low temperature
can make the slow decomposition of the synthesized
products proceeding in the normal thermal
environment, thermodynamically comprehensible.
When one considers the slow decomposition as
following the scheme of a heat engine operating
between the normal ambient temperature and the
extremely low temperature characterizing the cosmic
microwave transparency, the efficiency of the work
to be done by processing the transfer of heat energy
would approach almost unity because of the extreme
smallness of the lower temperature. Most of the heat
energy fed from the heat reservoir at the higher
temperature can be transferred into work. The relative
amount of the heat energy transferred into the heat
reservoir maintained at the extremely low
temperature in the form of the microwave photons
directly reaching out to deep outer space could be
minute, though substantial at the same time,
compared to the one transformed into various modes
of work, the latter of which could eventually be
dissipated as heat energy into the normal thermal
environment.

The present minute, nonetheless indispensible,
amount of energy flow in the form of the microwave
photons, directly reaching out to deep outer space,
can thus provide a solid physical means for an almost
complete coincidence of both the temporary
stabilization of the synthesized products and their
slow decomposition in sharing the one and the same
thermal environment maintained at the normal

temperature  without offending thermodynamic
principles. Prebiotic synthesis is found to proceed
through the operation of at least two different kinds
of heat engine implemented in a tandem manner. One
is to operate between the higher temperature unique
to the energy sources for driving synthetic reactions
and the normal lower temperature characterizing the
ambient for the temporary stabilization of the
synthesized products. Another one is between the
normal ambient temperature and the extremely low
temperature intrinsic to the cosmic microwave
transparency for supporting the slow decomposition
of the synthesized products. The environment near
the surface of the Earth maintained at the normal
ambient temperature serves as the low temperature
heat reservoir for the prebiotic synthetic reactions,
while it also serves as the high temperature heat
reservoir for the slow decomposition of the
synthesized products.

4. Prebiotic Enzymatic Reactions

Actual implementation of three-staged heat
reservoirs could be made feasible even in prebiotic
evolution if some oligomers functioning like an
enzyme appear in a prebiotic synthesis. An
experimental candidate for suggesting the emergence
of a prebiotic enzyme can be seen in the synthesis of
oligopeptides in the solution of even only glycine and
alanine in the flow reactor simulating a submarine
hydrothermal system [14, 15]. We observed the
buildup of glycylalanine followed then by the
synthesis of alanylglycine while dissecting the pre-
existing glycylalanine. The sequence of emergence
was always glycylalanine first and then followed by
alanylglycine, and by no means vice versa.
Alternation of glycylalanine by alanylglycine going
along with dissecting glycylalanine suggests
participation of enzymatic oligomers being capable of
dissecting glycylalanine. A likelihood of such
enzymatic oligomers to emerge could be seen in the
wide variety of oligopeptides available in the flow
reactor experiment.

The synthesis of glycylalanine is endergonic in
freezing some of the heat energy supplied from the
heat source maintained at a high temperature into the
form of peptide bond, while the decomposition of the
synthesized glycylalanine is exergonic in releasing
the stored energy. The involved enzymatic reaction
could change the molecular configuration of the
substrate through the tactile interaction which may be
extremely slow compared to electronic movements as
being epitomized in the mechanical adjustment of a
key-lock relation. More specifically, the ongoing
tactile interaction can mechanically disturb the
directional movement of electric dipole moments
latent in the participating oligopeptides. Oligomers
made of glycine and alanine can in fact maintain in
their inside electric dipole moments even though both
amino acids are non-polar, since the electric charge
distribution is not uniform along the peptide chain.
Consequently, the tactile deformation of the substrate
caused by the thermal disturbances expected at the
normal ambient temperature could be reacted upon
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by emitting a train of the microwave photons. The
energy source compensating for the emission of the
microwave photons could be attributed to the
exergonic reaction for dissecting the synthesized
oligomers.

5. Concluding Remarks

Prebiotic evolution proceeding on primitive planets
including the primitive Earth requires both the energy
sources and sinks as its necessary ingredients.
Chemical synthesis of oligomers from the smaller
organic molecules in the primitive environments on
the Earth could be endergonic as being fed by either
the photon energy from the sun or the heat energy
from the core mantle of the Earth. The synthesized
oligomers can freeze and store the supplied energy
internally in the form of chemical bonds through the
process of rapid quenching. Sustainable chemical
evolution could then be made possible by constantly
disintegrating and converting the synthesized
oligomers into the smaller molecules to be taken in
again as the necessary material resources for the
subsequent synthetic reactions in an alternating
manner. Such disintegration reaction is exergonic as
releasing the energy acquired in the preceding
synthetic reactions, extremely slowly.

The slow quenching characterizing such exergonic
reactions makes the thermodynamic framework
available to the likelihood of prebiotic evolution
proceeding near the surface of the Earth maintained
at temperature roughly 290K, to be multi-staged or at
least three-staged. The effective temperature of the
energy source driving the endergonic reactions is far
high above 290K while the accompanied heat sink for
stabilizing the synthesized products is maintained
near at 290K. In contrast, the temperature of the
energy source driving the exergonic reactions is near
at 290K while the temperature of the intended heat
sink for the disintegration reactions must be far
below 290K. The candidate of the lower temperature
heat sink is deep outer space itself, and the means of
taking advantage of and reaching out to the sink is
the microwave photons to be emitted in the process
of the intervening disintegration reactions. The
prebiotic material vehicle for reaching out to deep
outer space maintained at an extremely low
temperature could be the emission of the microwave
photons from dielectrically polarizable oligomers that
can also function as prebiotic enzymes.
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