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Abstract:

One of the problems, which make it difficult to solve the mystery of the origin of life,
would be how life emerged in chemically complex messy environments on the primitive
Earth. It is considered that three main points contributed to open the way to the emergence
of life. (1) A characteristic inherent in [GADV]-amino acids, which are easily produced
with prebiotic means. (2) Protein Ot-order structure or [GADV]-amino acid composition
generating water-soluble globular protein with some flexibility, which can be produced
even by random joining of [GADV]-amino acids. (3) Formation of versatile [GADV]-mi-
crospheres, which can grow, divide, proliferate even without genetic system, was the
emergence of proto-life. (4) [GADV]-microspheres with a higher proliferation ability than
others could be selected. The proto-Dawin evolution made it possible to proceed forward
to creation of the core life system composed of (GNC)n gene, anticodon stem-loop tRNA
or AntiC-SL tRNA (GNC genetic code) and [GADV]-protein. (5) Eventually, the first gen-
uine life with the core life system emerged. Thus, the formation processes of [GADV]-
protein and (GNC)» gene in chemically complex messy environments were the steps to

the emergence of genuine life.

Keywords: GADV hypothesis; origin of life; protein 0th-order structure; origin of protein; [GADV]-
microsphere; origin of gene: the core life system

1. Introduction

Human beings have tried to know for many years how and from where we have
come. In other words, human beings have interested in the origin of life. In addition, there
is another significance in the life-origin research. For example, answers to the fundamen-
tal questions about gene and protein, “why is the kind of nucleotides or bases of RNA and

DNA four?” and similarly “why is the kind of amino acids of modern proteins 20?”, could
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be obtained, if the mystery of the origin of life were solved. However, irrespective of stren-
uous efforts of many researchers, the mystery of the origin of life remains unsolved still

now. The main reasons would be as follows.
A. Difficulties to elucidate the establishment process of the fundamental life system

The most important point for solving the mystery of the origin of life would be to
make clear the establishment process of the fundamental life system composed of six
members (gene, genetic code, tRNA, metabolism, cell structure and protein) [1; Chapter
2] However, it has been difficult to understand the establishment process because of the

following reasons.

1. The “chicken-egg relationship” between gene and protein: The so-called “chicken-egg
relationship” has made it difficult to solve the mystery of the origin of life for many years.
In such situation, the RNA world hypothesis, assuming that the first life arose from RNA
world formed by self-replication of RNA, was proposed by Gilbert in 1986 [2]. However,
it would be principally impossible to solve the mystery from the standpoint of the hypoth-
esis, because any gene encoding a mature protein never be formed in the absence of a
target protein or in the absence of protein, even if RNA could be produced on the primi-
tive Earth.

On the other hand, I have proposed the [GADV]-protein world hypothesis, in short
GADV hypothesis, about 20 years ago [1,3,4], assuming that the first life emerged from
[GADV]-protein world, which was formed by pseudo-replication of [GADV]-proteins [5].
I believe now that the mystery could be solved based on the GADV hypothesis. [GADV]
means four amino acids, Gly [G], Ala [A], Asp [D] and Val [V]. Square bracket, [ ], is used
for discrimination of one letter symbol of amino acids, especially Gly [G], Ala [A] from

one letter symbol of nucleobases, guanine G, adenine A.

2. The emergence of life under random processes: Any affairs happened on the primitive
Earth should proceed under random processes. However, it is easily supposed that gene
and protein with an ordered sequence never be formed through a random process at one
stroke, because sequence diversities of gene encoding a protein composed of 100 amino
acids and the protein itself are extraordinary large as (43)'%0 = ~10180 and 20100 = ~1013, re-
spectively [1; Chapter 3, 6]. On this problem, I believe that the question, how a gene could
acquired genetic information of a mature protein, could be solved, if the question is con-
sidered from the standpoint of the GADV hypothesis [1; Chapter 8], as explained later in
detail.

B. The problem of research strategy based on experiments:

1. The mystery of the origin of life could not be solved only with experiments: Needless
to say, experiments are quite important or crucial, even in studying on the origin of life.

However, it would be impossible to solve the mystery only with experiments, because


https://doi.org/10.20944/preprints202206.0370.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 June 2022 d0i:10.20944/preprints202206.0370.v1

30f24

affairs happened on the primitive Earth about 4 billion years ago never be reproduced by

experiments carried out in a present laboratory.

2. Establishment process of the core life system composed of gene, genetic code (tRNA)
and protein [1; Chapter 2], could not be solved only with bottom-up approaches: It is un-
doubtedly important in order to make clear the origin of life to answer to the questions,
what affairs, which led to the emergence of life, happened on the primitive Earth. There-
fore, many researchers have carried out the studies according to bottom-up approaches to
know for many years, where and what kind of organic compounds were produced on the
primitive Earth. However, it would be probably impossible to solve the mystery of the
origin of life, because the establishment process of the core life system would never be
made clear only with the bottom-up approaches, unless newly-born life or RNA/DNA
having the most primitive genetic information for protein synthesis can be found from old

rocks about 4 billion years ago etc.

3. Difference between an experimental condition in a laboratory and the situation on the
primitive Earth: Experiments for confirming nucleotide synthesis on the primitive Earth
have been carried out by many researchers and the results showing that nucleosides were
actually produced with ribose and nucleobases are frequently reported in scientific jour-
nals [7-12]. However, it seems to me that it would be impossible to apply the results to the
real affairs happened on the primitive Earth, because the experimental conditions, such
as concentration and purity of reactants, are always far from the situation on the primitive
Earth. Therefore, I consider that a parallel use of both the bottom-up approaches, which
carried out thus far, and top-down approaches, for example, using data-base analyses of

modern genes and proteins, should hold one of the keys for solving the origin of life [13].

C. The problem about how gene and protein, which are composed of the respective small
kinds of components, could be produced in chemically complex messy environments on

the primitive Earth

As described in “Special Issue Information” of the special issue (Origin of Life in
Chemically Complex Messy Environments), as “Considering the prebiotic Earth four billion
years ago (a messy atmosphere, in other words), a chaotic mélange of diverse starting materials
appears realistic”, there is another problem, which makes it difficult to solve the mystery of
the origin of life. Biopolymers as gene and protein, which are composed of only four kinds
of nucleotides and twenty kinds of amino acids, respectively, are used in extant organisms.
However, such biopolymers must be formed in chemically complex messy environments
on the primitive Earth. Therefore, it should become a problem how such biopolymers us-
ing a small kinds of components could be formed in the messy envionments on the prim-
itive Earth. When the mechanism producing gene and protein, which use the respective
small number of components, was acquired by something, the something became the first
life. Therefore, understanding the steps to the emergence of life should lead to discovery
of a correct answer to the question how gene and protein could be produced in chemically

complex messy environments.
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In this paper, I would like to discuss the processes, how biopolymers composed of
rather a small kinds of the respective simple monomers were formed in the chemically
messy environments, from the standpoint of GADV hypothesis [1,3,4] . For the purpose,
it is necessary to understand through what processes the first life emerged on the primi-
tive Earth. Then, I first explain only about the main points below, how the GADV hypoth-
esis could be proposed, as already described about my idea in detail on the origin of life
in the book “Towards revealing the origin of life -Presenting the GADV hypothesis”,
which was published last year from Springer [1]. Thereafter, it is explained how gene and
protein using a small kinds of the respective components were formed during repeated
random reactions in chemically messy environments, and I would like to give an answer
to the third question (C), how genes and proteins could be produced using a small kinds

of the respectively selected monomers from the messy environments.

2. The key for solving the mystery of the origin of life (Protein 0t-order structure:
[GADV]-amino acids)

The most important concept in the GADV hypothesis is one of the protein Oth-order
structures or [GADV]-amino acid composition [14]. Then, I first explain the significance

of protein 0t-order structure in solving the origin of life (Figure 1).

Consider here the problem based on the GADV hypothesis, how a gene, which en-
codes one amino acid sequence of a mature protein, was created. It is well known that it
is impossible to produce one mature protein like a precise polymer machine through ran-
dom joining of even of simple four [GADV]-amino acids at one stroke, because the amino
acid sequence diversity of a protein composed of only four kinds of one hundred [GADV]-

amino acids is extraordinary large (4% = ~10%) [1: Chapter 3].

Random joining of
[GADV]-amino acids [GADV]-amino acids

Protein Oth-order
structure

Water-soluble globular
[GADV]-protein with
A pool of [GADV]- Some flexibility
amino acids

Figure 1. Polypeptide chain, which is obtained by joining of amino acids randomly selected out from
a pool (a protein Ot-order structure) containing roughly equal amounts of [GADV]-amino acids,
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should be folded into a water-soluble globular structure with some flexibility. The protein, actually
aggregates of [GADV]-peptides, has a pluripotency that makes it possible to exhibit many catalytic
activities owing to the structure flexibility. Wavy lines surrounding a gray circle and thin yellow
curved lines within the circle mean flexible structure of an immature [GADV]-protein.

How were genes encoding a mature protein formed? For the purpose, one immature
water-soluble globular protein with some flexibility, which is produced by expression of
one of double-stranded (ds)-RNA encoding one essentially random [GADV]-amino acid
sequence in the protein Ot-order structure, is indispensable for formation of the gene (Fig-
ure 2). Namely, every gene encoding a mature protein has been formed as a result of mat-
uration from an immature or incomplete water-soluble globular protein with some flexi-
bility, which generates various weak catalytic activities or demonstrates pluripotency [1;

Chapter 3], to a mature protein having a rigid structure and a high catalytic activity.

This means that formation of a mature protein always require an immature protein,
because the formation of a mature protein must be always led by elevation of a weak
catalytic activity of the immature protein as easily understood if the relationship between
a key and a key hole is considered (Figure 2). This is one of the reasons why the mystery
of the origin of life has not been solved by RNA world hypothesis, because any RNA never
acquire genetic information for a mature protein synthesis independently of an immature
protein, even if RNA could be first produced by a random process or random joining of

nucleotides in prebiotic environments.

As described above, both an immature [GADV]-protein and a (ds)-RNA are required
to form the first RNA gene (Figure 2). At the present, an essentially random codon se-
quence similar to random (SNS)» codon sequence or a non-stop frame on antisense strand
of a GC-rich gene is used as the field for creating an entirely new gene [15]. On the prim-
itive Earth, immature [GADV]-proteins were produced using a [GADV]-amino acid se-
quence encoded by a random (GNC)n sequence on one of two RNA strands (Figure 2).
The reason, why it was possible, is because one amino acid sequence randomly selected
from [GADV]-amino acid pool (protein Ot-order structure) is essentially the same as one
amino acid sequence, which was arranged by a random (GNC)» RNA sequence. Thus, the
GADV hypothesis, which I have proposed, is an idea based on one of the protein 0t-order

structures or [GADV]-amino acid composition.

ds-(GNC)a Muta- ds-(GNC)u

rna VNN 2= ARV RNa gene
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Figure 2. Every mature protein must be generated by maturation of an immature protein, which
was produced by expression of an RNA strand encoding random (GNC)» sequence for the immature
protein. The reason is because a substrate binding site (a key hole) must be formed as accumulating
appropriate mutations to adjust the site to fit closely to a substrate (a key). For the purpose, protein
0O*-order structure is indispensable to produce an immature protein with some flexibility. Brown
wavy lines surrounding an immature protein and blue curved lines mean flexible structure of the
immature [GADV]-protein. Curved gray lines and a blue line indicate random (GNC)n RNA strands
and a (GNC)n RNA gene encoding a mature [GADV]-protein, respectively.

3. Possible steps from chemical evolution to the emergence of the first life

Next, consider the steps concretely to the emergence of the first life on the primitive
Earth according to GADV hypothesis [1] (Figure 3). The reason, why the steps to the emer-
gence of life must be described here, is because the steps are intimately related to the es-
tablishment process of the core life system composed of gene, genetic code (tRNA) and
protein and to the formation process of protein composed of four kinds of [GADV]-amino
acids, which were encoded by (GNC)» RNA gene composed of four nucleotides. In other
words, the emergence of a genuine life was intimately related to the formation process of
(GNC)n RNA gene and [GADV]-protein using the respective small number of components

in chemically messy environments on the primitive Earth.

A |
) | 1 1

TG AP : 4
{{cAD YV -amimo-acidsy L

\ [
I 1

Inorganic compounds  Organic compounds [GADV]-protein world [GADV]-protein membrani ~ Metabolism by [GADV]-protein
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Figure 3. Possible steps from chemical evolution to the emergence of life, which is deduced from
[GADV]-protein world hypothesis (GADV hypothesis). All of the steps are related to [GADV]-
amino acids or [GADV]-protein, including GNC genetic code and (GNC)n gene both of which en-
code [GADV]-amino acids and [GADV]-protein, respectively. The steps to the emergence of life can
be reasonably explained with the GADV hypothesis assuming that life emerged as piling up the six
members (protein, cell structure, metabolism, tRNA, genetic code and gene) in order of from
[GADV]-protein to (GNC)n gene encoding a mature [GADV]-protein.

Then, I explain the main object of this article about the way how biopolymers (gene
and protein) composed of a small number of the respective monomers were formed in

chemically messy environments on the primitive Earth.

In this Section, the steps from chemical evolution to the emergence of the first genu-
ine life, which was equipped with the fundamental life system, are discussed as dividing
them into three (Table 1): The first part: from chemical evolution to formation of [GADV]-
microsphere (proto-life). The second part: from formation of the [GADV]-microsphere to
formation of AntiC-SL RNA. The third part: from AntiC-SL RNA to the emergence of the
first genuine life. The reason, why it is discussed as dividing the processes into three parts,
is because the aspect of selection or of evolution changed before and after formation of
[GADV]-microsphere and also the reason, why the second and third parts are separated,
is because the use of nucleotides is restricted for the first time into four, A, G, U and C, by
formation of AntiC-SL RNA, which is folded with base pairs, A-U and G-C. On the other
hand, the number of amino acids could not be still restricted into four at the time point.
The number of amino acids could not be restricted until the establishment of the core sys-

tem composed of gene, tRNA (genetic code) and protein.

Table 1: Steps from chemical evolution to the emergence of life, which are discussed in this
article as dividing into three parts, I, Il and I11.
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Part I: From chemical evolution to formation of [GADV]-microsphere
1. [GADV]-amino acid synthesis with prebiotic means
2. Formation of [GADV]-microspheres ((GADV]-protein world)

3. Selection and evolution of [GADV]-microsphere

Part II: After formation of [GADV]-microsphere to formation of AntiC-SL tRNAs
1. Formation of proto-metabolism in [GADV]-microsphere
[GADV]-amino acid and [GADV]-peptide syntheses, Nucleotide synthesis
with immature [GADV]-proteins (actually aggregates of [GADV]-peptides)

2. Formation of AntiC-SL tRNAs

In addition, only random processes should be naturally repeated before the first gen-
uine life emerged or in the absence of any gene encoding an ordered amino acid sequence
of a [GADV]-protein. Therefore, it is also essential to make clear how [GADV]-proteins
with an ordered amino acid sequence were formed or how genes encoding the amino acid
sequence were formed during repeating random processes in order to solve the mystery

of the origin of life.

Part I. Steps from Chemical Evolution to Formation of [GADV]-microsphere (GADV]-

protein world)

Many studies on chemical evolution have carried out to make clear what kinds of
organic compounds can be synthesized from inorganic compounds under what condi-
tions [16, 17]. In the studies, it was investigated mainly about what kinds of biomolecules,
such as amino acids, sugars, nucleobases etc., which are necessary for the first life to

emerge, can be synthesized.

As easily understood from the previous studies, messy organic compounds includ-
ing various organic acids and amines in addition to various non-natural amino acids
should be produced with prebiotic means. Steps to the emergence of life proceeded
through reaction processes with the compounds selected from messy organic compounds.

However, it would be quite difficult to select out only necessary organic compounds, for
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example only [GADV]-amino acids from messy mixtures of organic compounds, as advo-
cated in the GADV hypothesis (Figure 4). In this Part I, I will explain a principle, which
can advance toward a solution to the difficult problem from the viewpoint of GADV hy-

pothesis.

1. Preferential synthesis of [GADV]-amino acids with prebiotic means

In the previous studies, it is confirmed that simple organic compounds as amino ac-
ids and nucleobases with a small number of carbon atoms were synthesized with various

prebiotic means as described below.

(1) Electric discharge into primitive atmosphere (Miller’s type experiments) [16, 17]
(2) Catalytic reactions on pyrite, clay, hydrothermal vents and so on [18-20].

(3) Organic synthesis by heavy bombardments of meteorites or asteroids [21, 22].

(4) Introduction of organic compounds by meteorite, asteroids, space dusts and so on from
space [23, 24]

Thus, various organic compounds including especially oxygen atom(s) were syn-
thesized through physical and physico-chemical reactions and messy compounds were

introduced from space and accumulated on the primitive Earth.

Random
Chemical Chemically complex olvmerization Random polymer
evolution ;ﬁi messy organic compounds P ([GADV]-peptides)
synthesis) assembly)

Immature water-soluble

globular [GADV]-protein
with some flexibility

Figure 4. Organic compounds, which were synthesized from inorganic compounds on the primitive
Earth with various prebiotic means, were, naturally, chemically complex messy organic compounds.
Therefore, a pool containing only [GADV]-amino acids did not exist on the primitive Earth as ex-
pected by the GADV hypothesis. Therefore, one important question, how immature water-soluble
globular [GADV]-proteins, which is a prerequisite in the GADV hypothesis, could be produced,
arises. Presenting an answer to the question how [GADV]-amino acids were selected and immature
[GADV]-protein could be formed, is a main purpose of this article.
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Amino acids were produced with organic compounds, which were selectively syn-
thesized and accumulated at a large amount on the primitive Earth through prebiotic
means. Note that, at this time point, some kind of selection among organic compounds
had been carried out during synthetic processes of the organic compounds based on na-

ture of chemical compounds themselves used as reactants, as described below.
1. Preferential synthesis of a-amino acids

Amino acids were produced with prebiotic methods more easily than fatty acids and
hydrocarbons, of which constituent atoms are connected chiefly with carbon-carbon and
carbon-hydrogen bonds. In fact, it is described by Miller in his book that there is no good
method for fatty acid synthesis with prebiotic means [16]. Furthermore, it is well known
that a-amino acids were obtained at larger amounts than f-amino acids in Miller’s exper-
iments [16]. These results indicate that a-amino acids were rather easily synthesized with

prebiotic means and accumulated at large amounts.

2. Direct random joining of [GADV]-amino acids

Next, the mechanism or principle is described about how only [GADV]-amino acids
could be eventually selected out at relatively high rate for primeval protein synthesis in
the messy mixture of various organic compounds containing non-natural amino acids.
The reasons why a-amino acids could be preferentially selected for synthesis of protein

are as follows.

[GADV]-proteins, actually aggregates of [GADV]-peptides, could be also produced
with prebiotic means in messy organic compounds, which accumulated at large amounts
on the primitive Earth, although the proteins were incomplete in the sense that various
amino acids other than [GADV]-amino acids were contained in the proteins. On the con-
trary, nucleotides, which are necessary to produce RNA, could not be synthesized at large
amounts with prebiotic means, because of the complex chemical structures of nucleotides.
It is known in the previous studies that nucleotides could not be produced by Miller’s

experiments and nucleotides have not been found in meteorites [16, 17].
1. Preferential polymerization of [GADV]-amino acids

Amino acids should be selectively linked with each other during repeated wet-dry-
ing processes, because amino acids have both positive and negative charges in the mole-
cules to easily associate in water and to make peptide bond between two amino acids.
Nevertheless, various organic compounds other than [GADV]-amino acids were naturally
incorporated into [GADV]-proteins or [GADV]-peptide aggregates during direct random
joining of [GADV]-amino acids.

2. Preferential association of [GADV]-peptides containing Val

All four [GADV]-amino acids having rather simple structure were easily synthesized

with prebiotic means. However, the synthetic amount of Val, which has the more complex
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molecular structure, should be much less than other three amino acids, Gly, Ala, and Asp.
Nevertheless, the less amount of Val could be compensated through formation of
[GADV]-peptide aggregates owing to a large hydrophobicity of Val, because peptides
containing a more amount of Val could be preferentially associated with each other
through the large hydrophobic interactions. This also contributed to formation of more

active immature [GADV]-proteins.
3. Preferential synthesis of [GADV]-amino acids by immature [GADV]-proteins

It can be considered that various organic compounds, especially [GADV]-amino ac-
ids, could be preferentially synthesized using simple organic compounds with functional
groups as glyoxylate and pyruvate, even by immature [GADV]-proteins with weak cata-
lytic activities, which were produced by random joining of [GADV]-amino acids under
the protein Ot-order structure [1; Chapter3, 5]. Contrary to that, it must be difficult to syn-
thesize hydrocarbons with the immature [GADV]-proteins. It is considered that the selec-
tive synthesis of [GADV]-amino acids by immature [GADV]-proteins, which were per-
formed before cell structure formation, advanced further the steps to the emergence of life

at a higher rate than before.

On the other hand, many inactive and useless [GADV]-peptides should be also pro-
duced during direct random joining of [GADV]-amino acids, because of incorporation of
various organic compounds into the peptides. In the reaction, [GADV]-peptides with a
sufficiently high catalytic activity could be always produced as a result of a wide distri-
bution of [GADV]-peptides, which were synthesized through random process, although
the formation rate of active [GADV]-proteins might be low [25]. This made it possible to
proceed towards the emergence of life at a particularly faster rate than the era of chemical

evolution without immature [GADV]-peptide catalysts.
4. Possible exclusion of non-natural amino acids owing to protein 0"-order structure

Various a-amino acids and B-amino acids, other than [GADV]-amino acids, such as
2-aminobutylic acid (2-ABA), 2-aminopentanoic acid, $-alanine and so on, should be also
produced with prebiotic means. Therefore, various amino acids other than [GADV]-
amino acids would be also incorporated into immature [GADV]-proteins during polymer-
ization of [GADV]-amino acids, because non-natural amino acids could not be effectively
excluded during the simple polymerization among amino acids with both positive and
negative charges in the molecule. Thus, [GADV]-microspheres were formed through such

processes.

Part II. Steps from Formation of [GADV]-microsphere to AntiC-SL RNA formation

1. Significance of cell structure as [GADV]-microsphere for facilitating chemical evolution

1. Incorporation of various organic compounds into [GADV]-microsphere
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After sufficient amounts of [GADV]-amino acids accumulated on the primitive Earth,
[GADV]-microspheres were formed for example by repeated wet-drying processes in de-
pressions of rocks on the primitive Earth [1]. The [GADV]-microspheres inevitably con-
tained a large amounts of [GADV]-peptides in the cell structure so that [GADV]-peptides
were synthesized by immature [GADV]-proteins in the microspheres. The supposition
that the immature [GADV]-proteins could synthesize [GADV]-peptides is supported by
the facts that even Gly-Gly and Gly-Gly-Gly have peptide synthetic activity [26]. For-
mation of [GADV]-microsphere made it possible to hold oligomeric [GADV]-peptides,
which were synthesized in the microsphere, owing to semipermiable [GADV]-protein
membrane. Accumulation of [GADV]-petides in the [GADV]-microsphere generated a
higher osmotic pressure to induce further incorporation of low molecular weight organic

compounds as glyoxylate and pyruvate into the microsphere (Figure 5).

[GADV]-protein membrane

Growth, Division, Syntheses of [GADV]-
Immature amino acids,

Proliéeratigﬁ :

[GADV]-peptides,

[GADV]-proteins )
([GADV]-protein world) (Selection) Repeated

Nucleotides, AntiC-SL

Random
An immature water- RNA
soluble globular

[GADV]-protein with

Proto-metabolism  polymerization

Some flexibility [GADV] -mlcrosphere

Figure 5. Possible steps from formation of immature [GADV]-proteins to formation AntiC-SL RNA
[1]. [GADV]-microspheres surrounded by [GADV]-protein membrane could be formed with
[GADV]-peptides during repeated wet-drying processes. [GADV]-protein world was formed in the
[GADV]-microsphere. [GADV]-amino acids and nucleotides were synthesized by immature but
pluripotent [GADV]-protein catalysts through proto-metabolism in the microsphere. Successively,
AntiC-SL RNA was produced by repeated random polymerization of nucleotides and its degrada-
tion. The core life system was established in [GADV]-microspheres with a higher proliferation abil-
ity were generated through the processes and, eventually, the first life arose on the primitive Earth.
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However, such proteins, into which amino acids other than [GADV]-amino acids
were incorporated with a higher rate, should be excluded gradually, because [GADV]-
microspheres using [GADV]-peptides composed of a higher rate of [GADV]-amino acids
should be selected at a high probability during proliferation followed by evolution. The
reason, why the selection became possible, is because [GADV]-amino acid composition is
one of protein Oth-order structures and incorporation of non-natural amino acids into
[GADV]-proteins caused malfunction of the [GADV]-proteins. For the same reason, 2-
ABA was excluded from natural amino acids as [GADV]-amino acids in order to avoid
duplicate use of Ala and 2-ABA, both of which are a-helix-forming amino acid [27]. The
most important aspect of [GADV]-microsphere formation would be the growth and pro-

liferation, which was induced by a high osmotic pressure, as shown (Figure 6).
2. Selection of [GADV]-microspheres with a high proliferation ability

Actually, at first incomplete [GADV]-peptides containing non-natural amino acids
would be produced at a high probability. However, [GADV]-microspheres containing
non-natural amino acids at a lower rate, could grow, proliferate and evolve faster than
others to leave more descendants even before establishment of the genetic system, because
[GADV]-microspheres containing at higher rate of [GADV]-amino acids could acquire
[GADV]-proteins with a higher function necessary to proceeding to the emergence of life
(Figure 6). Thus, [GADV]-microspheres containing at less amounts of non-natural amino
acids than others were consequently selected and proliferated. Furthermore, formation of
[GADV]-microspheres or [GADV]-protein membrane made it possible to protect dissipa-
tion of [GADV]-amino acids into environments, because immature [GADV]-proteins,
which was produced with [GADV]-amino acids, could not oozed out through the

[GADV]-protein membrane. This also contributed to a more efficient chemical evolution.

Flow of Time

 e——

Low function High function

Figure 6. Evolution of [GADV]-microspheres without the genetic system. Random joining of amino
acids carried out in protein 0"-order structure inevitably generates [GADV]-peptides or [GADV]-
proteins with a large distribution because of the random process. Therefore, at least a part of
[GADV]-proteins had always sufficiently high catalytic activities, which should be effective to pro-
ceed to the emergence of life. Thus, [GADV]-proteins having a higher catalytic activity than before
could be generated in the microspheres. The steps to the emergence of life were the process for
acquirement of [GADV]-proteins with a higher catalytic activity than before, step-by-step.
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3. Growth, division, proliferation and death of [GADV]-microspheres

[GADV]-microsphere with a higher ability for growth, division and proliferation
could be consequently selected out among many [GADV]-microspheres as described
above. The selected [GADV]-microspheres could leave more descendants and evolved
further, even if the microspheres did not hold any genetic system. Contrast to that, many
other microspheres, which were defeated in the struggle for existence, died and left many
dead bodies for example in depressions of rocks on the primitive Earth. However, those
dead bodies were reused for growth and prosperity of the selected [GADV]-microspheres.
This situation is similar to the fact observed on the present Earth that components of with-
ered plants and dead bodies of animals are usually reused by presently living organisms,

after those were degraded by various organisms including bacteria.
4. Formation of proto-metabolic pathways for [GADV]-amino acid synthesis

As described above, [GADV]-amino acids having a sufficiently high stability were
easily produced and accumulated at large amounts on the primitive Earth. In addition, it
was easy to refill [GADV]-amino acids, even if the amino acids were exhausted upon con-
sumption for growth, because [GADV]-amino acids could be synthesized with simple or-
ganic compounds, as glyoxylate and pyruvate, which accumulated on the primitive Earth
at large amounts and could be easily supplied from the environments into the micro-
spheres (Figure 5). Thus, [GADV]-amino acids were optimal compounds for advancing

the steps to the emergence of life on the primitive Earth.

Even such [GADV]-amino acids, which supported proliferation of [GADV]-micro-
spheres, would be depleted from environments and proliferation of the [GADV]-micro-
spheres should terminate soon after the deprivation, because of the exponential growth
of [GADV]-microsperes. Only one way to avoid the situation was construction of the
proto-metabolism for synthesis of [GADV]-amino acids in the microspheres growing ex-

ponentially [1; Chapter 5].

Proto-metabolic reactions using immature [GADV]-proteins started in [GADV]-mi-
crospheres to produce [GADV]-amino acids and [GADV]-peptides, just after formation of
[GADV]-microspheres. It would be supported by the facts that [GADV]-amino acids can
be synthesized using glyoxylate and pyruvate as starting materials in a few reaction steps
of modern metabolic pathways (Figure 7 (A)). Inversely, the cycle of growth, division and
proliferation of [GADV]-microspheres would terminate, if the proto-metabolic pathways
were not formed in [GADV]-microspheres and the sufficient osmotic pressure could not
be maintained. Therefore, it can be considered that only [GADV]-microspheres, which
had a high synthetic ability of [GADV]-peptides, were evolutionally selected and could

leave more descendants than others. From the considerations, it can be concluded that
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formation of cell structures, which were indispensable to selection and evolution and in
which [GADV]-peptides were synthesized to maintain a high osmotic pressure, is the

most essential matter for life, but not the genetic system.

(A)

Glyoxylate => Glycine Pyruvate —=> Alanine

> > >>>>

Malate Oxaloacetate Aspartate Acetolactate Valine

(B)

Glyceraldehyde 3-phosphate —> —> —> —> Ribose 5-phosphate + Base = Nucleotides

Figure 7. (A) Proto-metabolic pathways for [GADV]-amino acid synthesis. Four [GADV]-amino ac-
ids were produced from glyoxylate and pyruvate as starting materials through the proto-metabolic
pathways. (B) Proto-metabolic pathways for nucleotide synthesis. Four nucleotides were produced
with ribose 5-phosphate, which was synthesized from glyceraldehyde 3-phosphate as starting ma-
terial through the proto-metabolic pathways.

As well known, modern cell membrane is composed of phospholipids and mem-
brane proteins. Membrane proteins but not phospholipids exhibit various membrane
functions. On the contrary, phospholipids are used for filling the gaps among membrane
proteins and for expediting migration of membrane proteins to express membrane func-
tions more efficiently. Therefore, it would be valid to consider that phospholipids were
inserted into [GADV]-protein membrane after formation of phospholipid synthetic path-
ways through proto-metabolism in [GADV]-microsphere.

5. Formation of proto-metabolic pathways for nucleotide synthesis

To establish the core life system, sufficient amounts of nucleotides necessary to syn-
thesize RN A must be produced with previously existing immature [GADV]-proteins. For
the purpose, proto-metabolic pathways, through which nucleotides could be synthesized,
must be formed (Figure 7 (B)). However, needless to state, formation of metabolic path-

ways in the absence of gene must rely on random processes.

Therefore, I consider that nucleotides must be produced through proto-metabolism
using glyceraldehyde as a starting compound for ribose 5-phosphate synthesis [1; Chapter

5]. The reason, why nucletide synthetic pathway could be formed with immature
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[GADV]-proteins, is because, in addition to pluripotency of the immature [GADV]-pro-
teins [1; Chapter 3], [GADV]-microspheres, which acquired more favorable metabolic
pathways for proliferation than others, even accidentally, could leave more descendants
than others. I would like to name the phenomenon as “proto-Darwin evolution”. In this
way, during the evolutionary process, metabolic pathways including nucleotide synthesis,
which were favorable for [GADV]-microspheres to proliferate, were formed in the micro-

spheres.

However, many researchers may consider that nucleotides never be synthesized
from glyceraldehyde with immature [GADV]-proteins, if they do not know the signifi-
cance of pluripotency of immature [GADV]-proteins which could be synthesized by direct
random joining of [GADV]-amino acids under the protein 0-order structure [1; Chapter
3]. So, I would like to stress that the mystery of the origin of life never be solved as long
as they rely the nucleotide synthesis only on the prebiotic means. Similarly, it would be
reasonable to consider that the RNA world never be formed on the primitive Earth, be-
cause it would be impossible to produce a sufficient amount of RNA leading to the emer-

gence of life without nucleotide metabolic pathway.
2. Formation of [GADV]-aa-AntiC-SL tRNA
1. Evolution of activated [GADV]-amino acids

Initially, synthesis of [GADV]-amino acids in [GADV]-microspheres was carried out
by immature [GADV]-proteins, which were produced by direct joining of [GADV]-amino
acids, such as through wet-drying processes in depressions of rocks on the primitive Earth.
However, [GADV]-peptides could be produced at a much faster rate by using activated
[GADV]-amino acids as [GADV]-AMP than the direct use of [GADV]-amino acids. After
that, activated [GADV]-amino acids were used for more efficient synthesis of [GADV]-
peptides in the following order, although there was no difference between direct joining
of [GADV]-amino acids and the [GADV]-peptide synthesis with activated [GADV]-amino

acids except difference of the reaction rate.

1-1. Use of [GADV]-aa-AMP: [GADV]-aa-AMPs were synthesized with immature
[GADV]-proteins (actually [GADV]-peptide aggregates) to accelerate the peptide synthe-
sis, after ATP was synthesized and accumulated at a large amount in [GADV]-micro-
spheres. At this time point, it is supposed that the activated [GADV]-amino acids were
exclusively used for the peptide synthesis with immature [GADV]-protiens owing to the

accumulation of ATP in the microspheres.

1-2. Use of [GADV]-aa-3’-ACC: Successively, [GADV]-aa-3’-ACCs were used for the syn-
thesis of [GADV]-peptides. Stability of trinucleotide, CCA-3’, against RNase activity of
immature [GADV]-proteins made it possible to use for the synthesis. It would be easily
understandable that the single-stranded (ss)-trinucleotide 3’-ACC end of modern tRNA is
also stable against RNase. Needless to state, the synthesis of [GADV]-peptides with acti-

vated [GADV]-amino acids were carried out non-specifically, because such activators, as
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AMP and 3’-ACC, cannot generate specificity to the respective [GADV]-amino acids.
However, the use of such activators contributed to more efficient synthesis of [GADV]-
peptides, because sites of 3'-ACC more than ATP, itself, could be used for binding with
immature [GADV]-protein enzyme and the use of activated [GADV]-amino acids with a

high energy became possible.

Of course, not only amino acids but also other organic compounds might be activated
with ATP and 3’-ACC. In the case of the peptide synthesis with activated amino acids too,
messy organic compounds should be incorporated into the peptides (Figure 4). However,
it is supposed that activated organic compounds other than [GADV]-amino acids did not
eventually contribute to the emergence of life, because functions of [GADV]-peptides con-

taining meaningless organic compounds would be lowered.

1-3. Use of 3'-ACC-AntiC-SL RNA: After the use of 3'-ACC, [GADV]-peptide synthesis
was carried out using 3’-ACC-AntiC-SL RNA (Figure 8). One of the reasons, why the An-
tiC-SL RN A was used for activation of [GADV]-amino acids, is because the AntiC-SL RNA,
which were produced during cycles of oligonucleotide sysnthesis and degradation of
the oligonucleotides, was the smallest but sufficiently stable RNA against hydrolysis by
immature [GADV]-proteins. In addition, association of two AntiC-SL tRNAs side by side
through base pairing between U and A in the two AntiC-loop RNAs facilitated the peptide

bond formation between two amino acids bound to the 3’-ACC-end [1; Chapter 7].

The AntiC-SL tRNA primitive tRNA hypothesis is supported by the facts that base
pairs between two complementary GNCs are stable [28] and also that any base in antico-
don loop of three AntiC-SLs except Asp-tRNA out of four modern Escherichia coli [GADV]-
aa-tRNAs is not chemically modified [29].

Part III. Steps from formation of AntiC-SL RNA to the emergence of life
1. Formation of ds-(GNC)» RNA gene
1. Establishment of the core life system in [GADV]-microsphere

Of course, the initial [GADV]-proteins, which were produced with immature
[GADV]-proteins in a [GADV]-microsphere, were not literally [GADV]-proteins, in the
meaning that [GADV]-proteins were contained non-natural amino acids other than
[GADV]-amino acids. Synthesis of such impure polypeptides should always occur before
formation of the first gene or in the absence of gene on the primitive Earth. However, even
the impure and immature [GADV]-proteins could advanced catalytic reactions in the mi-
crospheres, although the activities were low. Therefore, literal [GADV]-proteins could not
be produced until GNC primeval genetic code and (GNC)n gene were formed. Inversely
stating this, selection of [GADV]-microsphere with more pure [GADV]-protein with a
higher catalytic activity made it possible to form the first gene leading to synthesis of pure

[GADV]-proteins. Consequently, the genetic system or the core life system composed of
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(GNCO)n gene, AntiC-SL tRNA (GNC code) and [GADV]-protein, was invented to improve
[GADV]-protein functions through complete exclusion of non-natural amino acids [1;
Chapter 6]. Thus, the genetic system was formed to establish the most primitive but pure

[GADV]-protein synthesizing system.

Needless to state, the first gene encoding the first mature [GADV]-protein with an
ordered amino acid sequence must be generated through evolutionary process containing

at least one random process as described below.

(1) Synthesis of a ss-(GNC)n RNA: In this case, the key point is to know the process how
the first ss-(GNC)n RNA was formed, because an RNA with random (GNC)n codon se-
quence could be formed by random joining of GNC anticodons carried by the AntiC-SL
RNAs. Note that the synthetic process of an immature [GADV]-protein with a random
[GADV]-amino acid sequence through the random (GNC)» codon sequence is essentially
the same with the [GADV]-protein synthesis by direct joining of [GADV]-amino acids.

Then, how was the ss-(GNC)n RNA formed? I consider the formation process as follows.

1-1. Two pairs of two AntiC-SL tRNAs, which were bound in a column using two com-
plementary GNC anticodons, were further aligned side by side to make tetramer of four
AntiC-SL RNAs (Figure 8).

1-2. Two anticodons of the two AntiC-SL tRNAs, which were aligned side-by-side, were
connected by phosphodiester bond. Thus, a random (GNC). RNA sequence encoding ran-

dom [GADV]-amino acid sequence was created (Figure 8).

However, many researchers may doubt whether the ss-(GNC)n RNA could be formed

as described above. My answer to the question is as follows.

1-3. The consecutive codons on mRNA have been actually read by two anticodons of two

adjacent modern tRNAs.

1-4. The serial reading mechanism of codon sequence on mRNA with anticodon of tRNA
clearly indicates that it is reasonable from a stereochemical viewpoint to consider that a
ss-codon sequence (NRNA) can be produced by joining of anticodons of tRNAs. That is
the reason why successive codon sequence can be read by anticodons of two tRNAs
tightly bound side-by-side. However, it would be difficult for two tRNAs to read a suc-
cessive codon sequence, if the codon sequence was formed independently of tRNA. Ge-
netic sequence on mRNA was translated by AntiC-SL tRNA as the reverse process of for-
mation of (GNC)n codon sequence in [GADV]-microsphere. Thus, the fact that the com-
maless codon sequence can be translated by tRNAs indicates that genetic sequence was

formed by random joining of anticodons carried by tRNAs.

Note that the (GNC)n codon sequence is the simplest but a meaningful sequence,
which can be produced through a random process and also can be used for immature
[GADV]-protein synthesis. This also indicates that formation of (GNC)n codon sequence
by random joining of GNC anticodons of AntiC-SL tRNA is only one way, under which
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an immature but meaningful [GADV]-protein could be produced through the RNA se-

quence, which was formed by the essentially random process.

(2) Formation of a ds-(GNC)» RNA: Successively, a ds-(GNC)n RNA was formed by com-
plementary strand synthesis of the ss-(GNC)n RNA.

(3) Formation of the first ds-(GNC)n RNA gene: Finally, the first (GNC)» RNA gene was
formed. The formation of the first (GNC)» gene was triggered by synthesis of an immature
[GADV]-protein from one strand of ds-RNA. The (GNC)n codon sequence encoding a ran-
dom [GADV]-amino acid sequence evolved to one ds-RNA gene encoding a mature
[GADV]-protein as led by promotion of the activity on the immature [GADV]-protein
(Figures 2 and 8).

>
?‘é\
& .
Formation of Formation of Formation of
Dimerization GNC- GNC- GNC
GNC GNC _ - g g
— IR SNSOND SSHGNORRNA. o ono-oNo ESHGNCRRNA. SN S S SNS
(random 55-(GNC)n RNA  (complementary ~ ds-(GNC)a RNA
joining of strand synthesis)
One ‘i
antico- Maturation
non-specific
Four non-specific Formation of

AntiC-SL. RN As

ds-(GNC)» RNA
gene

Figure 8. Formation process of ds-RNA gene. Ds-RNA gene was formed through ss-(GNC)n RNA
and ds-(GNC)n RNA. The ss-(GNC)n RNA was formed by random joining of GNC anticodons car-
ried by AntiC-SL RNAs. The use of amino acids were restricted into four [GADV]-amino acids ac-
companied by establishment of GNC primeval genetic code and ds-(GNC)n RNA gene for the first
time.

Finally, ds-(GNC)» RNA genes encoding a mature [GADV]-protein were formed as
the most effective means for producing mature [GADV]-proteins with a large catalytic
activity. It should be taken notice again that the steps towards formation of the first gene
were the process for selecting only [GADV]-amino acids more efficiently from chemically

complex messy environments. Thus, the key of the first ds-(GNC)» gene formation was
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the formation of a ss-(GNC)» RNA with random GNC codon sequence through a random

process.

Thus, the synthesis of mature [GADV]-proteins composed of only [GADV]-amino
acids became possible for the first time after ds-(GNC)n RNA gene was acquired and the
translation system using four kinds of [GADV]-aa-tRNAs were established. Note that all
members, which need to execute both mRNA synthesis and translational process, had
completed already at the time point when the first ds-RNA gene was created, because
both the use of transcription and translation systems had already become possible, just
after not the ds-(GNC)» RNA gene but the ds-(GNC)a RNA was formed [1; Chapter 6].

6. The emergence of life

(1) Genuine lives arose after acquisition of various (GNC)n genes through creation of ho-
mologous genes and entirely new (GNC)~ genes, which were derived from sense strands
[30] and antisense strands [15] of previously established (GNC)n genes, respectively [1;
Chapter 8]].

(2) The first life emerged not at one moment but during consecutive changes. In other
words, any critical moment of the emergence of the first life did not exist. The emergence
of life would be such a gradual change as it can be confirmed that a typical life had arisen

after a time point.

Discussion

It would be difficult to give an answer to the question how life emerged in “chemi-
cally complex messy environments”. The problem is essentially the same question as how
the most primitive core life system, which is composed of [GADV]-protein, AntiC-SL
tRNA (GNC primeval genetic code) and (GNC)n RNA gene using the respective small
number of monomers, as four [GADV]-amino acids and four nucleotides, was established
in the messy environments, because an answer to the mystery of the origin of life is, sim-
ultaneously, the answer to the question how the small number of monomers were selected
out from the chemically complex messy environments on the primitive Earth. Therefore,
it would be necessary to consider as focusing on the discussion how life arose using the
core life system on the primitive Earth in order to find the answer to the question how life

emerged in “chemically complex messy environments.

The answer to the question is given based on GADV hypothesis on the origin of life

by considering several factors comprehensively, as described below.

1. A small kinds of, at least not so many organic compounds including [GADV]-amino
acids could be synthesized from inorganic compounds with prebiotic means on the prim-

itive Earth.
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2. [GADV]-polypeptides composed of mainly four [GADV]-amino acids could be pro-
duced through a random process on the primitive Earth. The reason is because [GADV]-
amino acids having both positive and negative charges in the molecule pulled against
each other owing to the electrostatic attraction. Immature [GADV]-proteins, actually ag-
gregates of [GADV]-peptides, which were produced by joining of [GADV]-amino acids
randomly selected from [GADV]-amino acid composition or one of the protein 0*-order
structures, could be folded into water-soluble globular structure to exhibit a weak but

effective various functions [26].

3. [GADV]-microspheres could be formed with immature [GADV]-proteins, actually
[GADV]-peptide aggregates. Formation of the [GADV]-microspheres, which demonstrate

individuality, made it possible to grow, proliferation and evolution.

4. Furthermore, metabolic pathways for [GADV]-amino acid synthesis using simple or-
ganic compounds as glyoxylate and pyruvate, which accumulated on the primitive Earth,
could be formed using immature [GADV]-proteins in the microspheres ((GADV]-protein
world). The formation of the [GADV]-amino acid metabolic pathways assured to contin-
uously grow, divide and proliferate [GADV]-microspheres through synthesis of [GADV]-
peptides.

It may become a matter whether or not [GADV]-amino acids could be synthesized
with immature [GADV]-proteins, using as starting compounds, glyoxylate and pyruvate.
However, [GADV]-amino acid synthetic pathways could be formed if such immature
[GADV]-proteins, which have various catalytic activities or pluripotency as catalysts,

were used as biocatalysts [1; Chapter 3,26,27].

5. Metabolic pathway for synthesis of four nucleotides could be also formed using imma-
ture [GADV]-proteins in [GADV]-microspheres, similarly as the case of synthetic path-
ways of [GADV]-amino acids.

6. Further, it is considered that AntiC-SL tRNAs were formed with four kinds of nucleo-
tides synthesized through the metabolic pathways. Thus, the use of nucleotides were re-
stricted for the first time into four, or adenine (A), guanine (G), uracil (U) and cytosine (C),
because two base pairs, A-U and G-C, was indispensable to fold RNA strand into the An-
tiC-SL through hydrogen bonds with a large directionality.

7. Then, GNC primeval genetic code, which determines the framework composed of four
[GADV]-amino acids and four GNC codons, was established although the corresponding
relationships between GNC codons and [GADV]-amino acids were accidentally deter-

mined and frozen as assumed by the GNC code frozen-accident theory [1; Chapter 7].

8. Eventually, the first genuine life emerged on the primitive Earth accompanied, after
(GNC)n RNA genes were formed successively in order of ss-(GNC)a RNA, ds-(GNC)a
RNA and ds-(GNC)» RNA gene.
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Thus, the first genuine life using biopolymers composed of a small kinds of compo-
nents emerged in the chemically complex messy environments on the primitive Earth
about 4 billion years ago. I believe that such steps to the emergence of life was inevitable
and there was no way to the emergence of life. In this way, it can be reasonably explained
based on the GADV hypothesis on the origin of life how the core life system composed of
(GNO)n gene, AntiC-SL tRNA and [GADV]-proteins, all of which are composed of a small
kinds of components, could be established in messy environments on the primitive Earth.
This indicates that GADV hypothesis is a valid idea for explaining the steps to the emer-

gence of life.
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