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Protein Ordered Sequences are Formed by Random
Joining of Amino Acids in Protein 0th-Order Structure,
Followed by Evolutionary Process
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Abstract Only random processes should occur on the primitive Earth. In contrast, many
ordered sequences are synthesized according to genetic information on the present Earth. In
this communication, I have proposed an idea that protein 0th-order structures or specific amino
acid compositions would mediate the transfer from random process to formation of ordered
sequences, after formation of double-stranded genes.
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Only random joining of monomeric molecules could be carried out under prebiotic conditions on
the primitive Earth, and random polymer synthesis is highly unlikely to produce two stochasti-
cally identical chains. Therefore, my answer to the question, “How can we make by prebiotic
means ordered sequences of amino acids, or mononucleotides?”, as asked in the Open Question
1, is that ordered sequences or two identical copies never produced by prebiotic means. And my
answer to the question: “Do you agree then that we do not know how to make macromolecular
sequences in many identical copies under prebiotic conditions?” is: “Yes. It is impossible to make
many identical copies of macromolecular sequences under prebiotic conditions”.

On the other hand many identical proteins with ordered amino acid sequences are produced
in the modern genetic system. Therefore, my answer to a question posed in the Open Question
1: “Do we have to wait for this orderly sequence until the genetic code has been developed?”,
is that “Yes. We have to wait for the synthesis of ordered sequence until not only the genetic
code but also gene, or the genetic system, has been formed”. Therefore, the Open Question 1
should be rewritten as follows: “How and when did the conversion occur from random joining
of amino acids to the synthesis of proteins with ordered sequence?”

The key to understanding how ordered sequences, such as proteins, were formed starting
from random polymerization of monomeric units, is to appreciate the significance of a specific
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amino acid composition, or protein 0th-order structure (Ikehara 2002, 2005, 2009, 2012), in
which water-soluble globular proteins with surface structure slightly more flexible than that of
extant proteins can be produced even by random joining of amino acids. The reasons are as
follows. A large number of possible catalytic sites with weak but sufficient activities could be
formed on the surface of water-soluble globular proteins. Based on the quasi-equivalence rule
of globular virus structure proposed by Casper and Klug (1962), the number of surface amino
acids can be estimated at around 40 even for a small protein composed of 100 amino acids, and
every combination of two or more surface amino acids on a globular protein could form an
active catalytic site. The number of possible catalytic sites should exceed two hundreds even
for a small protein. In addition, flexible surface structure would increase the chance of forming
a catalytic center on the protein, since wobbling of the surface amino acids should make it
possible for amino acids to adjust their positions such that they could bind a new substrate.

Thus, if a water-soluble protein with flexible surface amino acids were synthesized from
antisense sequence (anti-SS) of ds-(GNC)n RNA gene, and once a weak but sufficiently
catalytic activity necessary for life were found on the protein, the immature protein could
evolve to mature enzyme with an ordered amino acid sequence, high catalytic activity, high
selectivity for the substrate and a more rigid surface structure. This would happen upon
accumulation of appropriate base substitutions onto the anti-SS (evolutionary process). Where
G, C and N in GNC mean guanine, cytosine and either of four bases (G, C, A (adenine) and U
(uracil)), respectively. So, GNC represents four genetic codes, GUC, GCC, GAC and GGC,
encoding [V], [A], [D] and [G], respectively. A number of mature proteins with identical
amino acid sequences could be produced by expression of the newly-born (GNC)n gene
evolved from the anti-SS (Fig. 1). Together with the evolution of an anti-SS to a newly-born
gene, the original gene on sense strand becomes a new anti-SS.

It might be questioned if the random synthesis in the protein 0th-order structure or [GADV]-
amino acids can be carried out after the formation of ds-(GNC)n genes and that the flexible
surface structure that would inevitably reduce catalytic activity of the protein, should become
an obstacle in creation of entirely new enzymes. These questions can be answered as follows:
After formation of ds-(GNC)n gene, the essentially random synthesis could be carried out by
expression from anti-SS, which codes for [GADV]-protein with a quite different amino acid
sequence from, but with a similar amino acid composition to [GADV]-protein encoded by
sense sequence of the gene. Moreover, low catalytic activity would be sufficient if a given
catalytic function were necessary for the emerging living system and could not be found in the
environment. Therefore, they would not be obstacles in creating new enzymes.

Protein 0th-order structure after double-stranded 

gene formation

1. [GADV]-amino acids from antiSS of ds-(GNC)n

2. 10 amino acids encoded by antiSS of ds-(SNS)n

3. Amino acids encoded by anti-SS of GC-rich 
genes, which are similar to SNS-amino acids

(Essentially random synthesis)
in protein 0th-order structure 
expressed from anti-SS

(Evolutionary process)

Mature protein 
with

ordered sequence

Fig. 1 After double-stranded gene formation, it is supposed that essentially random synthesis in protein 0th-order
structure was carried out by expression from anti-SS, to produce protein with quite different sequence, but with
similar amino acid composition to that from sense sequence. The immature protein could evolve to mature
protein with an ordered sequence and a high catalytic activity. Wavy lines indicate flexible protein structure or
wobbling of surface amino acids of a water-soluble globular protein
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Whenever an entirely new enzyme was required and the corresponding catalytic function
was not available, a newly-born gene expressing enzyme with the necessary catalytic function
could be created from anti-SS of ds-(GNC)n, ds-(SNS)n and modern GC-rich gene, in the
respective eras using GNC, SNS and the universal genetic code, along the evolutionary
process from GNC primeval genetic code to the universal genetic code through SNS primitive
genetic code. Where S means either G (guanine) or C (cytosine). Thus, SNS represents 16
genetic codes encoding 10 kinds of amino acids. That is, if a required, but generally weak,
catalytic activity was detected in a protein expressed from the anti-SS, the immature gene
would evolve to an entirely new gene encoding a mature enzyme with a high catalytic activity
by accumulating appropriate base substitutions on the anti-SS in all three eras, as similarly to
the case of ds-(GNC)n gene shown in Fig. 1.

We have confirmed that all 12 average base compositions (4 (bases) times 3 (codon
positions)=12) of microbial genes are well reproduced by simulation of gene evolution, taking
an anti-SS of a GC-rich gene as the ancestor gene and the six conditions for water-soluble
globular protein formation (Ikehara 2002, 2003). It is known that average compositions of 20
amino acids of proteins encoded by a microbial genome show a specific pattern. On the other
hand, the gene simulation simultaneously corresponds to protein simulation, since genes
always code for amino acid sequences of proteins. Then, we examined whether the average
amino acid compositions of hypothetical proteins obtained by the simulation of gene evolution
can reproduce those of proteins encoded by microbial genomes. From the results, it was found
that the average amino acid compositions of simulated proteins are quite similar to those of
proteins encoded by microbial genomes (Ikehara 2002). In addition, we have also showed that
probabilities of two neighboring amino acids calculated from a multiplication of two average
amino acid compositions are close to the average appearance frequencies that are actually
detected in proteins encoded by microbial genomes (Ikehara 2002).

The results described above are all consistent with the following hypothesis: production of
entirely new proteins originally started from direct random joining of [GADV]-amino acids in
a protein 0th-order structure by prebiotic means, and was converted to the synthesis of proteins
with ordered amino acid sequences that originated from immature proteins encoded by anti-SS
genes, after formation of double-stranded genes. This provides an answer to the original
question rewritten as follows: “How and when the conversion from random joining of amino
acids to protein synthesis with ordered sequence could have happened?”
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