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GENETIC ENGINEERING. THE POSSIBILITIES OF EXPANDING THE
GENETIC CODE

Shota Jinjolia
PHD, Associate Professor, Akaki Tsereteli State University, Kutaisi, Georgia

Scientists seek actively to expand the genetic code.In addition, there are required orthogonal pairs of
TRNA and aminoacyl-TRNA-synthetase (those, whose cells do not produce, and are not “involved” in the natural
processes of protein synthesis, but they are intended only for work on artificial amino acids). Genetic engineering
with genome expansion has extensive capacities to create and explore life by the potentially completely new
bases, which do not exist yet in nature.

The concept of genetic engineering is based on deoxyribonucleic acid (DNA) and its elements —
nucleotides (adenine, guanine, cytosine and thymine). They represent the building blocks for the
creation of entirely new biological constructions, but as it turns out, these natural instruments and
mechanisms are not sufficient for researchers. Scientists seek actively to expand the genetic code.
Probably, the time is not far off when the completely synthetic code with a fundamentally new device
will be created. The paper highlights some achievements in this area.

Knowledge about nucleic acids and proteins has accumulated over a long period of time. In the
middle of the 20™ century, it was enough to propose the idea about the genetic code. By the year 1953,
it has been learnt that certain proteins have unique amino-acid sequence. There has been formulated
the concept “one gene — one ferment” (more precisely, “one gene — one polypeptide™) that the gene is
DNA, and not protein.

In 1953, Watson and Crick published a paper, in which they suggested DNA replication through
the matrix synthesis. In this paper, they indicated that the determined sequence of nitrogen bases
(adenine (A), guanine (G), cytosine (C) and thymine (T)) the information-carrying code (1).

The genetic code is the information characteristic of all living organisms, which is placed in
DNA molecule in the form of the sequence of nucleotides, which is utilized by means of protein
molecules, into language of which it is translated through the processes of replication, transcription and
translation. The genetic code consists of four basic nucleotides (the fifth base was discovered in the
1980’s; the sixth modified base — N6-methyladenine, was discovered in 2015 (2). During the
replication, in the process of transcription on the matrix of own molecule, transcoding of information is
carried out in the language of ribonucleic acid (RNA), and then, by means of the codons
(ribonucleotide triplets), it translated into the amino-acid sequence, as a primary polypeptide molecule.
Since the nucleotides are mostly of four basic types, the variety of the codons will be 43=64). In these
codons, there are coded 20 proteinogenic amino acids (AM). This generates the possible variety of
protein molecules — 20n (where, n is the amino-acid residues, that is, the multiplex version (3). Of
interest is the question how the functioning of protein molecules may change, what kind of properties
will be acquired by proteins if the artificial “unnatural” amino acid is included in their composition,
which is not synthesized inside living cell. As is well-known, the translation process in cells is ensured
by ribosomes, which identify the three-letter codons on the matrix RNA (MRNA) and fit it to transfer
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RNA (TRNA), which are carrying the appropriate anti-codons of the corresponding amino acids.
TRNA molecule adjoins the corresponding amino acid with the help of aminoacyl-TRNA-synthetase.
That way is used for determining the specificity of translation by the interaction of the MRNA codon
and TRNA anti-codon. At the same time, by specific operation of aminoacyl-TRNA-synthetase, the
termination of protein synthesis is carried out when one of three terminating codons — UAG (uracil,
adenine, guanine) UAA (uracil, adenine, adenine) UGA (uracil, guanine, adenine) — ends up on the site
of ribosome identification. They have their interesting names. UAG — amber, UAA — ochre, UGA —
opal, which do not correspond any TRNA. The specific protein-terminators RF1 or/and RF2 come into
action, which catalyze removal of a polypeptide chain from MRNA. In order to enable artificial amino
acid to come into action, it is necessary to change the system of the genetic code. First of all, in order
to add amino acid, there is required a “free” codon, which is intended to code this amino acid. But how
that can happen, when all 64 MRNA codons work closely, and 61 of them are coding natural amino
acids, and the remaining three are the terminating codons. In addition, there are required orthogonal
pairs of TRNA and aminoacyl-TRNA-synthetase (those, whose cells do not produce, and are not
“involved” in the natural processes of protein synthesis, but they are intended only for work on
artificial amino acids). The new TRNA molecule should be able to identify accurately and adjoin
artificial amino acid, but the new aminoacyl-TRNA-synthetase should be able to catalyze effectively
this reaction, and then the amino-acylized TRNA should bring accurately amino acid to the “empty
codon”.

When studying Escherichia coli (E coli) strains, it has been discovered that all terminating
codons in their genomes do not work with the same frequency. For example, the amber codon (UAG)
is more common than other types. It accounts for about 8% of the terminating colons. In 1990, the first
revivable E coli strain was obtained, in which one amber codon was suppressed, that is, the sequence
was read without it (4).

In the Peter G. Schultz laboratory of the Scripps Research Institute, they were able to place in
the usual proteinogenic amino acid thyrosine equivalent to the amber codon, and then they managed to
place in some artificial amino acids. Later, the group of Professor George McDonald Church from
Harvard carried out an extensive work on E-coli genome editing, for the purpose of replacing all amber
codons by ochre colon (UAG-UAA). This was made by using the powerful modern method —
multiplex automated genome engineering (MAGE), which allows for carrying out wide-scale
manipulations on genome with the help of synthetic single-stranded oligonucleotides (5). Such a
modification touched 83 bacterial peptides. A new genetically modified strain E coli C321 turned out
to be not only revivable, but it had also high resistance to bacteriophage T7. This means that such
organisms have expanded capacities to use the amber codons for new purposes.

For simultaneous effective coding of unnatural amino acids, there is required a large quantity of
the “empty” codons and orthogonal pair of aminoacyl-transfer ribonucleic acid-synthetase and transfer
ribonucleic acid, which will identify unnatural amino acids and will decode the new codons. Thus,
expanding the triplet genetic code to quadruplets became the next logical step, which would increase
hypothetically the number of codons up to 256 (4%), but in order to identify these codons, it is
necessary to modify completely the translating apparatus, particularly to change the transfer
ribonucleic acid. For expanding the anti-codon loops, there is required synthetizing of new aminoacyl-
transfer ribonucleic acids, which catalyze adjoining of unnatural amino acids to the transfer ribonucleic
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acid molecules, by the expanded sites of identification of ribosomes (6).

A research team under the leadership of Professor Eloyd E. Romecsberg ran the impressionable
tests. By using the latest research methods, they have managed to create a semi-synthetic E coli strain
with artificial nucleotide pair, which is replicated with high accuracy, stored and inherited (7). This
nucleotide pair was identified by the enzymatic structures as its “own” (not exogenous) and was not
edited by the reparation system and so on.

Genetic engineering with genome expansion has extensive capacities to create and explore life
by the potentially completely new bases, which do not exist yet in nature.
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