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Abstract: DNA codons, consisting of triplet nucleotides (NTs), could play important roles for RNA
transcription and protein translation in living systems. Therefore, their recognition could be seen important
for diagnosis and therapy purposes. Based on triplet sequence formations of Adenine (A), Guanine (G),
Cytosine (C) and Thymine (T) NTs, 64 codons were investigated in this work regarding their complexation
with a molecular cubane (CUB) wire. To achieve this aim, each of singular 64 codons and CUB were
optimized to be prepared for docking processes of complex formations. Hence, 64 complexes of codon-CUB
were docked to see the recognition potency of CUB wire versus each of DNA codons. Interestingly, the
obtained docking scores indicated that the CUB could work specifically versus the DNA codons, in which
G-rich and A-rich triples were seen to be more favorable for complexation with CUB in comparison with
other C-rich and T-rich triplet codons. Moreover, the results indicated that not pure G triplet but GAG codon
was the most favorable one to be recognized by the CUB wire. However, pure T triplet was the worst one
for such complex formations. The results of this work remarkably indicated that the CUB wire could work
for recognition process of DNA codons from each other and such recognition could be very much specified
for each of G-rich and A-rich codons, in which GAG codon was the best one among all the 64 investigated
codons.
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1. Introduction built up by the transcribed RNA codons from the

DNA discovery by the pioneering work of
Watson and Crick in 1953 introduced new ways of
investigating mysteries inside the biological
systems opening molecular biology indeed [1].
Further works indicated that the cells of all living
systems could share almost a common process to
synthesize proteins based on encoded genes
information [2]. In this process, genetic informative
DNA is transcribed into RNA to be subsequently
translated to proteins. DNA and RNA both include
Adenine (A), Guanine (G) and Cytosine (C)
nucleobases, in which Thymine (T) is included only
in DNA and Uracil (U) is included only in RNA [3].
Macromolecular proteins are composed of long
chains of amino acids (AAs), which are directly
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initial genetic DNA codons [3-7]. Each codon
contains three nucleotides (NTs) in a joint triplet
sequence, which corresponds to a specific AA [8].
Table 1 represents 64 DNA codons responsible for
biosynthesizing proteins based on specific AAs
translations. There are 20 AAs in living systems, in
which each of them could be translated by one or
up to six codons. The problems of processes of
formations, transcriptions and translations are still
unsolved for codons and the topic is an important
subject of genetic research areas [9, 10]. In addition
to positive benefits of such codons for building up
the living systems, viruses formations and functions
are negative points. Both of DNA and RNA viruses
could synthesize proteins for destructive functions
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in living systems, in which recognition or inhibition
of their corresponding codons could be an
important task of anti-virus developments [11].
New corona virus is an example of DNA virus with
huge negative impact on human life worldwide
[12]. Recognition of DNA codons sequences of
such viral infection could work dual function of
diagnosis and therapy in early stages [13]. This
hypothesis in very much important at the molecular
scale diagnosis and therapy, in which it will go
further in future upon achievements of such
research investigations.

Carbon atom has had always important roles in
all field of science and technology, in which
introduction of nanocarbon materials opened many
more important features for this distinguished atom
[14]. Various spherical shapes and electronic
properties of nanocarbon materials encouraged
researchers to investigate their potency for novel
applications in different aspects, in which

investigating for the life systems has been almost
the most important goal [15-19]. Cubane (CUB) is
a cubic structure of carbon atom, in which it could
work either as the initiator of other materials or as
the single standing chemical structure [20].
Regarding the achievements of recent research
works, formations of CUB related structures have
been seen as important topics of further
investigations [21, 22]. Moreover, its linear
molecular scale formation has been also seen
possible for working in single-standing structure
[23]. Considering characteristic features, it could be
expected that CUB could work to recognize other
substances e.g., DNA codons. Based on such
expectation, interactions of CUB with all 64 DNA
codons were investigated in this work employing
the in silico approach. The major goal of this work
was to show the ability of CUB for DNA codons
recognition at the molecular scale.

Table 1: List of DNA codons and their specified amino acids (AAs).”

TUNT 2" NT 3NT
A G C T

Codon AA Codon AA Codon AA Codon AA

A AAA Lys AGA Arg ACA Thr ATA lle A
AAG AGG ACG ATG Met G
AAC Asn AGC Ser ACC ATC lle C
AAT AGT ACT ATT T

G GAA Glu GGA Gly GCA Ala GTA Val A
GAG GGG GCG GTG G
GAC Asp GGC GCC GTC C
GAT GGT GCT GTT T

C CAA GIn CGA Arg CCA Pro CTA Leu A
CAG CGG CCG CTG G
CAC His CGC CCC CTC C
CAT CGT CCT CTT T

T TAA Stop TGA Stop TCA Ser TTA Leu A
TAG TGG Trp TCG TTG G
TAC Tyr TGC Cys TCC TTC Phe C
TAT TGT TCT ITT T

*Abbreviations of AAs: Alanine (Ala), Arginine (Arg), Asparagine (Asn), Aspartic acid (Asp), Cysteine
(Cys), Glutamic acid (Glu), Glutamine (GIn), Glycine (Gly), Histidine (His), Isoleucine (lle), Leucine
(Leu), Lysine (Lys), Methionine (Met), Phenylalanine (Phe), Proline (Pro), Serine (Ser), Threonine (Thr),

Tryptophan (Trp), Tyrosine (Tyr), Valine (Val).

2. InSilico Details

This work was done by employing in silico
approach, which is known as a useful technique for
molecular scale investigations [24]. All molecular
models of DNA codons were drawn and optimized
by the HyperChem program employing Amber
molecular mechanics method [25]. In this step,
optimized 3D models of DNA codons were
prepared for further investigations (Table 1). Next,

the small molecular wire model of CUB (Fig. 1)
was drawn by the GaussView program and it was
optimized at the B3LYP/3-21G* level of density
functional theory (DFT) as implemented in the
Gaussian program [26]. Doing these steps prepared
each of the codons to be the target structure and the
CUB to be the ligand structure to be involved in the
molecular docking processes. To perform docking
processes, all individual targets were examined
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regarding the potency of CUB ligand to make
codon-CUB complexes. All the docking processes
were performed at the HDock webserver [27]. The
results of docking scores were summarized in Table
2 and the first rank codon-CUB complex was
shown in Fig. 2. The graphical presentations of all
other complexes were summarized in Fig. 4s of
suuplemtary file. It is indeed an advantage of
computer-based in silico works to investigate the
structural systems at the lowest molecular scales to
generate  insightful information for their
characteristic features [28-31].

3
i

Fig. 1: Singular cubane (CUB) and wire.

3. Results and discussion

We investigated the potency of molecular CUB
wire to make possible recognition of DNA codons
from each other. First, we prepared the optimized
structures of both of CUB and codons to be
included in the next docking processes. The CUB
wire was built up as covalently attached triplet as
shown in Fig. 1. Indeed, it was expected to have a
small ligand molecule for participating in
interactions with the target molecule, DNA codons.
The optimization process yielded the stabilized
structure of CUB wire to be considered for the
ligand role of docking processes. In the next step,
the molecular models of DNA codons were drawn
and optimized to yield the stabilized structures to be
considered for the target role docking processes. All
possibilities of 5°—3” formations of triplet NTs to
make DNA codons were considered to have total

number of 64 codon models (Table 1). By preparing
each of optimized singular ligand (CUB) and target
(codon) counterparts, the docking processes were
performed to examine codon-CUB complex
formations. The obtained results of docking score
(S) and complex rank (R) were summarized in
Table 2. By values of S, the ranking of complexes
were done to have R for comparing the favorability
of codon-CUB complex formations. A quick look
at the results of Table 2 could show that the
complexes  detected  different  interaction
environments for the complex formations regarding
the obtained different S values.

Moreover, it could be found that the NT
building block of codon was very much important
to obtain good value of S for complex formation.
Indeed, it could be mentioned that the value of S
could show somehow the strength of interaction, in
which more negative value implied for higher
strength of interactions. As could be seen by the
representative GAG-CUB complex in Fig. 2 and
other codon-CUB complexes in Fig. 4s of
supplementary file, the interactions were all in non-
covalent statues but strong enough for complex
formations. Further analyses of the results could
indicate that A and G contained codons worked
better than pure C and T ones, in which the values
of S were better for the complexes of former ones
than latter ones. However, pure A and G codons did
not work very well in comparison with GAG, as the
first rank codon-CUB complex formation (Fig. 2).

Interestingly, those other combinations of A and
G were seen to be very much better than other
complexes. For much more detailed examination of
results, it could be found that the G contained
codons in combination with each of A, C and T
could work even better than all other combinations
of NTs. The weakest DNA codon complexation
with CUB was found for TTT with the lowest value
of S and placing in the 64th R of codons. As could
be concluded here, the G contained DNA codons
were very much suitable to be recognized by the
CUB wire with better S values in comparison with
other types of codons for complexation with the
CUB. The major problem of this work was to
recognize the DNA codons by mean of the CUB
wire, in which the illustrated results of Fig. 3 could
approve the achievement of this work regarding the
solution of mentioned problem. Indeed, it is very
much important to recognize different codon
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G

triplets based on their role for RNA transcription
and protein translation.

Here with the results, it could be seen that the
CUB could make problem mainly for G and A
containing codons than other C and T codons. The
trend could mean that, the recognition process
worked for diagnosis first and therapy next. G-rich
and A-rich sequences might be separated from
those of other types by such recognizing processes,
in which the -rich implies for formation of a codon,
all or most of all, from unique type of NT.
Moreover, advantages of recognition were seen for
G-rich codons than A-rich codons. The codon itself
is almost a semi-small molecule, in which it
requires another small molecule for recognition
process. The investigated molecular CUB wire was
seen useful for such recognition process at the
molecular scale.

Figure 2. GAG-CUB complex, first rank.

Table 2: Codon-CUB complexes scores (S) and ranks (R).

CuUB
Codon S R Codon S R Codon S R Codon S R
AAA -35.04 5 AGA -34.77 8 ACA -32.37 28 ATA -32.28 30
AAG -35.16 4 AGG -34.85 7 ACG -35.69 2 ATG -32.68 22
AAC -33.23 15 AGC -33.09 17 ACC -30.66 43 ATC -30.27 49
AAT -33.03 19 AGT -32.62 23 ACT -31.04 39 ATT -30.90 40
GAA -32.61 25 GGA -32.80 20 GCA -31.36 35 GTA -30.42 47
GAG -36.70 17 GGG -35.50 3 GCG -32.70 21 GTG -33.04 18
GAC -31.91 31 GGC -33.14 16 GCC -30.85 41 GTC -29.95 50
GAT -31.38 34 GGT -30.63 44 GCT -29.17 54 GTT -32.62 24
CAA -3458 9 CGA -33.59 14 CCA -30.39 48 CTA -29.88 52
CAG -3490 6 CGG -33.79 13 CCG -32.58 27 CTG -27.48 58
CAC -31.17 36 CGC -31.14 37 CCC -30.48 46 CTC -26.75 60
CAT -31.51 32 CGT -31.40 33 CCT -27.76 56 CTT -27.41 59
TAA -33.90 12 TGA -32.61 26 TCA -30.61 45 TTA -26.71 61
TAG -34.42 10 TGG -32.32 29 TCG -33.99 11 TTG -28.30 55
TAC -31.09 38 TGC -29.92 51 TCC -27.63 57 TTC -24.98 63
TAT -30.77 42 TGT -29.40 53 TCT -25.88 62 TTT -24.69 64

“See Fig. 2 for graphical representation of this complex. For other complexes, see Fig. 4s of supplementary file.
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Figure 3. Score vs. Rank for the codon-CUB complexes.

4. Conclusion

This work was done by employing in silico
approach to investigate recognition process of DNA
codons by a molecular CUB wire. The singular
molecules of CUB and each of 64 DNA codons
were optimized first and their codon-CUB
complexation through docking processes were
investigated next. The remarkable achievements
based on the obtained results could be summarized
in the following notes. First, the possibility of
formation of singular CUB and codon were
achieved. Second, different modes of codon-CUB
complexes were found based on their docking
scores. Third, both of G-rich and A-rich triplet
codons worked better than C-rich and T-rich ones
in codon-CUB complex formations. Fourth, the G-
rich codon, not pure G triplet but GAG, was seen to
be the best codon for complexation with the CUB
in comparison with other ones. Fifth, pure T triplet
was the worst codon for complexation with the
CUB in comparison with other ones. And finally,
the investigated CUB wire could be proposed for
recognition of DNA codons based on the obtained
different values of docking scores.
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