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Abstract: The electromagnetic non-bonded interactions of BNB molecule inside the B,N, (such as
B12N12, B1sNis, and BigN1sg) ring as a detector for tRNA-Amino acid conjugation has been investigated
by QM/MM & Monte Carlo methods. In this study, we have shown that the BNB-B,N; systems can
work as a nano rotor-stator for detecting tRNA during the tRNA-Amino-acid conjugation. We have
employed the B12N12-tRNA (glu), Bi12N1>—tRNA(phe) and B12N12-BNB-tRNA(arg) systems coupled
with BN (-, 0, +) B inside the B12N12 ring (as a rotor) (n=12, 15, 18). We have shown that the tRNA as
an extrinsic factor (stator) is set in the BNB- B12N12 system due to the generation of radical, anion, and
cation forms of BN(-,0,+)B. We have also calculated the tRNA-BNB-B12N1> and obtained quantized
transitional frequencies among the forms of radical, anionic, and cationic. The three frequencies have
been yielded as vr-c ) 486948.498 GHz, va-c ) 1792900.812 GHz, and vr-a ) 2507076.816 GHz. It can
be seen that all observed frequencies appeared in the IR and macro wave regions.
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1. Introduction

Genetic code translation relies on the correct aminoacylation of tRNAs by their cognate
amino acyl-tRNA synthetase (aaRS) that catalyzes the formation of “charged” transfer RNA.
Recognition is an essential part of this specific process, a function of different situations,
including the tertiary structure of tRNA and its folding. aaRS must recognize and charge only
cognate tRNA’s; therefore, they have to be able to distinguish cognate from non-cognate
tRNA’s. Although aaRS binds to a particular amino acid and a molecule of ATP at its active
site at the beginning of the process, the most important step is when a specific tRNA binds to
the synthetase [1-3]. Except for some special mitochondrial transfer RNAs, every tRNA
molecule consists of three loops and four stems. According to the size of the variable loop,
tRNAs have divided into two classifications ( Class I and 1), while a large variable loop
(between 13 and 21nucleotides ) are class 11 and those groups with an extra short loop (four or
five nucleotides) are class | [4,5]. tRNAS®" and tRNA are generally placed into of class Il
group, while E. coli tRNATyr belongs to class Il. In addition, yeast tRNATYyr, is located in
class | [6-8]. Synthetases can also be divided into classes based on their active site built near
the ATP binding domain. The synthetase protein was characterized by its large structural
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diversity [9-11]. The complexes between tRNA and aminoacyl-tRNA synthetases can be
defined in two systems 1- a glutaminyl system for class | and a 2-aspartic system for class II.
In the first one, the synthetase approaches the tRNA from the minor groove side, while the
second one approaches the acceptor end stem from the major groove side [12]. In this work,
we have concentrated on the tertiary structure of tRNA to investigate the mechanism of tRNA
recognition and to bind to the synthetase for two classes. Although the tRNA sequences in the
anticodon region, as well as other parts such as the acceptor stem, are important for the
recognition, we have realized that the common ACC nucleotides (74-76) in all tRNAs have to
save specific electromagnetic information that corresponds to the cognate synthetase in its
structures. In our previous works [13-16], we have shown that the B\N,—BNB systems can
work as a nano rotor-stator molecular motor for biological systems. The study for the BnNn-
BN %% B systems and then for Adenine-Thymine and Guanine-Cytosine base pairs coupled
with BN ©:% % B inside the BaNn (n=8, 10, 12, 15, 18, 20, 24) have been investigated [15,16].
The ACC nucleotides from two classes of tRNAs coupled with BN ¢ % *) B inside the B12N,
ring for understanding the situation of electromagnetic potential and properties inside of ACC
(Figure 1).

Figure 1. The ACC nucleotides from two classes of tRNAs coupled with BN ¢:%*) B inside the B1oNi».

The four different structures of tRNAs, including tRNAP", tRNAAP tRNA™Me and E.
coli tRNA™et are known to have atomic resolution [17-21]. Yeast tRNAP™ and tRNAA were
analyzed in two different shapes [17,19]. This concept was first demonstrated by the genetic
experiments of Normanly and co-workers [22,23], who transferred the identity determinants of
tRNAS into tRNAM. A few noteworthy examples are those of tRNAA® [24,25], with its
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unique or at least major identity determinant (the third base pair of the acceptor stem G3:U70),
tRNAC™ and tRNAASP [26]. Figure 2 presents the major identity nucleotide of yeast tRNAP
and E. coli tRNA®" and tRNAAT,

tRNA-Glu

Arginine * o
‘:{'4'\:1'{ wil
J? [ n %, Glutamic

Phenylalanine

tRNA-Phe

\‘

Figure 2. The major identity nucleotide of yeast tRNAP" and E. coli tRNA®"Y | tRNAAY, and tRNA™".

2. Materials and Methods

2.1. The interactions between BNB-B1,2N1, and Tyrosine.

Figure 3 exhibits the structure of Tyrosine and BNB-B12N12> molecules at distance R.
Particles i € Tyr and j € B;,N;, Ring are assumed in our model. The total Hamiltonian H =
HO® + H® consists of two parts: (A) Free molecule of H(® = gB12N12 4 gTyr and (B)

interaction operator of H® = Ycror Yiep Ny, %. The loops and B-N bonds of B12Ni2ring
ij
provide an external potential."V(,,)" for Tyr, which is V) =X e B12N12% , thus, we
ij

have:H® = ¥, q;V(r;) = =14V (xi, yi,20).
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Figure 3. The Tyr and BNB-B12N1. ring structures at distance R : i € Tyr and j € B1oNy, (1; = (x4, ¥:,2;) and
T = (xj, Yir Zj), R= (0, 0, R), ri,-:r,--ri+R.

Substitution into the H ) after some rearrangements results in equation 1:

HO = Yli=1)eTyr 4i L(j=1)eB1oN1, D n Sleryr qiriq®12N12 _ S Geryn 4jrja® n
o R R? R?
BiaN BigN Tyr ByaN
#))?NB”xn 12+ﬂ5NBliy12 12_2#2311‘”212 12
1)
R3

Where the total charges are equal tog™" = X0_1yepnp 4:,72"2 = Xli21)es,,n,, 3j(@Nd the

dipole operators areu™" = Xi_1)epnp @i ik 22 = Eljmyes,,n, 4 1
The interaction tensor’s operator can be used as an alternative form of the dipole-dipole
interaction operator as follows:

u}TC‘YTHfllez_{_#;I;YTungNlZ_ZugyTHZBBllez MTYTﬂBlzN12—3u§YTM§12N12 /LTVT.T.MBlZNlZ, .
3 = 3 = 3 \2) Wlth
R R R
Tix T)’y Ty, 1 0 0
the interaction tensor T=[Tyx Ty, Ty, :[0 1 0 l
Ty Ty T,y 10 0 =2

Schrodinger equations of Tyr and BuNi are: H™7T 0 =E @7 and
HB1ZN12@RIN12-pR1ZN1ZP12N12and  the  eigenvalues  of  unperturbed  terms
(HOOP=EP P withd = &Y dF12N12) areE” = E{ + EE,.

Therefore, the first-order energy can be indicated as in equation 10:

E(gl): (CD(()O)|H(1)|CDE)O)) — (q)OTyrq)gNB—B12N12|H(1)|q)€yrq)gNB—B12N1z> 3)
Including the multipole expansion of H®, from which integration can be separated over
the coordinates (x;,y;,z;) and (x;, y;, z;) of the particles i € Tyr and j € BNB-B12N12, while
the permanent multipole moments are< u’™>" >= (O |uT"|d* Vand< pB1NIZ >=
(PB12N12| B12N12| pBI2N12) The second-order energy is:
By = Thwo oty — @
0 k

Where the index k that labels the excited states of the system is a composite index: k = (k1, K2),
the summation over k# 0 can be split into three sums, with ki#0 and K>=0 for Tyr excited
molecule, ko#0 and k1=0 for B12N12 excited molecule, and ki, ko0 for both excited molecules.
The Tyr can be exited to higher energy levels with the B12N12 ring surrounding it, which can
form the basis for more detailed studies of other non-bonded interacting systems. The
electrostatic interactions of the Tyr with four loops of the B12Ni2 ring within the vertical
transition, the three loops have been frozen, and the electrostatic interaction of Tyr with the
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one remaining active loop has been taken into account. Based on previous studies [27-82],
dipole expansions are used to study electromagnetic fields of charge and current distributions.
It is only for the clustered system with large density fluctuation that such a fast method has
superior efficiency.

2.2. Computational details.
2.2.1.abinitio calculation

The EPR-II basis sets are used for B to, and EPR-111 is improved to describe the nuclear
region for B to F. The active space for the CASSCF method was employed and, 11 active
electrons and 12 active orbitals were considred for B,N© and 10 and 12 electrons for B,N™and
B2N©), respectively. The BNB has been optimized by CASSCF (11, 12)/cc-pvgz and CASSCF
(11, 12)/AUG-cc-pvaz (for radical) and CASSCF (10, 12)/cc-pvqz for cation. Polarizabilities
and hyperpolarizabilities have been computed by CISD and QCISD, and CASSCF methods
and double numerical differentiation of energies have been used by pol=En only keyword in
some cases.

2.2.2 MD simulations and docking.

We accomplished three categories of MD simulations: (1) blank system, (2) Isolated
BnNn ring, and (C) tRNA nucleosides in B12N12-BNB-tRNA. While the simulation setups
are not equal for the three categories, the methodology and run parameters were the same. The
simulation box dimension was 5.0x 10.0 x 15.0 nm3 for all simulations. For the Isolated BnNn
ring simulations (B and N), Visual Molecular Dynamics (VMD 1.9.2 version) software was
used to generate a ring BnNn model with B-N bond length of 1.4 Angstrom and ring
dimensions of r= 5.0 nm. A simulation box of the above-mentioned dimensions was created
with a radius with a BNB at the center. The nucleoside is placed at the center of the ring before
the addition of water molecules. We used force-field parameters from amber employing Chen-
Garcia corrections for nucleoside-BNB-B12N12 interactions. The LJ parameters have been
evaluated carefully and were parameterized against contact angles of water on the BN center.

BIOVIA_ 2020 software has been used for docking, and the grids between 20-25 A were
done over the co-crystallized aging and Parkinson mutation genome. Re-docking of the
molecules was done to consider docking protocols. The docked shapes were evaluated based
on crystal structures of related proteins for calculating the root mean square deviation. The re-
docking of macromolecules poses with 1.20A RMSD. Lower RMSD indicates the
methodologies are adequate and could be used to search for any further inhibitors. Docking
was done in 3 different modes, virtual screening followed by standard-precision (SP) and extra-
precision (XP) docking using the Glide program. In this research, the IGEMDOCK has been
used, and the acceptable receptor can be defined for the binding site in whole protein structures.
IGEMDOCK can help quickly define the suitable binding site based on energy Gibbs amounts
and docking simulation steps as follows: (1), Prepare Binding Site on the Protein-Ligand. (2)
Browsing and selecting the protein file. (3) Defining the binding site type as a bounded ligand.
(4) Defining the center of the binding site by selected ligand. (5) Setting the size of the binding
site through the extended radius from the selected ligand. IGEMDOCK vyields analysis
information that can be visualized as the docked states and items via protein-ligand
interactions. Consequently, the prediction and scores of ligands can be saved in the output
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routs. The optimum energy poses of each system will be outputted into the location of “best:
Pose”. Via looking at the bounded structures of several ligands, they can be selected by the
check box of the ligand. If the co-crystallized ligands are retained on the binding site structures,
it will be predicted poses. Cluster analysis is the partitioning of a data set into subsets. These
are based on interaction and atomic combination aspects. Interaction aspects are extracted from
the macromolecule couples, and atomic structures are calculated via atomic types.

2.3. tRNA processing and modification.

The complete data were obtained with the phosphate alkylating reagent
ethylnitrosourea [83-92]. The conformational changes are not sequence-specific; for example,
the acceptor stem ends of E. coli tRNA and yeast tRNA-ASP are identical, but their complex
state is quite different [93-100]. The first step toward that generalization within class I
synthetizes was made with the modeling of the complex between MetRS and its cognate tRNA
[101-105]. Usually, they can only be charged by their cognate mitochondrial synthetases[106-
108]. The crystal structure of four different tRNAs (yeast tRNA’, tRNAASP, tRNAet, and E.
coli tRNAt) are known to have the atomic resolution. Yeast tRNAHe and tRNAASP were
analyzed in two crystal forms [106-110].

3. Results and Discussion

Produce of hydrogen bonds to amino protons in nucleic acids is accompanied by
downfield shifts in the NMR signals of the protons and nitrogen in the amino units. Interactions
that shift the protons and nitrogen to the lower field can be modeled with appropriately
substituted nucleosides in chloroform. Model studies of hydrogen bond donors and acceptors
have been very helpful for assigning IH15N resonances of related interactions in nucleic acids.
Proton chemical shifts for monomeric U and s4U and UA and s4UA base pairs are well

characterized in nucleoside models (Figure 4 ).
1BCN|\{LR

a—tid_o, [Tyr—tRNA I

2373
08
1277, 1277
1286 1286
1759

do b ko T ido T ko 80 80 ) 20
PPM

“CNMR I |Phe-tRNA

Figure 4. NMR position of aminoacids-tRNA.

In this region, native tRNAThr contains three modified nucleosides, 3-methylcytidine
(m3C32), inosine (134), and N-((9-3-D-ribofuranosylpurine-6-yl)carbamoyl)threonine
(t6A37) . The first position of the anticodon seems unlikely to be involved in the base-specific
recognition by ThrRS since tRNAThr isoacceptors belonging to a four-codon box have at least
two kinds of bases at this position (figure 5). Several factors were considered in using the
biochemical data to conclude the mechanisms by which SerRS recognizes these base pairs.
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Based on previous tRNASer footprinting and X-ray crystallographic studies of the tRNASer-
SerRS complex, it was clear that SerRS primarily binds from the variable loop side of the
tRNA. This orients SerRS toward the major rather than the minor groove of the acceptor stem
helix. Although each base pair presents a distinctive array of major groove hydrogen bond
donors, acceptors, and hydrophobic groups, their accessibility to amino acid side chains is
predicted to be greater at positions 1-72 and 2-71 than at positions 4-69 and 5-68 due to
differences in the proximity of each base pair to the helix.

i

Pro-tRNA

cocmomm?
Ny
0C0O000000>

c
|
G

Q0—0

A
|

U
C

Figure 5. The yeast Pro-tRNAPrO and Thr-tRNA transcript for the aminoacylation specificity conversion.

Site-directed mutagen has been the main tool for protein engineering, and it permits
various amino acids in proteins to be substituted by any of the other 20 natural amino acids.
But the chemical invariance of the 20 natural amino acids limits our ability to manipulate the
structure and function of proteins. In the recent decade, attempts have been made to expand the
set of amino acids as building blocks for biomacromolecules. One important approach is using
chemically misacylated tRNA as the non-natural amino acid supplier and nonsense codon or
stopping codon as the sense codon for this non-coded amino acid to site-specifically insert this
amino acid to the programmed site of proteins. Approximately, the non-natural amino acid of
interest is chemically linked to the suppressor tRNA, consisting of an anticodon corresponding
to the UAG codon. This chemically charged tRNA is added to a cell system, the suppressor
tRNA decodes the related codon, and the non-natural amino acid is inserted in the intended site
of the protein. One of the major points of this method is choosing the appropriate suppressor
tRNA,; the charged suppressor tRNA should not be acylated or deacylated by any of the
aminoacyl-tRNA Synthetizes presented in the translation system. By co-injection of charged
suppressor tRNA and amber-encoded mRNA into Xenopus oocytes, they introduced non-
natural amino acids into the a-subunit of the nicotinic acetylcholine receptor. Moreover, four
codon suppression, use of an unassigned codon, and non-natural base paring have been
exploited in this chemically misacylated tRNA method to incorporate non-natural amino acids
to improve translation efficiency and achieve the possibility of introducing multiple non-
protein. In addition, the early success of site-specific incorporation of novel amino acids in
vivo in E. coli can expression system. One of the most critical requirements for this method to
work is orthogonality; to prevent the misincorporation of natural amino acids into the amber
site and misincorporation of the 21st amino acid into sites other than the intended amber site,
the introduced aaRS can only recognize the non-natural amino acid and catalyze the attachment
of this amino acid exclusively.
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4. Conclusions

tRNA-recognition by the BNB-BnNn ring detector exhibits two distinct features. The
electromagnetic non-bonded interactions of BNB molecule inside the BnNn (such as B12Nia,
B1sN1s, and B1gN1sg) ring as a detector for tRNA-Amino acid conjugation has been investigated
by QM/MM & Monte Carlo methods. In this study, we have shown that the BNB-BnN; systems
can work as a nano rotor-stator for detecting tRNA during the tRNA-Amino-acid conjugation.
The complexes between tRNA and aminoacyl-tRNA synthetases can be defined in two systems
1- glutaminyl system for class | and a 2-aspartic system for class Il. In the first one, the
synthetase approaches the tRNA from the minor groove side, while the second one approaches
the acceptor end stem from the major groove side. Two structural solutions, one for each class
of synthesizes, can then be predicted. This general model of interaction does not exclude the
specificity of recognition. These interactions involve different protein modules attached to the
NH2- or COOH-terminal ends of the active site domain or inserted at constant positions of the
ATP binding folds.
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