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ABSTRACT
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The concept of molecular sonification comprises total steps of methods that convert the physical data derived from chemical systems into
acousmatic music. NMR data of the **C are especially well suited data sources for Insulin sonification. Even though their resonant
frequencies are typically in the MHz region, the resonant frequencies span around kHz. The human insulin is consisting of 51 amino
acids which can be divided into 7 series of amino acids for seven octaves of notes. During NMR calculation with ab-initio methods,
these signals are routinely mixed down into the audible frequencies ranges, rendering the need for any additional frequencies
transpositions unnecessary. By this work, insulin protein sequences into musical notes to reveal auditory algorithms have been
converted. Calculation and optimization of 20 amino acids have been done and the total frequencies of each amino acid have been
converted to 20 music notes and distinguishing those using variations of chemical shifts including pitch, time duration length of notes

and even rhythm have been accomplished.
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1. INTRODUCTION

Converting molecular properties to sound is important for
science information, therefore in the Sonification, sounds are
produced from chemical properties in the bio molecular systems
with the goal of facilitating data interpretation [1,2]. Sonification
methods were used to DNA generating, to amino acids sequences,
and to protein folding [3]. In all subjects, the mechanism of
conversion has been done based on molecular properties through a
suitable algorithm related to invisible phenomena with a visual
inspection. Although the biological subjects have been started
several billion years ago when life appeared on earth [4], it is
possible to encode them into a sequence of chords and melodies.
Obviously, the conversion from genomics to music would open a
window to investigate genotype and phenotype. An auditory
offering could also explain of more details concerning the
concepts of DNA sequences and protein sequences via the use of
auditory characteristics such as rhythm, melody, tempo, and
chords. Several works have accomplished to convert DNA
sequences directly to music [5, 6]. This method drag limited
numbers of A; notes and B; melodies based on A; four bases:
guanine (G), thymine (T), adenine (A) and cytosine (C) and B;
DNA sequence organization, respectively [6]. In addition, the
outputs build several series of notes that have differentiable from
musical depth as a composition. Therefore accurate strategy has
been done in which the convert DNA sequences to notes and
melody have used mathematically based on the physical properties
of codons for setting several equations for translating DNA
sequences to musical notes [6,7]. Several works have conversed
with pure amino acids sequences [8] as instance, Dunn and Clark
applied an algorithm to the folding patterns and also translates
amino acids sequences into musical themes [9]. They also tested
9 notes, but without characterize among amino acids having the
same note value. The aim of this work is to find a mode of

converting **C-NMR data of amino acids sequences to piano notes
that sound reasonable to a musician’s ear. And also to present a
model for overcoming the jump between consecutive notes as a
consequence of the 20 musical notes related to 20 amino acids
range with NMR data. The broad scope of the musical notes in
many melodies has a problem, such as large range, stochastic
jumps and unknown frequencies to make them difficult musically.
A second matter is a question of how to incorporate rhythm into
the sequence of notes. Based on NMR data, various innovations
can be presented in coding assignments that generate a decreased
musical note ranges and consequently introduce rhythm into the
Notes. Our investigated is centralized to the **C-NMR data of the
insulin amino acid sequences. [scheme 1].
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Scheme 1. Amino acids sequence of the human insulin.

1.1. Convert NMR spectroscopy to music.

Molecular specification can be turned through sonification of
atomic resonant processes directly into sound, including Infra-red
spectroscopy "IR" or nuclear magnetic resonance "NMR". Via IR
spectroscopy, it can be measured the vibrational behavior of
molecules and it has been applied for its use as a sound source for
spectroscopy’s sonification in theoretical musical backgrounds
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[10-12]. One general trait of all these sonification methods is that
artistic selection has to be made during the sonification
Mechanism including musical’s notes, pitches, melodies, Rythms
and Chords to be designed for different chemicals images. In this
work, *C-NMR spectroscopy is applied as a novel source for
protein specification towards sonification. In contrast to IR, *C-
NMR spectroscopy experiments the frequencies of the nuclear
signals which can be converted straightly into the audible
described the sonification strategies which used NMR data in
acoustic music composition [13].

1.2. Insulin specifics.

Insulin is a polypeptide hormone secreted by beta cells of
the Pancreas which is one of the major anabolic hormones (Fig.1)
Insulin hormones regulate the metabolism of fats, carbohydrate
and proteins via increasing the suction of those compounds,
especially glucose from the blood into liver and muscle’s cell. In
the mentioned tissues the glucose is converted into glycogen,
triglyceride or both in the liver, respectively. Circulating insulin
also control the synthesis of proteins in several tissues. High
insulin amount as an anabolic hormone causes to convert the small
molecules in the blood into large molecules inside the cells and
low amount level in the blood has an opposite effect towards
catabolism. Simultaneous by increasing glucose in blood the beta
cells secrete insulin into blood and as soon as glucose level
decreases, secretion of insulin is inhibited. In contrast, alpha cell
has activities based on beta cells, increasing secretion when blood
glucose is low and decreasing secretion when blood glucose is
high [14, 15]. Glucagon via stimulating the liver to produce
glucose by gluconeogenesis has the opposite direction of
insulin. The secretion of glucagon and insulin in response to the
blood glucose condensation is the primitive mechanism of glucose
homeostasis [14].

Insulin

Figure 1. Optimized structure of insulin.
If beta cell is annihilated by an auto-immune reaction, insulin can
no longer be secreted into the blood which is called type 1
diabetes mellitus and specified by un-normal high blood glucose
condensation. Intype 2 the demolition of beta cell is less than in
type 1 diabetes, and is due to an accumulation of amyloid in the
pancreas, which probably interrupts its physiology. Although the
pathogenesis of this kind of diabetes is not well known, it has been
shown a decreased population of islet beta-cells due to the
condensation of glucose in the blood [15]. As a result, the insulin
concentrations, even when the blood sugar level is normal, are

much higher than they are in healthy persons. The human insulin
is consist of 51 amino acids, and has a molecular mass of 5808 Da.
It is a dimer of two chains A and B (Scheme.1), which is attached
together via disulfide bonds. Insulin's molecules differ somewhat
among kinds of animals. Insulin from animal sources differs
somewhat in mechanism from human insulin due to this
difference. Porcine insulin is particularly close to the human type,
and was vastly applied for treating type 1 diabetics before human
insulin could be produced through recombinant DNA methods
[14, 15].

1.3. Characteristics of sonified NMR.

Nuclear magnetic resonance is mostly applied in structure
illumination and confirmation which are strongly sensitive to
conformational changes in molecules. The human insulin is
combined of 51 amino acids which can be divided into 7 series of
amino acids for seven octaves of musical notes, including; Gly-lle
-Val-Glu-GIn-Cys —Cys-Thr as group (1), Thr-Ser-lle-Cys-Ser-
Leu-Tyr-Gln as group (2) , GIn-Leu-Glu-Asn-Tyr-Cys-Asn-Phe as
group (3), Phe- Val-Asn-GIn - His-Leu-Cys-Gly as group (4), Gly-
Ser-His-Leu - Val-Glu-Ala-Leu as group (5), Leu-Tyr-Leu-Val-
Cys-Gly-Glu-Arg as group (6) and Arg-Gly-Phe-Phe-Tyr -Thr-
Pro-Lys, as group (7) which are shown in Figs 2-8. It is difficult to
explain the details of NMR and accurate mechanisms to analyses
data without introducing a wide concept of scientific subjects.
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Figure 2. Chemical shifts value of 8 amino acids in first octave.

In a simple concept, through a given parameter with a magnetic
nucleus, each atom has a resonance that is split to several of
resonances with somewhat differences in amount of frequencies if
there are other magnetic nuclei nearby. The resonances are
estimated through locating a sample in the powerful magnetic
fields, then using a pulse of radio frequencies and recording the
nuclear spins like a ringing. Basically, the molecules can be
compared with tiny bells that are made audible by being hit with a
radio frequency hammer. The signal is free induction decay (FID)
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which might be changed via Fourier transformation towards NMR
spectrum, which is known as chemical shift with part per million
or ppm unit. The conversion of NMR or FID spectrum to sound is
NMR sonification which has been applied for insulin protein by

this paper.
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Figure 3. Chemical shifts value of 8 amino acids in second octave.

NMR spectroscopy is able for detecting any atoms and their
isotopes with an odd number of protons or neutrons particles, *C
is the most isotopes particularly suitable for sonification. This
nucleus is the most commonly used in organic chemistry and
database sites hosts spectra for more than 50,000 various
chemicals found in the human body. Figures 2 -8 exhibit 13C
NMR spectrum which converts the values to chemical shift units
of ppm (deviation from a reference in parts per million) with
Hertz. Here we will suppose which the reference frequencies are

set to zero ppm.
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Figure 4. Chemical shifts value of 8 amino acids in third octave.
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Figure 5. Chemical shifts value of 8 amino acids in forth octave.

Based on those atoms which are available in each mentioned of
seven groups, frequencies clusters will occupy distinct
frequencies. The number of signals in each spectrum relates to the
complexities and structures of the molecules from one signal up
even to 1000 or more peaks.
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Figure 6. Chemical shifts value of 8 amino acids in fifth octave.
The peaks can be extended over a vast frequencies region or
concentrated in narrow regions as seen in Figures 1-7.
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13C NMR exhibit a deviation of 1 ppm with frequency shift of 125
Hz and the frequencies ranges of **C NMR peaks can appear
between 0 — 30000 Hz which the most peaks generally locate
above 12500 Hz. In contrast to proton NMR spectra, **C NMR
peak cannot be split and appears as a single frequency. For
converting NMR spectrum to related sounds there are several
ways based on mathematics of “Fourier transformation” and
analyzing data through additive synthesis. The FID data in NMR
calculation can be sonified straightly, through direct recording
with related software in programs such as Matlab or Mathematica,
from the output of the spectrum. Obviously the sonification of will
leads to the most authentic molecular sounds which made from
FID data, and occasionally are included of some useless of
additional frequencies, arising from weak samples. FIDs Sounds
consist of stochastic noises than sounds artificially created via
additive synthesis. Therefore FIDs generated in a standard °C

NMR calculated sometimes decline within a short time.
|} T 1
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Figure 7. Chemical shifts value of 8 amino acids in sixth octave.

2. MATERIALS AND METHODS

Expriments methods of NMR &music sonification.

The start codon on mRNA inside ribosome is AUG, so natural all
protein might contain methionine as starting amino acid, which
means methionine acts as same as Sol’s key in musical notes. In
addition the last amino acid in insulin is “Ala” which applied for
ending of notes. Based on frequency calculations via DFT and ab-
initio methods, the conversion of optimized energy of each amino
acid to musical notes are listed in Table.1

In abinitio calculation, the energies are related to specific methods
and basis sets which are used in a model. In other words results
during optimization of amino acids with any kind of methods or
basis set are not equal. Consequently, the conversion of
frequencies music notes for each amino acids might be different to
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Figure 8. Chemical shifts value of 8 amino acids in seventh octave.

A few experimental procedures exist that generate continuous
signals or rapidly repeating FIDs. Via mathematical program it is
possible to select particular frequencies from the sonified data and
change the theme for each frequencies peak individually.
Therefore, this action leads to more compatibility in the sounds
creation processing and provides the construction of short bell-
type sounds like murmur sounds. Using molecular sonification for
providing a collection of applicable sounds, their utilization has to
lie somewhere between two items first, it is possible to do the
sounds unchanged and second it is possible to completely change
the sonic characteristics of the starting material and convert to a
new condition. Molecular sonification, as a sound creation method
based on scientific approaches, might be useful tools for musical
ideas that are describable via chemical mechanisms, such as
Parkinson or Alzheimer’s disease. It can be argued that using
calculating NMRs data as a source for sonification is more
suitable than any indirect sonification method [16-18].

data in table 1. Pitch, is one of the important components of
musical notes which pivotal section of acoustics is related to it. In
abinitio chemical calculation each methods including density
functional theory, Moller -Plesset, Hartree- fock and semi
empirical are related to a type of pitches. Treble clef symbol
indicates that the second line from the bottom (the line that the
symbol curls around) is "G". On any staff, the notes are always
arranged so that the next letter is always on the next higher line or
space. The last note letter, G, is always followed by another A.

In standard notation, a single musical sound is written as a note.
The two most important things a written piece of music needs to
tell you about a note are its pitch - how high or low it is - and its
duration (time) - how long it lasts. To find out the pitch of a
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written note, you look at the clef and the key signature, and then
see what line or space the note is on. In NMR map the distances
between chemical shift picks indicate the time scale between notes
(Figs.10 & 11). A dot that is someplace other than next to the head
of the note does not affect the rhythm. Other dots are articulation
marks. They may affect the actual length of the note (the amount
of time it sounds), but do not affect the amount of time it must be
given.

Table 1. Frequency conversion of optimized amino acids via abinitio
method ( B3Lyp/6-311G* ) to acoustic music notes.

Music Note | Amino Acids Music Note  Amino Acids
C Trp F
D Met G
E Pro A
F His B
G Tyr C
A Leu D
B Val E
C Cys F
D Gly G
E Thr A
Table of Clef notes
of amino acids C=Ti
Treble Clef Symbol { e BT
., G=Gb —F
G - :Th:f{"
V.4 B=Val GO
[ [ e
N p-PoEE
!) -c=Tp
Figure 9. Treble Clef Symbol of amino acids.
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Figure 10. Time scales symbols for duration length of acoustic music
notes.

Therefore for seven NMR groups the notes and time scales can be
calculated (Fig.10). Time scale and note Lengths of group (1)

based on distances between chemical shifts, each 10 ppm is one
unite, as for instance among 200 to 170 there are 3 units so are
equal to one half not plus to one quarter note. The simplest-
looking note, with no stems or flags, is a whole note. All other
note lengths are defined by how long they last compared to a
whole note. A note that lasts half as long as a whole note is a half
note. A note that lasts a quarter as long as a whole note is a quarter
notes. The pattern continues with eighth notes, sixteenth notes,
thirty-second notes, sixty-fourth notes, and so on, each type of
note is half the length of the previous type. Note lengths work just
like fractions in arithmetic: two half notes or four quarter notes
last the same amount of time as one whole note. Flags are often
replaced by beams that connect the notes into easy-to-read groups.
A question is; how long does each of these notes actually last, that
depends on a couple of things. A written note lasts for a certain
amount of time measured in beats.

Ile|

C‘»s Cys|

Glu=G

G‘ly D ‘ ‘vapn

H
200 " 280 1o 1do | 1do 8 | 40 '
Y ] JJ LA

Figure 11. Time scale and note Lengths of group (1) based on distances.
Between chemical shifts, each 10 ppm is one unite, as instance
among 200 to 170 there are 3 units so is equal to one half not plus
to one quarter note
2.1. Computational details.
Each part of the Insulin has been optimized using abinito with
DFT calculations individually (Figs.1-8). The whole of insulin has
been calculated with QM/MM methods and the systems have been
simulated through semi empirical methods. The final molecular
structures were computed using SCF calculations in order to find
the optimal starting geometries, as well as the different energies
for those vibrational spectrums. The DFT with the van der Waals
density functional theory was investigated to a model of exchange-
correlation calculation. All optimization of seven groups were
performed by GAMESS-US package. The accurate calculations
performed using m062x, m06-L, and m06 for normal mode
analyzing. The m062x, m06-L and m06-HF methods are suitable
for non-bonded calculations for non-covalent interactions between
each part of seven groups. The ONIOM methods including 3
levels of high (H), medium (M) and low (L) calculations have
been done. DFT methods were used for the high (H) layer and the
semi empirical method of pm6 and Pm3MM was used for the
medium and low layers, respectively. In this work, differences of
force fields are debated through comparing density and energies
with OPLS and AMBER force fields. In addition, a Hyper-Chem
professional release 7.01 program has been applied for some
additional keywords such as PM3MM, PM6 (pseudo=lanl2). All
calculation and estimation both modeling and simulation have
been done based on my previous works [19-46].
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3. RESULTS
Here is reported a self-consistent field calculation through
abinitio and DFT method and also sonification approaches [47-64]
for translating amino acids sequences into audible music sounds
and applying it to generate protein of insulin designing using

artificial intelligence (Figs 11, 12).
Ser=E

Leu=A GIn=F

220 200 180 160 1do

I UIIR i T

Figure 12.Time scale and note Lengths of group (2) based on distances.
Between chemical shifts, each 10 ppm is one unite, as for instance
among 200 to 170 there are 3 units so is equal to one half not plus
to one quarter note.

The sonification methods supposed here uses the optimized 20
vibrations of the amino acids to compute an audible representation
of each natural amino acid. The NMR chemical shifts are

Cys=C Ser=E

Thr=E Ile=C Tyr=G

4, CONCLUSIONS

The structure of the human insulin being analyzed related
to the features present in its NMR spectra. In addition, it is
possible to choose proteins based on their structural features in
order to create acoustic music notes. Based on this work, using the
sonification methodology presented in this paper, it was possible
to create an acoustic music composition based exclusively on

5. REFERENCES

1. Yu, C.H.; Qin, Z.; Martin-Martinez, F.J.; Buehler ,M.J. A
Self-Consistent Sonification Method to Translate Amino Acid
Sequences into Musical Compositions and Application in
Protein Design Using Artificial Intelligence. ACS Nano , 2019,
13, 7471-7482, https://doi.org/10.1021/acsnano.9b02180.

2. Monajjemi, M.; Molecular vibration of dopamine
neurotransmitter: a relation between its normal modes
and harmonic notes. Biointerface Research in Applied Chemistry
2019, 9(3), 3956-3962,
https://doi.org/10.33263/BRIAC93.956962.

3. Bywater, R.P.; Middleton, J.N. Melody discrimination and
protein  fold classification. Heliyon 2016, 2, 175,
https://doi.org/10.1016/j.heliyon.2016.00175.

4. Bell, E.A.; Boehnike, P.; Mark, H.T. Potentially biogenic
carbon preserved in a 4.1 billion-year-old zircon. Proc. Natl.
Acad. Sci. 2015, 112, 14518-14521,
https://doi.org/10.1073/pnas.1517557112.

5. Ohno, S.; Ohno, M. The all-pervasive principle of repetitious
recurrence governs not only coding sequence construction but
also human endeavor in musical composition. Immunogenetics
1986, 24, 71-78, https://doi.org/10.1007/BF00373112.

6. Gena, P.; Strom, C. Musical synthesis of DNA sequences. In:
X1 Colloguio di Informatica Musicale: November, Bologna:
Universita di Bologna, 1995, pp. 203-204.

transposed to the audible spectrum following the musical concept
(Figs 11 &12). *C NMR chemical shifts have been calculated for
seven groups of amino acid’s sequences based on insulin structure
[figs 2-8]. Generally, *C NMR peaks might be occupied higher
frequencies than *H NMR. Via *C NMR a combination of sounds
created using chemical shifts data that might be occupied the
whole audible spectrum. The acousmatic piece of spins has been
created, exploring the aesthetic possibilities of NMR derived
sounds. The use of sounds made by sonification of NMR data in
musical compositions and sound art is almost unexplored. This
trans-position approach enables us to correspond the relative
values of the vibrational frequencies within each amino acid
towards musical notes. The specific frequencies spectrum and
sounds associated by each of the amino acids exhibit a type of
musical scale that includes 20 tones. For making playable music,
each tone associated with the amino acids is assigned to a special
key on a musical instrument, which enables us to draw the
sequences of amino acids in insulin or any other proteins into a
musical format.

publicly accessible NMR data. It is certain that NMR sonification
as an acoustic sound creation methodology based on physical and
chemical data has high potential to be a strong tool for any further
controlling the human diseases such as Cancer, Alzheimer,
Parkinson and diabetes in the global environment.

7. Gena, P.; Strom, C. A physiological approach to DNA music.
In: CADE 2001; Glasgow, UK: Glasgow School of UK

8. Jensen, E.; Rusay, R. Musical representations of the
Fibonacci string and proteins using Mathematica. Mathematica J
2001, 8, 55.

9. Dunn, J.; Clak, M.A. Life music: the sonification of proteins.
Leonardo 1999, 32, 25-32

10. Delatour, T. Molecular Music, The Acoustic Conversion of
Molecular Vibrational Spectra. Computer Music Journal. 2000,
24, 3, 48-68, https://doi.org/10.1162/014892600559335.

11. Delatour, T. Molecular Songs. Molecular Aesthetics, 2013, 1,
293-311.

12. Alexjander, S.; Deamer, D. The Infrared Frequency of DNA
bases: Science and Art. IEEE Engineering in Medicine and
Biology Magazine 1999, 18, 2, 74-79.

13.Truax, B. Sound, Listening and Place: The aesthetic
dilemma. Organised Sound, 2012, 17, 3, 193-201,
https://doi.org/10.1017/S1355771811000380.

14. Sonksen, P.; Sonksen, J. Insulin: understanding its action in
ealth and disease. British Journal of Anaesthesia. 2000, 85, 69—
79, https://doi.org/10.1093/bja/85.1.69.

15. Koeslag, J.H.; Saunders, P.T.; Terblanche, E. A reappraisal
of the blood glucose homeostat which comprehensively explains
the type 2 diabetes mellitus-syndrome X complex. The Journal

Page | 4082


https://doi.org/10.1021/acsnano.9b02180
https://doi.org/10.33263/BRIAC93.956962
https://doi.org/10.1016/j.heliyon.2016.e00175
https://doi.org/10.1073/pnas.1517557112
https://doi.org/10.1007/BF00373112
https://doi.org/10.1162/014892600559335
https://doi.org/10.1017/S1355771811000380
https://doi.org/10.1093/bja/85.1.69
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2342944
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2342944
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2342944

BC-NMR sonification of human insulin: a method for conversion of amino-acid sequences to music notes

of Physiology, 2003, 549, 333-346,
https://doi.org/10.1113/jphysiol.2002.037895.

16. Wishart, D.S.; Jewison, T.; Guo, A.C.; Wilson, M.; Knox, C.
HMDB 3.0-The Human Metabolome Database in 2013. Nucleic
Acids Res. 2013, 1, 41, https://doi.org/10.1093/nar/gks1065.

17. Nilsson, M. The DOSY Toolbox: A new tool for processing
PFG NMR diffusion data. Journal of Magnetic Resonance 2009,
200, 26- 32, https://doi.org/10.1016/j.jmr.2009.07.022.

18. Vandso, A. Listening to the world. Sound Effects 2011, 1, 1,
67-81.

19. Mollaamin, F.; Monajjemi, M. DFT outlook of solvent effect
on function of nano bioorganic drugs. Physics and
Chemistry of Liquids 2012, 50, 596-604,
https://doi.org/10.1080/00319104.2011.646444.

20. Mollaamin, F.; Gharibe, S.; Monajjemi, M. Synthesis of
various nano and micro ZnSe morphologies by using
hydrothermal method. International Journal of Physical
Sciences 2011, 6, 1496-1500.

21. Ardalan, T.; Ardalan, P.; Monajjemi, M. Nano theoretical
study of a C 16 cluster as a novel material for vitamin C carrier.
Fullerenes Nanotubes and Carbon Nanostructures 2014, 22,
687-708, https://doi.org/10.1080/1536383X.2012.717561.

22. Mahdavian, L.; Monajjemi, M.; Mangkorntong, N. Sensor
response to alcohol and chemical mechanism of carbon nanotube
gas sensors. Fullerenes Nanotubes and Carbon Nanostructures
2009, 17, 484-495, https://doi.org/10.1080/15363830903130044.
23. Monajjemi, M.; Najafpour, J. Charge density discrepancy
between NBO and QTAIM in single-wall armchair carbon
nanotubes. Fullerenes Nanotubes and Carbon
Nano structures, 2014, 22, 575-594,
https://doi.org/10.1080/1536383X.2012.702161.

24. Monajjemi, M.; Hosseini, M.S. Non bonded interaction of
B16 N16 nano ring with copper cations in point of crystal fields.
Journal of Computational and Theoretical Nanoscience 2013,
10, 2473- 2477.

25.Monajjemi, M.; Mahdavian, L.; Mollaamin, F.
Characterization of nanocrystalline silicon germanium film and
nanotube in adsorption gas by Monte Carlo and Langevin
dynamic simulation. Bulletin of  the Chemical
Society of Ethiopia, 2008, 22, 277-286,
http://dx.doi.org/10.4314/bcse.v22i2.61299.

26.Lee, V.S.; Nimmanpipug, P.; Mollaamin, F;
Thanasanvorakun, S.; Monajjemi, M. Investigation of single
wall carbon nanotubes electrical properties and normal mode
analysis: Dielectric effects. Russian Journal of Physical
Chemistry A 20009, 83, 2288-2296,
https://doi.org/10.1134/S0036024409130184.

27. Mollaamin, F.; Najafpour, J.; Ghadami, S.; Akrami, M.S;
Monajjemi, M. The electromagnetic feature of B N H (x = 0, 4,
8, 12, 16, and 20) nano rings:Quantum theory of atoms in
moleculess/NMR approach. Journal of Computational and
Theoretical Nanoscience, 2014, 11, 1290-1298.

28. Monajjemi, M.; Mahdavian, L.; Mollaamin, F.; Honarparvar,
B. Thermodynamic investigation of enolketo tautomerism for
alcohol sensors based on carbon nanotubes as chemical sensors.
Fullerenes Nanotubes and Carbon Nanostructures 2010, 18, 45-
55, https://doi.org/10.1080/15363830903291564.

29. Monajjemi, M.; Ghiasi, R.; Seyed Sadjadi, M.A. Metal-
stabilized rare tautomers: N4 metalated cytosine (M = Li, Na,
K, Rb and Cs ), theoretical views. Applied Organometallic
Chemistry, 2003, 17, 635-640, https://doi.org/10.1002/a0c.469.

30. llkhani, A.R.; Monajjemi, M. The pseudo Jahn-Teller effect
of puckering in pentatomic unsaturated rings C AE, A=N, P, As,
E=H, F, Cl. Computational and Theoretical Chemistry 2015,
1074, 19-25,
http://dx.doi.org/10.1016%2Fj.comptc.2015.10.006.

31. Monajjemi, M. Non-covalent attraction of B N and repulsion
of B N in the B N ring: a quantum rotatory due to an external
field. Theoretical Chemistry Accounts 2015, 134, 1-22,
https://doi.org/10.1007/s00214-015-1668-9.

32. Monajjemi, M.; Naderi, F.;Mollaamin, F.; Khaleghian, M.
Drug design outlook by calculation of second virial coefficient
as a nano study. Journal of the Mexican Chemical Society 2012,
56, 207-211, https://doi.org/10.29356/jmcs.v56i2.323.

33. Monajjemi, M.; Bagheri, S.; Moosavi, M.S. Symmetry
breaking of B2N(-,0,+): An aspect of the electric potential and
atomic charges. Molecules 2015, 20, 21636-21657,
https://doi.org/10.3390/molecules201219769.

34.Monajjemi, M.; Mohammadian, N.T. S-NICS: An
aromaticity criterion for nano molecules. Journal of
Computational and Theoretical Nanoscience 2015, 12, 4895-
4914, https://doi.org/10.1166/jctn.2015.4458.

35. Monajjemi, M.; Ketabi, S.; Hashemian Zadeh, M.; Amiri, A.
Simulation of DNA bases in water; Comparison of the Monte
Carlo algorithm with molecular mechanics force fields.
Biochemistry (Moscow) 2006, 71, 1-8,
https://doi.org/10.1134/S0006297906130013.

36. Monajjemi, M.; Lee, V.S.; Khaleghian, M.; Honarparvar, B.;
Mollaamin, F. Theoretical Description of Electromagnetic
Nonbonded Interactions of Radical, Cationic, and Anionic
NH2BHNBHNH2 Inside of the B18N18 Nanoring. J. Phys.
Chem C 2010, 114, 15315, http://dx.doi.org/10.1021/jp104274z.
37.Monajjemi, M.; Boggs, J.E. A New Generation of BnNn
Rings as a Supplement to Boron Nitride Tubes and Cages.
J. Phys. Chem. A 2013, 117, 1670-1684,
http://dx.doi.org/10.1021/jp312073q.

38. Monajjemi, M. Non bonded interaction between BnNn
(stator) and BN B (rotor) systems: A quantum rotation in IR
region. Chemical Physics 2013, 425, 29-45,
https://doi.org/10.1016/j.chemphys.2013.07.014.

39. Monajjemi, M.; Robert, W.J.; Boggs, J.E. NMR contour
maps as a new parameter of carboxyl’s OH groups in amino
acids recognition: A reason of tRNA—-amino acid conjugation.
Chemical Physics 2014, 433, 1-11,
https://doi.org/10.1016/j.chemphys.2014.01.017.

40. Monajjemi, M. Quantum investigation of non-bonded
interaction between the B15N15 ring and BH2NBH2 (radical,
cation, and anion) systems: a nano molecularmotor. Struct Chem
2012, 23, 551-580, http://dx.doi.org/10.1007/s11224-011-9895-
8.

41. Monajjemi, M. Metal-doped graphene layers composed with
boron nitride—graphene as an insulator: a nano-capacitor.
Journal of Molecular Modeling 2014, 20, 2507,
https://doi.org/10.1007/s00894-014-2507-y.

42. Monajjemi M. Graphene/(h-BN)n/X-doped raphene as anode
material in lithium ion batteries (X = Li, Be, B AND N).
Macedonian Journal of Chemistry and Chemical Engineering
2017, 36, 101-118, http://dx.doi.org/10.20450/mjcce.2017.1134.
43. Monajjemi, M. Cell membrane causes the lipid bilayers to
behave as variable capacitors: A resonance with self-induction
of helical proteins. Biophysical Chemistry 2015, 207, 114-127,
https://doi.org/10.1016/j.bpc.2015.10.003.

Page | 4083


https://doi.org/10.1113/jphysiol.2002.037895
https://doi.org/10.1093/nar/gks1065
https://doi.org/10.1016/j.jmr.2009.07.022
https://doi.org/10.1080/00319104.2011.646444
https://doi.org/10.1080/1536383X.2012.717561
https://doi.org/10.1080/15363830903130044
https://doi.org/10.1080/1536383X.2012.702161
http://dx.doi.org/10.4314/bcse.v22i2.61299
https://doi.org/10.1134/S0036024409130184
https://doi.org/10.1080/15363830903291564
https://doi.org/10.1002/aoc.469
http://dx.doi.org/10.1016%2Fj.comptc.2015.10.006
https://doi.org/10.1007/s00214-015-1668-9
https://doi.org/10.29356/jmcs.v56i2.323
https://doi.org/10.3390/molecules201219769
https://doi.org/10.1166/jctn.2015.4458
https://doi.org/10.1134/S0006297906130013
http://dx.doi.org/10.1021/jp104274z
http://dx.doi.org/10.1021/jp312073q
https://doi.org/10.1016/j.chemphys.2013.07.014
https://doi.org/10.1016/j.chemphys.2014.01.017
http://dx.doi.org/10.1007/s11224-011-9895-8
http://dx.doi.org/10.1007/s11224-011-9895-8
https://doi.org/10.1007/s00894-014-2507-y
http://dx.doi.org/10.20450/mjcce.2017.1134
https://doi.org/10.1016/j.bpc.2015.10.003

Majid Monajjemi

44, Monajjemi, M. Study of CD5+ lons and Deuterated Variants
(CHxD(5-x)+): An Artefactual Rotation. Russian Journal of
Physical Chemistry A 2018, 92, 2215-2226.

45. Monajjemi, M. Liquid-phase exfoliation (LPE) of graphite
towards graphene: An ab initio study. Journal of Molecular
Liquids, 2017, 230, 461-472,
https://doi.org/10.1016/j.mollig.2017.01.044.

46. Jalilian, H.; Monajjemi, M. Capacitor simulation including
of X-doped graphene (X = Li, Be, B) as two electrodes and (h-
BN)m (m = 1-4) as the insulator. Japanese Journal
of Applied Physics 2015, 54, 85101-7,
http://dx.doi.org/10.7567/JJAP.54.085101.

47.Rungta, A.; Schissler, C.; Rewkowski, N.; Mehra, R.;
Manocha, D. Diffraction Kernels for Interactive Sound
Propagation in Dynamic Environments. IEEE Trans. Vis.
Comput. Graph 2018, 24, 1613-1622,
https://doi.org/10.1109/TVCG.2018.2794098.

48.Yu, T.; Behm, H.; Bill, R.;; Kang, J. Validity of VR
Technology on the Smartphone for the Study of Wind Park
Soundscapes. ISPRS Int. J. Geo-Inf. 2018, 7, 152,
https://doi.org/10.3390/ijgi7040152.

49. Mysore, A.; Velten, A.; Eliceiri, K.W. Sonifcation of
Arabidopsis Mitochondria and Cell Membrane. Figshare. 2016.
50. Paterson, E.; Sanderson, P.M.; Paterson, N.A.B.; Liu, D.;
Loeb, R.G. The effectiveness of pulse oximetry sonification
enhanced with tremolo and brightness for distinguishing
clinically important oxygen saturation ranges: a laboratory
study. Anaesthesia 2016, https://doi.org/10.1111/anae.13424.
51.Connor, M.O.; Deeks, H.M.; Dawn, E.; Metatla, O;
Roudaut, A.; Sutton, M.; Thomas, L.M.; Glowacki, B.R.; Sage,
R.; Tew, P.; Wonnacott, M.; Bates, P.; Mulholland, A.J.;
Glowacki, D.R. Sampling molecular conformations and
dynamics in a multi-user virtual reality framework. ArXiv e-
prints 2018, 4, 1801.02884,
https://doi.org/10.1126/sciadv.aat2731.

52.Rau, B.; Frieb, F.; Krone, M.; Muller, C.; Ertl, T. Enhancing
visualization of molecular simulations using sonification. In ler
workshop international Virtual and Augmented Reality for
Molecular ~ Science  (VARMS@IEEEVR) 2015, 25-30,
https://doi.org/10.1109/VARMS.2015.7151725.

53. Commére, L.; Florian, G.; Cété, F.; Rouat, J. Sonification of
3D point clouds for substitution of vision by audition for blind
users. In 24eéme conference international Auditory Display
(ICAD 2018), Michigan Technological University, USA, 2018.
54. Larsen, P.E. More of an Art than a Science: Using Microbial
DNA Sequences to Compose Music. J  Microbiol

6. ACKNOWLEDGEMENTS

Biol Educ. 2016, 17,
https://dx.doi.org/10.1128%2Fjmbe.v17i1.1028.
55. Bywater, R.P.; Middleton, J.N. Melody discrimination and
protein  fold classification. Heliyon. 2016, 2, 175,
https://dx.doi.org/10.1016%2Fj.heliyon.2016.e00175.

56. Valery, B.; Scannella, S.; Peysakhovich, V.; Barone, P.;
Causse, M. Can an aircraft be piloted via sonification with an
acceptable attentional cost? A comparison of blind and sighted
pilots.  Applied  Ergonomics 2017, 62, 227-236,
https://doi.org/10.1016/j.apergo.2017.03.001.

57. Dyer, J.; Stapleton, P.; Rodger, M. Sonification movement
for motor skill learning in a novel bimanual task: Aesthetics &
Retention Strategies. School of Psychology & Sonic Arts
Research Centre, Queens University Belfast, The 22nd
International Conference on Auditory Display, ICAD 2016;
Canberra, Australia, https://doi.org/10.21785/icad2016.027.

58. Kather, J.K.; Hermann, T.; Bukschat, Y.; Kramer T.; Schad,
L Zaillner, F.G. Polyphonic sonification of
electrocardiography signals for diagnosis of cardiac pathologies.
Scientific Reports 2017, 7, 44549,
https://doi.org/10.1038/srep44549.

59. Kadkhodaie, A.; Rezaee, R. Have you ever head the sound of
well logs or reservoir data. Journal of Petroleum Science and
Engineering 2017, 156, 340-347,
https://doi.org/10.1016/j.petrol.2017.06.014.

60. Supper, A. Lobbying for the ear, listening with the whole
body: the (anti-)visual culture of  sonification.
Sound Studies 2016, 2, 69-80,
https://doi.org/10.1080/20551940.2016.1214446.

61. Vickers, P.; Holdrich, R. Direct Segmented Sonification of
the data domain. Arxiv.org 2017, 1711, 11368.

62. Rosen, A. An introduction to cognitive aging and dementia: a
clinical neuropsychologist’s perspective. Proceedings of the
2016 CHI Conference Extended Abstracts on Human Factors in
Computing Systems San Jose: 2016; ACM (2016), pp. 948-951,
http://dx.doi.org/10.1145/2851581.2856690.

63.Rice, S.L.; Kent, F.P. Clinical pet-mr imaging in breast
cancer and lung cancer. PET Clin 2016, 11, 387- 402,
https://dx.doi.org/10.1016%2Fj.cpet.2016.05.008.

64. Miller-Thomas, M.M.; Sipe, A.L.; Benzinger, T.L.S,;
McConathy, J.; Connolly, S.; Schwetye, K.E. Multimodality
review of amyloid-related diseases of the central nervous
system. Radiographics 2016, 36,
https://doi.org/10.1148/rg.2016150172.

129-32,

Thanks of the Central Tehran Branch, Islamic Azad University for supporting computational software and all necessary

equipment.

@ ® © 2019 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

Page | 4084


https://doi.org/10.1016/j.molliq.2017.01.044
http://dx.doi.org/10.7567/JJAP.54.085101
https://doi.org/10.1109/TVCG.2018.2794098
https://doi.org/10.3390/ijgi7040152
https://doi.org/10.1111/anae.13424
https://doi.org/10.1126/sciadv.aat2731
https://doi.org/10.1109/VARMS.2015.7151725
https://dx.doi.org/10.1128%2Fjmbe.v17i1.1028
https://dx.doi.org/10.1016%2Fj.heliyon.2016.e00175
https://doi.org/10.1016/j.apergo.2017.03.001
https://doi.org/10.21785/icad2016.027
https://doi.org/10.1038/srep44549
https://doi.org/10.1016/j.petrol.2017.06.014
https://doi.org/10.1080/20551940.2016.1214446
http://dx.doi.org/10.1145/2851581.2856690
https://dx.doi.org/10.1016%2Fj.cpet.2016.05.008
https://doi.org/10.1148/rg.2016150172

