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Abstract We report that 3D-A-DNA structure behaves as a fractal antenna, which
can interact with the electromagnetic fields over a wide range of frequencies. Using
the lattice details of human DNA, we have modeled radiation of DNA as a helical
antenna. The DNA structure resonates with the electromagnetic waves at 34 GHz,
with a positive gain of 1.7 dBi. We have also analyzed the role of three different
lattice symmetries of DNA and the possibility of soliton-based energy transmission
along the structure.
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1 Introduction

An antenna is capable of transmitting and receiving electromagnetic waves (EMs).
Biomaterials are insulators, whether insulators have any potential to radiate like a
metallic antenna or not depends on multiple factors. An antenna emits electro-
magnetic signals only when the standing wave formed inside absorbs integral
multiple of its energy in the cavity and only if the radiation resistance is very low.
Certain fields could literally break apart DNA (fields as low as 0.18 uT) as sug-
gested recently from studies showing associations with damage to DNA repair
genes [1, 2]. Insulators like biomaterials, do not have highly reflecting metallic
outer boundary that reflects and develops electromagnetic signals multiple times,
and develops high-quality factor or produces high-quality standing waves. For
example, DNA literally needs to breathe, else it would break apart [3]. Our attempt
to theorize that biomaterials could also act as an antenna includes the factor that
even such insulated biomaterials would somehow produce standing waves, which is
fundamentally against the concept of physics. Such problems are not addressed
seriously, and the predictions for the electromagnetic interactions continue [4, 5].
Even though claims are already been made that DNA is a fractal antenna [6], there
are several questions need to be answered before we could confirm whether such a
possibility could really exist. There are different kinds of antennas, but recently
fractal antennas have received a lot of attention. Fractal antenna is an antenna
design that uses the most important fractal characteristic known as self-similarity.
The self-similarity in the DNA structure does exist; however, that alone cannot
promise electromagnetic resonance in the extremely low frequency (ELF) and radio
frequency (RF) ranges. The electromagnetic field interacts with DNA in the ELF
range and during DNA strand break, such as described in [7]. EMF can break apart
DNA [2]; that is, by maximizing its length and perimeter, they can receive or
transmit electromagnetic radiation at many different frequencies simultaneously
thus suitable for multiband or wideband applications. Since fractal antenna designs
are tightly packed, they are very useful in telecommunication applications such as
microwave communication and cellular phones.

DNA is a molecule that contains genetic information utilized by all life-forms
and numerous viruses. The human DNA in form of the double helix and various
models of conductions has been proposed thus far. The DNAs’ interaction with the
electromagnetic fields (EMFs) has a wide frequency bandwidth, which does not
limit to an optimal frequency. DNA within cells has a compact structural property
similar to a fractal antenna with a bandwidth lying at the RF range. By fractal
behavior in the electromagnetic resonance spectrum, it is meant that the arrange-
ment of the frequencies has a similar distribution at different scales. In this par-
ticular case, we cover a specific domain; however, in future, we would provide
detailed frequency database [8—10]. Herein, we developed a new electromagnetic
interaction model for the double-helix-shaped human DNA (see Fig. 1). Moreover,
we have performed computer simulations in the RF range, with the help of antenna
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Fig. 1 DNA structure [11]
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theory, and compared the results with the biological data. The human DNA is
modeled as a uniform medium with a helical shape. The proposed antenna has the
physical dimensions of the same order of magnitude that the original human DNA
dimensions [11]. The simulated results were very close to the biological results.
The present work is divided into three parts: In Sect. 2, we present the antenna
designing characteristic. Section 3 describes the analysis of the simulation and
comparison with biological data. Finally, we wrap up the work with the conclusions.

2 Modeled Antenna Design

DNA is a double helix in which molecules contain two polynucleotides (nucleotide
is the basic unit of the DNA structure) wrapped around one another arranged in
such a way that their base pair molecules are inside and sugar phosphate molecules
“backbone” are outside to form the famous double-helix structure. There are three
kinds of weak interactions run in parallel in a DNA, along the linear chain; then,
there are two spirals, one spiral if we consider the DNA as a normal cylinder and
then if the other spiral if we consider a twisted cylinder. Therefore, we would
always get three distinct kinds of transmissions along the DNA molecule simul-
taneously. Thus, helical structure is not absolutely regular. Superposition of three
distinct dynamics would change the structure in homogeneously, and we can dis-
tinguish minor and major grooves which are shown in Fig. 1. At room temperature,
the conductivity of DNA is 2.4 mho/cm. [12] and the value of the dielectric con-
stant is 4.7 [13]. Here, the 2D view of modeled antenna is designed to take the
original view of the A-DNA structure, which has the following physical structural
data as shown in Table 1. The 3D view of the modeled antenna based on A-DNA
structure is shown in Fig. 2.
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Tfable 1 Dimensional scale S. No. Parameter Dimension
t
OF parameter 1 Base pair diameter 0.23 nm
2 Helix packing diameter 2.55 nm
3 Base pair/turn 1
4 Base pairs per turn of helix 11
5 Tilt of base normal to the helix axis 19°
6 Distance per complete term 3.2 nm
7 Distance between base pairs 0.34 nm
Fig. 2 Single-turn 3D view
of modeled antenna -
'
c
-
2 -

3 Analysis of Simulated and Biological Result

3.1 Radiation Analysis

The reflection coefficient S;; (reflection coefficient is an antenna parameter that
shows the amount of lost power by the load and does not return as a reflection) of
the modeled antenna is shown in Fig. 3a. The reflection coefficient indicates that
modeled antenna resonates at the 34 GHz frequency and the corresponding gain is
positive (1.7 dBi). The gain value of the single turn of the 3D modeled antenna
swims toward the positive value as depicted in Fig. 3b.

The antenna theory suggests that if the dimension of the helix antenna is small
compared to their wavelength, then the maximum radiation pattern would always
be in the normal direction [14]. Here, the DNA fractal antenna consisting of a small
loop where the helix packing diameter is the same as the small loop diameter and
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Fig. 3 a Variation of the reflection coefficient (dBi) versus to frequency (GHz), b variations of the
efficiency versus to frequency (GHz)

the length of the loop is almost the same as one-turn distance (n-L<A1). The
modeled DNA antenna radiates with the maximum field in the normal direction to
the helical axis. The simulated E and H radiation pattern plane of DNA one-turn
double-helix modeled antenna is depicted in Fig. 4 which is significantly close to
the theoretical assumption made by direct transmission calculation.

Farfield E-Field(r=1m) Abs (Phi=0)  Farfield E-Field(r=1m) Abs (Phi=90)

180

Fig. 4 FE and H plane radiation patterns
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3.2 Power Analysis

Experimentally, the actual current distribution on the helix antenna is found to be
more complex. Since the total current at the end of a DNAs cylindrical surface is
constant, the traveling wave’s asymmetric or nonlinear terms generated by the
superposition of three different kinds of transmissions would get damped due to the
structural stretch in the molecular structure. Longer stretches of DNA are entrop-
ically elastic under tension; it undergoes a continuous structural variation due to the
available energy, continual collisions with the water molecules. The modeled DNA
antenna behaves in a way that during structural damping, the DNA molecules are
cyclically stressed; as a result, the energy is dissipated internally. The dissipated
energy holds the relation with the current amplitude as described in Eq. (1). The
shape of the hysteresis curve remains unchanged along with the amplitude and the
strain rate [14]. The loss coefficient also remains constant. The dissipated energy by
the structural vibration (damping) is then given by

Py = ol?, (1)

where o is the loss coefficient and [ is the variation in the amplitude of the
steady-state current.

Here, DNA helical fractal antenna may be considered as a dynamic system of the
DNA molecules which undergo collisions due to structural or thermal vibration.
Now, we consider the following case of energy dissipation as shown in Fig. 5, and
the variation is demonstrated with the viscous damping. Let I, be the small amount
of the current displacement from the steady-state current (I;) and the damping
voltage in this case such that:

Fig. 5 Dynamic system
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I, = I sin(wt — @), (2)
Vaamp (dV /dt) = jdI,,/dt (3)

The power loss per cycle (2n/w) of the current flow due to the applied potential
say damped potential (voltage) following the interaction with the neighbor’s
molecule is given by:

P = / Viampdl, (4)

Considering Egs. (2) and (3), we get
P = jno’l}. (5)

where j is a constant, and then, Eq. (5) is close to Eq. (1). This means that the
vibration amplitude of the current at the steady state holds the proportional rela-
tionship with the power loss. The simulated result also well followed the theoretical
assumption related to the vibrational study of the DNA molecules with EM wave
interaction. The VSWR curve is depicted in Fig. 6a, and we know that VSWR is
equal to the ratio of the maximum and minimum current or the voltage value and its
value is close to 1 at the modeled antenna’s resonance frequency.
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Fig. 6 a Variation of the VSWR versus frequency (GHz), b radiate power (dB) versus frequency
(GHz)
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Suppose the wavelength range of these structural vibration = Apin — Amax Mm.
Let P(yisimax and P(yigmin correspond to the maximum and minimum power for
Ly(max) and L(miny current amplitudes. The required value can be obtained from the
depicted Fig. 6b, by using the following parameter values P(yisymx = —6.6 dB,
Pyisymin = —7.9 dB, VSWRyx = 4, and VSWRy,;;, = 1, and considering Eq. (5),

we get

2
P(vis)max/P(vis)min = (imin//lmax)/(Ip(max)/lp(min)) = (imin/)vmax)/(VSVVR)2
After putting the values, we get
Jmin/Amax = 0.05 — 0.83

The theoretical models of DNA vibration and the model of related twisting
vibration suggest that the frequency of such vibrations was estimated within the
range A =1 — 0.1 mm (approximately). A model of conformational mobility of
DNA, where the motion of nucleotides was considered like pendulum, has been
used to obtain the vibration frequency range of A =1 — 0.6 mm (approximately)
[15]. Following the theoretical model Apin /Amax = 0.1, the simulated result accepts
this ratio for the wide frequency range. Here, simulated results of the modeled
antenna are well matched with the theoretical results (Figure 7).

3.3 Energy Transfer Through the DNA (Protein) Molecule

Now, we assume that a nonlinear current profile of DNA lattice is composed of
N molecules in the form of the helix aligned along Z direction. Let we assume that

I the current flow between first and last element of the DNA helix chain.

Iy Current exits in space between the adjacent DNA molecule at equilibrium state
(say, separation current)

I3 The longitudinal displacement current from its equilibrium current system is
dynamic. Now here, we assume that current flow in DNA chain originated
along Z direction)

Fig. 7 Current profile of
DNA molecules in helix form
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I.4 Relative displacement current (we may define the relative displacement current
between the adjacent molecules from displacement current I4)

We may define the relative displacement current between adjacent molecules in
the form of Iyand then

Ird = Id(n + 1)—Id(n) (6)

The total interaction or displacement power between two adjacent DNA mole-
cules in dynamic states can be written in the form:

P = j(la +1Io)*—Po (7)

From Eq. (7), three different cases can be discussed which is consistent with the
energy or power profile of the DNA helix shape

Case 1: By using Eq. (7), the relative displacement power between the two
adjacent molecules will be minimum, if the neighboring molecules tried to maintain
the equilibrium states:

limPy =0 (8)
I4—0

Then, dP,g/dl,y = 0,d*Pyg/dlg = 0
Case 2: Equation (8) is found to be in the increasing order if I — Ip, so

lim Pgf = + value
IHID

Case 3: If I,y <0, then d*Py/dI3 <O0.
By the power or energy profile, Friesecke and Pego proved that the continuous
limit for relative displacement profile is:

I(t) = [P'y/P] - [amplitude. Sech (angle)]* [15, 16].

Thus, obtained equation of the current or power shows a solitonic waveform
which provides the comprehensive explanation of the theoretical statement “A
process of vibrational energy transfer along the protein molecule is considered on
the basis of a hypothesis of the soliton” [17].

3.4 Dynamic Power Spectrum

The power spectrum of the dynamic system (in case of cherry flow) is shown in
[18] which approximates very well with the simulated power curve as shown in
Fig. 8. In case of absolute continuous spectrum, the finite length coverage indicates



222 P. Singh et al.

0

0.50000004 {-~ - -+t gip oo it
0.50000002
0.5

0.49999998

0.49999996

Power Stimulated (Watt)

0.49999994 + ; ; - ; + ; ; + ; !
24 26 28 30 32 34 36 38 40 42 44
Frequency (GHz)

Fig. 8 Power stimulated profile of modeled fractal antenna

a bounded spectral curve, whereas the absence of such convergence indicates the
presence of singularities in spectrum measure.

4 Conclusions

In this work, we report that a 3D-A-DNA structure of the human body behaves as a
fractal antenna which may interact with electromagnetic fields over a wide range of
frequencies. The radiation analysis showed that the modeled antenna resonated at a
frequency of 34 GHz with a corresponding positive gain of 1.7 dBi. Additionally,
the maximum radiation pattern is mainly in the normal direction just similar to that
antenna theory predicts. From our power analysis, we found that the power loss is
proportional to the vibration amplitude squared of the current at steady state, a
result found before [3]. The wavelength range of these structural vibrations Api, —
/max Was investigated. We found that the ratio value between Amin/Amax ranged
from 0.05 up to 0.83. Other theoretical DNA vibrational models predicted a value
of 0.1. We also found that the energy transfer through the DNA molecule can be
calculated by the displacement power between two adjacent DNA molecules whose
displacement current is described by a soliton waveform at equilibrium. This result
was hypothesized before in [17]. Finally, we found that the simulated dynamic
power spectrum of the antenna is similar to the one presented in [18].
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