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Abstract It is to be noted that protein vibration has been playing a pivotal role in controlling structural changes. Thus
observation and identification of these vibrations are getting priority day by day. But it is very hard to conduct experiments in
vivo phase with living animals particularly human to investigate and to identify protein vibration. Scientists of the day are
giving priority in devising suitable tools for observation of protein vibration in vivo phase subject to that a thought
experiment based on resonance phenomenon has been designed here. Through this it is expected that vibration of protein can
be investigated and hence measuring of vibration frequency can be undertaken even indirectly in near future. For example,
points of resonance frequency due to vibrations of Heat Shock Protein — 70 and those of aggregated alpha synuclein proteins
where disaggregation of aggregated proteins may occur, have been suggested in this paper with scope of determining

maximum amplitudes.
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1. Introduction

Vibration of proteins either due to the presence of
electrostatic potential in the cells or due to external stimuli
has now-a-days constitutes a new channel of studying the
properties of proteins. In vivo investigation relating to the
characteristics of proteins particularly in mammalian body is
still hard to conduct. However, scholars of the days are
toiling their best to conduct in vivo experiment in the
laboratory with different worms, insects and mice. Studying
disaggregation of aggregated proteins of different types in
laboratory atmosphere is being conducted by a number of
scholars. Recently, Aamir Nazir and others [1] conducted an
in vivo experiment with aggregated worms NL5901 by alpha
synuclein proteins responsible for Parkinson disease (P.D),
which is found to get disaggregated when it was treated with
the extract of Bacopa Monnieri (B.M). Similar experiments
were conducted with respect to disaggregation of tau protein
aggregated with its isomers responsible for Alzheimer
disease [2] and huntingtin protein responsible for Huntington
disease [3] taking into account the affected mice with
Alzheimer and Huntington diseases. These experiments were
however laboratory based in vivo studies for disaggregation
of tau protein and also of huntingtin protein when the
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experimental mice were treated with extract of Ashwaganda
and Curcumin. Since no specific explanation was made by
the scholars on the process of therapeutic activity of the
affected proteins induced by Indian medicinal herbs, the
author conducted analytical study on this aspect in the light
of protein vibrations approach [4] and held the view that the
disaggregation of aggregated proteins could be occurred due
to vibration of both affected protein and H.S.Ps induced after
administration of the extract of Indian medicinal herbs.

No experimental evidences on the role of protein vibration
due to inherent electrostatic potential or external stimuli are
available till the day. However, some scholars are trying to
measure the magnitude of protein vibration in vitro
experiment in laboratories. Recently, development in this
field may be attributed to the credit of K.A. Niessen and
others [5] who tried best to measure the magnitude of protein
vibration in laboratory. The scholars showed “optical
observation of long range protein vibration modes by
orientation of sensitive terahertz near field microscopy
measurements of chicken egg white lysozyme single crystals
with group molecular weights of 100 Da”. The scholars
observed underdeveloped modes of protein vibration with
frequencies >10cm™. These are as the scholars held, found
to be lower than the cut off frequencies predicted by normal
mode calculations [6] and others [7]. Implementation of this
method, as the scholars held, may be considered as the first
step towards evaluating the functional relevance of the
protein — correlated structural motions [5]. Since the
scholars conducted the experiment in vitro stage, some
inherent properties of protein like electrostatic potential of
the cell which influences the vibration mode of protein,
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could be taken into consideration. However, their aim and
objective were to observe the protein vibration in vitro stage.
Their attempt may be succeeded. But it is true if light of
terahertz frequency falls on a crystal, it is expected that
vibration will be generated. In this crucial juncture, our
analytical approach on protein vibration particularly with
respect to disaggregation of aggregated protein has opened a
new channel to the therapeutic role of resonances generated
due to frequency matching of vibration of foreign and native
proteins particularly with respect to some old age diseases.

2. Back Ground of the Thought
Experiment

Now, it is an established fact that protein vibrates due to
either electrostatic force (potential) or due to external stimuli.
The authors in a paper [4] suggested that the vibration
characteristics of protein depend on the magnitudes of
molecular weights of the concerned protein. It was also held
by the authors that more the molecular weight of protein, the
less is the number of vibration frequency. On the other hand,
less the value of molecular weight of protein is, the more is
the number of frequency. Thus the vibration pattern of
protein may be described as
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Figure 1. Vibration energy spacing of protein molecules

The vibration frequency and vibration energy of the
concerned protein can be evaluated by using one
dimensional Schrodinger’s Equation. The reason of
considering one dimensional Schrodinger’s Equation lies in
the fact that an electrostatic force can control atomic motion
in a protein. For a protein this can be divided into two
components — a large and a small.

Conformational substrates for the protein in its native
state may correspond to the same position ‘r’ of the particle
at time‘t’. Thus r (t) can be split into two independent
components.

r(® =ry (t) + rc(t)

Where r, (t) stands for the vibration component about the
equilibrium position with the host molecule and r; (t) stands
for transient component about the equilibrium position at
time t. The electrostatic force required for this purpose may
be deduced from the relation

f=-dv/dr

Which means force is nothing but rate of change of
potential

V() = Vo) =12 [k (r) 1] + U () (D

Where K., is the vibration component of the force and U
(r) stands for the translational component of the same. Since
the translational component of the force is very small with
respect to the vibration component of the same, the second
term of equation (1) may be neglected. So equation (1) may
be rewritten as

V() = V(ryr) = 12[k, (r) 1| (@)

The magnitude of this transformed energy may be
evaluated by following quantum mechanical treatment of
harmonic oscillator. By inserting vibration potential energy
function, we may write f=-dv / dr, which stands for the rate
of change of potential energy with change of co-ordinate. Let
us now state f = - kr which on integration leads to potential
energy v = % kr% This potential energy rises parabolic on
either side of the equilibrium as illustrated in Fig. 2.
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Figure 2. Oscillation of vibrating particle

The vibration energy and vibration frequency of
concerned proteins may be evaluated by using the solution of
one dimensional Schrodinger’s Equation

—h? d*y

vy = ey 3)
which turns to

—h? d% 1 B

8n’m dr? + 2 kl‘zll) - 81[) (4)

with potential energy V = % kr2, while other symbols stand
for usual meaning.

The energy of the allowed vibration states derived from
the solutions of the Schrodinger’s Equation are

1 h [k
Evip = (VT 3) ;\/; , V=012

While the expression for vibration frequency stands as

1 k
Vyib = EJ; ©)

Based on equation (6) and (5), Vibration frequencies of
a good number of proteins generated due to inherent
electrostatic force of the order of (.8 to 30) mv or due to
external stimuli in the form of EEG rhythms were calculated
by the author. The author examined the role of vibration
frequencies and vibration energies in learning and memory
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formations with the application of EEG rhythms or due to
electrostatic force [4, 8-11]. The author also explained the
therapeutic application of protein vibration generated due to
inherent electrostatic potential particularly with respect to
disaggregation of aggregated proteins in case of Parkinson
[12], Alzheimer [13] and Huntington [14] diseases for which
aggregated alpha synuclein protein, tau protein and
huntingtin proteins are respectively responsible. In all the
three cases, the role of Heat Shock Protein — 70 induced by
the body cells of the above three categories of patients when
they were administrated the extract of Bacopa Monnieri
(BM), Ashwaganda and curcumin respectively was taken
into account. It was shown by the author that disaggregation
is due to frequent vibration frequencies generated by HSP —
70 which are higher or nearly equal with those generated by
the native proteins like alpha synuclein, tau and huntingtin
for Parkinson, Alzheimer and Huntington diseases
respectively. Here the author attempts to explain the
in-depth principle of disaggregation of aggregated
proteins based on the role of resonance frequencies
generated due to both native and foreign protein
vibration.

3. The Feature of Thought Experiment
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Figure 3. Relation between frequency and amplitudes as outcome of
resonance phenomenon during earth wake (Courtesy Google
Communication)

Now an attempt has been taken by the author to examine
the mechanism of disaggregation of aggregated protein by
considering the role of resonance generated due to both
natural frequency of the native protein (here the aggregated
protein) and the interacting protein (here the H.S.P induced
after administration of the extract of Indian medicinal herbs
like B.M, Ashwaganda and Curcumin as external agents).
The author proposes to explain this phenomenon based on
the role of resonances generated due to natural vibration of

the building and that of the earth plates resulting in
breakdown of the buildings etc during earth wake.
Scientifically, resonance means — “the increase in amplitude
of oscillation of electrical or mechanical system exposed to a
periodic force whose frequency is equal or nearly close to the
natural undamped frequency of the system”. An example as
outcome of resonance phenomenon in the form of earth wake
is cited here graphically.

To examine the phenomenon of resonances thus proposed
in case of mammalian proteins existing in body/blood cells is
hard or almost impossible particularly in vivo stages.
However, some in vivo experiments are being conducted by
the scholars with affected worms or insects by treating these
with H.S.Ps induced by Indian medicinal herbs or similar
other proteins and the magnitudes of disaggregation proteins
of are now being observed experimentally in Libratory. A
case of disaggregation of alpha synuclein protein by B.M
extract as investigated by Aamir Nazir and others [1] are
cited here as an example.
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Figure 4. Alpha synuclein aggregation in NL 5901 strain of C. elegans fed
on OP50 (A,B), Bacopa monnieri (C, D) (Courtesy Aamir Nazir & Others)

In case of in vivo stage of mammalian body, it is thought
that resonance occurs with increase in amplitudes when the
frequency of interacting protein (foreign protein) is found
equal or nearly equal of the native (aggregated) protein. The
whole phenomenon of occurring resonances and
disaggregation of aggregated proteins in vivo stage may be
thought similar to the functioning of a resonator as —

The cells of the body with aggregated proteins are thought
as resonators. Native proteins in the cells vibrate due to
inherent electrostatic force of magnitude (.8 to 30) mv with
respect to variable PH [15] at different frequencies. The
proteins induced by external stimuli (here H.S.P — 70
induced with administration of herbal extracts) will also
vibrate at different frequencies due to some amount of
electrostatic force available in the cells. When the
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magnitudes of frequencies generated due to two types of
protein would be equal or nearly close to each other,
resonance will occur with increase in amplitudes. As a result,
break down of aggregated parts of the protein will occur with
or without the native parts as like as breaking down of the
walls of the building with or without pillars during earth
wake.

4. Results and Discussion

Vibration frequencies of H.S.P — 70 and those of native
and aggregated alpha synuclein proteins have been
calculated based on eqn. (6) taking into account different
magnitudes of electrostatic potential. These are tabled in
Table 1.

Table 1. Frequencies (m™") generated by proteins in presence of electrostatic potential in the order of (0- to 30) mv

8 mv 1 mv 2 mv 3 mv 4 mv 5 mv 6 mv 9 mv 10 mv 15 mv 20 mv 25 mv 30 mv
Aggregated
alphla‘ 2.814
synuciein 0562 | 0.629 | 0889 | 1.089 | 1.258 1541 | 1.867 | 1.990 3.446
protein
(mass)
m=175 kd
1.599
M=162.50kd | 0.584 | 0.653 1131 | 1306 | 1.460 2.065 3265 | 3.576
1.665
M=150kd | 0.607 | 0.679 1177 | 135 | 1.519 2.632 3398 | 3.723
M=144.76kd | 0.618 | 0.691 1.198 ‘ 1.547 ‘ 2.075 ‘ 2.679 . 3.459 .
HSP-70 | 0.889 4449 | 4975 | 5.449

From the table, it reveals that some of the frequencies
generated by H.S.P — 70 are found equal or nearly equal to
those native and aggregated constituents of alpha synuclein
proteins at electrostatic potential of magnitudes
2,3,4,6,9,10,15,25 and 30 mv etc (taken randomly). However,
matching points of the frequencies generated due to H.S.P —
70 with those of native and aggregated proteins are marked
in the table with colored circles. It also reveals that the
frequencies generated due to aggregated alpha synuclein
protein of masses like m=175, 162.50, 150 and 144.76 kd
(Suggested as resonators in the cell) in presence of
electrostatic potential of the order of 1,2 and 3 mv are in
good matching with those of H.S.Ps — 70. From this
observation, it is held that resonance will occur at these
points of natural frequencies with those of H.S.Ps — 70 with
high peak of amplitudes and hence disaggregation will start
and continue due to some other matching points of natural
frequencies and those of H.S.Ps — 70.

This means resonance as per scientific definition will
occur at the above mentioned points of frequency matching
of native and aggregated proteins with those of vibration
frequencies of H.S.P — 70.

Now let us examine the characteristics of amplitudes of
the waves particularly with respect to magnitudes of
frequency at the marked points of electrostatic potential.

However, analytical formula for determination of
amplitudes of a particular wave is limited. From classical

point of view, amplitudes can be determined from the
expression

A=7 ()

Were A stands for amplitude, D is the distance travelled
by a wave and F is the frequency of the wave.

Amplitudes can also be determined from vibration energy
since vibration energy is directly proportional to the square
of the amplitude which means energy o A% were A stands
for amplitude.

Again from wave properties, the equation of a wave [16]
travelling in the positive x - direction is

Y, = 4 sin (wt —kx) ®)
Where w in the angular frequency, k is the propagation

constant and x Stands for phase velocity.
Similarly, for another wave, we may write

Y, = 4 sin {(wt+dwt) - (k + dk) x} )
The resultant wave is
Y=YV,+7Y,
= A sin (wt — kx) + A sin [(w + dw) t - (k+ dk)x]
(10)

After some trigonometrical analysis, the eqn. (10) turns to
Y =2A cos 5 (0w — xdx) sin (@t - kx) (11)

Again, sin term in eqn. (11) represents a carrier wave
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with v = % and hence the amplitude of the resultant

wave is given by

Y = 2A cos 5 (9w — xdk) (12)

Numerical evaluations of amplitudes of resultant wave are
a bit complicated. However, an attempt has been taken here
to evaluate the amplitude simply on the basis of the eqn. (7)
and the magnitudes of amplitudes thus evaluated for some
matching points of occurring resonances (Say 7) are tabled in
Table No. 2. Similarly, amplitudes of other matching points
may be evaluated.

Table 2. Relation between Numerical Values of Frequencies and
Corresponding amplitudes
Resonance frequency of H.S.P—?O Corresponding amplitudes
and those of aggregated synuclein .
VT 5 in (nm)
proteins in 10” cycles/see
0.58 x 10° 0.87 nm
0.84 x 10° 0.41 nm
1.02 x 10° 0.28 nm
1.18x 10° 0.21 nm
146 x 10° 0.13 nm
1.78 x 10° 0.9 nm
1.88 x 10° 0.8 nm

Graphical representation of the numerical values of
frequency Vs amplitudes as mentioned is presented in Fig. 5.
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Figure 5. Graphical representation of the numerical values of frequency
Vs amplitudes

(a) indicates happening of frequency resonance in one
direction while (b) indicates the same incidence in both the
directions which means at any point of matching.

These Figs. are found to be compatible with those as found
in case of earth wake shown in Fig: 3.

5. Conclusions

It is to be mentioned here that the thought experiment on
the role of resonance generated due to protein vibration is
based on a number of analytical approaches of vibration
frequencies and vibration energies of different proteins, the
functioning’s of which have been investigated in case of
learning and memory formation and also in case of
disaggregation of aggregated proteins. All these works were
considered from analytical point of protein vibration and the
results thus derived were compared with experimental
outcomes in possible cases. To get directly involved in
conducting in vivo experiment with respect to protein
vibration though a tough challenge, yet scientists of the day
are toiling best to conduct investigation on protein vibration.
The recent attempt of K.A Niessen and others [5] to
investigate the existence of protein vibration in vitro
experimental arrangement may throw some light on the
characteristics of protein vibration. However, it is held that
disaggregation of aggregated proteins will definitely follow
the phenomenon of frequency resonance though it is not at
this stage possible to examine and explain the characteristics
of protein vibration and its aftermath in cell in vivo stage.

In view of these, it is expected that if in vivo experimental
arrangement can be made based on our postulation of protein
vibration, the role of resonance due to matching frequency
condition of native and aggregated proteins and those of
H.S.P -70 within the cells leading to desired amount of
disaggregation like earth wake happenings may be
established with the simple difference that earth wake is an
instantaneous event while resonance effect of protein
vibration may be a slow process and beyond of our common
sensitivity.
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