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model of DNA dynamics.
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I. INTRODUCTION

A main goal of this paper is to justify the proposal of an
experiment that, we believe, could be carried out in order to
determine a speed of the solitonic wave in DNA. In that
respect, we give a theoretical background relying on a well-
known Peyrard-Bishop-Dauxois �PBD� model for DNA dy-
namics �Sec. II�. This model is explained very briefly in this
paper. As some undetermined parameters are involved in the
model, we cannot calculate the wave speed precisely. How-
ever, we assesed reasonable intervals for these parameters
and, consequently, are able to predict the interval of expected
solitonic speed. In Sec. III we describe an experiment pro-
posal to measure the wave speed. We suggest different initial
deformations because we expect, relying on the PBD model,
the solitonic wave to exist in DNA. Hence, if higher ampli-
tude ensures higher velocity, which is typical for the solitons,
then this will be a confirmation of the theoretical prediction
that the existing wave is really the soliton. Finally, we give
some concluding remarks in Sec. IV.

II. ESTIMATIONS ACCORDING TO THE PBD MODEL

Our theoretical calculations and predictions are based on
the well-known �PBD� model of DNA �1�. This is an ex-
tended version of the Peyrard-Bishop model �2�. A key point
is that the PBD model takes helicoidal structure of a DNA
molecule into consideration. We assume that readers are fa-
miliar with the model. Hence, we only very briefly describe
some basic points of the PBD model. Some more informa-
tion and derivations can be found in Refs. �3,4�.

According to the PBD model, the DNA chain is treated as
a perfectly periodic structure with a period l. Only transver-
sal motions are taken into consideration. The transversal hy-
drogen bonds between nucleotides of different strands are
modeled by the Morse potential �1–4�. Suppose that un and
vn are the transversal displacements of the nucleotides of
different strands at the site n from their equilibrium posi-
tions. Then, the Hamiltonian for the DNA chain has the form

H = ��m

2
�u̇n

2 + v̇n
2� +

k

2
��un − un−1�2 + �vn − vn−1�2�

+ D�e−a�un−vn� − 1�2 +
K

2
��un − vn+h�2 + �un − vn−h�2�� .

�1�

Parameters D and a are the depth and the inverse width of
the Morse potential well and k�K� is the harmonic constant
of the longitudinal �helicoidal� spring.

It is convenient to introduce new coordinates xn and yn for
the movement of the centre of mass of the nucleotide pair at
the site n and the stretching of the pair, respectively. Hence,
these coordinates describe the in-phase and the out-of-phase
motions and are defined as

xn = �un + vn�/�2, yn = �un − vn�/�2. �2�

One can derive two decoupled dynamical equations of mo-
tion, linear for xn and nonlinear for yn �1,3,4�,

mẍn = k�xn+1 + xn−1 − 2xn� + K�xn+h + xn−h − 2xn� , �3�

mÿn = k�yn+1 + yn−1 − 2yn� − K�yn+h + yn−h + 2yn�

+ 2�2aD�e−a�2yn − 1�e−a�2yn. �4�

The solution xn�t� is a linear wave while the solution yn�t�
represents a nonlinear solitonic wave �1,3,4�. Corresponding
frequencies, e.g., the frequencies of the in-phase and the out-
of-phase motions, usually called acoustical and optical, are
�1,3,4�

�x
2 	 �a

2 = �4/m��k sin2�ql/2� + K sin2�qhl/2�� �5�

and

�y
2 	 �o

2 = �4/m��a2D + k sin2�ql/2� + K cos2�qhl/2�� ,

�6�

where m=5.1�10−25 kg �3,4� is the nucleotide mass, l
=0.34 nm �1,2� is a distance between adjacent nucleotides of
the same strand, and h=5 �3,4�. The function yn�t� is a modu-
lated solitonic wave �3–6�, where q=2� /� is the wave num-
ber of a carrier component of the wave. In this paper we use
ql=� /h �3,4�.

Using a rather tedious procedure �1,3,4�, one obtains the
following expression for the function yn�t�:
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yn�t� = 2�A sech
��nl − Vet�
Le

�
��cos��nl − �t� + �A sech
��nl − Vet�

Le
�

� �	

2
+ 
 cos�2��nl − �t��
� + O��3� , �7�

where

�A = ��ue
2 − 2ueuc

2PQ
, ue � 2uc, �8�

Le

�
=

2P

��ue
2 − 2ueuc

, �9�

P =
1

2�
� l2

m
�k cos�ql� − Kh2 cos�qhl�� − Vg

2� , �10�

and the envelope velocity Ve is

Ve = Vg + �ue. �11�

The speed Vg is a group velocity, defined as

Vg 	
d�

dq
=

l

m�
�k sin�ql� − Kh sin�qhl�� , �12�

where �	�y.
The meaning of the parameter ��1 is explained in the

aforementioned references. Hence, we give only short expla-
nation to make the paper self-contained. The essence of the
model is that yn�t� is very small but big enough to be anhar-
monic. We introduce a function 
n�t�, which, multiplied by
��1, gives small yn�t�, e.g.,

yn = �
n, � � 1. �13�

Then, we use the semidiscrete approximation and expect the
solution to be a modulated solitonic wave �1–5�:


n�t� = F1��nl,�t�ei�n + ��F0��nl,�t� + F2��nl,�t�ei2�n� + c.c.

+ O��2� , �14�

�n = nql − �t , �15�

where c.c. stands for conjugate complex and F0 is real. The
functions F0 and F2 can be expressed through the function F1
�1–5�, which is a solution of the nonlinear Schrödinger equa-
tion �NLSE� and all this brings about Eq. �7�.

The expressions for all parameters in Eq. �7� that are not
in this paper can be found in the cited references. One ex-
ample for k=8 N /m, K=0.1 N /m, a=0.9 Å−1, D=0.06 eV,
and n=300 is shown in Fig. 1. It is obvious that the function
yn�t� represents a modulated and localized wave. If such a
localized wave is a function of �=x−Vet only then such
function is a soliton, e.g., the solitonic wave. For yn�t�, given
by Eq. �7�, this happens if velocities of the envelope and the
carrier wave components are equal �5,6�, e.g.,

Ve = �/� . �16�

This is what we call a coherent or a solitonic mode �5,6�.
It is convenient to introduce a new dimensionless param-

eter � defined as

uc = �ue. �17�

Figure 1 was carried out for �=0.47 �6� while the value of
the remaining parameter �ue was obtained from the require-
ment for the solitonic mode. Namely, from Eq. �16� one can
straightforwardly obtain a relation between the parameters ue
and uc, e.g., a formula �6�

�ue =
P

1 − �
�− q + q�1 +

2�1 − ��
Pq2 �� − qVg�
 . �18�

Note that the dispersion parameter P is positive and �
�qVg. The value of �ue, for Fig. 1, is 643 m /s.

In order to justify the proposal for the appropriate experi-
ment aimed to measure the speed of the above soliton we
will make some estimations arising from the PBD model. As
can be seen from Eqs. �11�, �12�, �6�, �18�, and �10�, the
speed Ve depends on the parameters a2D, k, K, and �. Un-
fortunately, the values of these parameters are not reliably
known. In Ref. �5�, we stated that a can probably not be
above 1 Å−1. For our estimations, we assume the interval a
� �0.5 Å−1 ,1 Å−1�.

Regarding the parameter D, one can find the values from
0.03 eV �7� to 0.33 eV �2�. It is very likely that the values
between 0.05 eV and 0.075 eV could be a good choice �8�.
For our estimations, we assume the interval D
� �0.04 eV,01 eV�. Hence, the chosen interval for a2D be-
comes

a2D � �0.2 N/m,1.6 N/m� . �19�

According to Eqs. �8� and �17�, we know that � should be
less than 0.5. We showed �6� that the values that are not far
from its maximum are reasonable. For example, for Fig. 1,
we picked up �=0.47. Hence, we choose the interval

FIG. 1. Elongation of the out-of-phase motion as a function of
time.

SLOBODAN ZDRAVKOVIĆ AND MILJKO V. SATARIĆ PHYSICAL REVIEW E 77, 031906 �2008�

031906-2



� � �0.4,0.48� . �20�

The most uncertain parameters are k and K. Our choice
for the pretty broad intervals of expected values are

k � �3 N/m,20 N/m� �21�

and

K � �0.05 N/m,1 N/m� . �22�

Note that all the combinations resulting from Eqs. �21� and
�22� are not allowed. Studying a resonance mode in DNA, it
was shown that there should be k /K�331 �9� and k /K
�70 �10�.

To calculate the smallest and the highest values of the
solitonic speed we should know how Ve depends on these
parameters. We start with the combination used for Fig. 1,
that is k=8 N /m, K=0.1 N /m, a2D=0.78 N /m, and �
=0.47. One can easily plot the function Ve versus any of
these parameters keeping the remaining three being fixed.
For example, Fig. 2 shows how Ve depends on k for the three
values of K and for a2D=0.78 N /m and �=0.47. This figure,
as well as the remaining three, shows that the solitonic speed
Ve is the increasing function of all four parameters. There-
fore, we can easily calculate the smallest Ve

s and the highest
Ve

h values of Ve. These values are Ve
s �900 m /s and Ve

h

�2590 m /s. The soliton shown in Fig. 1 moves with the
speed of approximately 1544 m /s. If we pick up k
=15 N /m and do not change the remaining three parameters
we calculate the value Ve�1970 m /s. Therefore, we can
conclude that the solitonic speed is probably higher than
1000 m /s and is not too much above 2000 m /s.

A next step is to study how the variations of the four
parameters affect Ve. For example, for K=0.1 N /m the soli-
tonic speed Ve takes the values from Ve

s �1200 m /s for k
=3 N /m to Ve

h�2050 m /s for k=15 N /m. Hence, one can
say that the increase from Ve

s to Ve
h is about 71%. From the

curve Ve=Ve�K� we can see that these values are Ve
s

�1550 m /s and Ve
h�1950 m /s, which means that the in-

crease is a little bit less than 26%. This is something we
should not be surprised with. Namely, the wave speed de-
pends on elasticity of the medium, e.g., of the DNA molecule
in this case. This primarily depends on the parameter k,
which describes strong covalent bonds. On the other hand, K
describes weaker forces and, consequently, does not affect Ve
as much as k. Note that we took into consideration the inter-
val for k such that the ratio of the highest and the smallest k
is about seven, which can be seen from Eq. �21�. Even
though the corresponding ratio for K is 20, the influence of K
on Ve is smaller than the influence of the parameter k.

How about the parameter a2D? It was explained above
that a and D describe the transverse hydrogen bonds. Such
interactions are soft as the forces between nucleotides at the
same position belonging to different strand are pretty small.
This means that we should expect smaller influence of a2D
on the speed Ve. Of course, we can plot the figure Ve
=Ve�a2D� like Ve=Ve�k� above. From such figure we can see
that the smallest and the highest values of Ve are Ve

s

�1440 m /s and Ve
h�1650 m /s, which means that the in-

crease is about 14.5%.
We should keep in mind that the parameters k, K and a2D

describe geometry and chemistry, e.g., chemical interactions
within DNA. However, � comes from the mathematical
model. Namely, this parameter appears in a solution of the
NLSE, which is not explained in this paper �1,3–5�. Of
course, this model brings about the solution yn�t�, given by
Eq. �7�. Hence, we expect very small or even almost negli-
gible influence of this parameter on the solitonic speed Ve.
Even if we took the highest possible interval from 0 to 0.5,
the smallest and the highest values of Ve, e.g., Ve

s and Ve
h,

would differ for less than 11%. However, for more reason-
able interval for �, that is for Eq. �20�, this influence is as
small as about 2%.

As a conclusion, we can expect that the experimentally
determined value of the solitonic speed would give us some
closer informations about the aforementioned parameters k,
K, and a2D. We would be able to determine if not the precise
value but at least the narrower interval for the parameter k,
which would certainly improve our knowledge of the DNA
dynamics.

III. EXPERIMENT PROPOSAL

The advent of novel methods of single biomolecule ma-
nipulation, visualization, and controlling have provided the
opportunity to measure directly the forces holding molecular
structures together and to make evidences of stress and
strains generated in the course of chemical reactions. For
example, DNA molecules under extreme tensional or tor-
sional stress have been shown to exhibit new phases that
may be relevant to cellular processes.

Smith et al. �11� published in 1992 the result of the first
experiments in which a single DNA molecule was mechani-
cally manipulated and stretched to determine its bending and
extensional properties. This work was the bases of a number
of assays of DNA dependent protein machines and laid the
experimental and conceptual groundwork for studies of pro-
tein functions at the single-molecule level �12–18�. Those

FIG. 2. Solitonic speed Ve as a function of the harmonic con-
stant of the longitudinal spring k �a: K=0.05 N /m; b: K
=0.2 N /m; c: K=0.5 N /m�.
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experiments were followed by theoretical research �19–23�
and this research has been reviewed �7,24�. There were a
couple of so-called unzippering experiments where mechani-
cal strand separation was carried out �25–27�. Some papers
report that interchain interaction was carried out in a differ-
ent way. The complementary segments were covalently at-
tached to opposing surfaces and force versus relative surface
displacement was measured �28–30�. This helped us to esti-
mate the highest value of the parameter a, which was men-
tioned above �5�.

We now mention some of the most advanced tools de-
signed to manipulate the single DNA molecule. These are
optical or magnetic tweezers, atomic-force-microscope
�AFM� cantilevers, or glass microfibers. In all of these tech-
niques a DNA molecule has one and bound to a surface and
the other to a force sensor. The force sensor is usually a
micron-sized dielectric or magnetic bead or a cantilever,
whose displacement could be measured in order to determine
the force.

We believe that new single molecule experiments on
DNA that yield the determination of the solitonic speed can
be carried out. Figure 3 represents our suggestion for such an
experiment. Nucleotide pair AB is stretched. This can be
done using a cantilever, for example. In a certain moment,
the force stretching the AB pair is released and the nucle-
otide pair AB begins to oscillate. Of course, this will affect
the neighboring nucleotides and, after some time, the wave
will reach the pair CD. This event could be detected using a
laser tweezer, for example. Hence, one can detect the mo-
ment when the wave reaches the pair CD. As the distance
AB-CD and the appropriate time are known, one can calcu-
late Ve.

It is also possible that the cantilever, attached to the AB
pair, is forced to oscillate with a certain frequency. After
some time the pair CD will begin to oscillate, etc. For this
variant of the experiment we suggest the frequency � from
Eq. �7�. For the values of the parameters �, a, D, k, and K
chosen for Fig. 1, this frequency is �=5.7 rad /ps. According
to the expression for the frequency � �3–5� one can easily
show that � is the increasing function of �, a, D, and k and
the decreasing function of K. Hence, the appropriate combi-
nations of these parameters yield different possible values for
the frequency �. According to the simple calculations this
interval is between 3 rad /ps and 9 rad /ps. As was mentioned
above, we take a very big interval of all the parameters into
consideration. Therefore, a more realistic interval for � is
probably between 4 rad /ps and 8 rad /ps.

In our proposed experiment, the double stranded DNA
should be stretched and bound to the fixed surfaces. This

must be performed in such a way that the chain of DNA be
rigid enough to reduce the noise in measurements of trans-
versal displacements of the nucleotide pairs. The length of
stretched DNA chain should be long enough to be suitable
for being bound transversally with two sensors distant
enough to discriminate the time necessary for the breather
soliton to travel the respective distance.

If the applied force F caused the examined DNA to be
extended to the length L then the mean transversal fluctua-
tions ��
y�� can be expressed as

��
y�� =�kBTL

F
. �23�

The nucleotide pair AB is being stretched by an AFM
cantilever with an appropriate frequency, thus leading to ex-
citation of a breather soliton in the AB region propagating
along the DNA chain with corresponding velocity Ve. If this
stable excitation reaches the position of the pair CD, where
the second sensor was bound, the increased amplitude of the
transversal oscillation should be detected. In our Fig. 3 the
laser-tweezer was indicated just as an example. The sensor
behaves like a noisy damped oscillator. The rout-mean-
square noise 
F in the force measurement depends solely on
the dissipation due to the viscous friction as follows:


F = �4kBT��f , �24�

where � is the viscous dissipation and �f is the frequency
bandwidth of the measurement. We hope that the AFM can-
tilever which can achieve angstrom-scale spatial resolution
and estimates forces larger than 10 pN could be a proper
candidate for sensoring the breather reaching the position
CD.

In what follows, we discuss possible evaluations of the
initial deformation of the nucleotide pair AB required to ex-
cite the soliton. The amplitude of the solitonic wave is not
known. In the example shown by Fig. 1 this value is ym
=0.29 Å. Hence, we would suggest this value for the initial
deformation. Note that the distance between the nucleotides
belonging to the same pair is about 3 Å. As was explained
above, we expect the nonlinear solitonic wave. It is well
known that the velocity of the soliton depends on its ampli-
tude. Higher amplitude means more localized wave and
higher velocity. Therefore, we would suggest carrying out
the experiments with the different initial deformations. To be
more precise, higher initial deformation should ensure higher
amplitude and, consequently, higher velocity. Hence, differ-

F

F

Ve
A C

B D

force

attached bead

laser tweezers

FIG. 3. Solitonic wave detec-
tion in DNA.
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ent velocities corresponding to different initial deformations
would be the confirmation of the theoretical prediction that
the existing wave is really the solitonic one.

In what follows, we want to discuss one more important
point. To carry out the proposed experiment the DNA mol-
ecule should be stretched. A crucial question is to what ex-
tent the molecule has to be stretched. Namely, it is possible
to use small enough stretching force so that the helicoidal
structure is preserved. On the other hand, if the applied force
is much stronger, then the DNA can be completely stretched,
e.g. the molecule becomes completely unwounded. In the
first case, DNA is explained by the PBD model, as was ex-
plained above. For the second possibility one should use K
=0, which means that DNA would be described by the
Peyrard-Bishop �PB� model. In other words, the PB model
can be obtained from the PBD one by letting K=0. To be
more precise, the Hamiltonian �1�, without the last term, rep-
resents the Hamiltonian of the PB model which does not take
the helicoidal structure into consideration.

The advantage of the PBD over the PB model was shown
in Ref. �3�. The soliton existing in DNA is the modulated
wave, as was explained above. A density of internal oscilla-
tions �density of carrier wave oscillations� is larger for the
bigger K �3�. This means that the modulation is better, e.g.,
more efficient, if the molecule is twisted, which means that
K�0. Also, the resonance mode �9� and an extremely high
amplitude mode �31� cannot occur for K=0. Therefore, we
suggest that the experiment should be carried out over the
helicoidal DNA. Such experiment might be more delicate but
is certainly more realistic.

So far, we have explained the proposed experiment and
have discussed some important points about it. It is the soli-
tonic wave that we expect to be detected in DNA. However,
one may ask if such wave really exists in the molecule.
Hence, we want to explain why it is the soliton that we
believe will be excited and probably detected in the experi-
ment. This will be done according to both the basic theory,
e.g., the PBD model, and numerical simulations.

First of all, DNA represents a system of mutually con-
nected springs. According to the PBD model, there are three
types of interactions and, consequently, three potential en-
ergy terms in the Hamiltonian �1�. If only one spring is
stretched then all the remaining springs will be affected after
some time. In other words, if one nucleotide pair oscillates,
like the pair AB in Fig. 1, then, after some time, the pair CD
will also begin to oscillate. This means that a certain wave
definitely exists in DNA as the wave is nothing but the
movement of the disturbance along the molecule in time. We
state that this wave is a solitonic one because Eq. �7� repre-
sents the true soliton providing Eq. �16� is satisfied. If Eq.
�16� were not satisfied we would talk about an envelope soli-
ton, which is completely irrelevant for the proposed experi-
ment. A key point is that this wave does not depend on the
initial conditions. Namely, Eq. �7� is a result of the Hamil-
tonian �1� and the applied procedure only. We should keep in
mind that the function F1 in Eq. �14� is the solution of the
NLSE while yn�t� is obtained from Eqs. �13�–�15� and the
applied procedure. Therefore, the function F1, as well as
yn�t�, does not depend on the initial conditions, otherwise, it
would not depend on the parameters �, ue and uc. In other

words, the initial conditions were not used to determine the
values of these parameters! Therefore, the wave �7� is a re-
sult of the molecule itself, e.g., of the geometry and the
chemistry determining it.

Of course, all this is still not the exact proof that the wave
is really the soliton. We rely on the PBD model which may
be wrong. So, either some experiments and/or numerical
simulations are needed to support or deny our statements. We
want to point out that the experiment proposed in this paper
might be useful in this regard. Namely, as was explained
above, the solitonic speed depends on its amplitude. The am-
plitude represents the initial stretching of the AB pair. Hence,
if the wave speed depends on the amplitude, we can say that
this is nothing but the confirmation that the wave is really the
soliton.

In what follows, we discuss the results of some numerical
simulations. It is worth noting that such simulations refer to
the NLSE, e.g., the function F1 in Eq. �14�. This function, as
well as the whole procedure, is explained in the aforemen-
tioned references. However, in simple words, one can say
that F1 is more or less Eq. �7� without the term with �2, as
can be seen from Eq. �14�. This “more or less” means that
the solution of the NLSE if a function of different time and
space coordinates but, basically, this is the first part of Eq.
�7�. The influence of the second part of Eq. �7� can be seen
from Fig. 1. Namely, the figure has higher positive than
negative amplitude but the figure would be basically the
same without the term with �2.

In Ref. �32� authors studied the solutions of the NLSE for
three initial conditions. One of them certainly corresponds to
our proposal where the cantilever attached the pair AB would
oscillate. To be more precise, this initial condition is a prod-
uct of the exponential function and the secans hyperbolic
component. This is, practically, our function F1 for t=0. It is
shown �32� that this numerical simulation brought about the
envelope solitonic wave. This is the wave like the one in Fig.
1 but without internal oscillations. The lack of the modula-
tion is probably the result of some approximations in the
numerical procedure. However, this is completely irrelevant
from the point of view of the proposed experiment. Namely,
the experiment will probably detect the envelope of the soli-
ton in Fig. 1 and this is the same as was predicted by Ref.
�32�.

One more initial condition, relevant for the proposed ex-
periment, was discussed in Ref. �32�. This is the function
sech x. This initial condition corresponds to our proposal
where the cantilever attached to the pair AB does not oscil-
late except the thermal vibrations. Namely, the shape of the
DNA segment containing the stretched AB pair and, prob-
ably, a few more around them, is like this function or, at
least, very similar.

The numerical simulations with this initial condition were
studied in more details in Ref. �33�. Namely, the NLSE

iut + uxx + ��u�2u = 0 �25�

and the initial condition
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u�x,0� = sech x �26�

bring about the following three possible solutions �N is a
positive integer�. �1� If �=2N2 then u�x , t� is a “bound state
of N solitons” �33,34�. �2� If 2N2���2�N+1� then the
asymptotic solution comprises both such a bound state and
an O�t−1/2� oscillation �33�. �3� If ��2 then only the O�t−1/2�
oscillation is present �33�.

The parameter existing in the PBD model, which corre-
spond to � is Q. This parameter depends on k, K, a and D. It
was explained above that the values of these parameters are
not known. However, reasonable values of them confirm that
� can not be less than two. For example, our choice for Fig.
1 brings about ��4.4. Therefore, we can conclude that the
initial condition �26� yields a solitonic solution of the NLSE.
To be more precise, the signal is like the envelope of the
function yn�t� shown in Fig. 1. Therefore, we can conclude
that these numerical simulations give support to our state-
ments.

In the end, we should discuss one more important point.
The solution of Eq. �4� is the nonlinear solitonic wave yn�t�,
given by Eq. �7�. But, how about Eq. �3�? Obviously, this is
the linear equation and its solution is an ordinary wave.
Hence, introducing the continuous variable nl→z, we can
obtain the following wave equation:

�2x�z,t�
�t2 − Vx

2�2x�z,t�
�z2 = 0, �27�

where

Vx
2 =

l2

m
�k + h2K� . �28�

Of course, its solution is of the form

xn�t� = B cos��xnl − �xt�,
�x

�x
= Vx. �29�

Hence, according to Eqs. �2�, �7�, and �29�, we can easily
obtain the expressions for the displacements un�t� and vn�t�.
It is important to keep in mind that the out-of-phase oscilla-
tions are determined by the weak hydrogen bonds, while the
in-phase oscillations are bounded by the strong covalent
forces. Therefore, the amplitude B should be much smaller
than the amplitude A and, consequently, xn�t� can be ne-
glected. This means that we do not expect a detection of both
the optical and the acoustical waves. It is much more likely
that the in-phase wave, represented by xn�t�, will be just a
noise.

However, we should not disregard a possibility for a more
optimistic result of the experiment. Hence, in what follows,
we compare the speeds of the nonlinear and the linear com-
ponents of the wave. Note that the speed Vx depends on two
parameters only, as can be seen from Eq. �28�. Hence, if we
knew the value of Vx we would have some very important
information about the parameters k and K. In Fig. 4 we com-
pare the speeds Ve and Vx. Namely, a ratio Ve /Vx as a func-
tion of k is showed. One can see that the speed Ve is higher

than Vx for K small enough. For example, line a shows that
the ratio Ve /Vx is higher than one for k�18.8 N /m. It is
quite opposite for large K. For K=0.2 N /m �line c� the linear
wave is faster than the nonlinear one for any k. In Fig. 4�b�,
these speeds are equal for k1=2.4 N /m and k2=8.6 N /m.

IV. CONCLUDING REMARKS

In this paper, we suggested the single molecule experi-
ment on the DNA molecule. The purpose of this experiment
would be the attempt to measure the solitonic speed. At the
same time that would confirm the existence of the nonlinear
solitonic wave in the DNA molecule. Hence, such an experi-
ment might be a support to a couple of models that describe
the DNA dynamics and predict the existence of the nonlinear
waves in DNA.

We also estimated the speed of the solitons relying on the
PBD model. Of course, similar estimations can be done us-
ing some other models. We want to mention only one of
them �35�. The PBD model describes the nucleotide pair os-
cillations using the displacements un and vn, as was ex-
plained above. In Ref. �35�, radial and angular displacements
were used. The derivations are much more complicated and
the partial differential equations for both variables are non-
linear. However, the conclusions are basically the same.
Namely, according to the helicoidal model for DNA opening
�35�, the nonlinear localized wave is expected again. This
can be the true soliton if Eq. �16� is satisfied, where Ve, �
and � have the same meaning as in the PBD model. All this
certainly means that the results of the proposed experiment
could be compared with known theoretical models and jus-
tify or deny them.
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FIG. 4. Ratio Ve /Vx as a function of k �a: K=0.05 N /m, b: K
=0.1 N /m, c: K=0.2 N /m�.
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