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Abstract. In this work, the Lie symmetry analysis is tested by its applications
to nano-solitons of ionic waves propagation along microtubules in living cells
and nano-ionic currents of MTs.

1 Introduction

The main aim of this work is to study the executive equation defining nano-ionic currents
along microtubules with the Lie symmetry analysis. This method is one of the most important
and efficient techniques to find the exact solutions [1]-[7].

The nano ionic currents are elaborated in [8] take the form
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where R = 0.34 x 10°Q the resistance of the elementary rings (ER), L = 8 x 10°m, Cy =
1.8x10713F is the total maximal capacitance of the ER. Gy = 1.1x107'3S i is the conductance
of pertaining nano-pores (NPS) and Z = 5.5 x 10'°Q is the characteristic impedance of the
system. The parameter ¢ and y describe the nonlinearity of ER capacitor and conductance of
NPS in ER, respectively.

2 Lie Symmetry Analysis
We will now consider the one parameter group of point transformation of the form

x — x+&(x,t,q),
t - t+et(x,t,q),
q—q+ep(x,t,q),

where € < 1 is a group parameter [9]. The vector field associated with the above group of
transformations can be written as

0 0 0
V = &(x, 1, q)a +71(x, 1, q)a + ¢(x, t, q)%. 2)
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In order to study symmetries, from Eq. (1), it can be shown by a well established procedure
as following

&=0,
T=C1,
¢=0,

where C; and C; are constants. The Lie symmetry algebra of Eq. (1) is spanned by the
following two generators.

0
Vi=—,
"7 o

0
V= —.
2T o

Now we consider the above mentioned vector fields for Eq. (1).
Case 1: For the generator V| = (%, the similarity variables are = ¢, ¢ = f(17). Then from
Eqg. (1), we get the following reduction equation
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Solution of this equation
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where & = (RZ™! — GyZ)/ZCy.
Case 2: For the generator V, = 61, the similarity variables are n = x, ¢ = f(1;7). Then
from Eq. (1), we get the following reduction linear equation

L2 111 / 1 -1
FI 2+ L RZT - Goz)f =0. 5)

Case 3: For the generator V3 = V| + V, = 9/0x + 3/0t, we have g = f(i7) that p = x — ¢.
If we substitute ¢ = f(n) into the governing equation, we obtain following NODE;

I? Z3? 2L - ZCy

1
S/ = T WGo = 26C)ff' + () + T (RZT = GoD)f = 0. (6)

Case 4: For the infinitesimal generator V,; =

wﬁ + - az’ we have g = f(n), n = Ax — pt
where A and p are constants. If we substitute g = f

nto Eq. (1), so that
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713f"’ = =~ WGo = 26Co)pff + (24 - —p)f + (RZ‘ -Go2)f=0. (1)

In this, we find the solution of Eq. (7) using the "Generalized Projective Riccati Equations
Method" (GPREM) [10]. So, balancing f"”” and ff” gives N = 2. Therefore

2
fop = Ao+ Y. Ao + Biv(p), @®)

i=1

where Aj and B;, j = 0, 1,2 are constants.
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In Eq. (8), o() and v(n) satisfy the ODE

o = eamv(y), ©)
v =R+ e() - po(p), e = =1, (10)
where
w+r

v = eR - 2uo(n) + (), an

r, R and u are non zero constants.

So, if Eq. (8) are written in Eq. (7) for e = —1 and r = 1, we get solving the system of
the algebraic equation.

Consequently, the solution of f(z) is obtained as following
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where @ = %2/13, a, = QL/Z()(GO - 20Cy)p, a3 = (24 — Z—f‘)p) and finally we get ay =
1(RZ™' - Gy2).

3 Conclusion

In this work, the Lie symmetry analysis has been successfully applied to find the solution of
the nonlinear partial differential equation which plays an important role in biology. Some of
the equations obtained with the Lie symmetry are solved and we found new exact solutions
for these equations. Also, while finding these new exact solutions, Generalized Projective
Riccati method was applied to the reduced equation by Lie analysis.
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