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1. What are microtubules?
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Why are MTs important?

Microtubules are important cell protein structures.

a) Cytoskeleton

b) Network for motor proteins
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Fig. 3. Movement of the motor proteins on the microtubule, cargo not in scale.




2. Two models

1. Radial (@ - model)
2. Longitudinal (u - model)

[1] S. Zdravkovi¢, M.V. Satari¢, A. Maluckov and A. Balaz,
Submitted to Eur. Phys. J. E

[2] S. Zdravkovi¢, L. Kavitha, M. V. Satari¢, S. Zekovic, J.
Petrovi¢, Chaos, Solitons Fract. 45 (2012) 1378

Approximation: One degree of freedom per dimer






Longitudinal degree of freedom

Real longitudinal model (z-model):

[3] S. Zdravkovi¢, M.V. Satari¢ and S. Zekovic¢, Europhys.
Lett. 102 (2013) 38002
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Procedure
1. Hamiltonian
2. Hamilton equations
Dynamical equations of motion

3.a Continuum approximation
3.b Semi-discrete approximation

3.a Partial differential equation
Ordinary differential equation
3.b Nonlinear Schrodinger equation
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Dynamical equations of motion

Igbn _ k(¢n+1 +(0n—1 _2¢n)+ pESin§Dn +F§bn — O

mi_ —k(u,., +u _,—2u )—gE - Au, +Bu’+yui =0

| .. K 5 I .
—Y —— + -2y )+, — +—1y, =0
pE l//n pE (l//n+1 l//n—l l//n ) l//n Wn pE Wn

m. K /4

— -yt =2 -y 4y S+ —o=0
Al//n A(l//n+1 l//n—l Wn) Wn l//n Al//n
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3. Two approximations

3.a) Continuum approximation

| . K 3
—Y, —— + -2y )ty — +
pE Wn pE (Wn+1 Wn—l l//n ) Wn Wn

PDE — ODE

Traveling wave ansatz:

& = K(x—vt) = y=yXt)=y ()

Ly, =0
PE
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2
Solutions of equation ¢« dy —pd—W—wyﬁ —o =0

dg® * d¢

4 procedures

P.1. Standard procedure

P.2. Modified extended tangent hyperbolic function method
P.3. Jacobian elliptic functions

P.4. Factorization method

Review paper:

[4] S. Zdravkovi¢ and M. Deki¢, Mathematical Methods in

Nonlinear Dynamics of Microtubules. Submitted to Sci.
World J.
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P.1. Standard procedure

[5] A. Gordon, Physica 146 B (1987) 373
[6] M. V. Satari¢, J. A. Tuszynski and R. B. Zakula, Phys. Rev. E 48
(1993) 589

P.2. Modified extended tangent hyperbolic function
method

[71A. H. A. Ali, Phys. Lett. A 363 (2007) 420
[8] S. Zdravkovi¢, L. Kavitha, M. V. Satari¢, S. Zekovi¢ and J. Petrovic,
Chaos Solitons Fract. 45 (2012) 1378

P.3. Jacobian elliptic functions

[9] S. Zekovi¢, S. Zdravkovi¢, L. Kavitha and A. Muniyappan, To be
published in Chin. Phys. B.

P.4. Factorization method

[10] S. Zdravkovic, S. Maluckov, M. Beki¢, S. Kuzmanovi¢ and M. V.
Satari¢, Submitted to Nonlinearity
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P.2. Modified extended tangent hyperbolic function method

d? d
ad;;—pd—lg—wikl//g—O':O

M
y=a,+> (a,® +bo)

i=1
D = tanh(C 5) tangent hyperbolic function method

dg —b+ d? extended tangent hyperbolic function method
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M
y=a,+Y (30" +bd)
i=1

() . .
d—: b+ ®d°? Riccati

a) b>0 @=+btan[ybs) or ®=—beotl[vbe)

C) b<0 q):—\/—ibtanh(ﬁ.f) or
D =—\/—7bcoth(\/15)
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2
ad 4 dy
dg* " dS

M
y=a,+ (a,® +bo)
=1
M=1

Yy =a,+ad

Unknown parameters:

—p———y+y’-c=0

a,,a,, b,

® = —/—b tanh(v=b¢)

04
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—2a,+8a, +0 =0
p =38,
2c =—a12
~1+3a,” +2ab= 0]

a<0 b=—-

[11] V. Smirnov, Kurs vishey matematiki, tom 1, Nauka,
Moscow 1965. (In Russian).
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y=2a,+a0 ® = —/—b tanh(v=b¢)

i (&) = ay _\/1_3a0i2 tanh(sam \/]'_Bam2 f]
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Physical meaning?

H =Z[guf U, +V(un>}

1 1
V(u)=-—=Au’+=Bu? —-qEu
( n) 2 n 4 n q n
AZ
V(y)=—"1(v)
B
1 1,

f()=-ow-——yp?+=
(v) et il
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(b) 0=0.3
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v, (—0) =y

W, (—0) =y,

Ws(—0) =y

v, R — max
v,. R > L

v, L — max

'7”1 (+OO) — Wmax

W, (+0) =y

W3 (+OO) — l//max
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3. Two approximations

3.a) Continuum approximation

1k
£V OE

(W *Waa =20 )+, — ) +

PDE — ODE

Ly, =0
PE
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3.b) Semi-discrete approximation

I o0 k 3 r L[]
—y + -2y )+, — +—1y, =0
pE l//n pE (l//n+1 l//n—l l//n ) l//n Wn pE Wn

[12] M. Remoissenet, Phys. Rev. B 33 (1986) 2386

[13] R.K. Dodd, J.C. Eilbeck, J.D. Gibbon and H.C. Morris,
“Solitons and Nonlinear Wave Equations”, Academic
Press, Inc., London 1982

[14] T. Kawahara, J. Phys. Soc. Japan 35 (1973) 1537
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nl — z L =¢1; T=¢t

Fle(nxDl,et) > F(Z,T)£F, (Z,T)el +%FZZ (Z,T)&??
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Coherent mode vV =22
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Viscosity M, =-T® B=T/2l

\Y n
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Localized modulated soliton (breather)
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4. Kinks and breathers

3.a) Continuum approximation

Traveling wave ansatz

Kink soliton

3.b) Semi-discrete approximation

Localized modulated soliton (breather)
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Biological implication 1

Why is a soliton important for a cell?

MTs serve as a “road network” for motor proteins (kinesin
and dynein) dragging different “cargos” such as vesicles
and mitochondria.

A soliton Is a signal which activates a proper motor!
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Biological implication 2

J6 3
€0(X,t)=7 1+tanh£4p§j O<gp<\/€rad
MT begins to crumble. Maize cob (corn)

MT is dynamically very unstable structure. Its life time in
normal cells is about 2-4 hours while its depolymerisation
(disintegration) occurs in a few seconds.
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Depolymerisation always starts from the biologically
positive end, i.e. negatively charged end.

@(—0) =0 stable state

p(+0) = /6 unstable state

Biological equivalence of the instability is the blowups of MT.
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5. Further research

1. More general model

(¢ - model: H = Z{I—gbnz +E(gon+1 ~¢,) - pEcosg,

1 1
V(u.)=-gEu. —= Au? +=Bu?
(u,) =-qEu, 5 A+, BUy
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2. Kinocilium

Part of acoustic apparatus in vertebrates.

It consists of 9 pairs of parallel MTs.

[15] M.V. Satari¢, D.L. Sekuli¢, B.M. Satari¢ and S.
Zdravkovi¢, Localized nonlinear ionic pulses along
microtubules tune the mechano-sensitivity of hair cells.
Submitted to Phys. Rev. E
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Thank you for your attention!

Thanks to organizers of the conference!

* * %

Thanks to bpaHko [dparosunh
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