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Abstract—Microtubules are demonstrated as straight macromolecules including the linear chains of tubulin
subunits in the length. It’s important to know the functions inside microtubule growth and the control of
microtubule processes. An important item that determines the status of a microtubule, whether it is growing
or shrinking, is the length of the GTP tubulin microtubule cap in view point of thermodynamic properties.
Monte Carlo simulation has been applied to study dynamic instability of the microtubule length. In this
model, one-dimensional microtubule is fixed at one of the two and is simulated while the opposite end is
allowed for growing in random situation. By a Monte Carlo model of the assembly and disassembly of micro-
tubules, the thermodynamic parameters helped us to explain suitable mechanism and also we take into
account the contribution of water to the entropy of the microtubule systems. We compared the result of the
model from published experimental data using the GTP tubulin dimer attachment rate and the lateral and
longitudinal binding energies of GTP and GDP tubulin dimers at both ends. By this study at each step, one
tubulin has been added to the length for growing microtubule length. Computationally, this can be done
through generating a uniform random number between 0 and 1. It has been calculated a correct dimension
around 10–6 m of microtubules length including around 1650 tubulin dimers. Microtubule growth rate is
related to the soluble tubulin dimer concentration and for all results shown here, simulation of any single con-
dition was run 5–10 times. For each simulation it has been recorded values number, average length and free
tubulin concentration.
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INTRODUCTION
In past two decades (2005 up to now), a few novel

properties have been discovered about the mechanism
reaction of stathmin with microtubules (MTs) by
researchers [1–10]. The stathmin family proteins
carry out a major function in regulating rapid microtu-
bule remodeling of the cytoskeleton and also increase
microtubule turnover in response to the cell’s needs
such as extracellular signals [1]. One molecule stath-
min interacts with two subunits tubulins “αβ-tubulin”
dimers” for building a tight ternary complex (is known
as T2S complex) which decreases microtubule destabi-
lizing activity near microtubule polymer [2]. One of
the important stathmin category proteins is RB3 which
shares (88%) with other members the stathmin-like
domain (SLD) through translated amino-acid identity
with that of XB3 [2, 3]. Since stathmin is a disordered
protein and their activities are down-regulated by mul-
tiple phosphorylations, it becomes non-polymerizable
in complex of the T2S tubulin [4]. Since the stathmin
is a soluble cytoplasmic protein, is used in regulating
rapid microtubule remaking of the cytoskeleton in

response to the cell’s requirements [5]. Microtubule
assemblies determined through the concentration of
free tubulins in the cytoplasm, at low concentrations
the growth rate at the microtubule ends is languid and
results in an increased rate of disassembly (de-polym-
erization) [5, 6]. Recently, especial particles have been
discovered inside the microtubules that exist in differ-
ent ways between cell types while the neuronal cells
have the most particles [7–10]. In 1984, Burton intro-
duces those particles that could be voided via lumen
quickly through reassembly or disassembly of micro-
tubules [11]. Proteins that destabilize or destabilized
microtubules have been distinguished recently (such
as stathmin family proteins and Colchicine) and the
protein related to stathmin is expressed in the nervous
systems which are known as SCLIP, SCG10, RB3
(and two its splice variants RB3' and RB3'') [12–14].
Via electron microscopy (EM) it can be seen that each
proto-filament consists of globular 4 nm subunits and
it is possible for refining tubulin to assemble with a
range of diameters containing between 9 and 16 proto-
filaments (Fig. 1).
1474
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Fig. 1. The schematic images of various microtubules including 12–16 proto-filaments (pf). 
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Two major structures of αβ-tubulin are known; the
first one is GDP-tubulin in straight antiparallel proto-
filaments stabilized by “Taxol” and the second is the
curved structure of two head to tail GDP-tubulin
dimers in complex with the stathmin-like domain
(RB3-SLD) (Fig. 2) [15–18]. The structures of tubu-
lins in microtubules are related to the straight zinc-
sheet structures. Monomers in adjacent proto-fila-
ments serialize a set of shallow are helices that for 13-
protofilament microtubules three shallows run in par-
allel. This situation causes a suitable f lexibility in the
bonds between adjacent hetero-dimers. The microtu-
bules—associated motor proteins, such as dynein and
kinesin can be run for long distances along a microtu-
bule when there are 14 proto-filaments [19, 20]. In
more or fewer than 14 proto-filaments, the structure
might be rotated somewhat, so that the proto-fila-
ments twisted slowly around the microtubule axis [21].

Ravelli et al. [23], exhibited some important data
about the conformational changing of microtubules
structures through X-ray crystallography. The mono-
mers have a pair of spherical domains which the larger
domain, contains the N-terminal half of the polypep-
tide. A binding site for “Taxol” is located on the sec-
ond domain of -tubulins, which has sufficient con-
tact with the core helix and also on the opposite side
has contact with a nucleotide base. The C-terminal
end of each tubulin polypeptide makes two long heli-
ces and these residues are suitable for isoform recogni-
tion through tubulin binding proteins. As it has been
shown in Fig. 3, the long coil loop of globular domain
is attached in lateral contact to the proto-filament
inside the microtubule. In addition, there is a com-
mon agreement that the “M-loop” of one proto-fila-
ment makes contact with the GTPase domain. In

αβ
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some locations the proto-filament makes a ring
through bending at all of the interfaces among mono-
mers.

Stathmin interacts with αβ-tubulin for forming a
ternary complex which tubulins are able to switch
between a curved structure of this complex including
RB3 protein and a straight microtubule-like structure.
By this study, the kinetic, potential, total and thermo-
dynamic assemblies and dis-assemblies have been
done by GTP hydrolysis in viewpoint of Monte Carlo
simulation. The microtubule-associated proteins
(MAPs) of tubulin-GDP proto-filament helixes have
been indicated with dimer curvatures. This phenome-
non indicates a proposition that the free GTP–tubulin
dimers are curved similarly to tubulin rings and is
driven into the straight conformation through the
microtubule. Consequently, in the allosteric model,
GTP binding would induce a straighter conformation
pre-structured in solution for lateral interactions
whereas in the lattice model αβ-tubulin adopts a
microtubule incompatible and curved conformation
independent of the nucleotide state.

THEORETICAL MODE

Thermodynamics Approach

The polymerization of microtubules consists of
3 steps. First, GTP-tubulin dimers (TGTP) where can
attach or detach from the tip of the microtubule. Sec-
ond, GDP-tubulin dimers (TGDP) where can only
detach from the microtubule tip. Third, the TGDP
inside the microtubule where can hydrolyses inside
TGDP. Since, the number of microtubule configura-
tions are large therefore,  denotes a microtubule inM j
l. 96  No. 7  2022
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Fig.2. The structure designed by electron crystallography in complex with Taxol [22]. The guanosine triphosphate “GTPase”
domain, the activation domains and the core helix connected to two globular domains in each monomer on the external surfaces
are shown. GTP is sandwiched between α- and β-tubulin subunits of each heterodimer and of two tubulins, this pocket are occu-
pied by the extended L-loop. 
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the configuration J. By GTP-tubulin dimer hydrolyses
to a GDP-tubulin, the configuration of the microtu-
bule changes. Those three mentioned reactions can be
summarized as follows:

(1)

(2)

(3)

That  is an inorganic phosphate. We have added here,
for completeness, the self-regulating process transform-
ing GDP-tubulin into GTP-tubulin. The indices

, and  are related to each other. Equation
(1) is a normal system corresponding to a very large
number of chemical equations. The last equation in (3)
symbolizes the self-regulatory process that controls the
GTP-tubulin concentration in the cell. A major config-
uration  can occur on both sides of chains. We now
consider a volume V containing  moles of microtu-
bules in configuration J,  moles of free GTP-tubulin
dimers,  moles of water,  moles of free GDP-
tubulin dimers and  moles of Pi. A priory, we thus
have Q different types of microtubules, each with their
own concentration . Moreover, we know that in
physiological conditions, , , , and

 are very small. The Gibbs’ energy of the micro-
tubule solutions is given by
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where , , and  are energy, entropy, and
the volume on the temperature T, respectively. During
the association of one tubulin dimer to a microtu-
bule  to produce a microtubule , as in the reac-
tion (2), the Gibbs’ energy changes can be computed as

(5)

All the quantities normalized to single molecules
rather than 1 mol has been computed by a Monte
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Fig. 3. Monte Carlo and molecular dynamic simulation of T-SLD in six stages (a–f) based on various potential and kinetic ener-
gies; red color is kinetic energy, black color is potential energy, and blue color is the total energy and x-axis value is the run step
(number of iteration). 
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Carlo simulation of the chemical reaction. Using
, yields:

(6)
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Equation (6) can also be used, up to a sign, for the
detachment of any type of tubulin dimer.

MD Simulation
Algorithm optimization. A suitable algorithm can be

selected based on total number of atoms, system aver-
age density and system average temperature for the
MD or MC simulation. By this work, the total number
of atoms were set between 9600 to 14 400 thousand
l. 96  No. 7  2022
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while the system temperature ranges from 300 to
310 K. For atoms located around the central area, the
initial condition is the thermal random motion com-
bined with the assigned distribution of displacement.
The initial conditions adopted in these simulations
had T-SLD in a straight conformation normal to the
surface.

We used 80–120 iteration running that lasted
between 10–15 ps for each items and also each of them
taken up 80% of these values for relaxation time and
20% for stabilization of the various resultant confor-
mations that were then statistically analyzed. These
simulations were run on a personal computer with a
4 GHz Pentium dual CPU and 2.0 GB DDR RAM for
run steps among 80–120 for MD and MC simulation.
The model parameters used for the numerical evalua-
tion, First, we have used the geometrical dimensions
of the tubulin dimer as: H = 8 nm, W = 6 nm. Then,
we assumed that approximately 2/3 of the net average
charge of tubulin is exposed on the outer surface The
empirical estimate of the relative dielectric constant εr
based on Mallik works which, is linearly approximated

by: ,  [24].

Before an algorithm comes to realization, its accu-
racy and efficiency first have to be verified. The accu-
racy of MD simulation results such as displacement
and velocity are identical and thus do not need to be
inspected. However, only the theoretical prediction
for the efficiency optimization has been provided so
far, and the numerical validation through a real case is
still required.

Potential interaction among particles. There are
several methods to compute the minimum energy for
interaction among the particles but most widely used
methods are steepest descent and conjugate gradient
that utilizes the gradient of the potential energy sur-
face. It directly relates to the forces in the molecular
mechanical description of molecular systems, to guide
a search path toward the nearest energy minimum.
Molecular mechanics force fields are the basic of bio-
macromolecular simulations, being used to compute
the potential energy of a system of particles.

Force fields provide information about the poten-
tial energy interactions among particles in microtubule
system that are explained via Lennard-Jones poten-
tials as follows:

(7)

 is a cutoff distance around 12 Å for T-SLD. Abso-
lute value of inter-atomic potential or inter-atomic
force decays very fast to zero when the inter-atomic
distance gets larger than several times the equilibrium
distance, a cut-off radius, RC is usually defined so that
the neighboring atoms outside this radius will be
ignored. Using this cut-off radius, the interaction

ε = + 791  
.

( )
1 7r

dd ≤ 1.7d

   
   
  





σ σ


= ε − < 

   

12 6

LJ 4 , ,( ) ij ij
ij ij C

ij ij

V r r R
r r

CR
RUSSIAN JOURNAL O
among atoms is actually reduced to a short-range type.
It is worth mentioning that Van der Waals interaction
terms, described by a Lennard-Jones [25] potential
function, include only dispersion or London interac-
tions between transient dipoles, while Keesom inter-
actions (between permanent dipoles) and Debye
(induced dipole) interactions are included in the elec-
trostatic (Coulomb) term, without explicit develop-
ment into charge distribution momenta. In addition
the Lorentz–Berthelot rules have been applied for the
inter forces among MTs and tubulins–stathmin-like
domain complex (T-SLD) as follows:

(8)

the non-bonded and bonded data including van der
Waals of related force fields are listed in Tables 1 and 2.
The total energies of the model systems are a total of
several partial energies as follows:

(9)

where Ebond and Eangle + Etorsion are bond formation and
angle (both strain and torsional) energies, respec-
tively; Eover is associated with valence and torsional
angles, respectively that prevents the over-coordina-
tion of the atoms; EvdW + ECoulomb are the dispersive
and electrostatic energies contribution between all
atoms, respectively. The TIP3 model uses a total of the
three sites for the electrostatic interactions. The partial
positive charges on the hydrogen atoms are exactly
balanced by an appropriate negative charge located on
the oxygen atom. The OPLS model is a modified form
of TIPS that has parameters fitted to liquid state prop-
erties, and so is more suitable for studies of liquids.
The model works well for a variety of alcohols, amines,
aliphatic and aromatic hydrocarbons, sulfur com-
pounds, ether, amino acids, and nucleic acid bases.

The OPLS Lennard-Jones parameters for nucleic
acid bases are included in Table 3. There are multiple
force fields available, and selection of the most ade-
quate force field in studies bio-macromolecular simu-
lations including AMBER [25], and CHARMM in
which an empirical energy function that contains
terms of both internal and external interactions was
used [26].

Simulated model. A model of tubulins–stathmin-
like domain complex with a radius of 20 μm and a
height of 0.4 μm for a volume of approximately
900 μm3 has been simulated where MTs are nucleated
from a defined number of sites located in the center of
a cylinder (Table 4). It is notable, one state with index
i, is connected to other N states, indexed by j = 1, …,
N, by transitions that happens with rates  (from i
to j). At each iteration of the algorithm, one of the N
transitions is randomly chosen (with the right proba-
bility), and the time step is cleverly calculated using a

σ = σ + σ ε = ε ε0.5( ) and     .ij i j ij i j
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Table 1. Non-bonded interaction parameters in terms of
 + ECoulomb

atom type mass, g/mol , nm , kcal/mol

CH2 14.03 0.393 0.081
C=O 28.05 0.444 0.019
O–H 17.08 0.241 0.034
C–O 28.07 0.315 0.010
C–C 24.03 0.133 0.082
N–C 26.01 0.366 0.065
P–O 33.4 0.448 0.088

Van der WaalsE

   σ σ
= ε − <   
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  
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σ ε
random number u in (0, 1](0, 1] by ,

where R is the sum of all the rates of the transitions
leaving from state i. In this way  is exponentially dis-
tributed with mean 1/R. Since the T-SLD surface is
complicated we use a dense grid that models its charge
distribution. The outer surface can be characterized as
mainly negative with a few small positive pockets. The
computation of the interaction between the stathmin
and the dimer’s surface is highly intensive if done for
each update of the position. By using 2 Å resolution,
the number of grid points is (8/0.2)  (6/0.2) = 1200,
assuming a 6  8 nm2 surface area. But we used several
of bead models (including 8, 10, and 12) then the
number of point-to-point interactions becomes 9600,
12000, and 14400 numbers, respectively. Although a
reasonable number of updates are 105 to 106, so this
type of interaction becomes a serious bottleneck. For
overcoming this problem, we assume that the surface
is static and evaluate the field it exerts in a box of (6 
8  6) nm3 volume whose base is the surface.

Δ = ln(1/ )ut
R

Δt

× 
× 

×
×
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Table 2. Parameters of bonded interactions of the atomistic f

bond b, Å
kcal/(mol Å2)

angle

C–H 1.11 335 C–O–C 117.5
C=O 1.21 330 C–C–C 121.1
O–H 1.09 350 O–C–O 118.4
C–O 1.41 240 C–C–H 111.1
C=C 1.34 355 O–C–H 109.2
P–O 1.44 370 P–O–C 110.4

β
 = − + θ =   

  
 

2

bonds ang
) ( 0.5( ) ( )b

b ij ij ij ij ijkV r k r b V

,bk θ0
ijk
In Table 4, the input distributions can be either
continuous, where the randomly generated value can
take any value under the distribution (for example a
normal distribution) or discrete, where probabilities
are attached to two or more distinct scenarios. To set
up the Monte Carlo simulation. Options dialog box
allows us to set up the Monte Carlo simulation param-
eters. And we are able to run a constant temperature
simulation with various steps. For some systems, it
may be useful to add optional heat and cool phases.
Set the run steps to 100 and also set the heat and cool
steps and also the maximum step size (max delta)
around 0.05–0.1 Å are the most condition of our
Monte Carlo simulation. The Monte Carlo averages
setup is identical to molecular dynamics averages
setup. There is an additional parameter that you can
monitor in Monte Carlo: the acceptance ratio. The
acceptance ratio is a running average of the ratio of the
number of accepted moves to attempted moves. Opti-
mal values are close to 0.5. Varying the step size can
have a large effect on the acceptance ratio.

Simulation of Tubulins–Stathmin-Like Domain 
Complex (T-SLD)

T-SLD simulation is done to replicate the experi-
mental conditions, so several parameters for the dif-
ferent physical conditions are considered (such as
pressure, temperature). In general the protein simula-
tion is done in canonical ensemble (NVT), particularly
the initial equilibration steps, or isothermal-isobaric
(NPT) ensemble. The simple structure emulators the
basic area of a generic cell binding for the minimum
slip where MTs and tubulins–stathmin-like domain
complex (T-SLD) are dynamically measured. The
concentrations of total tubulins were basically set
between 30–35 μM [27, 28]. For increasing the effi-
ciency of simulations, the number of nucleation site
were modeled to 400, which also collected the maxi-
mum number of T-SLD. Additional presumptions have
been considered as (1) tubulins–complete T-SLD
l. 96  No. 7  2022

orce field

dihedral
kcal/mol

53.5 C–C–C–O 0.35 1 0.00
65.5 H–C–C–C 0.40 3 180.0
45.4 O–C–C–H 0.24 2 0.00
46.4 C–O–C–H 0.43 2 0.00
44.5 O–C–C–O 0.61 3 0.00
49.5 P–O–C–C 0.75 3 180.0
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Table 3. OPLS Lennard-Jones parameters for nucleic acid
bases

Atom , Å , kcal/mol

O 2.85 0.215
N 3,41 0.175
C in C=O 2.85 0.120
P 3.65 0.135
H(N) 0.0 0.0
H(C) 2.15 0.09
H(O) 1.85 0.11

σ ε
depolymerization immediately opens up that nucle-
ation site for a new nucleation event [28, 29]; (2) all
T-SLD remain associated with their nucleation site
until they completely depolymerize and do not bend
during confliction with the cell margin; (3) T-SLD
de-stabilization is dependent on free tubulin concen-
tration; (4) any T-SLD destabilization reaching the
cell boundary undergoes a catastrophe. Simulations
with time step = 1 s obeyed the general sequences as:
(1) available places are checked for nucleation based
on the given probability; (2) T-SLD with a velocity
determined by free tubulin concentration; (3) stabili-
zation/destabilization of T-SLD can remain in a
catastrophe, there by switching to a shortening state.
T-SLD that achieves the cell boundary will move to a
shortening state; (4) shortening T-SLD can continue
to shorten or undergo a liberation phenomenon. Out-
put from this modeling are including, number and
lengths, free tubulin concentration, the length of a sin-
gle T-SLD during the simulation and thermodynamic
parameters. Common data and values applied for sim-
ulating the interphase T-SLD array. Nucleation rate
were estimated based on previous work from the cen-
trosome [28, 29] divided by the 450–500 potential sec-
tions. Total tubulin concentrations were calculated as
described previously [27, 28]. There are multiple steps
involved in simulation and Fig. 3 shows some of the
RUSSIAN JOURNAL O

Table 4. Common simulation parameters of both Monte Car
(d, e, and f)

Simulation 
temperatures

Random
seeds

Run step
(number 

of iteration)

Time step, ps

Monte Carl
300 18077 100 0.05
305 24000 90 0.06
310 22600 80 0.07

Molecular dyna
300 20000 120 0.08
305 25000 100 0.09
310 30000 110 0.1

Δ = ln(1/ )ut
R

most important ones. MD simulation starts with the
knowledge of the potential energy of the system with
respect to its position coordinates. The first derivative
of the potential function to the position coordinates
helps to compute the force acting on individual atoms
of the system. The essential steps involved in the MD
simulations of proteins are as follows. The clear mea-
sure constants, Kon and Koff were applied for calculat-
ing assembling and deassembling measuring as a func-
tion of free tubulin concentration. The initial parame-
ters were tested based on interphase LLCPK1 cells
[28–30]. In addition, all information about geometer-
ies, energies and end dynamic instability based on
Monte Carlo  and molecur dynamic methods are
listed in Tables 2–5 and Fig. 3.

As shown in Fig. 3a, the distributions of T-SLD
lengths forms a tightly exponential, where T-SLD ends
is limited to an area near the edges, based on defined
by the cell radius. The length of one molecule T-SLD
is exhibited in Fig. 3b. Consistent with the distribution
of all T-SLD ends, the end of this single T-SLD
spends maximum of its time close the cell boundary.
Figure 3c exhibits a simulation run for fewer steps to
show the early steps in T-SLD assembly for a single
T-SLD. Slower speed, as tubulins are combined into
T-SLD, were trivial through changes in the slope on
the first growth section. Medium T-SLD quickly
reached about 20 μm (Fig. 3d).

The total number of T-SLD increased for
4500 microtubules via around 4000 s. We applied the
simulations of free tubulin concentration in a steady
state amounts through Fig. 3e and the standard devia-
tions of those values also in Fig. 3f.

Stathmin and Microtubule Dynamics
Microtubules exist in a situation of continuous tran-

sition between two phases of polymerization and depo-
lymerization which is based on dynamic instabilities
with a stochastic mechanism which this phenomenon is
known as catastrophe (Fig. 4). In intermediate struc-
F PHYSICAL CHEMISTRY A  Vol. 96  No. 7  2022

lo simulation (a, b, and c) and molecular dynamic simulation

Maximum 
step size or 

max delta, Å

Run time,
ps

Numbers 
of atoms

Various
steps

o simulation
0.05 10.0 14400 a
0.04 15.0 12000 b
0.06 12.0 9600 c

mic simulation
0.07 14.0 14400 d
0.05 9.0 12000 e
0.05 11.0 9600 f
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Table 5. Potential (Ep) and kinetic (Ek) energies (kcal/mol)
steps a–f for Taxol with the stathmin-like domain interac-
tion (T-SLD), Ts is simulation temperature

Ts, K Ep Ek Etotal Step

Monte Carlo simulation
300 13074.1 626.7 13700.8 a
305 75342.7 216.1 77558.8 b
310 9569.5 314.3 9883.8 c

Molecular dynamic simulation
300 5717.1 217.1 5934.2 d
305 5379.2 266.1 5645.3 e
310 5343.1 324.1 5667.2 f
ture, microtubule is long and stable with its dynamic
relatively slow. Belmont [31] supposed a model to
exhibited stathmin exerts effects via increasing the rate
of catastrophe and consequently an explanation in
which the microtubule-depolymerized. The mecha-
nism is based on stathmin binds two un-polymerized
tubulins in ternary stathmin–tubulin complexes (Fig.
4). The tubulin-sequestering activities of the stathmin
prevent any growth of microtubule through tubulin
polymerization. The catastrophe-promoting activities
are confirmed for occurring at the ends of polymeriza-
tion and also exhibit how does stathmin binds tubulin
heterodimers at the microtubule ends for increasing
catastrophe via a GTP hydrolysis-dependent mecha-
nism structure of the complex of tubulin and also the
stathmin-like domain (SLD) of RB3. The tubulins
subunits in the complex are associated head-to-tail in
a curved conformation. The same group recently
extended these observations by showing that the
curved complex is capped by the amino-terminal
region of the SLD domain. This prevents the incorpo-
ration of the complex into polymerized microtubules.
These investigations exhibit that stathmin are able to
bind both polymerized and un-polymerized tubulins
and is able to exclude the polymerization towards a
stable microtubule.
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo

Fig. 4. Model for the role of stathmin in the regulation of micro
in a cell cycle phenomenon. 

Stathmin in cell-cycle phenomenon

Polymerization
Microtubule

Depolymerization

Stathmin
Estimation of Kinetic and Free Energies

In the kinetic reaction the rate constant of associa-
tion and dissociation are as  and , respectively.
The free energy for the association reaction is

 with the relation of . For

simplicity it can be supposed that the , is equal for all
sites, therefore a fixed-geometry binding site is applied
due to highest affinity of tubulin–GTP interaction

comprising to the isolated site. The  values can

be calculated using estimated free energies values of
individual bonds with definition of association and
dissociation sites.

The affinities of the tubulins dimer for a microtu-
bule end then depends upon the number of contacts
formed. The free energies for the binding of one mol-
ecule of tubulin-GTP at the especial sites may be
obtained as the sum of the free energies for individual
subunit–subunit interactions between tubulin mono-
mers. The binding of a molecule of tubulin-GTP to a
typical site may be formally regarded as involving free
energy terms (Fig. 1).

RESULT AND DISCUSSION
Monte Carlo simulation has been applied to study

dynamic instability of the microtubule length of our
model based on the papers [32]. In this method one-
dimensional microtubule is fixed at one of the two and
simulated while the opposite end is allowed for grow-
ing in random situation. In this model at each step one
tubulin has been added to the length for growing
microtubule length. Computationally this can be done
through generating a uniform random number
between 0 and 1. Comparing the data for dynamical
instabilities among parameter sets exhibited that rates
of elongation and shortening varies to the small
degrees. For testing how the differences data among
the parameters contribute to the overall microtubule
arrays, it can be simulated with those parameters from

aK d K

Δ = −a lnG RT K = a

d

KK
K

aK

= a

d

KK
K

l. 96  No. 7  2022

tubule dynamics during polymerization and de-polymerization

Stathmin curve



1482 FARNOUSH NAGHSH, MAJID MONAJJEMI

Table 6. Kinetic and thermodynamic parameters for Taxol
with the stathmin-like domain interaction (T-SLD)

System
μm s–1 μm s–1 s–1 s–1

Monte Carlo simulation
A 0.224 0.154 0.054 0.066 0.83 –495.5
B 0.199 0.166 0.045 0.077 0.58 –131.5
C 0.213 0.188 0.064 0.081 0.79 –587.9

Molecular dynamic simulation
D 0.191 0.149 0.057 0.066 0.86 –376.1
E 0.189 0.155 0.067 0.065 0.96 –357.8
F 0.178 0.167 0.077 0.065 0.88 –453.9

growth,V shrinkage,V a,K d,K
k ΔG
one set and basically switched that data at a time to
that from the other set. It might be considered the
effect of stathmin concentration gradient for forma-
tion of microtubule length. So the model of quasi-
one-dimensional constriction of microtubules has
been selected. In this model, the microtubule forma-
tion switches among assemblies states and dis-assem-
blies with the random variables of Monte Carlo
approach.

A transition frequency  has been defined for
assembly states to disassembly situation of catastrophe
and  has been defined from dis-assemblies to
assembly. Based on several parameters like formation
and constriction velocities, tubulin concentration
have to describe through the simplest stochastic model
of field equations based on Leibler work to study this
matter using Monte Carlo simulation of microtubule
length [33]. This model consist of a cell including free

-tubulins and stathmin which are distributed uni-
formly. The accessibility of free -tubulins in the cell
pertains on the concentration of the stathmin due to
each stathmin binds to two -tubulins towards three-
meric structure.

If the corresponding changes in conformation also
elevate the rate of GTP hydrolysis at remote sites in the
stabilizing cap, then EB’s preference for a “twisted
and compacted” conformation at one site has the
potential to accelerate GTP hydrolysis elsewhere. We
speculate that whether acting through GTPase activity
or not, lattice-propagated modulation of αβ-tubulin
conformation and biochemistry, and the threshold-
dependent effects that may accompany this long-
range coupling, will be important for understanding
fundamental mechanisms of microtubule dynamics in
general [34–37].

However, these situations of stathmin proteins are
weakened around mitotic chromosome because of
stathmin’s phosphorylation. It might be supposed that
from the centrioles towards the chromatin position,
the activities of stathmin are uniform till a certain dis-
tance, and then there is a gradual inhibition of stath-
min activities which are approximately zero at the
chromatin. As a result, one finds a gradient of stath-
min–tubulin interaction as one move towards the
chromatin as reported by Niethmmer experimentally
[38].

At any immediate of time microtubules end are in
one of the two situation, length and or simplifying. In
this simulation a regular steps of time t it might be pos-
sible for adding or subtracting one tubulin length for
growing or simplifying microtubules elongation. If 
and  are the transitions frequencies for catastrophe
and rescue, respectively then the normalized equa-
tions of those frequencies can be written as:

 and . The micro-

tubule elongation at a especially immediate of time

tf

−1tf

αβ
αβ

αβ

tf
−1tf

−
=

+catastrophe
1

t

t t

ff
f f

−

−
=

+
1

rescue
1

t

t t

ff
f f
RUSSIAN JOURNAL O
will be in length situation or simplifying states if the
random numbers are less than the normalized transi-
tion frequencies for catastrophe,  or rescue, .
Obviously, it must be supposed the transitions to be
instantaneous and with a definition of critical length,

, , and  (with an exponential
function) are constant. In this position the velocities of
growth is  and for shrinkage  for the
microtubules (Table 6). These data are reasonable and
also confirm the experimental information [38, 39].

CONCLUSIONS

Microtubules are demonstrated as straight macro-
molecules consist of the linear chains of tubulin sub-
units in the length without any incorporating molecu-
lar details of tubulin dimers, protofilament or other
structures. It has been calculated a correct dimension
around 10–6 m of microtubules length consist of
around 1650 tubulin dimers. Microtubule growth rate
is related to the soluble tubulin dimer concentration
and for all results shown here, simulation of any single
condition was run 5–10 times. MD simulations can
help us to visualize and understand conformational
changes at an atomic level when combined with visu-
alization software which can display the structural
parameters of interest in a time dependent way.
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