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Abstract: By this work, molecular modeling has been used to interpret the dynamic instabilities of 

these macromolecules in their structures. By this investigation, multi-dimension structures of 

microtubules are fixed in both length and width. Via Monte Carlo simulation, the tubulins have been 

added from the first side of the tubule towards the opposite side by gradually growing a random position. 

This method is theoretically accomplished via generating a uniform random number between (0, 1) 

based on the Monte Carlo approach. Our calculations have been done by proper dimension around 5×10-

6 meters of length that consists of 2000 tubulin dimers. The structure growth rates are based on soluble 

tubulin dimer concentration. Hereby all results were run between 6-12 times in our modeling of any 

conditions. There have been recorded value numbers, average length, free tubulin concentration, and 

the important data of thermodynamic parameters for each simulation. 
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1. Introduction 

The stathmin family protein has a major function in regulating microtubules and also 

causes cytoskeleton remodeling. In addition, the microtubule turnover increased in response to 

the cell's needs, such as extracellular signals [1-10].  

Figure 1. Stathmin-like-domain (SLD) binding to two α&β-tubulin. 
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One of the important proteins in microtubules is RB3 in which shares (88%) with other 

members the stathmin-like domain (SLD) (Figure 1) [2, 3]. Since Stathmine families are 

disordered proteins, and their activities are accomplished via multiple phosphorylation 

mechanisms, therefore in the T2S complex, tubulin is non-polymerized [4]. However, the 

stathmin is soluble cytoplasmic macromolecules that regulate rapid microtubule remaking of 

the cytoskeleton in response to the cell's requirements [5,6].  

Recently, special particles have been discovered inside the microtubules, which are not 

similar to other particles' existence among cell types. Notably, the neuronal cells have the most 

of these kinds of particles [7-10]. Burton introduces some particles that could be dispensed via 

lumen quickly through reassembly or disassembly of microtubules [11]. Protein destabilization 

has been investigated based on stathmin expression in the nervous systems known as SCLIP, 

SCG10, RB3 (and two of its splice variants RB3′ & RB3′′) [12-14]. Via EM (electron 

microscopy), it can be observed that a proto-filament consists of globular 5nm subunits, and it 

is possible to refined tubulin to assemble with a range of diameters containing between 10 -15 

proto-filaments Figure 2. 

 
Figure 2. The schematic images of various microtubules, including "12-16" proto-filaments (pf). 

Two sub-structures contain α & β tubulins are important in these kinds of assemblies, 

while the first one is GDP- α-tubulin in straight antiparallel proto-filaments stabilized by 

"Taxol" and the second is the curved structure of two head to tail GDP- β-tubulin dimers in 

complex with the stathmin-like domain (RB3-SLD) (Figure 3) [15-18].  

 
Figure 3. Electron crystallography of two tubulins in complex with Taxol. 
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The structures of tubulins in microtubules are related to the straight zinc-sheet 

structures. Monomers that are near to proto-filaments arrange a collection of shallow helices 

that, for 13-protofilament microtubules, three shallows run in parallel. This situation causes 

suitable flexibility in the bonds between adjacent hetero-dimers. Microtubule-associated motor 

proteins, such as dynein and kinesin, can be run for long distances along a microtubule when 

there are 14 proto-filaments [19, 20]. In more or fewer than 14 proto-filaments, the structure 

might rotate somewhat so that the proto-filaments twisted slowly around the microtubule axis. 

We simulated our model based on our previous work [21-38].  

In recent research, it has been exhibited some important data about the conformational 

changing of microtubule structures through X-ray crystallography. The C-terminal end of each 

tubulin polypeptide makes two long helices, and these residues are suitable for isoform 

recognition through tubulin binding proteins. As it has been shown in Figure 3, the long coil 

loop is attached in lateral of the proto-filament inside the microtubule. In addition, there is a 

common agreement that the "M-loop" of one proto-filament makes contact with the GTPase 

domain. In some locations, the proto-filament makes a ring through bending at all of the 

interfaces between monomers.  

By this study, the kinetic energies, potential energies, and thermodynamic properties of 

assemblies and dis-assemblies have been done by GTP hydrolysis. This phenomenon confirms 

that the GTP-tubulins are curved the same as free tubulins and can be moved into the straight 

conformation through the microtubule. So the γ-phosphate- GTP has unfavorable Gibbs free 

energy differences among the curved and straight positions. Consequently, in the allosteric 

form, "GTP" binding might be induced a straighter conformation pre-combination in water 

solvent for lateral interactions. Therefore, the lattice form αβ-tubulin adopts a microtubule 

incompatible, curved conformation independent of the nucleotide state [39-53]. 

2. Materials and Methods 

2.1. Monte Carlo simulation. 

Tubulins-stathmin-like domain complex whit a radius of 25μm and a height of 0.5μm 

for a volume of around 950 μm3 has been simulated (Table 1).  

Table 1. Common simulation parameters. 

Simulation 

temperatures  

Random  

seeds 

Run step Time step Max delta RunTime 

ps  

Various 

Stets 

300 18077 100 0.05 0.05 10.0 A 

305 24000 90 0.06 0.04 15.0 B 

307 22600 80 0.07 0.06 12.0 C 

310 20000 120 0.08 0.07 14.0 D 

311 25000 100 0.09 0.05 9.0 E 

312 30000 110 0.1 0.05 11.0 F 

The simple structure was modeled in the basic shape of a generic cell to minimum slip 

where MTs and Tubulins–stathmin-like domain macromolecule (T-SLD) are dynamically 

measured. The concentrations of total tubulins were basically set between 30-35 μM. T 

increment the quality of our model, the number of nucleation sites were simulated to 500, which 

also collected the maximum number of T-SLD. Additional assumptions have been considered 

as (1)- Tubulins –complete T-SLD de-polymerization immediately opens up that nucleation 

site for a new nucleation event; (2)- All T-SLD remain associated with their nucleation site 
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until they are completely de-polymerize and do not bend during confliction with the cell margin 

; (3)- T-SLD destabilization is dependent on free tubulin concentration; (4)- any T-SLD 

destabilization reaching the cell boundary undergoes a catastrophe. Length decreasing of T-

SLD can continue to decrease or be based on the liberation phenomenon. Data from this 

simulation include the number, lengths, and thermodynamic parameters of free tubulins and 

related mechanisms to their concentration during the simulation. The initial parameters were 

calculated based on LLCPK1 cells. In addition, end dynamic instability based on Monte Carlo 

methods is listed in Table 2 (Figure 2).  

Figure 4. Monte Carlo & Molecular dynamic simulation of T-SLD in 6 stages. 

Table 2. Energies sets for T-SLD end dynamic instability. 

Simulation 

Temperature  

Potential 

kcal/mol 

Kinetic  

kcal/mol 

Total  

kcal/mol 

Various 

Stets 

300 13075.1 626.7 13701.8 A 

305 75340.7 216.1 75340.7 B 

307 9569.5 313.3 9569.5 C 

310 5717.1 216.1 5717.1 D 

311 5378.2 216.1 5378.3 E 

312 5341.1 324.1 5341.1 F 
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As it can be seen in Figure 2a, the releasing of T-SLD length segments is tightly 

exponential, and T-SLD ends are also limited to a region near the edges. The length of T-SLD 

can be seen in Figure 2b. 

Figure 2c exhibits a simulation running for several steps to confirm the early steps in 

T-SLD assembly for a single T-SLD. Medium T-SLD quickly reached about 25μm (Figure 

2d). We used the simulations of free tubulin concentration in steady-state amounts through 

Figure 2e and the standard deviations of those values also in Figure 2f. 

2.2. Stathmin and microtubule dynamics. 

In intermediate stabilization, MTs are long and until stable due to their slowing dynamic 

behavior. Belmont [29] explained a model to interpret exerts effects via increasing the amount 

of these kinds of disasters and, consequently, the microtubule-depolymerized. The mechanism 

is based on un-polymerized tubulins in ternary stathmin–tubulin complexes (Figure 5). The 

same group has been extended by showing that the curved complex is capped by the amino-

terminal region of the SLD domain. This phenomenon can be blokes the incorporation of the 

complex into polymerized microtubules. These investigations exhibit that stathmin can 

potentially attach in both polymerized and un-polymerized tubulins and exclude 

polymerization towards a stable microtubule. 

 
Figure 5. Model for the role of stathmin in the regulation of microtubule dynamics.  

2.3. Estimation of kinetic and free energies. 

The free energy for the association reaction can be calculated via ∆Ga=-RTLnK with 

the relation of K=Ka/Kd where, Ka, is equal for all sites. Therefore a fixed-geometry binding 

site is applied due to the highest affinity of tubulin-GTP interaction comprising the isolated 

site. The K=Ka/Kd values can be calculated using estimated free energies values of individual 

bonds with a definition of association and dissociation sites. The dependences of the two 

tubulins in a dimer form inside a microtubule structure depend on the number of attached 

positions and the quality of assembling. The free energies for these binding of Tubulin-GTP at 

the especial sites can be obtained as the sum of the free energies for individual subunit-subunit 

interactions among the tubulin monomers. The binding of a molecule of Tubulin-GTP to any 

typical sites could be normally regarded as involving free energies terms. 

3. Results and Discussion 

In this simulated system, two-dimensional MTs are fixed and modeled for growing 

tubulins in a random situation on the opposite side. Consequently, at each step, tubulins have 

been added to the length gradually, one by one, for growing the length. Theoretically, this 

model can be accomplished via generating a uniform random number between (0, 1). 
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Comparing the thermodynamic data for dynamical instabilities, including parameter 

collections, exhibited elongation rates and shortening vary to small degrees. In this study, 

microtubule formation substitutes among the whole assemblies states and dis-assemblies by 

random variables of the Monte Carlo approach. 𝑓𝑡(A transition frequency ) has been defined 

for a situation of catastrophe and 𝑓𝑡−1 has been defined from dis-assemblies to assembly. Based 

on Gibbs energies and some other thermodynamic parameters due to formation and constriction 

velocities, tubulin concentration has to be described by the simplest stochastic model of field 

equations to study this matter using Monte Carlo simulation of microtubule length [31]. The 

accessibility of free 𝛼𝛽 –tubulins in the cell pertains to the concentration of the stathmin due 

to each stathmin binds to two 𝛼𝛽 –tubulins towards the ternary structure. However, the system 

of stathmin is close to the mitotic chromosome due to phosphorylation. Therefore the gradient 

of stathmin–tubulin interaction moves towards the chromatin, the same as a result reported by 

Niethmmer experimentally [32]. In this investigation, ordered steps of time can potentially add 

or subtract one tubulin length for growing microtubules elongation. Therefore the frequencies 

can be shown as: 𝑓catastrophe =
𝑓𝑡

𝑓𝑡+𝑓𝑡−1
 and 𝑓rescue =

𝑓
𝑡−1

𝑓𝑡+𝑓𝑡−1
 . The microtubule elongation at a 

critical time will be in a length situation or simplifying states if the random numbers are less 

than the normalized transition frequencies for catastrophe, 𝑓𝑡 or rescue, 𝑓𝑡−1. Obviously, it must 

be supposed the transitions to be instantaneous and with a definition of critical length,𝐿𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙, 

𝑓catastrophe and 𝑓rescue (with an exponential function) are constant. In this position, the 

velocities of growth are 𝑉growth and for shrinkage 𝑉shrinkage for the microtubules (Table.3).  

Table 3. Parameter sets for MT plus end dynamic instability. 
No. 𝑉growth 

𝜇𝑚𝑠−1 

𝑉shrinkage 

𝜇𝑚𝑠−1 

𝐾𝑎 

𝑠−1  

𝐾𝑑 

𝑠−1 

𝑘 ∆𝐺 

1 0.223 0.155 0.055 0.067 0.82 -494.97 

2 0.199 0.167 0.046 0.078 0.59 -1316.1 

3 0.213 0.188 0.064 0.081 0.79 -587.94 

4 0.191 0.149 0.057 0.066 0.86 -376.18 

4. Conclusions 

This work has been simulated and calculated a model dimension around 5×10-6 meter 

of length consisting of 2000 tubulin dimers. This work shows that the growth index is related 

to the soluble concentration of tubulin dimers. For all results, it has been confirmed that 

simulation of any single condition running between 6–12 times is most suitable for any 

condition. Thermodynamic parameters are most useful for this kind of modeling approach.   
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