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Abstract: Via docking energy and interactions inside microtubules, TXL and stathmin molecules have 

been studied, and it has been shown that better binding capabilities in TXL are related to the 

environment of neighbor amino acids compared to other toxoids. Molecular dynamics simulation of the 

best-docked complexes of several ligands has been done for presenting the new concepts and 

mechanism of reactions inside a microtubule complex 
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1. Introduction 

Microtubules are long protein filamentous structures that form of the dynamic 

cytoskeletal with morphological changes and have multiple functions inside the cellular 

processes such as peculiar biophysical settings in the internal environment. The microtubule 

structure is similar to the tubular polymers, while its thickness diameter is about 25 nm in which 

the heterodimers are assembled head to tail in a polar fashion [1-5]. The “building brick” from 

which they are formed called 𝛼&𝛽 tubulins with a protein structure and appears in solution as 

a dimer of two similar subunits, and a variety of proteins can be attached, in which the 

microtubule-associated proteins (MAPs) can play a more structural role (MAP1, MAP2, tau, 

etc.). Although many of MTs are largely excluded from the cytoplasmic influence, 2.5 nm2 

lateral pores and 205 nm2 entrances at its ends are connected to the cytoplasm. Recently, 

especial and spherical particles have been explored in their structures that the particles’ 

existence among cell types while the neuronal cells have the most particles. Although 

identification of components inside of luminal has been difficult, during the next 25 years, 

observation of those particles in the microtubules lumens has culminated using vitreous cryo-

electron microscopy [4,6]. Those proteins make microtubule turnover in cells, contributing to 

the microtubule cytoskeleton.  Thus, a detailed review of its structure can be considered the 

tubulin, motor proteins, and their effects on its function, including dynamics of assembly, 

transport mechanisms, interactions with other cell components [5,7]. Stathmin families were 

initially recognized as a protein to respond to the extracellular signals in highly proliferative 

breast cancers and malignant ovarian cancers. Stathmin is an inhibitor that makes a tight 
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interaction with related tubulins. One of the major stathmin proteins is named RB3, which 

shares with other groups of the stathmin-like domain (SLD). It has a disordered structure, and 

its activity is down-regulated through multiple phosphorylations. Stathmin is a soluble, 

cytoplasmic protein that enforces an important role in regulating rapid microtubules 

reconstructing of the cytoskeleton due to the cell’s requirements. At low concentrations of free 

tubulins, both alpha and beta in the cytoplasm, the growth rate at the microtubule ends is 

languid and results in an increased rate of disassembly or de-polymerization [8,9]. 

1.2. GTP and microtubule end. 

Non-polymerized tubulins exist as a heterodimer of “𝛼-tubulin” & “ 𝛽-tubulin” with 

binding sites for two molecules of guanosine triphosphate (GTP), one exchangeable and the 

other not. Via electron microscopy (EM) it can be seen that each proto-filament consists of 

globular 4nm subunits, and it is possible for refined tubulin to assemble with a range of 

diameters containing between 9 and16 proto-filaments. The building blocks of microtubules 

are arranged in a polar fashion along the proto-filaments. In other words, microtubules as a 

whole are polar and usually distal to nucleating centers [5-8]. In addition, the more dynamic 

than the minus end that is attached to nucleation centers (Fig.1-a). Another property of tubulins 

is that each subunit can bind GTP. The GTP bound to alpha-tubulin appears to have a structural 

role and cannot be exchanged. On the other hand, the GTP attached to beta-tubulin can be 

exchanged against GTP from the solution. It is the beta-tubulin associated GTP that is 

hydrolyzed to GDP during microtubule assembly so that the beta-tubulin in the interior of a 

microtubule contains GDP. This hydrolysis provides the driving force for microtubule 

dynamics (Fig. 1-b) [10,11]. Two atomic structures of pair tubulins up to now are known that. 

The first one is GDP-tubulin in straight antiparallel proto-filaments of two-dimensional zinc 

sheets stabilized by Taxol (Fig. 2) that has been employed to construct pseudo-atomic models 

of microtubules. As can be seen in Fig. 2, the GTP is sandwiched between α and β tubulin 

subunits of each heterodimer. The nucleotide bound to β -tubulin has been hydrolyzed to GDP 

through contact with helix H8 and loop T7 of the activation domain of another α -tubulin 

subunit. Taxol sits in the pocket of β -tubulin on the inside face of microtubules. In beta-tubulin, 

this pocket is occupied by the extended L-loop.  The second is the curved structure of two head 

to tail GDP-tubulin dimers in complex with the stathmin-like domain of RB3 (RB3-SLD) [12-

14]. The structure of tubulin in microtubules is related to the straight zinc-sheet structure since 

both are made of similar proto-filaments, although the different lateral contacts cause 

modifications. Regarding polarity, a natural interpretation was that the terminal subunits on the 

plus end are beta-tubulin in association with bound GTP (Fig. 1b). However, another possibility 

is the inverted arrangement (Fig. 1C) where the terminal layer is alpha-tubulin, with beta-

tubulin buried inside but still retaining its bound GTP [10-14]. This would imply that the 

terminal crown at the minus end is beta-tubulin (Fig. 1C). Image reconstruction of microtubules 

decorated with kinesin now suggests that the polarity of Fig. 1C is the correct one, that is, 

alpha-tubulin at the plus end and beta-tubulin at the minus end. This can be supposed a higher 

dynamic activity might be observed at the plus end, but it could presumably be explained if a 

high-resolution structure of tubulin were available. As a microtubule is polar, the plus end is 

usually distal, the minus end proximal to a microtubule nucleating center. The exchangeable 

GTP site is on beta-tubulin; this GTP becomes hydrolyzed to GDP upon the incorporation of 

the subunit into a microtubule (Fig. 1). This figure emphasizes two points: first, that the plus 

end terminates with a crown of alpha subunits that implies the minus end. Second, microtubules 
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can be decorated with one kinesin head per tubulin dimer, bound to beta-tubulin. The axial 

distance between kinesin heads is 8 nm, consistent with the length of a dimer [15,16].  

 
Figure 1. (a) The hollow cylinder consists of 13 protofilaments, each consisting of a string of alternating tubulin 

subunits. (b) and (c) Alternative models of protofilament polarity. In both cases, the microtubule-bound GTP is 

on the plus end, whereas the interior subunits contain GDP 

In Fig. 1 (b & c), in both cases, the microtubule-bound GTP is on the plus end, whereas 

the interior subunits contain GDP. On the minus end, a subunit of gamma-tubulin as this is 

involved in nucleating microtubules off the microtubule-organizing centers. Adjacent 

monomers in proto-filaments arrange a series of helices that for 13-protofilament microtubule 

3 helices run in parallel, and for a smaller or larger number of proto-filaments, there may be 

two or four helices [17-20]. 

 

 
Figure 2. Ribbon diagram of αβ -tubulin heterodimer including taxol, GTPase domain, the activation domains, 

the core helix that connects the two globular domains in each monomer, and the C-terminal domain on the 

external surface is shown. 

These differences prepare several flexibilities in their bonds among adjacent hetero-

dimers. Microtubules-associated motor proteins, such as dynein and kinesin, can be run for 

long distances along a microtubule when there are 13 proto-filaments. 

1.3. Microtubule surface lattice.  

There are two type lattices for microtubules, including the 'A'’‘A' lattice for the A-

microtubules of outer flagellar doublets and the ’‘B' lattice for B-tubules. Both lattices have 

the same polar arrangement of proto-filaments, but they differ in the stagger between proto-
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filaments; the A-lattice has a stagger of about 3.0 nm, the B-lattice has about 0.95nm. The B-

lattice requires some kind of discontinuity that this situation has now changed due to the 

contrast between alpha and beta -tubulins where can be extremely increased by labeling beta-

tubulin of the motor protein, kinesin. Chemical crosslinking has exhibited that the kinesin head 

is attached to beta-tubulin, implying a stoichiometry of one head per tubulin dimer. Therefore, 

the axial spacing of the kinesin head along microtubules is 8 Nanometer, which corresponds to 

the tubulin dimer spacing. X-ray diffraction analysis has also exhibited that the lattice of dimers 

is B-type. In cryoelectron microscopy, the head appears to form an angle which has an 8 nm  

axial spacing, as well[16-20]. 

1.4. Stathmin-microtubules interactions. 

Stathmin interacts with alpha and beta -tubulins for forming a ternary compound with 

1:2 mole ratio (one mole of stathmin binds to two moles of tubulin dimers) through the SLD. 

Tubulins are able to replace among curved structure with the domain of the RB3 protein and a 

straight microtubule-like structure (Fig. 3). The disassembly has done through GTP hydrolysis, 

and GTP would allosterically induce a straight conformation of tubulins during microtubule 

assembly, and also GDP would induce a curved conformation approving disassembly.  

 
Figure 3. Interaction of stathmin with alpha and beta tubulins (4 subunits). 

Microtubule-associated protein or MAPs of tubulin-GDP complexes have confirmed 

different inter-dimer curvatures, and this kind mechanism is confirmed by the GTP-bound γ-

tubulin concept. This confirmation led to a suitable situation that the free GTP-tubulin dimers 

are driven into the straight configuration via the microtubule. Therefore the GTP γ-phosphate 

only lowers the unfavorable free energy differences among the curved and the straight 

structure. As a result, GTP binding might be induced a straighter position in the solution for 

lateral interactions in the lattice model. It might be important for the understanding of the GTP 

hydrolysis mechanism for destabilizing the microtubule lattice. Although these understanding 

predict the GTP hydrolysis mechanism into the lattice, how this strain affects the strength of 

longitudinal and lateral bonds to destabilize the microtubule remains unknown [15-19].   

1.5.Reactions inside microtubules. 

Currently, researchers believe that the interior of microtubules can be more dynamic in 

contrast to previously thought. This might be preparing a straight route for the redistribution of 

microtubule lengths during the restructuring of the cell, such as appears during mitosis, rather 
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than relying just on the higher degree of dynamic instability that also accompanies this process. 

Second advantage of internal breakage is that it greatly speeds up microtubule disassembly. In 

some marine organisms, this takes place in preformed regions and in a Ca2+ dependent fashion. 

It is notable using cryo-electron-microscopy can be exhibit lattice defects where the proto-

filament number changed abruptly within microtubules. In addition, capped microtubules at 

both ends by flagellar axonemal and also the remaining tubulin out demonstrated that these 

microtubules are very stable, except for the cases where a breakpoint developed inside. 

Meanwhile, it might remember that proto-filaments of disassembling microtubules can coil and 

fray apart from the end to points deep inside the microtubule, and even at bends inside a 

microtubule. In this way, the bending, breaking, or severing appears both in vitro and in vivo 

and will start through nicking the wall among those proto-filaments.  

A method to stiffen microtubules is to pack them into bundles that this process can be 

enhanced via transfecting cells with cDNAs for MAPs such as MAP2, MAP2c, or tau (Fig. 2). 

These MAP proteins have homologous microtubule-binding domains but differ greatly in the 

size of the amino-terminal ’‘projection' domain. The dominant effect on the spacing between 

microtubules in a bundle appears to be the size of the projection domain; for instance, MAP2 

keeps microtubules further apart than tau. Whether or not these MAPs actually crosslink 

microtubules at a given spacing is another issue. This depends possibly on the nucleation 

activity of MAPs, but not necessarily on their crosslinking activity [18-20].  

2. Materials and Methods. 

2.1. Modeling of microtubule structure and dynamics. 

In self-assembling biopolymers, one of the major things is to understand how the proper 

structure is initiated or started and also how it then grows via the addition of domains and 

elongation. Microtubules demonstrate additional trouble due to they are not stable, even after 

assembling that has reached an overall steady state. These kind phenomena are known as 

dynamic instability, while the transitions among growth and shrinkage are catastrophe and 

“rescue”, respectively. 

There are general agreements that these kind instabilities are dependent on GTP 

hydrolysis, whereby irreversible chemical reactions are coupled to microtubule assembling, but 

they in themselves do not suffice for explaining that phenomenon. Several recent papers have 

addressed different aspects of elaborated the lateral cap model, which suppose that microtubule 

dynamics are determined through the terminal subunits and their immediate environment. 

While the previous formulation of the model was based on the lattice, the recent 

behaviors are lattice-independent and thus more usual. It has been considered the problem of 

how growing and shrinking microtubules can coexist in a solution, special attention being given 

to the diffusion of subunits via which microtubule ends can communicate with one another.  

There is no certainty on whether diffusion can play a crucial behavior in dynamics 

situation, as it is such a fast process, especially when compared to the rates of dynamics at 

microtubule ends. 

It might be considered why interphase and mitotic microtubules differ in the viewpoint 

of dynamics, growth rates, and length distribution, and account for these with altered rates of 

catastrophe, rescue, and nucleation. The maintenance of synchrony throughout a solution can 

be cleared with cooperativity among subunits at microtubule ends and signaling between them 

via their disassembly products [14-18]. 
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2.1. Docking simulation. 

The docking simulation applied a triangle matcher as the score function of setting 

methods. Some of the important force fields such as Charmm, Amber, MM+, and BIO+ were 

accomplished for refining the docking results. Data of docking explained the affinity 

represented and binding interaction of each compound on the microtubule components.  

Tubulins in human are macromolecules which have an effect on microtubule pressure. 

Based on our previous methods and experience of biology information and macromolecular 

systems, we simulated our model theoretically [21-77]. In this work, Auto dock Tools and also 

iGEMDOCK software has been used, and via this method, the suitable receptors can be 

selected for the binding site in whole microtubules components and tubulin structures. The 

protein macromolecules are worked by a ligand, and iGEMDOCK can help rapidly define the 

appropriate binding sites. The following items have been done in docking simulation :( a), 

Preparing Binding Sites on the Protein Ligands. (b) Browsing and selecting the protein files. 

(c) Defining the binding sites kind as the bounded ligands. (d)   Designing a center for the 

binding sites through selected ligands. (e) Setting arranging the size of the binding sites by the 

extended radiuses[78-82]. 

3. Results and Discussion 

3.1. Properties and quantum approach. 

This work focuses on the MT as a possible functional entity. The internal media of the 

MT has its own peculiar biophysical position and is largely thought to be excluded from 

cytoplasmic influence, except for the 2 nm2 lateral pores1 and two 200 nm2 entrances at its 

ends. Several groups have expanded our view of what life is like inside MTs (Fig .4). 

 
Figure 4. The entry points into the MT  including  TAT and tau molecules, treadmilling, 2 nm2 pores, a 200 

nm2 open MT plus end. 

A specific quantum field theoretical approach was originated to the structural 

constituents of brain cells, which formulated a relationship between quantum physics and 

memory. They emphasized that each neuron specifies a spatially distributed system with 

quantum mechanical degrees of freedom whose physical properties can be understood by 

quantum field theory.  

Quantum field theory is a framework of quantum physics capable of describing 

fundamental processes of elementary particle physics as well as condensed matter physics. It 

can be suggested that memory is a quantum vacuum state that violates an original dynamical 

symmetry property of the full complement of the spatially-distributed quantum mechanical 
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degrees of freedom in each brain cell. The introduction of quantum theory in brain science is 

perhaps analogous to the recent advent of the new field, quantum cosmology.  

Hameroff suggested in very general terms two key concepts in understanding 

cytoskeletal brain activity from the point of view of quantum physics: microtubules acting as 

waveguides for photons and as holographic information processors. Holography is an optical 

phenomenon related to the interference of coherent electromagnetic waves or photons. The 

microtubule may be seen as a waveguide for photons, and Frohlich’s theory suggests coherent 

excitations in microtubules. Further, the periodic lattice structure of microtubules may provide 

periodically arrayed ’‘slits' (spaces between dimers) through which photons may pass. No 

proof of coherent photon generation or emission necessary for optical holography has been 

found in microtubules or any microscopic biological structure. However, self-focused photons 

and self-trapped, non-thermalizing wave entities should be difficult to detect. In any case, no 

thorough theoretical investigation of these concepts has occurred from the standpoint of 

physics except the water laser (Figs.5& 6.) 
 

 
Figure 5. Alpha and beta tubulins dimer proteins have two states in which a quantum event electron mobility or 

quasi-particle phonon. 

 
 Figure 6. Taxoids ligand taxol in polymerization. 

3.2. Docking of ligands with αβ- tubulin dimer. 

Molecular modeling studies simulated the amino acid residues interacting with the taxol 

binding site of the β-tubulin, where molecular docking of four taxoids ligand taxol (TXL)  (Fig. 

6 &7) have been conducted. The results of Glide docking with 1TUB and 1JFF for the best-

docked configurations are presented in Table 1.  
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Table 1. Van der Waals, Coulombic energies of the best ten docked configurations of ligands complexed within 

the active site of microtubules by TXL through docking and MD simulations. 

TXL Evdw ECoulomb Binding energy d(H…A) (Ǻ) Angle (D-

H…A) 

I -45.8  --16.7 -61.7 2.025 150.4 

II -40.8  --15.6 -51.9 2.015 140.5 

III -44.2  --17.8 -73.4 2.010 149.3 

IV -50.4  --17.9 -71.8 2.014 143.8 

V -45.8  --16.7 -61.7 2.023 161.9 

VI -46.8  --16.3 55.5 2.025 153.4 

VII -48.9  --16.9 -59.7 2.015 151.8 

VIII -44.8  --17.4 -62.8 2.015 145.9 

IX -46.5 --16.9 -63.6 2.025 164.2 

X -45.5 --17.9 -60.6 2.015 154.4 

 

 
Figure 7. Hydrogen bonding in the best docking of 10 configurations of ligands with αβ- tubulins 

dimer. 

4. Conclusions 

 By this work, it has been illustrated the mechanism of microtubules depends on two 

systems of tubulins with stathmin curvature and taxol. The sections of two parts of the stathmin 

have a specific behavior for a non-bonded interaction between two tubulins and stathmin. This 

subunit polymerize end to end for any formation of proto-filaments similar to hollow tubes. Its 

dynamic instability is controlled through numerous molecules. Although the bending occurs 

even in the absence of destabilizing agents, the core helixes are likely of communication from 

the top to the bottom of the β- subunit via a cooperative mechanism. In addition, docking 

studies of the TXL with tubulins give an approach concerning the binding energies and 

interactions within the classical taxol-binding sites of the microtubule. Results exhibit which 

taxol has suitable binding potential than all the other components for investigation of 

microtubules mechanism.  
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