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 Background: The empirical force fields have great difficulty in simulating folding of 

choline acetyltransferase. Monte Carlo, molecular dynamics and Langevin simulation 

methods by MM+, amber and opls optimized potential for liquid simulations (OPLS) 
force fields of calculations have been performed on active site of  choline 

acetyltransferaseas memory enzyme. The parameters of minimized structure of active 

site of choline acetyltrasferase, calculated potential energy for important dihedral angles 
and the effect of temperature on geometry of optimized structure have been calculated. 

In this work, we have used different temperatures at water media and we have seen that 

in simulation approaches, scaling up the interaction energy has a similar effect to 
lowering temperature. The key research was to find dynamics of biomolecular structure 

and an appropriate effective stabilized energy. 
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INTRODUCTION 

 

 Enzymes, as natural catalysts, are prime players in the search for the new efficient environmentally friendly 

production of biofuels. The different permutations of the many variables, such as source, selectivity, stability 

and structure of substrates and enzyme, immobilization and/or life-time of the catalyst, temperature and time of 

the reaction and solvent constituency, polarity and quantity make the use of enzymes for this purpose a daunting 

task[27]. Neurotransmitters such as acetylcholine, glutamate and glycine are critical cell to cell signals during 

vertebrate CNS development[1]. Cholinergic neurons play an important role in muscle contraction, in learning 

and memory. Choline acetyltransferase (ChAT; EC 2.3.1-G) is the enzyme that is responsible for the synthesis 

of cetylcholine (ACh) and is a specific marker for choiinergic neurons[2]. Acetylcholine (ACh) and its 

biosynthetic enzyme the choline acetyltransferase (ChAT) (EC 2.3.1.6.) represent the most specific markers of 

the cholinergic phenotype in the CNS and PNS. Both molecules are required for cholinergic neurotransmission 

and in the brain they play a role in learning, memory and sleep processes. Furthermore it has been shown that 

ChAT is also present in placenta spermatozoides and other non neuronal tissues [3]. Minor deficiencies of 

acetylcholine or ChAT activity, for extended periods of time, have been shown to precede the onset of 

Alzheimer‟s disease, with decreases in learning and memory [4]. In the brains of animals with age-dependent 

cognitive impairment, both the ChAT activity and acetylcholine level are significantly reduced compared to 

their young counterparts . Increase of the ChAT activity by potential drugs has been known as an effective 

approach to improve learning and memory ability in aging animals[5]. Development of faster computers that are 

within the reach of the widest scientific community as well as efficient computational methods allows 

investigating systems between 50 to 100 atoms in the frame of quantum mechanics and up to 50,000 atoms with 

molecular dynamics. Since the models become increasingly realistic, direct comparison with experimental data 

becomes possible[9]. In addition to hit identification, docking techniques are increasingly used to support lead 

optimazation efforts [10]. Recently, constant temperature molecular simulations of peptide folding have been 

reported using implicit solvent models and explicit solvent models [11]. Recently, however, several computer 

simulations have demonstrated a strong coupling between hydrophobicity, solute-solvent dispersion attractions 

and electrostatics. For example, simulations of explicit water between plate like solutes revealed that 

hydrophobic attraction and dewetting phenomena are strongly sensitive to the nature of solute-solvent dispersion 

interactions [11]. The competing effects of the solvent such as the van der Waals (VDW) attraction and 

hydrogen bonding between the protein and solvent reduce the strength of the interactions and consequently 

reduce the energy barrier related to the multiple minima problem [12].In solution, the intramolecular VDW 
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interactions of a protein molecule are balanced by the intermolecular VDW interactions with solvent molecules. 

The possible difference between the protein intramolecular VDW attraction and that with water may be included 

in the hydrophobic interaction energy [12]. Kurochkina and Lee have shown that the pair wise sum of the buried 

surface area is linearly related to the true buried area [13]. Since the specific interactions between the residues 

and solvent play an important role in the stability of the native structure, it is useful to carry out such simulations 

at atomistic detail.This comes with the problem of timescale of folding/ unfolding that is several orders of 

magnitude larger than those currently attainable by MD simulations [12]. Water plays a crucial role for the 

stability, dynamics and function of proteins. For this reason molecular dynamics (MD), Monte Carlo (MC) and 

Langevin dynamic (LD) simulations must account for the effects that this solvent has both on protein structure 

and on protein dynamics [14]. The aim of the present work was to describe and characterize the molecular 

structure vibrational properties  active site of choline acetyltransferase crystalline-structure. In this work, the 

structures of a coordination compound modeling the  choline acetyltransferase computationally. Thus, it is 

worthwhile to collect information on their structures by the means of computational chemistry as well. 

 

Methods of Investigation: 

 The crystal structures of proteins were from the Brookhaven protein data bank. The structure of protein 

choline acetyltransferasewas selected from the protein data bank (PDB code 1B9G). These studies provided 

insights into the steric, electrostatic, hydrophobic and hydrogen bonding properties and other structural features 

influencing the choline acetyltrasferase. In vacuum the system was simulated using Monte Carlo, molecular 

dynamic and Langevin dynamics with 50 ps step and without any constraints. Temperature was kept constant at 

300 K. In water, simulations, the system was placed in a box (3 x 3 x 3 nm) containing one molecule of solute 

and 884 TIP3P water molecules (Figure 1). The system was simulated using Newtonian dynamics with 100 ps 

step and no constraints applied to the solute. 

 

MC Simulation: 

 Monte Carlo simulations are based on pair wise additive potentials of the form [15]: 

  

)r/qq()r/B()r/A()r( ijjiijijijijijij  66
                                                                            (1) 

 

 Where rij is the distance between atoms i and j, Aij and Bij are coefficients associated with the particular 

atom pair and qi and qj are the partial charges associated with each of the atomic sites. Each distinct atom i in 

the system is assigned a set of parameters Aii, Bii and qi. The coefficients Aij and Bij can then be obtained from 

the mixing rules Aij = (AiiAjj)1/2and Bij = (BiiBjj)1/2 [15]. 

 

MD Simulation: 

 In concepts and algorithms of classical MD simulations the atoms of a biopolymer move according to the 

Newtonian equations of motion [16]: 
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                                                                             (2)             

 

Where mα is the mass of atom α, rα is its position, and Etotal is the total potential energy that depends on all 

atomic positions and, thereby, couples the motion of atoms. For an all-atom MD simulation, one assumes that 

every atom experiences a force specified by a model force field accounting for the interaction of that atom with 

the rest of the system.  
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 The electrostatic potential energy is represented as a pairwise summation of Coulombic interactions as 

described in Equation 4 [17]: 
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 In Equation 4, N is the number of atoms in molecules A and B respectively, and q the charge on each atom.  

VDW interaction  
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 The van der Waals potential energy for the general treatment of non-bonded interactions is often modeled 

by a Lennard–Jones 12 to 6 function as shown in Equation 5 [10]:   
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 In Equation 5, ε is the well depth of the potential and δ is the collision diameter of the respective atoms i 

and j [10]. We can consider an effective Hamiltonian operator constructed for molecule in a given geometry of it 

and the solvent: 

 

elecnonindeieceff VVVHH  0                                                                                                     (6)   

 

 Where H0 is the Hamiltonian in gas phase (the unperturbed Hamiltonian), Velec is the perturbation from the 

permanent charge distribution of water, represented as a set of point-charges, Vind is the perturbation from the 

induced dipoles in the solvent and Vnon-elec is a non-electrostatic perturbation which models the effect of the anti-

symmetry between the solute and solvent [9]. 

 

Langevin Dynamics: 

 Using Langevin dynamics, you can model solvent effects and  the dynamical behavior of a molecular 

system in a liquid environment. These simulations can be much faster than molecular dynamics. These 

simulations can be used to study the same kinds of problems as molecular dynamics: time dependent properties 

of solvated systems at non-zero temperatures. Because of the implicit treatment of the solvent, this method is 

particularly well-suited for studying large molecules in solution. Langevin dynamics simulates the effect of 

molecular collisions and the resulting dissipation of energy that occur in real solvents, without explicitly 

including solvent molecules. This is accomplished by adding a random force and a frictional force to each  

atom at each time step. 

 Mathematically, this is expressed by the Langevin equation of motion [16]: 

 

iiiiii m/RYVm/Fa                                                                                                            (7)  

 

 Here, ү  is the friction coefficient of the solvent in units of ps
-1

 and Ri is the random force imparted to the 

solute atoms by the solvent. The friction coefficient is related to the diffusion constant D of the 

solvent by Einstein‟s relation: 

 

 Y=kBT/mD 

 

 The random force is calculated as a random number, taken from a Gaussian distribution, with an average 

value of zero and no correlation with the atom‟s velocity. Molecular mechanics (MM) force fields rely on the 

combination of Coulomb and Lennard–Jones interactions to describe all nonbonded interactions [18]. Even 

though the functional form of the potential energy is quite simple, it depends on a large number of empirical 

parameters which must be obtained from ab initio electronic structure calculations on small molecules and/or 

experimental data. 

 Because each new term in the MM potential function requires additional empirical parameters, it is quite 

appealing to keep the functional form of the potential function as simple as possible. While 

most widely used current force fields such as amber, OPLS do not employ explicit hydrogen bonding terms, this 

was not always the case [19],[20]. 

 

RESULTS AND DISCUSSION 

 

 Monte Carlo statistical mechanical simulations were carried out in standard manner using the Metropolis 

sampling technique in canonical (T, V, N) ensemble. All calculations were performed in a cubic box at 

experimental density of water, 1 g/cm3. The edges of the box were 20×20×50 Å. 

 The interaction between the solute and the solvent molecules plays a crucial role in understanding the 

various molecular processes involved in chemistry and biochemistry. It is established from various experimental 

and theoretical methods that water plays a definite role in the biology[8]. Since the positions of atoms in the 

solute molecule are have been kept fixed, ∆Eint remains constant through the Monte Carlo process. 

 The complex was solvated by added water molecules. The systems were first energy minimized steps with 

the conjugate gradient algorithm. Then, the positionrestrained MC, MD and LD simulation were run 100 ps 
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afterwards, 1 ps simulations were carried out at a time step of 100 ps (Figure 1). Several simulations were 

carried out as listed in Table 1. MC, MD and LD simulations of active site of the choline acetyltransferase were 

performed with the HyperChem 7.0 program (HyperChem, 2001). The geometries, and the interaction energies, 

bonds, angles, stretch-bends, electrostatic and the VDW interactions were carried out in solvent  phase and 

active site in solution (Table 1 and Figure 2). In solution, the intramolecular VDW interactions of a protein 

molecule are balanced by the intermolecular VDW interactions with solvent molecules. Thus, when solvent 

molecules are not explicitly included, the intramolecular VDW interactions must be adjusted accordingly. The 

longer-range attractive VDW interactions provide a nearly uniform background potential [21] and therefore can 

serve as the reference for the VDW energy calculation [22]. The following text describes methods for generating 

and evaluating representative molecular conformations, particularly for peptides and small proteins, based on 

„molecular mechanics‟ energy functions. On the other hand, „molecular mechanics‟ describes molecules as 

atoms linked with springs (harmonic bond stretches and bond angle wagging), each atom having finite volume 

and relatively sharp boundaries ("6 to 12" hard spheres potentials), with sinusoidal torsional energies. The force 

field for a typical protein can be given as a sum of the various components including bond stretching and 

bending, torsional potentials and non-bonded interactions. In this paper, we have used Monte Carlo methods to 

study choline acetyltransferasein the bulk and in confined environments. Results are presented in Table 1 effects 

on the specific media of the structure. The potential energy was for theactive site of  choline acetyltransferase 

with water during the MC simulation is shown in Figure 3. Molecular dynamics simulations were carried out on 

the system, solvent active site of  acetyltransferase molecule. All simulations were performed at 300 K. Each 

solvent system was immersed in a periodic water box and the structures of water molecules were maintained. A 

100 ps time step was used in all the simulations. The potential energy, represented through the MD “force field,” 

is the most crucial part of the simulation since it must faithfully represent the interaction between atoms yet be 

cast in the form of a simple mathematical function that can be calculated quickly. The system was well 

equilibrated and 500 ps in the range of the MD equilibration were selected for further processing analysis. After 

equilibration, the MD simulation was very stable and in order to compare the difference between the relation 

coefficients (R2 = 0.9794 in water), we have shown in Figure 3.The theoretically possible stable conformers of 

free molecule were searched by means of a molecular dynamics calculation performed in a temperature interval 

from 0 to 500 K; for example, the iterative calculation with time step of “100 ps”, carried out by utilizing the 

software “Chem3D”, the experimental x-ray geometrical data reported active site of choline acetyltransferasein 

crystalline structure were used as input geometrical data [23].At the next step, the appropriate ones carefully 

selected from the structures obtained throughout this calculation were optimized using MM+, amber and OPLS 

force field parameters included into the same software. In this paper, a comprehensive conformational search on 

free molecule was carried out. The obtained results have demonstrated that the free molecule has a very flexible 

macro-cyclic structure. On the basis of the theoretical results obtained for the determined most stable, the 

dependencies of the geometrical and force constants parameters of the free molecule to its conformational 

structure were discussed. Furthermore, we have used MD and LD methods to study protein in the bulk and in 

confined environments. The structures obtained throughout this calculation were optimized using MM+, amber 

and OPLS force field parameters. Also, all these approaches were included discrete particles moving in a 

defined energy landscape according to Langevin dynamics (LD). These results have shown that the force field 

of AMBER has convenient relation in all of simulation methods and various media (Figure 3). From the 

simulations we have shown that the kinetic temperature of the system is properly bounded around the prescribed 

equilibrium temperature. The length of each simulation was 100 ps. We have measured the relative drift of 

molecular temperature denoted by ∆T in percent with respect to mean temperature, T in Kelvin. In the 

simulation of the small water system with temperature of 298, 300, 302, 304, 306 and 308 K. The instantaneous 

kinetic temperature is given by Equation 8 [24]: 
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 Where KB is the Boltzmann constant, Nf is the degrees of freedom (Nf = 3N − 3 for a system of N particles 

with fixed total momentum), mi is the atom weight for atom i, vi is the velocity of atom i. We block-average 

over many instantaneous values to get an accurate estimate of the temperature. These methods, which rely upon 

uniform sampling of energy space, can yield thermodynamic data over the entire temperature range of interest 

and have been shown to overcome large free energy barriers. We have reported findings for six different 

temperatures of various sizes and topologies. Results are presented in Table 2 that were indicated potential 

energies of in various temperatures. For certain confining environments, individual proteins do exhibit power-

law dependence, but the relationship is different for each molecule. In other cases, the increase in stability upon 

confinement interestingly demonstrates nonmonotonic behavior. Several molecular dynamics simulations could 

be performed over a wide range of temperature, and the data could be combined using a weighted histogram 
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approach [19]; however, the statistical error associated with the tails of the sampled distributions is usually large 

and can propagate when data from simulations at different temperatures are merged. Potential energies for the 

three force fields of MM+, amber and OPLS at Monte Carlo simulation were compared in Figure 4. The average 

energies are in good agreement within the simulation accuracy. As expected, amber demonstrates much 

smoother energy profiles than the other two simulation methods due to higher-order energy conservation in 

themodified Hamiltonian (Figure 4a). The magnitudes of energy fluctuations in both MM+ and OPLS 

approaches are significantly smaller than the other (Figure 4b and c). The sampling results of step-size of MD 

and LD methods are presented in Figures 5 and 6 respectively. Observed data are almost identical for both 

choices of the MD simulation length, which suggests that the MD simulation have affected much more the 

acceptance rate at least for this particular model than MC and LD approaches. This potential does not have any 

terms describing angular dependencies of hydrogen bonds and is similar to the 10 to 12 hydrogen bonding 

potential originally proposed by McGuire et al. (1972). 

 They found that hydrogen bonding energies were represented adequately by a sum of Lennard–Jones and 

electrostatic interactions plus the 10 to 12 hydrogen bonding term with empirical constants adjusted according to 

the hydrogen bond type. It was because the functional form of such a hydrogen bonding term was very close to 

the Lennard Jones component of the force field, the second-generation amber force field omitted it altogether 

[25], relying instead on the combination of Lennard–Jones and Coulomb interactions to model hydrogen bonded 

complexes, thus the data of this force field in three simulation methods have shown the changes of potential 

energy via time at various temperatures more better than MM+ and OPLS force fields (Figures 4a, 5a and 6a). 

 Similarly, the widely used OPLS force field does not contain an explicit hydrogen bonding term: the 

emphasis of OPLS parameterization is on reproducing thermodynamic properties of organic liquids such as 

enthalpies of vaporization, densities and free energies of hydration [26] (Figures 4b, 5b and 6b). Because each 

new term in the MM+ potential function requires additional empirical parameters, it is quite appealing to keep 

the functional form of the potential function as simple as possible (Figures 4c, 5c and 6c). The effect of 

confinement on the thermodynamic properties of several statement proteins was investigated by performing 

simulations over a large range of temperatures. We have computed the transition temperature for the active site 

of choline acetyltransferasemolecule. The results are summarized in Table 1 for 300 K in solvent and in Table 2 

for 298, 300, 302, 304, 306 and 308 K temperatures. 

 Figures have shown the function of the reduced temperature. Low reduced temperatures promote complex 

structure stability, whereas high reduced temperatures oppose it. The major part of this difference is due to the 

interaction of choline acetyltransferasewith solvent molecules correspond to various simulation methods and 

force fields. A difficult task in computational study of stabilized structure is to find a proper energy function that 

can lead to a unique structure. Our simulations showed that the simple energy function modified to include 

solvent effect has a parameter range that can simulate indicated structure at constant temperature of 300 K. The 

study of potential energy binding site in different temperatures (298, 300, 302, 304,306 and 308K) in solvent 

part. Measuring the level of energy from active enzyme binding site display that changes energy in watering 

part. Indifferent temperature, that level of energy in 6 temperatures is quantity and there was no difference in 

graphs that confirm this note and with spending time it reached the lowest level . 

 

Conclusion: 

 Physics-based simulation represents a powerful method for investigating the time-varying behavior of 

dynamic protein systems at high spatial and temporal resolution. Such simulations, however, can be 

prohibitively difficult or lengthy for large proteins or when probing the lower-resolution, long-timescale 

behaviors of proteins generally. Importantly, not all questions about a protein system require full space and time 

resolution to produce an informative answer[28]. To the best of our knowledge, there have been numerous 

reports about the analysis of thermochemical parameters of isolated uracil and its hydrated model. However, 

there are no experimental data on the relative energies or enthalpies of these systems[6]. In this work we have 

used molecular dynamic models to explore the stability of active site of choline acetyltransferaseby comparing 

theoretical methods of simulation. A highly selective on effect of temperature and environment was discovered 

in chemical structure and it has been investigated the standard constant temperature at MC, MD and LD 

simulations. We have employed the molecular dynamics simulation method as the main tool to study 

conformational dynamics of biomolecules. One of the force field designed for treating macromolecules can be 

simplified by not Monajjemi et al. 2901. considering explicitly – the so-called united atom approach is „md‟. It 

was appeared that solvent effects influence the calculated potential energy surface, by lowering potential energy 

barriers on angle. This means that the parameterizations that have been developed for small molecules with 

considerable effort can be carried over into macromolecular calculations with little or no change. Also, we have 

applied MM+ and OPLS force fields parameters for active site of choline acetyltransferasemodel  for water 

environment. Also, the possible difference between active site of choline acetyltransferaseintramolecular VDW 

attraction and that with water has been included in the hydrophobic interaction energy. The shortrange repulsion 

represents the exclusive volume of each atom and needs to be calculated explicitly. The measurement of the 
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potential of solvation under similar conditions of temperature in solution along with investigation of energetic 

and structural aspects of solution have been used to gain insight into the molecular level interaction with active 

site of choline acetyltrasferase. Solute–solvent pair interaction of potential energies was shown that the greater 

stability of solvent observed over all states investigated in this study is related to the MD approach. The 

QM/MM model for describing biomolecules, while successful, still requires further development which will 

lead to a better integration of the QM and MM formalisms by solving the problem of the QM/MM boundary in a 

general way. Thus it is expected that both the development and the application of QM/MM method will 

continue to expand strongly in the current decade and that the information obtained from QM/MM calculations 

will be essential for a deep understanding of biochemical processes. A number of other systems are currently 

under study with the new QM/MM methods that have been developed recently in this group. Implementation of 

the algorithm to calculate NMR chemical shielding tensors in the QM/MM framework makes it possible to 

study the chemical shift of specific group in biomolecules[7]. The graph potential energy(kcal/mol) vs. time (ps) 

during Monte Carlo (MC) simulation at 298, 300, 302, 304, 306 and 308 K using a) Amber b) OPLS and c) 

MM+ force fields corresponding to a stabilized structure of active site of choline acetyltrasferase shows that the 

potential energy and temperature have a minimum deviation throughout the simulation ,which indicates a stable 

trajectory of actve site in monte carlo simulation. 

 

 
 

Fig. 1: Schematic representation of structural model of active site of choline acetyltransferasein water. 

 
Table 1: Calculation various variables in 300 K temperature for active site of choline acetyltransferaseat MM+, amber and OPLS. 

Enviro-

-nment 

 

  Geometry   MC  MD   LD  

Force 

field 

Bond Angle Dihedral Energy Gradient Potential Potential Kinetic Total 

energy 

Potential Kinetic Total 

energ
y 

 MM+ 120.576 2976.99 -7.97012 2259.66431 0.096751 7187.98 3685.05 1690.01 5375.06 3794.14 2518.87 6313 

Water Amber 4.97397 122.98 34.7782 -893.375122 0.099001 2159.91 2806.41 5602.24 8408.65 2209.06 5642.7 7851.

76 

 OPLS 7.94912 673.397 32.2429 -375.913269 0.098157 4997.42 1338.91 1715.75 3054.67 10932.7 19336.9 30269
.6 

 

 
 

Fig. 2: Geometry optimized variables of bond length (B), bond angle (A) and dihedral angle (D) in water media  

at 300 K. 
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Fig. 3: The potential energy (kcal/mol) vs. time (ps) during molecular dynamic (MD) simulation at 300 K in  

water (R2 = 0.9794) environments to a stabilized structure of active site of choline acetyltrasferase. 

 
Table 2: Calculation energy potential (kcal/mol) in various temperatures for active site of choline acetyltransferaseat MM+, amber and  

OPLS. 

T
(K

) 

EPOT(MC) EPOT(MD) EPOT(LD) 

MM+ AMBER OPLS AMBER MM+ AMBER OPLS 

298 300 15084 15048.7 4739.979 3029.851 11740.5 10645.2 2826.94 2452.24 3685.04 3827.9 2243.35 2505.536 7218.33 10213.86 

302 304 14904 15194.4 2902.926 2788.935 10958.3 11157.3 2607.88 813.741 3848.74 3832.9 2482.67 2393.258 7322.858 7995.21 

306 308 14765 14972.1 3009.738 2910.847 11178.5 12536.1 2471.88 2495.82 3830 3853 2506.4 2446.636 6038.441 8355.693 

298 300 14283 14445.4 4733.564 2980.085 11068.7 10275.7 2721.49 2417.31 3652.83 3815 2305.11 2383.789 7331.737 9904.576 

302 304 14026 14092.4 2885.786 2670.578 10542.2 10345 2881.19 893.089 3835.04 3847.2 2374.74 2450.628 7276.245 7331.134 

306 308 14009 14275.9 2987.55 2860.11 11078.6 12480.1 2493.65 2477.02 3861.29 3849.1 2332.69 2345.522 5917.329 8085.503 

298 300 13523 13782.4 4540.978 2829.791 10664.4 10087.1 2635.89 2598.58 3682.59 3825.6 2197.33 2270.236 7327.224 10488.08 

302 304 13199 13250.1 2818.036 2600.277 9669.31 10104.9 2542.78 927.927 3862.91 3816.1 2252.82 2386.087 7354.036 7834.37 

306 308 13297 13684 2901.797 2734.201 11035.7 11479.6 2834.38 2515.83 3826.56 3820.1 2216.96 2622.146 6290.184 7301.956 

298 300 12802 13089 4482.722 2749.78 10420.9 9489.75 2769.54 2825.77 3641.58 3819.6 2209.23 2232.747 7469.572 9679.83 

302 304 12589 12574.7 2758.466 2575.902 9622.57 9906.49 2581.42 965.305 3829.46 3844 2315.93 2410.874 7853.319 7134.493 

306 308 12466 13137.5 2714.061 2714.061 10733.5 10520.4 2623.61 2482.84 3834.03 3862.9 2491.25 2474.745 6078.196 7322.437 

298 300 11998 12402.6 4435.109 2677.704 9112.26 9426.58 2590.54 2443.71 3687.8 3845.4 2216.96 2380.729 6908.361 9564.152 

302 304 11905 11958.1 2624.387 2522.161 9258.68 9850.33 2751.17 876.666 3835.41 3859.7 2478.35 2511.739 7694.799 7567.024 

306 308 11892 12498.9 2650.497 2613.024 10246.9 9618.8 2580.13 2481.98 3826.02 3811.9 2279.77 2384.211 6139.701 7790.47 

298 300 11441 11817.8 4391.501 2644.654 8824.74 8668.15 2691.21 2773.58 3661.18 3831 2074.55 2403.869 7508.145 10448.66 

302 304 11329 11462.7 2514.688 2469.865 8776.76 8815.17 2601.47 865.401 3851.62 3837 2481.67 2252.047 7473.641 7474.559 

306 308 11308 11999.7 2691.661 2520.164 9687.2 9079.77 2504.21 2381.53 3840.24 3825.5 2256.97 2385.824 6074.331 7495.268 

298 300 10927 11300 4269.757 2639.113 8799.08 8126.6 2704.88 2700.56 3667.48 3851.3 2258.17 2427.794 6844.831 11102.7 

302 304 10729 11004.1 2468.102 2359.605 8466.51 8165.93 2560.84 950.286 3824.28 3826.5 2445.69 2357.566 7370.983 7969.281 

306 308 10814 11444.7 2647.924 2480.136 8739 8681.73 2897.55 2694.54 3850.3 3807.4 2441.34 2531.913 6044.895 7032.008 

298 300 10462 10794.3 4268.115 2599.639 8550.43 7962.32 2711.48 2566.35 3663.76 3848.1 2295.19 2212.368 7154.497 10121.04 

302 304 10239 10426.6 2430.767 2339.602 7908.05 8121.36 2530.15 946.708 3830.04 3787.4 2392.1 2325.055 7524.947 7555 

306 308 10405 10857.7 2547.868 2430.583 8189.58 8661.76 2802.9 2676.78 3813.83 3823.5 2366.26 2394.89 5813.281 7360.945 

298 300 10058 10301.1 4174.726 2505.576 7526.83 7839.25 2859.67 2686.84 3677.71 3856.7 2194.12 2419.754 7191.096 9917.57 

302 304 9847.1 9961.66 2359.257 2260.088 7894.28 8061.56 2690.77 975.43 3841.13 3833.5 2437.93 2316.365 7430.946 7987.347 

306 308 9975 10427.1 2465.648 2391.286 7795.64 8533.25 2684.98 2698.94 3824.26 3823.8 2429.6 2504.873 5768.153 7513.393 

298 300 9692.6 9946.67 4170.884 2486.958 7426.98 7686.65 2871.77 2765.42 3681.63 3792.8 2276.5 2423.797 7241.323 10969.73 

302 304 9510.5 9647.07 2264.546 2230.218 7880.25 8049.11 2642.95 927.829 3831.41 3830.6 2341.19 2332.968 7714.038 7774.953 

306 308 9519.3 10023.9 2431.319 2362.922 7442.06 7290.66 2498.31 2588.65 3844.07 3808.4 2220.22 2541.135 6106.632 7641.133 

298 300 9332.3 9525.8 4045.061 2473.08 6937.68 7368.82 2742.35 2695.86 3663.31 3862.3 2068.36 2268.193 7456.788 10915.49 

302 304 9167.9 9234.93 2217.295 2223.424 7331.94 8021.26 2808.14 886.808 3830.23 3807.7 2294.93 2437.619 7712.046 7929.308 

306 308 9102.9 9633.32 2427.649 2354.673 7361.16 7198.21 2696.17 2490.34 3800.09 3824.4 2403.81 2449.314 6033.181 7996.81 

298 300 9029 9167.51 4002.751 2423.875 6482.29 7346.55 2638.84 2656.97 3646.71 3803.3 2197.72 2329.167 7458.161 9992.718 

302 304 8841.1 8881.68 2177.358 2198.323 7255.02 8014.1 2711.71 925.252 3827.31 3844.6 2521.39 2256.115 7666.041 7711.02 

306 308 8860.2 9181.6 2391.847 2319.758 7122.81 6771.62 2759.76 2676.62 3810.81 3819.1 2529 2443.694 6048.823 7315.359 

298 300 8709.1 8856.41 3999.148 2359.912 6151.19 7266.66 2765.13 2482.73 3674.66 3815.5 2384.15 2415.126 7450.013 10132.81 

302 304 8515.7 8608.78 2099.669 2180.407 6560.04 7090 2502.96 966.273 3839.85 3818.7 2184.87 2509.821 7518.375 7646.817 

306 308 8499.3 8885.18 2361.625 2276.845 6753.24 5667.28 2630.67 2517.13 3847.13 3831.9 2462.02 2579.277 5988 7883.463 

298 300 8396.3 8603.21 3916.759 2343.312 6071.37 6872.77 2751.5 2730.04 3666.26 3799.8 2240.7 2450.407 7565.907 10342.41 

302 304 8176.6 8401.13 2036.608 2187.033 6053.1 6965.96 2716.84 977.801 3826.07 3826.5 2342.58 2448.517 7654.064 7515.533 

306 308 8181.9 8591.76 2256.389 2252.327 6507.57 5413.94 2595.02 2717.45 3819.42 3829.8 2359.28 2552.887 6153.299 7897.946 

298 300 8069.8 8399.17 3890.76 2311.168 5724.62 6816.67 2850.76 2627.45 3662.19 3842.3 2248.31 2408.736 6795.319 10662.46 

302 304 7972.2 8186.53 2033.714 2186.426 5835.78 6928.3 2641.24 958.604 3841.5 3829 2347.11 2267.142 7539.279 7415.172 

306 308 7847.8 8281.54 2217.833 2165.253 5931.68 5414.34 2549.81 2638.82 3847.61 3832.6 2526.64 2545.236 5784.337 7896.352 

298 300 7827.1 8176.25 3868.146 2296.827 5661.02 6645.39 2832.69 2534.66 3661.44 3827.8 2247.18 2437.474 7724.273 10681.22 

302 304 7747.5 7885.91 2061.743 2150.685 5529.14 6727.51 2683.57 914.49 3874.5 3848.2 2427.13 2380.497 7648.943 7551.127 

306 308 7650.4 7997.15 2179.83 2108.282 5645.72 5388.99 2585.58 2581.86 3843.41 3858.8 2398.43 2595.398 6058.487 7823.544 

298 300 7570.7 7941.74 3803.021 2242.232 5606.52 6104.52 2636.1 2699 3672.66 3814.7 2237.95 2407.536 7292.125 10078.15 

302 304 7528.5 7643.46 2018.92 2097.1 5399.89 6392.65 2801.88 850.897 3846.59 3835.8 2579.95 2555.756 7631.439 7691.307 

306 308 7417.5 7726.32 2128.23 2081.777 5142.6 5204.01 2552.3 2672.7 3838.4 3813.9 2239.88 2533.889 5790.088 7396.49 

298 300 7369.6 7733.55 3738.698 2204.498 5206.34 5254.31 2589.51 2751.11 3667.71 3823.5 2115.66 2520.554 7376.807 10041.93 

302 304 7343.4 7453.57 2015.357 2045.594 5378.76 6234.15 2653.42 872.113 3822.94 3816.4 2400.25 2329.262 7538.384 7368.821 

306 308 7248.1 7522.97 2102.735 2079.858 4976.09 5055.04 2791.44 2533.81 3838.99 3854.7 2259.62 2362.434 5952.232 7526.625 

298 300 7221 7593.14 3721.125 2163.094 5186.21 5160.08 2643.83 2695.46 3678 3812 2375.81 2470.797 7304.938 10339.21 

302 304 7187.4 7270.59 1997.378 2041.747 4891.93 6238.32 2780.75 935.891 3854.56 3820.7 2367.8 2380.092 7546.125 7644.588 

306 308 7061.9 7349.98 2034.834 2006.415 4760.59 4624.19 2625.3 2496.86 3851.8 3855.9 2251.71 2428.321 5744.213 7613.394 

298 300 7039.8 7363.73 3683.001 2157.689 4989.46 5043.14 2540.4 2563.71 3652.4 3834.9 2224.02 2593.587 7633.833 9547.184 

302 304 7036.3 7133.55 1988.153 2067.842 4696.77 6210.25 2551.24 943.332 3831.54 3829.1 2341.72 2326.703 7213.019 7847.275 

306 308 6866.3 7188.35 1959.75 1954.06 4744.8 4627.99 2610.05 2548.18 3859.79 3842.7 2448.65 2562.827 6135.343 7736.349 

298 300 6883.8 7187.98 3667.562 2159.91 4822.71 4997.42 2762.49 2761.9 3678.65 3851.4 2123.06 2437.769 7766.508 10637.11 

302 304 6848.8 6971.19 1929.653 1985.578 4389.01 5531.17 2654.36 898.423 3811.27 3848 2386.16 2552.596 7736.09 7370.652 

306 308 6723.1 7042.82 1944.671 1944.625 4304.02 4592.13 2682.39 2542.33 3839.57 3839.7 2307.25 2485.21 6189.06 7807.156 
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Fig. 4: The potential energy(kcal/mol) vs. time (ps) during Monte Carlo (MC) simulation at 298, 300, 302, 304,  

306 and 308 K using a) Amber b) OPLS and c) MM+ force fields corresponding to a stabilized structure  

of active site of choline acetyltrasferase. 

 

 
 

Fig. 5: The potential energy (kcal/mol) va. time (ps) during molecular dynamic (MD) simulation at 298, 300,  

302, 304, 306 and 308 K using a) Amber b) OPLS and c) MM+ force fields corresponding to a  

stabilized structure of active site of choline acetyltrasferase. 
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Fig. 6: The potential energy (kcal/mol) vs. time (ps) during Langevin dynamic (LD) simulation at 298, 300,  

302, 304, 306 and 308 K using a) Amber b) OPLS and c) MM+ force fields corresponding to a  

stabilized structure of active site of choline acetyltrasferase. 

 

REFERENCES 

 

[1] Richa,  S., E. Robert,  Hausman, 2004. Cloning of chicken choline acetyltransferase and its expression in 

early embryonic retina. Molecular Brain Research, 129: 54–66. 

[2] Yasuhiro, K., O. Yoshio, D. Take, I. Maruhiro,  1992.  Enhanced acetylcholine secretion in neuroblastoma 

x glioma hybrid NG 108-l 5 cells transfected with rat choline acetyltransferase cDNA. Federation of 

Europcun Biochemical Societies, 314( 3): 409-412. 

[3] Isabelle Robert, Anne Sutter, Christiane Quirin-Stricker, 2002.  Synergistic activation of the human 

choline acetyltransferase gene by c-Myb and C/EBPb. Molecular Brain Research, 106: 124–135. 

[4] Douglas, A., Donahue, J. Edward, Dougherty, A. Lee, 2004. Meserve. Influence of a combination of two 

tetrachlorobiphenyl congeners (PCB 47; PCB 77) on thyroid status, choline acetyltransferase (ChAT) 

activity, and short- and long-term memory in 30-day-old Sprague–Dawley rats. Toxicology,  203: 99–107. 

[5] Zhaohui, D., F. Ailing, 2012. Prevention of age-related memory deficit in transgenic mice by human 

choline acetyltransferase. European Journal of Pharmacology,  683: 174–178. 

[6] Irani, Monajjemi,  Honarparvar,  Atyabi,  Sadeghizadeh, 2011.Investigation of solvent effect and NMR 

shielding tensors of 53 tumor-suppressor gene in drug design. International Journal of Nanomedicine, pp: 

213-217. 

[7] Monajjemi1, M., M. Heshmata, H. Haeria, 2006. QM/MM Model Study on Properties and Structure of 

Some Antibiotics in Gas Phase: Comparison of Energy and NMR Chemical Shift. Biochemistry 

(Moscow), 71(1): 113-122. 

[8] Monajjemi1, M., S. Ketabi, M. Hashemian, A. Zadeh, Amiri, 2006. Simulation of DNA Bases in Water: 

Comparison of the Monte Carlo Algorithm with Molecular Mechanics Force Fields. Biochemistry 

(Moscow), 71(1): 1-8. 

[9] Na´ray-Szabo,´ G., I. Berenteb, 2003. Computer modeling of enzyme reactions. J. Mole. Struct. 

(Theochem), 666:  637-644. 

[10] Kitchen,  DB., H. Decornez, JR. Furr, J. Bajorath, 2004. Docking and Scoring in Virtual Screening for 

Dryug Discovery: Methods and Applications. Nature Rev., 3: 935-949. 

[11] Monajjemi, M., S. Ketabi, M. Hashemian Zadeh, A. Amiri, 2006. Simulation of DNA Bases in 

Water:Comparison of the Monte Carlo Algorithm with Molecular Mechanics Force Fields. Biochemistry 

(Moscow), 71: 1-8. 

[12] Ozkan, SB., GS. Dalgy´n, T. Haliloglu, 2004. Unfolding events of Chymotrypsin Inhibitor 2 (CI2) 

revealed by Monte Carlo (MC) simulations and their consistency from structure-based analysis of 

conformations. Polymer, 45: 581–595. 

LD(MM)

3600

3650

3700

3750

3800

3850

3900

4.5 5 5.5 6 6.5 7

TIME

E
P

O
T

LD(AMBER)

0

500

1000

1500

2000

2500

3000

4.5 5 5.5 6 6.5 7

TIME

E
P

O
T

LD(OPLS)

0

2000

4000

6000

8000

10000

12000

4.5 5 5.5 6 6.5 7

TIME

E
P

O
T

298 300 302 304 306 308



424                                                                Reihaneh Sabbaghzadeh 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 415-424 

[13] Sung, SS.,  1999. Monte Carlo Simulations of _-Hairpin Folding at Constant Temperature. Biophys. J., 76: 

164 -175. 

[14] Hamaneh, MB., M. Buck, 2007. Acceptable Protein and Solvent Behavior in Primary Hydration Shell 

Simulations of Hen Lysozyme. Biophys, J., 92: 49-51. 

[15] Monajjemi, M., L. Mahdavian, F. Mollaamin, 2008. Characterization of nanocrystalline cylicon 

germanium film and nanotube in adsoption gas by monte carlo and langevin dynamic simulation. Bull. 

Chem. Soc. Ethiop., 22: 1-10. 

[16] Bonajjemn, WF., 1990. Computer simulation of molecular dynamics methodology, applications, and 

perspectives in chemistry. Angewandte Chemie., 29: 992-1023. 

[17] Phillips,  JC.,  R. Braun, W. Wang, J. Gumbart, E. Tajkhorshid, E. Villa, C. Chipot, RD. Skeel, L. Kalé, 

and K. Schulten, 2005. Scalable Molecular Dynamics with NAMD. J. Comput. Chem, 26: 1781-1802. 

[18] Ponder,  JW.,  DA. Case, 2003. Force fields for protein simulations. Adv.Protein Chem, 66: 27-85. 

[19] Weiner,  SJ.,  PA. Kollman, DA. Case, UC. Singh, C. Ghio, G. Alagona, S. Profeta, P. Weiner, 1984. A 

new force field for molecular mechanical simulation of nucleic acids and proteins. J. Am. Chem. 

[20] Monajjemi, M., B. Chahkandi, 2005. Theoretical investigation of hydrogen bonding in Watson-Crick, 

Hoogestein and their reversed and other models: comparison and analysis for configurations of adenine-

thymine base pairs in 9 models., J. Mol. Structure- Theochem., 714: 43-60. 

[21] Chandler, D., JD. Weeks, HC. Andersen, 1983. Van der Waalsvpicture of liquids, solids, and phase 

transformations. Science, 220: 787-794. 

[22] McCammon,  JA., SH. Northrup, M. Karplus, RM. Levy, 1980. Helixcoil transitions in a simple 

polypeptide model. Biopolymers, 19: 2033-2045. 

[23] Hartung, H., R. Ahnert, D. Schollmeyer, HJ. Holdt, J. Teller, 1992. Coronanden mit 1,2-Dithio-ethen-

Einheiten. II. Kristallstrukturen der beiden Thiakronenether 8,9-Dicyan-8,9-didehydro-7,10- 

dithia[12]krone-4 und 11,12-Dicyan-11,12-didehydro-10,13- dithia[15]krone-5. J. für Praktische Chemie., 

334: 155-160. 

[24] Español, P., PB. Warren, 1995. Statistical mechanics of dissipative particle dynamics. Europhys. Lett., 30: 

191-196. 

[25] Cornell,  WD., P. Cieplak, CI. Bayly, IR. Gould, KM. Merz,  DM. Ferguson, DC. Spellmeyer, T. Fox, JW. 

Caldwell, PA. Kollman, 1995. A second generation force field for the simulation of proteins, nucleic acids, 

and organic molecules. J. Am. Chem. Soc., 117: 5179-5197. 

[26] Monajjemi, M., F. Mollaamin, T. Karimkeshteh, 2005. Ab Initio Study and Hydrogen Bonding 

Calculations of Nitrogen and Carbon Chemical Shifts in Serine-Water Complexes .J. Mex. Chem. Soc., 

49: 336-340.  

[27] Chris, G., Whiteley, Duu-Jong, Lee, 2013.Enzymes for energy,structural computational analysis, substrate 

association and product dissociation from the thermophilic esterase of Alicuclobacillus acidocaldarius: 

Implications in biodiesel production. Journal of Molecular Catalysis B: Enzymatic, 97: 156-168. 28.    

[28] Annual, R., 2012. Computational Models of Protein Kinematics and Dynamics: Beyond Simulation. 

Annual Review of Analytical Chemistry, 5: 273-291. 


