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ABSTRACT 

In this article, we'll take a gander at how atomistic programmatic experiences of macromolecular 

(e.g., protein) receptors and their related little particle ligands can help with drug disclosure by, 

for instance, uncovering recently covered up or allosteric restricting destinations, supporting 

dependable virtual screening approaches, and giving direct expectations of restricting energies. 

The gigantic processing expenses and approximations of sub-atomic powers required by existing 

recreation approaches are likewise investigated. Computer-aided drug design has a bright future 

ahead of it because, as computing power and algorithm design continue to advance, molecular 

dynamics simulations are expected to become increasingly important. 

Keyword:- Computer-aided drug development, molecular dynamics simulations, hidden binding 

sites, allosteric binding sites, virtual screening, and free-energy prediction.} 

INTRODUCTION 

"If we somehow happened to name the most remarkable suspicion of all," Nobel laureate in 

physical science Richard Feynman once said, "it is that everything is made of particles and that 

all that living things in all actuality do can be figured out concerning the jigglings and wigglings 

of iotas." Understanding the nature of this atomic jiggling and wriggling has been a major focus 

of biophysics during the last 50 years. It comes as a surprise to individuals versed in macroscopic 

dynamics that quantum-mechanical rules regulate movements at the tiny level. Probability 

functions, not deterministic principles, regulate motion; clouds of fluctuating electrons, both 

waves and particles, create chemical bonds, rather than rigid atoms. This is, as Feynman so well 

phrased it, "nature as she is — absurd" [1]. 
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The study of such irrational molecular movements is undeniably relevant to the development of 

new therapeutics. Restricting models that consider conformational changes, yet in addition the 

irregular wiggling of receptors and ligands [3-7] have to a great extent supplanted the first 'lock 

and-key' hypothesis of ligands restricting [2], in which a frozen, still receptor was remembered to 

oblige a little particle with next to no conformational improvements. 

The c acetylcholine receptor (AChR) ligand-binding domain in Figure 1 is one of many 

examples illustrating the significance of taking into account these atomic movements [8-11]. 

Little particle AChR agonists coupled to AChBP show a urgent circle (circle C) part of the way 

shutting around the ligand in precious stone designs (Figure 1a,c).This loop is shifted by as much 

as 10 in crystal structures of big AChR antagonists bound to AChBP, such as snake -neurotoxins, 

resulting in a considerably more accessible active site (Figure 1b,c) [12]. As per Bourne et al's. 

speculation, unbound AChBP and AChR are exceptionally powerful proteins that, without any a 

ligand, test an assortment of open and shut conformational states that are specially balanced out 

by the limiting of agonists and bad guys, separately. [ 12]. All of these restricting pocket 

compliances might perhaps be a useful goal. On the off chance that this general model of ligand 

confining is right, similar standard of restricting likely applies to numerous different frameworks, 

which has sweeping ramifications for structure-based drug plan. 

COMPUTER MODELS OF MOLECULAR MOTION 

Despite the fact that studies like these crystallographically indicate the significance of protein 

flexibility in ligand binding, many researchers have sought computational strategies that can 

anticipate protein movements due to the high cost and labour intensive nature of doing such 

experiments. 

 

Figure : -Different Conformations of Molecules 
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To make sense of the absurd quantum-mechanical developments and substance responses of 

enormous sub-atomic frameworks, exact calculations are fundamental, however even the most 

impressive supercomputers battle with the assignment. Since its inception in the late 1970s [13], 

molecular dynamics (MD) simulations have attempted to circumvent this restriction by 

simplifying their modelling of atomic movements by appealing to Newtonian physics. 

 

Figure :- 2 Schematic representation of MD and MDS Methods 

Approximation procedures are often described in Figure 2. To start, information from many 

sources, including atomic attractive reverberation (NMR), crystallography, and homology 

demonstrating, are utilized to make a PC model of the sub-atomic framework. It then, at that 

point, utilizes a condition like that introduced in Figure 3 [14] to appraise the powers following 

up on every one of the particles in the framework. More or less, it's the powers applied by the 

common fascination and repugnance of bound and unbonded iotas. Virtual springs are utilized to 

address synthetic bonds and nuclear points, and a sinusoidal capability is utilized to address 

dihedral points (turns around a bond), which are approximations of the energy distinctions 

among overshadowed and staggered compliances. Van der Waals communications can be 

depicted with the Lennard-Jones 6-12 potential [15], and charged (electrostatic) connections can 

be mimicked with Coulomb's regulation. See [14] for a more inside and out conversation of the 

definition of the situations describing these communications. early 1980s [13] to reduce the 

computer burden of simulating atomic movements by utilizing basic approximations based on 

Newtonian physics. Approximation procedures are often described in Figure 2. To start, 

information from many sources, including atomic attractive reverberation (NMR), 

crystallography, and homology demonstrating, are utilized to make a PC model of the sub-

atomic framework. It then, at that point, utilizes a condition like that introduced in Figure 3 [14] 

to appraise the powers following up on every one of the particles in the framework. More or less, 

it's the powers applied by the common fascination and repugnance of bound and unbonded iotas. 

Virtual springs are utilized to address synthetic bonds and nuclear points, and a sinusoidal 
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capability is utilized to address dihedral points (turns around a bond), which are approximations 

of the energy distinctions among overshadowed and staggered compliances. Van der Waals 

connections can be depicted with the Lennard-Jones 6-12 potential [15], and charged 

(electrostatic) collaborations can be recreated with Coulomb's regulation. See [14] for a more 

inside and out conversation of the definition of the situations portraying these collaborations. 

The previously mentioned energy terms are defined to suit quantum mechanical computations 

and exploratory (for instance, spectroscopic) information to reproduce the genuine way of 

behaving of genuine atoms moving. This definition includes distinguishing the best fractional 

nuclear charges utilized for working out electrostatic-connection energies, the best van der Waals 

nuclear radii, etc to portray synthetic holding and nuclear points. A "force field" is the collective 

reflection of these parameters, which represent the commitments of the various nuclear powers 

that control atomic motion. 

 

Figure :-3 Equations for MD and MDS 

AMBER [14,16], CHARMM [17], and GROMOS [18] are a couple of the well known force 

fields used in sub-atomic elements reenactments. These vary mostly in their parameterization, 

but otherwise provide equivalent outcomes. 

Subsequent to deciding the powers following up on every molecule in the framework, Newton's 

conditions of movement are utilized to move the particles' areas. Rehashing this strategy a huge 

number of times, the reenactment time is progressed by additions of a couple of quadrillionths of 

a second. Since sub-atomic elements reproductions include such countless calculations, they are 

many times run on PC bunches or supercomputers with handfuls or even many processors in all 

the while. The Message Passing Point of interaction (MPI) is an arrangement of PC to-PC 

informing that significantly works with the execution of mind boggling errands by one 

programming application on different processors working at the same time. A significant number 
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of the most famous recreation programming bundles, frequently bearing similar names as their 

default force fields (for instance Golden [19], CHARMM [17], and NAMD [20,21]), are viable 

with the Message Passing Point of interaction (MPI). 

It is important not to overestimate molecular dynamics simulations' usefulness, however many 

studies have been utilised to verify the computational approach by comparing simulations with 

actual data [22]. NMR information is particularly useful since it tends to be utilized to foresee 

NMR estimates like twist unwinding in view of the different receptor and ligand conformities got 

by sub-atomic elements reenactments, considering an immediate correlation among trial and 

hypothetical strategies. A number of studies [23–26] have shown that experimental and 

computational measurements of macromolecular dynamics agree well. 

THE PRESENT STATE OF THE ART IN MOLECULAR DYNAMICS SIMULATIONS 

In any case, regardless of these advances, the utility of atomic elements reproductions is as yet 

compelled by two fundamental difficulties [27]: the power fields utilized need Regular 

recreations that take more than a microsecond to complete are prevented by the need for 

additional refining and significant computing demands. driving by and large to a deficient testing 

of conformational states. Look at that as a one-microsecond reenactment of an extremely little 

framework (around 25,000 iotas) running on 24 processors requires various months to wrap up; 

This is just one example of how much computing is needed. The quantum-mechanical reality 

that wins in the nuclear domain is difficult to reenact since the power fields used in these 

reproductions are simply approximations. Simulations are useful for predicting many essential 

molecular movements, but they are not well adapted to situations where quantum effects are 

significant, such as those involving binding of transition metal atoms. A few researchers have 

tracked down a strategy for getting around this trouble by integrating quantum mechanical 

computations into customary sub-atomic elements force fields, mimicking the activities of 

enzymatic dynamic locales and other little districts of interest as indicated by quantum 

mechanics while approximating the other framework's movements with atomic elements. While 

the 'ideal' of utilizing quantum mechanics to make sense of the entire framework is 

computationally recalcitrant, this half breed strategy has been utilized to examine different 

circumstances. Desulfo vibrio desulfuricans and Clostridium pasteurianum [Fe-Fe] hydrogenases 

were as of late reenacted utilizing traditional sub-atomic elements, and a "QM [quantum 
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mechanical] locale" enveloping a metal-containing district of the protein remembered to be 

chemically significant was characterized [28]. A bond-breaking and bond-shapingprocess that 

was not captured by the standard force field was discovered in the QM region by the 

simulations.Later, experimental data corroborated the proposed catalytic process. 

Another quantum mechanical phenomenon that is often overlooked is electronic polarization, 

which occurs when electrons move within groups of chemically bound atoms from one atomic 

nucleus to another. Every atom in a conventional molecular dynamics simulation has a 

predetermined partial charge. However, atoms' partial charges are more accurately depicted as 

dynamic and sensitive, since the electron clouds around them are continually changing in 

response to their environs. After 30 years of work, there still isn't a universally approved 

polarizable force field, and atomic elements reproductions using the ongoing power fields are 

phenomenal [29],despite widespread agreement on the significance of taking electronic 

polarization into account. However, other polarizable force fields are in the works [30], and they 

may be implemented in the future to increase precision. 

Studies of molecular dynamics are constrained not only by the inability to account for quantum-

mechanical processes but also by the often small time scales represented. It is necessary to 

simulate all conceivable protein conformations in order to mimic thermodynamic parameters 

and/or to completely clarify all binding pocket configurations important for drug discovery. For 

instance, drug binding-relevant conformational changes in receptors occur over much longer 

time scales than can be modelled. The current situation with reenactments considers all things 

considered millionths of a second, with few outstanding exceptions [31], and most recreations 

are estimated in billionths of a second. 

A few fractional answers for this issue have been executed. Enormous energy boundaries are 

misleadingly brought down in techniques like sped up atomic elements (aMD) [32,33].While this 

method does create certain artefacts, it does make it possible for proteins to undergo 

conformational changes that would be impossible using more traditional molecular dynamics 

techniques due to their lengthy time constants. Classical molecular dynamics and other methods 

may be used to learn more about these unconventional shapes. 
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The time-scale restrictions of traditional molecular dynamics simulations have also been 

circumvented by using novel technology. The computational demands of such simulations are 

similar to those of computer-game and computer-graphics software. Along these lines, sub-

atomic elements recreations might be sped up utilizing similar illustrations handling units 

(GPUs) used to accelerate computer games, frequently by a significant degree [34-36]. A few 

designers have gone past porting sub-atomic elements code to specific illustrations processors 

and on second thought have made entirely different processors for use in such reproductions. 

One prominent proponent of this strategy is DE Shaw's research group. Supercomputer Anton, as 

it is known internally, can simulate events in microseconds every day. Protein collapsing and 

unfurling, as well as medication restricting cycles [37], have all been successfully simulated 

using Anton for times greater than one millisecond [31]. There are still challenges to 

conformational sampling, but these and other future methods have the potential to make 

significant strides in this direction. 

DRUG DEVELOPMENT AND COMPUTATIONAL MODELLING OF MOLECULAR 

DYNAMICS 

Insights into protein motion gained from molecular dynamics simulations are typically crucial in 

the drug development process, despite the limitations of existing force fields and conformational 

sampling. A single protein conformation is not indicative of protein dynamics in the same way 

that a snapshot of a runner does not reveal anything about her gait. While static models of 

macromolecular structure are produced by nuclear magnetic resonance (NMR), X-ray 

crystallography (X-ray diffraction), and homology modeling (HMM), atomic acknowledgment 

and medication restricting are intrinsically powerful cycles. At the point when a medication's 

ligand, a little particle, moves toward its objective, a receptor, in arrangement, it doesn't come 

intocontact with a static, immobile macromolecule. In very unusual circumstances, protein 

movements may be constrained, resulting in a binding pocket that is relatively static, much like a 

key fitting into a lock [2]. As a result, there is a shift in the number of inhabitants in all potential 

compliances toward those that are the most appropriate for restricting [4-7]; in any case, a 

significant part of the time, the ligands might tie and settle just a negligible portion of the 

numerous conformities examined by its dynamic receptor. Further, the ligand might create 

conformational changes after restricting that are not typically examined in that frame of mind of 

the ligand [38]. In any case, it is obvious that receptor developments are vital to the limiting of 
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most little atom medications. A few strategies have been created to utilize everything sub-atomic 

elements reenactments can say to us about these sorts of developments. 

CHARACTERIZING HIDDEN AND ALLOSTERIC BINDING SITES 

Restricting pockets for endogenous ligands are frequently uncovered by NMR and X-beam 

crystallographic structures, yet every so often the models created by these trial approaches cover 

other possibly druggable areas. Mysterious restricting locales are sporadically used to allude to 

areas that are not promptly evident from currently available designs. Simulations based on 

molecular dynamics are excellent for finding these locations [39-41]. Schames et al. [ in 2004] 

39] ran a sub-atomic elements recreation of HIV integrase, a restorative objective that had 

recently been believed to be immovable to structure-based drug plan. The recreations uncovered 

a channel that doesn't show up in any of the known precious stone designs. The binding of 

recognized inhibitors to this hidden trench was subsequently confirmed using X-ray 

crystallography. These findings prompted subsequent experimental work at Merck & Co. [42], 

which in turn led to the invention of raltegravir, the first HIV integrase inhibitor authorized by 

the US Food and Drug Administration. Druggable allosteric sites may be found using molecular 

dynamics simulations in addition to deciphering cryptic binding sites. Human alpha-1 (1 AR) 

and alpha-2 (2 AR) adrenergic receptors were modelled in a recent work by Ivetac and Mc 

Cammon [43]. Utilizing FTMAP [44], we secluded a few protein conformities from these 

reproductions and computationally 'overflowed' the protein surface with minuscule synthetic 

tests to find conceivable restricting destinations. Protein surface locales that gathered natural 

tests in a reliable design across different designs were then viewed as up-and-comer allosteric 

destinations. In all, five possible locations were uncovered, some of which are hidden in the 

already available crystal structures. 

HOW THE RELAXED COMPLEX SCHEME HELPS COMPUTERS FIND REAL 

SMALL-MOLECULE BINDERS 

Virtual screening is an ordinary procedure used to track down drug new kids on the block in 

silico. A little particle model is docked into a receptor restricting pocket, and the subsequent 

restricting stance and energy are anticipated utilizing a docking program. frequently, various 

ligand models are docked into a lone static receptor structure, as often as possible secured 

through NMR or X-shaft crystallography. These ligand models are taken from a library of 
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substances that may be financially mixed or bought industrially. Experimentation is used to 

confirm binding after selecting the most promising predicted ligands. Traditional docking 

methods have flaws since they depend on a specific receptor structure. In spite of the fact that it 

is conceivable that specific practical ligands will join to the picked structure, most receptor 

limiting pockets have various sufficient conformational states, any of which may be druggable. 

Genuine ligands are commonly tossed out in a customary virtual screen since they tie to receptor 

conformities that are very not quite the same as the one static design chose. A novel 

virtualscreening philosophy, the casual complex plan (RCS) [45,46], thinks about receptor 

adaptability. Rather than docking an enormous number of synthetic models into a solitary NMR 

or precious stone construction, every competitor ligand is docked into various different protein 

compliances. Subsequently, as opposed to having a solitary docking score, every ligand has a 

scope of scores related with it. To act as an illustration of a range include that might be utilized 

to rank ligands, the typical score across all receptors is shown. Appropriately, the RCS 

satisfactorily addresses the extensive variety of receptor conformities gathered in recreations, and 

it has been effectively used to the recognizable proof of protein inhibitors, for example, those for 

FKBP [47], HIV integrase [39], Trypanosoma brucei RNA altering ligase 1 [48,49], and T. 

brucei. T. brucei (Hurricane) [50], T. brucei Hurricane [50]. brucei dTDP-6-deoxy-L-lyxo-4-

hexulose [52] and Mycobacterium tuberculosis FPPS [51].Two of these studies found that the 

inhibitors were effective against the whole-cell parasite in addition to the target proteins [49,50]. 

Despite these encouraging results, the relaxed complicated scheme is not without its flaws. The 

system relies on sub-atomic elements recreations, which are helpless to unfortunate power field 

approximations and lacking conformational testing, and PC docking scoring calculations, which 

should be advanced for speed to the detriment of exactness. These scoring structures overall 

handle key factors on limiting energy, including conformational entropy and solvation energy, 

just superficially [27,53],compromising precision for sped up, to allow high-throughput virtual 

screening. 

FREE-ENERGY CALCULATIONS AT THE MOLECULAR-DYNAMICS LEVEL OF 

SOPHISTICATION 

Most docking programmes priorities speed over accuracy, however there are other, more precise 

(though computationally costly) methods for estimating binding affinity. Thermodynamic 
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incorporation [54], single-step disturbance [55], and free energy trouble [56] area couple of 

instances of strategies vigorously reliant upon sub-atomic elements reproductions. 

While the way taken from the basic to the last state could impact receptor-ligand energy,it 

meaningfully affects the free energy itself on the grounds that free energy is a state capability 

and just relies upon the energy when a given occasion, similar to a medication restricting to its 

receptor. One chance is that the ligand gradually diffuses to the dynamic site and afterward slides 

into the limiting pocket. A potential instrument includes total protein unfurling and ensuing 

refolding around the ligand. It's possible that the solution-bound ligand is sent to a spacecraft in 

orbit, where it rematerializes in the dynamic site a couple of moments later. No matter what the 

specialists in question, the free energy is basically impacted by the underlying measure of energy 

in arrangement and the remaining measure of energy following the limiting occasion. 

With a couple of critical special cases [37], it is by and by unrealistic to run a reproduction of a 

receptor-ligand framework sufficiently long to record an entire restricting occasion. In any case, 

utilizing a strategy named "catalytic change," which was at first detailed in 1984 [57], deciding a 

medication's limiting affinity is as yet doable. The first clarification of a starship transformation 

is closely resembling this one. To keep undesirable relics from showing up during a sub-atomic 

elements reproduction, the electrostatic and van der Waals powers delivered by ligand particles 

are logically diminished. Inevitably, the ligand loses its capacity to tie to the protein or 

dissolvable. The ligand has, in all aims and purposes, disappeared. Whether or whether the 

change from the first to the last state is real or envisioned has no effect on the free energy, which 

is a state capability. 

It is unclear, however, under what circumstances the ligand should be destroyed metaphorically. 

The inquiry is the decision about whether to do a sub-atomic elements recreation wherein the 

bound ligand evaporates. The thing may be said about the solubilized ligand? The reactant 

changes chose to answer these concerns are grounded in the thermodynamic cycle showed in 

Figure 4. Since the total free energy is a state capacity that relies only upon the energy of the 

start and completing states, there ought not be any adjustment of the all out free energy for a 

framework that goes from one state around this freeenergy cycle and afterward back to the 

beginning state once more (that is, Gbind + Gprotein - G - Gwater = 0). Since the ligand has 

vanished in both of the states portrayed in Figure 4's base half, it is presently not ready to 
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communicate with the protein or the water dissolvable, so G in this situation is zero. Along these 

lines, Gbind = Gwater - Gprotein as Gbind + Gprotein - Gwater = 0. These conditions exhibit 

that the free energy of restricting, an aberrant sign of pharmacological power, can be resolved 

utilizing two recreations — one in which the solvated ligand evaporates and one in which the 

receptor-bound ligand disappears. The assurance of whether a specific synthetic modification 

would expand the intensity of a proposed ligand is tantamount to the most common way of 

working out relative ligand restricting energies, which is useful during medication optimization. 

Here, instead of completely wiping off the ligand, just a little portion of it is altered. To test if the 

binding affinity is enhanced or reduced, one may, for instance, slowly replace a crucial carbon 

atom with an oxygen atom. Insights gained by alchemical molecular dynamics simulations may 

help guide future medication development by medicinal chemists. 

In the 1980s and 1990s, a number of people were enthusiastic about sub-atomic elements based 

free-energy computations because of a progression of lucky early outcomes that were 

surprisingly steady with tests. Nonetheless, this energy has since decreased [27,58]as 

computational predictions have failed to match experimental measurements. However, recent 

years have seen a resurgence of interest because to consistent algorithmic and technical 

advancements. Late years have seen a multiplication of effective utilizations of catalytic 

procedures, with precise expectations got for ligand restricting to a wide assortment of proteins 

and catalysts, including the src SH2 space [59], a freak T4 lysozyme [60], FKBP12 [61], HIV 

invert transcriptase [62], trypsin [63], a bacterial ribosome [64], and estrogen receptor-[65]. In 

spite of these accomplishments, in any case, catalytic strategies ought not be oversold. More 

precise force fields would be beneficial to all molecular dynamics-based drug discovery 

strategies, but alchemical approaches are particularly susceptible to inadequate conformational 

sampling [66]. Quite possibly certain receptor adaptations might be disregarded during virtual 

screening endeavors on the off chance that atomic elements reproductions are not sufficiently 

long to recognize obscure destinations, allosteric locales, or pharmacologically important binding 

pocket conformities. However, the discovered conformations are still helpful, therefore the 

simulation findings are just partial rather than necessarily incorrect. 

Alchemical methods for calculating binding free energies rely much more heavily than RCS 

screens on exhaustive conformational sampling. An off base gauge of the limiting fondness 
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could result from sub-atomic elements recreations that neglect to test framework adaptations that 

are sincerely inspected ex silico. Since sub-atomic elements recreations are computationally 

escalated and often restrictively short, lacking conformational examining is a common issue that 

will require more algorithmic and equipment designing endeavors to tackle. Despite widespread 

interest, the pharmaceutical industry has failed to broadly employ these alchemical approaches. 

This is partly due to the time-consuming nature of the simulations required to make precise 

forecasts. 

CONCLUSIONS 

Molecular dynamics simulations have various applications in drug development, and we have 

explored some of them below. For example, these simulations may help find cryptic or allosteric 

binding sites, improve upon conventional virtualscreening approaches, and directly predict 

ligand binding energies. Current trial techniques are lacking to give a complete information on 

the atomistic energetics and mechanics of restricting on the grounds that ligand restricting and 

the connected fundamental macromolecular developments are tiny cycles that happen in only 

millionths of a second. At the point when exploratory procedures are missing, sub-atomic 

elements reproductions might assist with filling in the spaces. The eventual fate of PC helped 

drug configuration appears to be splendid, with atomic elements recreations set to assume an 

undeniably critical part in the making of new pharmacological treatments as both figuring power 

and calculation configuration keep on progressing. 

 

 

 

 

 

 

 

 



 MOLECULAR DYNAMICS AND MOLECULAR DYNAMICS SIMULATION STUDY OF VARIOUS DRUG 

MOLECULES BY USING COMPUTATIONAL TOOLS                                                   Section A -Research paper 

 

 

249 Eur. Chem. Bull. 2021,10( issue 4),237-252                     https://doi.org/10.17628/ecb.2021.10.237-252                                       

                                                                                                                      

REFERENCES 

1. Feynman RP: QED : the Strange Theory of Light and Matter. Princeton, NJ: Princeton 

University Press; 1985.  

2. Fischer E: Einfluss der Configuration auf die Wirkung der Enzyme. Ber Dtsch Chem Ges 

1894, 27:2985-2993.  

3. Teague SJ: Implications of protein flexibility for drug discovery. Nat Rev Drug Discov 

2003, 2:527-541.  

4. Ma B, Kumar S, Tsai CJ, Nussinov R: Folding funnels and binding mechanisms. Protein 

Eng 1999, 12:713-720.  

5. Kumar S, Ma B, Tsai CJ, Wolfson H, Nussinov R: Folding funnels and conformational 

transitions via hinge-bending motions. Cell BiochemBiophys 1999, 31:141-164.  

6. Tsai CJ, Kumar S, Ma B, Nussinov R: Folding funnels, binding funnels, and protein 

function. Protein Sci 1999, 8:1181-1190.  

7. Ma B, Shatsky M, Wolfson HJ, Nussinov R: Multiple diverse ligands binding at a single 

protein site: a matter of pre-existing populations. Protein Sci 2002, 11:184-197.  

8. Bouzat C, Gumilar F, Spitzmaul G, Wang HL, Rayes D, Hansen SB, Taylor P, Sine SM: 

Coupling of agonist binding to channel gating in an ACh-binding protein linked to an ion 

channel. Nature 2004, 430:896-900.  

9. Talley TT, Yalda S, Ho KY, Tor Y, Soti FS, Kem WR, Taylor P: Spectroscopic analysis 

of benzylidene anabaseine complexes with acetylcholine binding proteins as models for 

ligand-nicotinic receptor interactions. Biochemistry 2006, 45:8894-8902.  

10. Babakhani A, Talley TT, Taylor P, McCammon JA: A virtual screening study of the 

acetylcholine binding protein using a relaxed-complex approach. Comput Biol Chem 

2009, 33:160-170.  

11. Ulens C, Hogg RC, Celie PH, Bertrand D, Tsetlin V, Smit AB, Sixma TK: Structural 

determinants of selective alpha-conotoxin binding to a nicotinic acetylcholine receptor 

homolog AChBP. Proc Natl Acad Sci U S A 2006, 103:3615-3620.  

12. Bourne Y, Talley TT, Hansen SB, Taylor P, Marchot P: Crystal structure of a Cbtx-

AChBP complex reveals essential interactions between snake alphaneurotoxins and 

nicotinic receptors. EMBO J 2005, 24:1512-1522.  



 MOLECULAR DYNAMICS AND MOLECULAR DYNAMICS SIMULATION STUDY OF VARIOUS DRUG 

MOLECULES BY USING COMPUTATIONAL TOOLS                                                   Section A -Research paper 

 

 

250 Eur. Chem. Bull. 2021,10( issue 4),237-252                     https://doi.org/10.17628/ecb.2021.10.237-252                                       

                                                                                                                      

13. McCammon JA, Gelin BR, Karplus M: Dynamics of folded proteins. Nature 1977, 

267:585-590.  

14. Cornell WD, Cieplak P, Bayly CI, Gould IR, Merz KM, Ferguson DM, Spellmeyer DC, 

Fox T, Caldwell JW, Kollman PA: A second generation force field for the simulation of 

proteins, nucleic acids, and organic molecules. J Am Chem Soc 1995, 117:5179-5197.  

15. Lennard-Jones JE: On the determination of molecular fields. II. From the equation of 

state of a gas. Proc R Soc Lond A 1924, 106:463-477 

16. Wang J, Wolf RM, Caldwell JW, Kollman PA, Case DA: Development and testing of a 

general amber force field. J Comput Chem 2004, 25:1157-1174.  

17. Brooks BR, Bruccoleri RE, Olafson BD, States DJ, Swaminathan S, Karplus M: 

CHARMM - a program for macromolecular energy, minimization, and dynamics 

calculations. J Comput Chem 1983, 4:187-217.  

18. Christen M, Hünenberger PH, Bakowies D, Baron R, Bürgi R, Geerke DP, Heinz TN, 

Kastenholz MA, Kräutler V, Oostenbrink C, Peter C, Trzesniak D, van Gunsteren WF: 

The GROMOS software for biomolecular simulation: GROMOS05. J Comput Chem 

2005, 26:1719-1751.  

19. Case DA, Cheatham TE 3rd, Darden T, Gohlke H, Luo R, Merz KM Jr, Onufriev A, 

Simmerling C, Wang B, Woods RJ: The AMBER biomolecular simulation programs. J 

Comput Chem 2005, 26:1668-1688.  

20. Kale L, Skeel R, Bhandarkar M, Brunner R, Gursoy A, Krawetz N, Phillips J, Shinozaki 

A, Varadarajan K, Schulten K: NAMD2: greater scalability for parallel molecular 

dynamics. J Comput Phys 1999, 151:283-312.  

21. Phillips JC, Braun R, Wang W, Gumbart J, Tajkhorshid E, Villa E, Chipot C, Skeel RD, 

Kale L, Schulten K: Scalable molecular dynamics with NAMD. J Comput Chem 2005, 

26:1781-1802.  

22. van Gunsteren WF, Dolenc J, Mark AE: Molecular simulation as an aid to 

experimentalists. CurrOpinStruc Biol 2008, 18:149-153.  

23. LaConte LEW, Voelz VA, Nelson WD, Thomas DD: Molecular dynamics simulation of 

site-directed spin labeling: Experimental validation in muscle fibers. BiophysJ 2002, 

82:484A-484A.  



 MOLECULAR DYNAMICS AND MOLECULAR DYNAMICS SIMULATION STUDY OF VARIOUS DRUG 

MOLECULES BY USING COMPUTATIONAL TOOLS                                                   Section A -Research paper 

 

 

251 Eur. Chem. Bull. 2021,10( issue 4),237-252                     https://doi.org/10.17628/ecb.2021.10.237-252                                       

                                                                                                                      

24. Peter C, Rueping M, Worner HJ, Jaun B, Seebach D, van Gunsteren WEF: Molecular 

dynamics simulations of small peptides: can one derive conformational preferences from 

ROESY spectra? Chemistry 2003, 9:5838-5849.  

25. Bruschweiler R, Showalter SA: Validation of molecular dynamics simulations of 

biomolecules using NMR spin relaxation as benchmarks: Application to the 

AMBER99SB force field. J Chem Theory Comput 2007, 3:961-975.  

26. Markwick PRL, Cervantes CF, Abel BL, Komives EA, Blackledge M, McCammon JA: 

Enhanced conformational space sampling improves the prediction of chemical shifts in 

proteins. J Am Chem Soc 2010, 132:1220-1221.  

27. Chodera JD, Mobley DL, Shirts MR, Dixon RW, Branson K, Pande VS: Alchemical free 

energy methods for drug discovery: progress and challenges. CurrOpin Struct Biol 2011, 

21:150-160.  

28. Hong G, Cornish AJ, Hegg EL, Pachter R: On understanding proton transfer to the 

biocatalytic [Fe-Fe](H) sub-cluster in [Fe-Fe]H(2)ases: QM/MM MD simulations. 

BiochimBiophys Acta 2011, 1807:510-517.  

29. Jorgensen WL: Special issue on polarization. J Chem Theory Comput 2007, 3:1877.  

30. Cieplak P, Dupradeau FY, Duan Y, Wang J: Polarization effects in molecular mechanical 

force fields. J Phys Condens Matter 2009, 21:333102.  

31. Shaw DE, Maragakis P, Lindorff-Larsen K, Piana S, Dror RO, Eastwood MP, Bank JA, 

Jumper JM, Salmon JK, Shan Y, Wriggers W.: Atomic-level characterization of the 

structural dynamics of proteins. Science 2010, 330:341-346.  

32. Hamelberg D, Mongan J, McCammon JA: Accelerated molecular dynamics: A promising 

and efficient simulation method for biomolecules. J Chem Phys 2004, 120:11919-11929.  

33. Hamelberg D, McCammon JA: Fast peptidyl cis-trans isomerization within the flexible 

Gly-rich flaps of HIV-1 protease. J Am Chem Soc 2005, 127:13778-13779.  

34. Yang J, Wang Y, Chen Y: GPU accelerated molecular dynamics simulation of thermal 

conductivities J Comp Physics 2007, 221:799-804 

35. Liu W, Schmidt B, Voss G, Müller-Wittig W: Accelerating molecular dynamics 

simulations using Graphics Processing Units with CUDA. Comput Phys Commun 2008, 

179:634-641.  



 MOLECULAR DYNAMICS AND MOLECULAR DYNAMICS SIMULATION STUDY OF VARIOUS DRUG 

MOLECULES BY USING COMPUTATIONAL TOOLS                                                   Section A -Research paper 

 

 

252 Eur. Chem. Bull. 2021,10( issue 4),237-252                     https://doi.org/10.17628/ecb.2021.10.237-252                                       

                                                                                                                      

36. Friedrichs MS, Eastman P, Vaidyanathan V, Houston M, Legrand S, Beberg AL, Ensign 

DL, Bruns CM, Pande VS: Accelerating molecular dynamic simulation on graphics 

processing units. J Comput Chem 2009, 30:864-872.  

37. Shan Y, Kim ET, Eastwood MP, Dror RO, Seeliger MA, Shaw DE: How does a drug 

molecule find its target binding site? J Am Chem Soc 2011, 133:9181-9183.  

38. Koshland DE: Application of a theory of enzyme specificity to protein synthesis. Proc 

Natl Acad Sci U S A 1958, 44:98-104. 

39. Schames JR, Henchman RH, Siegel JS, Sotriffer CA, Ni H, McCammon JA: Discovery 

of a novel binding trench in HIV integrase. J Med Chem 2004, 47:1879-1881.  

40. Durrant JD, Keranen H, Wilson BA, McCammon JA: Computational identification of 

uncharacterized cruzain binding sites. PLoSNegl Trop Dis 2010, 4:e676 


