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Abstract
The purpose of this overview is to provide a concise 
introduction to the methodology and current advances 
in molecular dynamics (MD) simulations. MD simula-
tions emerged as a powerful and popular tool to study 
dynamic behavior of proteins and macromolecule 
complexes at the atomic resolution. This approach can 
extend static structural data, such as X-ray crystal-
lography, into dynamic domains with realistic times-
cales (up to millisecond) and high precision, therefore 
becoming a veritable computational microscope. This 
perspective covers current advances and methodology 
in the simulation of protein folding and drug design as 
illustrated by several important published examples. 
Overall, recent progress in the simulation field points 
to the direction that MD will have significant impact on 
molecular biology and pharmaceutical science.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The understanding of  functions of  biological macro-
molecules has relied not only on the structural data but 
also their dynamical behavior. The early view of  the 
proteins as relatively rigid structures has been replaced 
by a dynamic model. In these models conformational 
changes and motions play an essential role in their func-
tion. In the last 25 years, biomolecular simulations has 
become a powerful tool to trace atomic motions of  pro-
tein and DNA molecules and yielded important insights 
into molecular mechanisms[1-3]. The molecular dynamics 
(MD) simulation is considered a pivotal methodology 
to access dynamical behavior of  macromolecules in 
silico. This technique provides ultimate atomic resolu-
tion details about the dynamic properties of  the system 
as a function of  time. It offers connection between the 
structure and function by enabling the exploration of  
the conformational space and energy landscape available 
to protein molecules. It is not surprising that the term 
“computational microscope” has been accepted by the 
scientific community[4]. 

One of  the first MD simulations of  proteins, bo-
vine pancreatic trypsin inhibitor (BPTI), was reported 
in 1977. This work should be considered as the first at-
tempt to utilize computer simulation to observe protein 
motions at 9.2 picosecond (ps) time scale[5]. In 1988, 
eleven years later, the same protein was simulated for 
210 ps using explicit solvent[6]. The latter work showed 
good correlation between the average structure pro-
duced by simulation and the high-resolution X-ray struc-
ture, emphasizing the importance of  longer simulation 
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time and use of  explicit water molecules. Since then the 
dramatic increase in computational power and significant 
improvement in methodology made the simulation much 
more accurate and stable. It is now routine to run simu-
lations from 100 ns (10-7 s) to several µs (10-6 s) where 
even shorter time scales (10-100 ns) can well describe 
local dynamics of  the proteins structures. Experimental 
measurements show that rotation of  protein side chains 
often occurs around 0.5 ns timescale [“Physical Biology 
of  the Cell”, Rob Phillips, Jane Kondev and Julie The-
riot (2009) and references therein]. However, since many 
functionally important biological events occur on times-
cales of  many microseconds or milliseconds, including 
protein folding, protein-protein or protein-drug interac-
tions, much longer time scales are needed for conforma-
tional sampling. Recently, there were a large number of  
efforts to extend simulations to a longer timescales by 
designing specialized hardware to speed up MD simula-
tions and/or by improving the code[7-9]. The longest MD 
simulation published to date is a millisecond (ms) [1000 
microsecond (µs)] simulation of  the BPTI protein on a 
special-purpose supercomputer (called Anton) designed 
for MD simulations[10-12]. This work showed that BPTI 
transitioned reversibly among a small number of  struc-
turally distinct states with two states in the simulation 
accounting for 82% of  the trajectory which agreed well 
with experimental data. Such behavior could not be ob-
served at shorter (µs) timescales and thus confirms the 
importance of  adequate simulations times.

The MD relies on the solution of  the equations 
that describes the motion of  the molecular system. In 
explicit, all-atom simulations, thousands to millions of  
individual atoms, representing, for instance, all atoms of  
the protein and surrounding water molecules, move in a 
series of  short [e.g., 2 femtoseconds (fs)], discrete time 
steps. The MD trajectory represents the sequential set of  
time-evolved snapshots of  atomic coordinates and gen-
erally provides data only at the level of  atomic positions, 
velocities and single-point energies. The application of  
statistical thermodynamics allows to obtain macroscopic 
properties such as pressure, heat capacity and free ener-
gies of  the system. The product is a detailed “movie” 
of  molecular behavior over time. As a result, MD has 
became a tool for researches to investigate structural 
aspects, kinetics and thermodynamics of  various mac-
romolecule systems, including the dynamics in enzyme 
activity[13-15], transport of  ion and small molecules[16-18], 
protein-protein and protein-DNA interactions [19-21], pro-
tein folding[22,23] and ligand-target interactions[24-27], just to 
mention a few. In general, each step in MD simulations 
consists of  computationally intensive force calculations, 
followed by a less expensive integration step that ad-
vances the positions of  the atoms according to classical 
laws of  motions. Forces for each atom of  the system are 
calculated based on the molecular mechanics equations. 
The functional form of  such equations is shown in Fig-
ure 1. The potential energy parameters (bond lengths, 
vibrational energies, force constants, atomic and partial 
atomic charges, proper van der Waals atomic radii, etc.) 

are derived empirically from experimental techniques 
such as spectroscopy and X-ray crystallography, and also 
from ab initio quantum mechanical calculations. Col-
lectively, these parameters describe the contributions of  
various atomic forces that govern MD and are called 
a ‘force field’. There are several well established force 
fields which are currently being used and continued to 
be developed. The Chemistry at HARvard Macromo-
lecular Mechanics (CHARMM) biomolecular force field 
developed by Karplus et al[28,29] is widely used for the 
simulation of  proteins and other many particle systems 
using CHARMM and NAMD molecular simulation 
programs[30]. The Assisted Model Building with En-
ergy Refinement (AMBER), developed by the Kollman 
group[31], is a set of  molecular mechanical force fields 
for the simulation of  biomolecules, which was initially 
developed for the nucleic acids and now adopted for the 
simulation of  a wide range of  the biomolecules, includ-
ing proteins. AMBER has a package of  molecular simu-
lation programs and can also be used by NAMD. There 
are several others that are available, including the Energy 
Calculation and Dynamics (ENCAD) developed by Lev-
itt [32], the GROMOS and the hydrocarbon force fields 
(MM2-4)[33]. ENCAD and CROMOS force fields are 
available through the Groningen Machine for Chemi-
cal Simulations computational package[7]. In general, the 
force fields express the total force on an atom as a sum 
of  3 major components: bonded forces which involve 
interactions between small groups of  atoms connected 
by one or two covalent bonds; van der Waals forces 
which include interactions between small groups of  at-
oms in the system; and electrostatic forces which include 
interactions between all pairs of  atoms (non-bonded 
pair-wise interactions) (see the functional form of  AM-
BER equation, Figure 1). Chemical bonds and atomic 
charges are modeled using simple harmonic motions, 
and dihedral angles are modeled using a sinusoidal func-
tion that approximates the energy differences between 
eclipsed and staggered conformations. The non-bonded 
forces arise from van der Waals forces and electrostatic 
interactions. The non-bonded energy terms between ev-
ery pair of  atoms increase as the square of  the number 
of  atoms for a pairwise model (N2) and represent largest 
summation term in the potential energy equation. This 
part of  the simulations is the most computationally ex-
pensive. The van der Waals forces fall quickly with the 
distance and in computer simulations are treated with 
12/6 Lennard-Jones potentials. To reduce the cost of  
calculations the contributions from these forces can be 
controlled by the user defined cutoff  distance. The very 
short cutoff  (-4 Å) does not adequately model the prop-
erties of  the system when a very long cutoff  (over 20 
Å) significantly increases simulation time and has been 
shown not to improve fidelity of  the simulation over the 
intermediate values around 9-12 Å which are commonly 
used in the modern simulation[34]. The electrostatic 
forces fall off  slowly with distance and truncation at 
cutoff  distance introduces significant errors in the simu-
lations. Electrostatic forces, modeled using Coulomb’s  
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law, are typically computed using approximate meth-
ods (such as Ewald summations) that account for long-
range effects with the explicit interaction of  all pairs of  
atoms[35,36]. However, recent studies showed that use of  
approximation methods could affect the results of  the 
simulations. For example, in case of  the protein folding 
using short (9 Å) cutoff  distances could shift the balance 
between hydrophobic and hydrophilic interactions lead-
ing to stabilization of  the more compact structures[37]. 
Moreover, the neglect to include long-range compo-
nent of  the Lennard-Jones interactions and the lack of  
highly accurate treatment of  the long-range electrostat-
ics could result in artifacts during the folding pathways. 
In contrary, the free energy of  the protein folding and 
structural properties of  the folded protein are relatively 
unaffected by these approximations[37]. The level of  the 
approximations used in MD simulations should depend 
in part on the goal and questions that these calculations 
are planned to address. 

The common protocol for performing MD simula-
tions consists of  a number of  steps and is shown in 
Figure 2. In simulations of  biomolecules, an X-ray crys-
tal structure or an nuclear magnetic resonance (NMR) 
structure is first obtained from the Brookhaven Protein 
Databank to be commonly used as the initial structure. 
It is also possible to use a theoretical structure developed 
by homology modeling (also known as comparative 
modeling) or extended protein sequence if  the research-
er desires to investigate protein folding. Prior to starting 
MD simulation, it is recommended to perform energy 
minimization of  the structure to remove any strong van 
der Waals interactions which might exist in the initial 
structure. These unwanted interactions can lead to local 
structural distortion resulting in an unstable simulation. 
At this point, explicit water molecules are added to sol-
vate the system. Another energy minimization with the 
macromolecule fixed should follow the solvation step 
to allow the added water molecules to readjust around 
the protein molecule. At this point, the initial velocities 
at a low temperature are assigned to each atom of  the 
system and Newton’s equations of  motion are integrated 
to propagate the system in time. In explicit solvent 
simulation, the protein position is fixed initially to al-
low equilibration of  water molecules. Once that is done, 
the constraints on the protein can be removed and the 
whole system (macromolecule system and waters) can 
evolve in time. At the beginning of  simulations velocities 
are assigned at low temperature and simulation proceeds 
via heating phase. Periodically, if  needed, new veloci-
ties are assigned at a slightly higher temperature and the 
simulation is allowed to continue. This is repeated until 
the desired temperature is reached (commonly around 
300-310 K). Once the desired temperature is reached, 
the equilibration simulation of  the system continues 
and properties such as structure, pressure, temperature 
and energy are monitored. The purpose of  equilibration 
dynamics is to run the simulation until these properties 
become stable with respect to time. If  the temperature 
increases or decreases significantly, the velocities can be 

scaled such that the temperature returns to near its de-
sired value. The final step of  the simulation is to run the 
simulation in “production” phase for the desired time 
length. This can be from several to 106 ns. The MD tra-
jectories from the production dynamics can be analyzed 
and post-processed to obtain conformational dynamics, 
thermodynamic parameters and free energy values for 
the system of  interest. There are many modifications of  
the procedure described above using different protocols 
to control the temperature and generate MD trajectories. 
The additional details on MD procedures and theory 
can be found elsewhere[38-40]. The new methods such as 
replica-exchange MD (REMD) have been developed and 
employed for the simulation of  macromolecules[41]. A 
series of  replicas are run in parallel at temperatures rang-
ing from a desired temperature to a high temperature at 
which the replica can easily overcome small energy barri-
ers[42]. The REMD approach can overcome the multiple-
minima problem known to trap structures in the local 
conformational minimum by exchanging non-interacting 
replicas of  the system at several temperatures.

The vast increase in the number of  MD papers 
published in the last 10 years, including publications in 
those highly respected journals such as Nature and Sci-
ence, is a clear evidence that MD simulations become a 
widely accepted tool for investigation of  conformational 
features for biological macromolecules. The number of  
publications using MD is now in tens of  thousands. For 
example, using “molecular dynamics” and “proteins” as 
topic words to search ISI “web of  science” (http://apps.
webofknowledge.com/) yielded almost 4000 papers in 
2011 vs about 1200 articles in 2001. Therefore, it is im-
possible for such a short review to adequately describe 
all major work done using MD simulations. Here we 
chose to describe a small number of  specific examples 
to illustrate the use of  the MD simulations to obtain 
functionally relevant information.

MD AND PROTEIN FOLDING
Understanding the protein folding or how the polypep-
tide chain is able to fold to its native conformation is 
essential to the description of  the function of  the pro-
tein. It is well established that misfolding is present in 
a variety of  diseases[43]. One of  the key aspects of  the 
protein folding is the mechanisms by which the protein 
finds the native conformation despite enormous number 
of  statistically possible conformations. In addition, the 
folding is slow on the simulation time scale with many 
proteins taking microseconds to fold. So far only small 
sized proteins (10 to 80 amino acid residues), with no di-
sulfide bonds or prostatic groups, have been successfully 
folded to its native conformation. The small sizes and 
rather short folding times of  such proteins make them 
good candidates for MD simulation using all-atom mod-
els in explicit solvent since the native conformation of  
these proteins is determined solely by the protein amino 
acid sequence[44]. The recent work from the DE Shaw 
group[45] summarized the simulations of  12 proteins 
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which represent three major structural classes (α-helical, 
β-sheet and mixed α/β). All simulations started from 
extended conformations to avoid bias toward the native 
state. In that work total of  approximately 8 ms of  MD 
simulations were collected. Figure 3 shows the represen-
tative structures of  those 12 proteins. For each protein 
MD folded structure is shown in blue and superimposed 
on the experimental determined structure. For most of  
the structures (8 out of  12) the root mean square devia-
tions of  Cα atoms (Cα-RMSDs) between the two struc-
tures, which includes flexible tails residues, were below 2 
Å, indicating an excellent agreement between experiment 
and simulation. To confirm the finding of  this work, 
simulations were performed near the melting tempera-
ture, at which both unfolding and folding could be ob-
served repeatedly bringing total to 10 unfolding and 10 
folding events for each protein[45]. The authors collected 
about 400 folding and unfolding events for a total of  8 
ms of  simulation. The proteins exhibiting larger RMSD 
values (BBL, protein B, homeodemain and α3D) all con-
tain 3 α-helices. It is possible to suggest that this could 
indicate minor imperfections of  the force-field, how-
ever, it is also possible to assume that the experimentally 
determined conformations for these proteins depend 
on experimental conditions[46,47]. Deviations between the 
MD and experimental data might represent differences 
between the protein’s structure at the simulated tempera-
ture and the lower temperatures used for experimental 
structure determination. Based on the MD simulations 
reported by Lindorff-Larsen et al[45], the authors were 
able to propose general principles that underline protein 
folding. They concluded that the pathway toward the na-
tive conformation occurs via formation of  the key long-
range contacts at the early stages of  the folding. These 
contacts support secondary structure elements which 
are only formed in the unfolded state. Nine out of  11 
proteins simulated in that work share more than 60% of  
the native contacts formed at any given time during the 
folding process. The formation of  number of  structural 
elements was observed in the similar order, suggesting 
a common folding pathway for the proteins studied. 
It is reasonable to propose that heterogeneous folding 
process for various proteins share a large fraction of  

structural features and could belong to the same folding 
“route”. The examination of  the thermodynamics and 
kinetics of  the folding process showed the absence of  a 
distinct free-energy barrier for folding and the analysis 
yielded multiple barriers along the folding path which 
were less than 4.5 kBT. Under experimental conditions 
corresponding to those used in above simulations fold-
ing of  the protein was also not determined by single, 
well-defined free-energy barrier. 

Recently, an all-atom MD simulations in explicit sol-
vent, were used to describe the folding path of  the 80 
amino acid λ-HG mutant of  λ-repressor fragment[48]. 
Using the temperature-dependent MD runs the authors 
showed that the folding of  the λ-repressor is not a two-
state process as suggested before. In addition, the au-
thors proposed possible mutation sites which could lead 
to a fast -folding mutant.

The results described above demonstrated that the 
current molecule mechanics force fields and simulations 
protocols are accurate and reliable to make long-time 
scale MD simulations as a powerful tool for character-
izing large conformational changes in proteins.

MD AND DRUG DISCOVERY
For the past 20 years drug discovery has already heavily 
relying on the computational methods. It is reasonable to 
predict that computational methods, such as MD simula-
tion, will further advance drug-optimization and enhance 
our ability to select and design better molecules for the 
interaction with specific protein targets. It is well estab-
lished that molecular recognition and drug binding are 
a very dynamic process. In solution, when a small mol-
ecule approaches a target, it deals with the macromol-

Figure 1  An example of the equation used to calculate atomic forces. 
The equation describes potential energy in the Assisted Model Building with 
Energy Refinement force field. The first summation term represents the energy 
between the covalently bonded atoms. Summing of the angles, second term, 
represents the energy due to the angle geometry. Third term represents the 
energy of the torsion angles. Forth term accounts for the energy of the non-
bonded interactions between all pairs of atom. This term can be decomposed 
into van der Waals and electrostatic energies. The subscript zero represents 
equilibrium values. The energy terms are parameterized to fit experimental (for 
example, spectroscopic) data and/or quantum-mechanical calculations.

Initial atomic model (experimental data, homology models, etc. )

Structure minimization followed by assignment of initial velocities

Heating dynamics (0 K to 300-310 K)

Equilibration dynamics (rescaling velocities if needed)

Production dynamics (currently up to ms, ~4 × 104 atoms)

Trajectory analysis and post processing

Figure 2  General steps used in molecular dynamics simulations. During 
the simulations molecular focus on each atom are calculated based on the 
equation shown in Figure 1. During dynamics calculations (heating, equilibra-
tion and production) the positions of atoms are moved according to Newton’
s law of motion. The simulation time is advanced, and the process is repeated 
numerous times to generate molecular dynamics rajectory. The longest trajec-
tory is generated during the production run.
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ecule in constant motions. Given that the static models 
produced by X-Ray crystallography and time-averaged 
structures by NMR tell little about protein dynamics, 
MD simulation can provide the dynamic picture of  the 
interaction between the small molecule (such as a drug) 
and the target molecule. Upon binding, the ligand mole-
cule may further induce conformational changes that are 
not typically sampled when the ligand is absent[49]. There 
are a number of  examples in which binding pathways 
were successfully reproduced using MD simulations. 
The complete reconstruction of  the binding process of  
the benzamidine molecule (a known inhibitor of  serine 
proteases) to trypsin was achieved using 495 MD simula-
tions of  100 ns each[50]. Out of  495 trajectories, 187 (37% 
of  total) produced binding events with RMSD less than 
2 Å from the crystallographic pose. The obtained bind-
ing paths revealed two metastable intermediate states (S2 
and S3, Figure 4). The simulation showed that the inhibi-
tor rolls on the surface of  the protein prior to entry into 
the binding pocket (S3 to S4 transition, Figure 4). Using 
MD simulations the authors estimated the standard free 
energy of  binding which was within 1 kcal/mol from 

the experimental value. Reconstruction of  the protein-
ligand binding process and identification of  the transi-
tion states suggest that mutations to the transition-state 
residues may alter the binding kinetics of  the inhibitor. 
Simulations of  the binding of  several β-blockers to two 
β-adrenergic receptors (G-protein-coupled receptor 
modulators, which constitute one-third of  all marketed 
drugs) showed the atomic details of  this pharmaceuti-
cally critical process in which drug molecules spontane-
ously bind to the G-protein-coupled receptors to achieve 
final poses matching those determined crystallographi-
cally[51]. The MD revealed dehydration of  the ligand 
and receptor along the binding pathway that represents 
unexpected kinetic barrier to binding. Such work sug-
gested how receptor/ligand dehydration, known to be a 
major factor for ligand affinity, might be modulated to 
affect drug binding kinetics. MD simulation can also be 
used to determine relative binding free energies between 
the drug candidate and target protein using Poisson-
Boltzmann surface area methods[52,53].

Besides identification of  pathways and kinetics of  
binding, MD simulation can be used to obtain the struc-

Chignolin 106 µs
cIn025 1.0 Å 0.6 µs

Trp-cage 208 µs
2JOF 1.4 Å 14 µs

BBA 325 µs
1FME 1.6 Å 18 µs

Villin 125 µs
2F4K 1.3 Å 2.8 µs

Homeodomain 327 µs
2P6J 3.6 Å 3.1 µs

NTL9 2936 µs
2HBS 0.5 Å 29 µs

BBL 429 µs
2WXC 4.8 Å 29 µs

Protein B 104 µs
1PRB 3.3 Å 3.9 µs

Protein G 1154 µs
1MIO 1.2 Å 65 µs

α3D 707 µs
2A3D 3.1 Å 27 µs

λ-repressor 643 µs
1LMB 1.8 Å 49 µs

WW domain 1137 µs
2F21 1.2 Å 21 µs

Figure 3  Representative structures of 12 proteins used in molecular dynamics simulation studies[42]. Experimentally determined structures are shown in red 
and superimposed onto the structures obtained from molecular dynamics simulations (shown in blue). Protein Databank (PDB) entry, root mean square deviations of 
Cα atoms between two structures and simulation times (total and needed for folding) are displayed for each protein under the superimposed structures.  For Protein 
G the PDB entry was used for the closest homolog, since the structure for the simulated sequence has not been solved experimentally. Reproduced with permission 
(Copyright 2011, Science publishing group).
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ture of  the target using folding simulations, especially 
in cases where the structure of  the target can not be 
obtained experimentally. Alternatively, simulation may be 
used to prepare homology models. 

FUTURE DIRECTIONS 
Since the millisecond barrier has been broken in MD, it 
is more than likely that we will be able to make testable 
predications about the key molecular processes at the 
atomic levels. Based on the current progress of  all-atom 
MD simulations, a dramatic increase in the length of  the 
generated trajectories should be expected in the nearest 
future. Parallel to the increase in the timescales accessible 
to the simulations, there has also been a growth in the 
size of  the systems that can be studied. Much larger sys-
tems than those mentioned above have been already test-
ed using MD simulations. These systems are comprised 
of  several million atoms, such as bacterial ribosomes and 
viruses. In recent studies explicit solvent MD simula-
tions showed essential conformational motions in the 
ribosome needed for the binding of  aminoacyl-tRNA[54]. 
Such a system consists of  3.2 million atoms. This work 
showed that conformational motions of  the 3’-CCA 
end of  aminoacyl-tRNA resists simple accommodation 
(single lock-step mechanism), leading to a multistep ac-
commodation process. The proposed mechanism and 
observed interaction pathways help to interpret large 

number of  biochemical data and demonstrate that con-
formational changes during translation occur through 
a trial-and-error process, rather than in concerted lock-
step motions. The 1 million atoms simulation of  satellite 
tobacco mosaic virus (STMV) showed that the empty 
STMV capsid is not stable, thus explaining the failure of  
experimental efforts to prepare such empty capsids[55]. 

Although the conformational changes in the smaller 
system can be well described using MD simulations, 
the larger systems (5 millions of  atoms or more) still 
pose many challenges. First, the biologically relevant 
timescales tend to increase as the system size increases. 
Second, the high-resolution structures are only avail-
able for relatively few very large macromolecule com-
plexes[56]. The computational power to carry out simula-
tion increases can be related to the Moore’s law. This 
law describes how the performance of  processors has 
been increasing exponentially over the last 50 years by 
doubling approximately every 2 years. Based on the ap-
plication of  the Moore’s law to biological systems and 
without taking into account the design of  special hard-
ware architecture for MD, it has been proposed that for 
every 10-15 years in the past there was an increase of  
about three orders of  magnitude in the timescale and 
about one and half  orders of  magnitude in the system 
size used by MD simulations[57] . Continuation of  Moor’s  
law suggests that processor computational power may 
increase by 1000 fold in the next 10-15 years. In addition 

Figure 4  Five different metastable states (S0 to S4) identified for the benzamidine-trypsin complex[47]. The relative free energy between the unbound S0 and 
the bound S4 states is -6 kcal/mol. The most probable transition to the bound state S4 is from S3, since the barrier between two states is just 1.5 kcal/mol. In states 
S1 and S2, benzamidine is stabilized by π-π stacking interactions with Y151 and Y39 side chains. In S3, a hydrogen bond may be formed between the NH2 groups 
of benzamidine (only heavy atoms shown for clarity) and Q175 side chain, or by a cation-π interaction between the Q175 side chain and the benzamidine’s benzene 
ring. Reproduced with permission (Copyright 2011, PNAS). 
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to enhanced processor integration, software and hard-
ware advances will yield further increases. For example, 
recent application of  the Graphic Processing Units 
(GPUs), together with the development of  the general 
purpose GPU programming model called NVIDIA’
s Compute Device Architecture, can significantly in-
crease simulation times at fraction of  CPU’s cost and 
energy consumption. GPUs have been an integral part 
of  personal computers for decades and their develop-
ment and low cost has been strongly influenced by the 
entertainment industry. It has recently been shown that 
GPUs, due to their unique multiprocessor architecture, 
can greatly outperform their CPU equivalents. MD 
simulations can take advantage of  GPU acceleration and 
achieve performance levels up to hundred times better 
than a single CPU core[58,59]. Based on the time frames 
obtained in the benzamidine binding studies, nowadays 
it is possible to reconstruct those binding pathways of  5 
to 10 ligands per week on a moderately sized cluster of  
32-64 GPUs[50]. 

It can be expected that within next 20-25 years it 
will be possible to simulate all-atom dynamics of  a small 
bacterium and describe the complete set of  processes 
within[25]. Such simulations can be probably performed 
for only few milliseconds or even less and would not 
provide much information due to large timescales 
needed for diffusions of  macromolecules in bacterial 
processes. However, simulation of  the part of  a cell or 
fundamental pathways in molecular biology, such as pro-
tein synthesis, would be possible on the several seconds 
time-scales in the nearest future. It is obvious that mac-
romolecule-macromolecule interactions are essential for 
biological processes. One major task in MD simulations 
is to carry out large-scale simulations of  protein-protein 
and protein-DNA interactions. MD simulations will ad-
dress the binding pathways between the macromolecules 
and how the ligand binding sites created, at the interface 
or at allosteric sites? Simulations can be expected for 
very large complexes such as the nuclear pore. Based on 
generated trajectories from such simulations it will be 
possible to observe passage of  the delivery protein as 
it transits through a nuclear pore. In addition, MD will 
impose significant impact on the proteomics since the 
protein folding will be possible for larger proteins. Based 
on the current state of  the MD simulations extrapola-
tion suggests that folding of  the 300 residues protein 
(over 10 ms simulation of  approximately 100 000 atoms) 
will be possible within 10 years. Folding of  the larger 
proteins, consisting of  multiple subunits and over 1000 
residues, will be still challenging and likely be achievable 
within 25 years[25]. Significant improvement of  the time-
scales might come from omitting some motions in MD 
simulations. It might be possible to adequately sample 
conformational space without resolving all fast motions, 
thus reducing the computational power needed for the 
simulation of  the particular system. 

With constant gains in both computer power and 
algorithm design, MD simulation is expected to play an 

increasingly important role in the modern science from 
investigating the local motions in the biological macro-
molecules to the development of  novel pharmacologi-
cal therapeutics. This methodology has emerged as an 
integral part of  molecular biology studies, providing a 
fundamental and reliable tool for experimentalists.
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the laws, ethical rules and the benefits of  others. (1) Maximization 
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scientific article via online office system to evaluate its innovative-
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the benefits of  authors: Since WJM is an open-access journal, read-
ers around the world can immediately download and read, free of  
charge, high-quality, peer-reviewed articles from WJM official web-
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tion between authors and peers as well as public reading; (3) Maxi-
mization of  the benefits of  readers: Readers can read or use, free of  
charge, high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to vali-
date the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an iron law 
that a first-class journal is unable to exist without first-class editors, 
and only first-class editors can create a first-class academic journal. 
We insist on strengthening our team cultivation and construction so 
that every employee, in an open, fair and transparent environment, 
could contribute their wisdom to edit and publish high-quality ar-

ticles, thereby realizing the maximization of  the personal benefits 
of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
WJM aims to rapidly report the most recent results in medical di-
agnostics, therapeutic techniques and equipment, clinical medical 
research, clinical and experimental techniques and methodology. It 
provides a platform to facilitate the integration of  clinical medicine 
and experimental techniques and methodology to help clinicians 
improve diagnostic accuracy and therapeutic efficacy. The journal 
publishes original articles and reviews on the following topics: (1) 
Clinical medical techniques, including but not limited to those for 
pharmaceutical medicine, laboratory medicine, radioactive medicine, 
medical imaging, nuclear medicine, physical therapy, pathology, 
surgery, disinfection, nutritional therapy, transfusion and medical 
equipment; (2) Clinical medical research on etiology, epidemiology, 
pathogenesis, morphology and function, signs and symptoms, clini-
cal trials, and evidence-based medicine; and (3) Laboratory meth-
odology, including but not limited to techniques in DNA/RNA 
sequencing, preparation and transformation of  competent cells, 
PCR, protein biochemistry, cell biology, genetics and epigenetics, 
immunology, microbiology, animal models of  human pathologies, 
bioinformatics, and laboratory equipment manipulation and control. 

Columns
The columns in the issues of  WJM will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future 
research; (3) Topic Highlight: This column consists of  three formats, 
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary on common issues of  this hot topic, and (C) a commentary on 
the 10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Basic 
Research: To provide Guidelines for basic research; (6) Guidelines for 
Clinical Practice: To provide guidelines for clinical diagnosis and treat-
ment; (7) Review: To review systemically progress and unresolved 
problems in the field, comment on the state of  current research, and 
make suggestions for future work; (8) Original Articles: To report 
innovative and original findings in basic and clinical medical research 
methodology; (9) Brief  Articles: To briefly report the novel and in-
novative findings in basic and clinical medical research methodology; 
(10) Case Report: To report a rare or typical case; (11) Letters to the 
Editor: To discuss and make reply to the contributions published in 
WJM, or to introduce and comment on a controversial issue of  gen-
eral interest; (12) Book Reviews: To introduce and comment on qual-
ity monographs of  basic and clinical medical research methodology; 
(13) Guidelines: To introduce Consensuses and Guidelines reached 
by international and national academic authorities worldwide on the 
research basic and clinical medical research methodology; and (14) 
Voices: to publicize methodology-related communications that have 
been rejected or impossible for publication elsewhere due to evident 
prejudice and/or unreasonable reasons. Similarly, your experiences 
of  the proven mistreatment during the past grant applications can be 
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and echoes from readers are also welcome here.
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and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 1
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2222-0682/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/2222-0682/g_info_20100725071
851.htm

Frontier: http://www.wjgnet.com/2222-0682/g_info_20100725071
932.htm

Topic highlight: http://www.wjgnet.com/2222-0682/g_info_20100
725072121.htm

Observation: http://www.wjgnet.com/2222-0682/g_info_20100725
072232.htm

Guidelines for basic research: http://www.wjgnet.com/2222-0682/
g_info_20100725072344.htm

Guidelines for clinical practice: http://www.wjgnet.com/2222-068
2/g_info_20100725072543.htm

Review: http://www.wjgnet.com/2222-0682/g_info_201007250726
56.htm

Original articles: http://www.wjgnet.com/2222-0682/g_info_2010
0725072755.htm

Brief  articles: http://www.wjgnet.com/2222-0682/g_info_2010072
5072920.htm

Case report: http://www.wjgnet.com/2222-0682/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2222-0682/g_info_2
0100725073136.htm

Book reviews: http://www.wjgnet.com/2222-0682/g_info_2010072
5073214.htm

Guidelines: http://www.wjgnet.com/2222-0682/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. 
The revised version, along with the signed copyright transfer 
agreement, responses to the reviewers, and English language 
Grade B certificate (for non-native speakers of  English), should 
be submitted to the online system via the link contained in the 
e-mail sent by the editor. If  you have any questions about the 
revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2222-0682/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2222-0682/
g_info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJM will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJM is an international, peer-reviewed, OA, online journal. Articles 
published by this journal are distributed under the terms of  the 
Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non commercial and 
is otherwise in compliance with the license. Authors of  accepted 
articles must pay a publication fee. Publication fee: 600 USD per 
article. Editorial, topic highlights, book reviews and letters to the 
editor are published free of  charge.
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