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Conformational space search of Neuromedin C
using replica exchange molecular dynamics
and molecular dynamics
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The present study involves the utilization of replica exchange molecular dynamics (REMD) methodology to explore the
conformational space of Neuromedin C (NMC) using implicit (REMDimplicit) and explicit (REMDexplicit) water models. Comparison
of the structures obtained from these simulations indicate that REMDexplicit trajectory display a greater tendency to induce
β-turns and bent structures as compared to those obtained from the REMDimplicit simulation. Moreover, two additional MD
trajectories performed using Langevin (MDLang) and Berendsen (MDBerend) algorithms under generalized born (GB) solvent
conditions were also suitably competent to sample similar kinds of conformations, although the extent of beta turns was low
compared to those observed in REMDexplicit simulation. Finally, the comparison of results obtained from all the trajectories and
those derived from the NMR studies of Ni(II) complex of NMC indicates that the REMD under explicit conditions is more efficient
in sampling the conformations, and show good agreement with the experimental results. Copyright c© 2010 European Peptide
Society and John Wiley & Sons, Ltd.
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Introduction

Neuromedins, bombesin-like peptides, are known to be widely
distributed in the mammalian gastrointestinal tract, spinal cord
and brain. Neuromedin C (NMC) and Neuromedin B (NMB) are novel
decapeptides that have recently been isolated from porcine spinal
cord and canine intestinal mucosa and show striking sequence
homology with bombesin and gastrin-releasing peptide (GRP-27)
at the carboxyl-terminal region [1,2]. NMC acts as a growth factor
in a wide range of tumors including carcinomas of the pancreas,
stomach, breast, prostate, and colon [3]. As Bombesin and GRP
are reported to bind to the GRP receptor with high affinity [4]
triggering activation of protein kinase C, elevation of cyclic-AMP
levels and the stimulation of tyrosine kinases [2], it is likely that
NMC that shares the last ten residues of GRP could bind to this
receptor.

Recently, NMR spectroscopy and MD simulations [5] in aque-
ous solution have been employed to determine the structure
of the 27-residue GRP. Only a short helical structure was ob-
served in the N-terminal region and the overall structure of the
GRP peptide did not show any ordered secondary structure, sim-
ilar to the observations made for other peptide hormones in
aqueous solution [6]. Bombesin, on the other hand, has been
reported to adopt helical conformations between residues 4 and
10 on the basis of its NMR experiments in the presence of a
50% trifluroethanol–water mixture [7,8]. Additionally, CD stud-
ies of NMC, equivalent to last 18–27 residues of GRP, in the
water-lipid environment suggest that the peptides in a polar
medium exist in a very flexible structure, and are, to some extent,
α-helical in a nonpolar medium [9]. Moreover, 2D-NMR exper-
iments have demonstrated that NMC adopts two well-defined
turns after forming a complex with Ni(II) using its initial three

N-terminus residues [10]. The first turn corresponds to the Ni(II)
coordination ligands in a square planar conformation, and the
second reveals the interaction between the fourth (Tryptophan)
and the eighth residue (Histidine).

NMC, being shorter in size, is quite flexible to take on several
different conformations, making assessment of its bioactive
conformation quite challenging. Therefore, despite having great
biological and pathological significance [3], a unique native
conformation of NMC has not been to date clearly elucidated
on the basis of available spectroscopic results.

While experimental knowledge is essential for the understand-
ing of effects of counterions on the structure and dynamical
properties of proteins in solutions, theoretical studies involv-
ing computer simulations complement the experimental data. In
particular, MD simulations provide detailed information on the
fluctuations and conformational changes of proteins and nucleic
acids, and are routinely used to investigate the structure, dynamics
and thermodynamics of biological molecules and their complexes
[11–14]. However, the sampling efficiency of MD simulations is
severely hampered by the rugged energy surface of polypeptides,
with small relative free energies separating native, folded protein
conformations from unfolded states. In order to allow the MD
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Figure 1. Time series of temperature exchange for (a) REMDimplicit (b) REMDexplicit and the canonical probability distributions of the total potential energy
of NMC obtained from the (c) REMDimplicit at the 12 temperatures and (d) REMDexplicit at the 44 temperatures (only 18 shown). The distributions in (c) and
(d) correspond to the temperature ranges (from left to right): 276–705 K and 297.1–474.6 K, respectively.

simulation to escape the multientrapment minima and explore a
wider portion of the conformational space, enhanced sampling
techniques have been developed. One of the most popular ones,
replica exchange molecular dynamics (REMD), is a multicanonical
sampling procedure based on running multiple parallel MD simu-
lations or replicas of a system at increasing temperatures T1, T2,
etc, allowing exchange of configurations between neighboring
replicas according to a certain probability of swapping [15–17].
Thus, conformations are simulated at all temperatures and es-
cape local minima with the kinetic energy provided at higher
temperatures, while Boltzmann distributions are generated at all
temperatures.

Recently, it has been demonstrated that MD simulations
employing the implicit continuous model of the generalized born
(GB) approximation in combination with AMBERff96 show faster
and better efficiency in sampling the conformational space [18].
However, the disadvantage associated with this kind of simulations
is their inability to sample those conformations which are stabilized
through inter-molecular interactions with the solvent molecules,

consequently enhancing more compact and bent structures. The
present studies involve the conformational space search of NMC
both under implicit and explicit water conditions using REMD as
a sampling method. The selection of water environment for the
current studies has been made on the basis of the expected binding
of NMC to the cell, via a protein receptor than directly with the
lipid bilayers, as reported in the literature [10,19]. Two additional
MD simulations using Langevin and Berendsen algorithms were
also performed using Onufriev, Bashford and Case (OBC) implicit
water model [20]. Finally, NMR results were employed to validate
the present computational protocols.

Computational Details

Replica Exchange Molecular Dynamics

An extended structure of NMC was generated using the leap
module of AMBER 8.0 [21,22]. The N-terminal of the peptide
was protonated, while the C-terminal was amidated. For implicit
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Figure 2. Root mean square deviations (backbone–backbone) of NMC from the starting structure in case of (a) REMDimplicit in red and REMDexplicit in
black, (b) MDLang in red and MDBerend in black. Figure 2a and b shows 1-ns segment of REMD and MD simulations respectively.

REMD, the extended structure of the peptide was energetically
minimized with a convergence criterion of 0.005 kcal mol−1 Å−1.
REMD was performed on the minimized structure of NMC using
OBC implementations based on the GB approximation [20].
The dielectric constant around the peptide (internal dielectric
constant) was set to 1 and the external dielectric constant was
set to 80, corresponding to water. Prior to the REMD simulations,
standard MD simulations were performed for 5 ns at different
temperatures (200–900 K range) with a gap of 100 K. In the
present study, 12 replicas were used and the temperature of
each replica was set at: 276, 300, 326, 354, 385, 419, 456, 497,
542, 591, 645 and 705 K. The time step was set to 0.2 fs, and
the SHAKE method was used to constrain all hydrogen atoms. The
temperature during MD simulations was regulated by the Langevin
thermostat [23–25]. Each replica was simulated simultaneously
and independently at different replica temperatures. The replica
exchange was performed every 2 ps for 50 000 steps during the
REMD simulations.

For REMD explicit simulation, the extended conformation of
NMC was solvated in a 64×50×37 Å3 box of TIP3P [26] water box.
The whole system contained 8894 atoms (2904 water molecules
and 153 atoms for NMC) including 14 Na+ and 15 Cl− ions used
to neutralize the system. In order to mimic the physiological
conditions, a 0.2-M salt concentration was used. The system
was then subjected to minimization with initial 5000 steps of

steepest descent followed by 10 000 steps of conjugate gradient at
constant volume. The energy minimization of this new system was
completed when a convergence criteria of 0.001 kcal mol−1 Å−1

was fulfilled. The minimized system was heated to 300 K at constant
volume in 20 ps in 50 K increments. Subsequently, the system was
equilibrated for next 100 ps at constant pressure using periodic
boundary conditions (PBC). Eight standard MD simulations were
performed thereafter at constant volume for 5 ns in the rank of
temperatures 200–900 K with a gap of 100 K. Simulations were
performed with PBC and the particle mesh Ewald method was
used for the treatment of electrostatic interactions [27]. A cutoff
was set to 12 Å with a grid spacing of approximately 1 Å. van
der Waals interactions were truncated at 12 Å with a switching
function from 10 to 12 Å. For REMD, 44 replicas corresponding to
the temperatures 297.1, 300, 303, 306, 309.1, 312.2, 315.3, 318.5,
321.7, 325, 328.3, 331.7, 335.1, 338.6, 342.1, 345.7, 349.3, 353, 356.8,
360.6, 364.5, 368.4, 372.4, 376.5, 380.6, 384.8, 389.1, 393.4, 397.8,
402.3, 406.9, 411.6, 416.3, 421.1, 426, 431, 436.1, 441.3, 446.6, 452,
457.5, 463.1, 468.8, 474.6 K, were chosen with a condition to have
an exchange probability of 20% with the mean potential energies
obtained from standard MD simulations, which are adjusted to a
third-degree polynomial. REMD simulation was performed with a
2-fs time step and SHAKE algorithm [28] to constrain all bonds
to hydrogens. The replica exchange was performed every 2 ps for
25 000 steps during the REMD simulation. Coordinates were saved
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Figure 3. Evaluation of new patterns along the trajectories for the NMC in (a) REMDimplicit, (b) REMDexplicit, (c) MDLang and (d) MDBerend trajectories obtained
using CLASICO program. Dark areas represent trapped conformations of NMC in the configurational space.

after each picosecond. The PTRAJ module in the AMBER and the
CLASICO program [29] were used to carry out the analysis of the
results obtained from the simulations. The characterization of the
β-turn profile for each of the trajectory was carried out using the
procedure described by Corcho and co-workers [30].

Molecular Dynamics

Two MD simulations considering Langevin and Berendsen
algorithms were performed at 300 K temperature using the GB
approximation. The internal dielectric constant around peptide
was set to 1, while the external dielectric constant of 80
corresponding to water was employed. No cut-off was considered
in these investigations. In order to mimic the physiological
conditions, a 0.2-M salt concentration was used. SHAKE was used
on bonds involving hydrogen atoms with a time step of 2 fs.A
similar kind of analysis, as that performed for REMD simulations
described above, was employed for the MD trajectories.

Results and Discussion

Figure 1a and b shows the time series of temperature exchanges
of NMC for the initial 100 steps of REMDimplicit and 50 steps of
REMDexplicit trajectories respectively. Clearly, a random walk in
the ‘temperature space’ between low and high temperature was
realized in each case. Figure 1c and d, on other hand, shows the
canonical probability distributions of the total potential energy
along the REMDimplicit and REMDexplicit trajectories respectively,

and reveals the good overlaps between all neighboring pairs of
distributions suggesting their efficient performance.

Figure 2a and b shows the root mean square deviations (RMSD)
of the initial 10 ns of REMD and MD trajectories respectively,
monitored relative to the backbone atoms of starting structures.
The RMSD values corresponding to REMDexplicit and MDBerend

simulations are shown in black, whereas those related to
REMDimplicit and MDLang trajectories are displayed in red. Figure 2a
and b clearly shows that RMSD values increase rapidly during
the initial 50 ps, suggesting the initial folding steps of NMC
in the trajectories. In case of REMDexplicit, these values oscillate
between 3 and 5 Å, clearly suggesting its structural equilibrium
and considerably higher fluctuations between 3 and 9 Å during the
progress of the entire REMDimplicit trajectory. RMSD comparison
of MD trajectories (Figure 2b), on the other hand, reveals that
most of the sampled conformations are quite flexible and oscillate
between 1 and 9 Å throughout the length of these simulations.
RMSD values obtained from MDBerend were found to be slightly
higher than those from MDLang in most parts of its trajectory,
implying that most of the conformations (RMSD >1 Å, Figure 2b)
obtained from MD trajectories are different from the starting
structures. To some extent, conformations (RMSD <1 Å) close
to the starting structures were also sampled at certain intervals,
making their efficiency less effective in comparison to that of the
REMD trajectories.

The sampling efficiency of MD and REMD simulations was
monitored for different patterns of NMC attained during the
progress of each trajectory. Patterns basically represent the
structures classified on the basis of the type of conformational
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Figure 4. Conformational motif abundance attained by NMC peptide in (a) REMDimplicit (b) REMDexplicit (c) MDLang and (d) MDBerend trajectories.

motifs present [30]. For this purpose, pattern profiles were
computed for every snapshot in each of the trajectories using
the CLASICO program; these are depicted in Figure 3. After
100 000 snapshots of REMDimplicit (Figure 3a) and 50 000 snapshots
of REMDexplicit (Figure 3b) trajectories, 3206 and 1774 new
patterns were obtained, respectively. Similarly, 3565 and 7981
different patterns were identified for 200 000 snapshots of MDLang

(Figure 3c) and MDBerend (Figure 3d) trajectories respectively. The
efficiency of these trajectories in terms of generating new patterns
in percentage is REMDexplicit (3.6%), MDBerend (3.4%), REMDimplicit

(3.2%) and MDLang (1.8%). A closer inspection of Figure 3 reveals
that new patterns are generated in a regular fashion throughout
the length of the REMD trajectories (Figure 3a and b), whereas in
the case of MD (Figure 3c and d), peptide conformations seem to
get trapped (dark areas) in regions of the conformational space at
certain intervals, comparatively suggesting their restrictive nature
to explore the new patterns.

The structures obtained from all the MD and REMD trajectories
at 300 K were analyzed to determine the conformational motifs
attained by the NMC peptide, using clasterit algorithm of the
CLASICO program. The statistics of all the motifs found in

the peptide for each residue are depicted in Figure 4a–d. The
secondary structure motifs appear almost from the beginning of
each of the trajectories. Specifically, the conformational motifs
[30] obtained in REMDimplicit trajectory (Figure 4a) shows the
predominance of β-turn type I between residues 4 and 6 with a low
propensity of type III between residues 6 and 9. To some extent, β-
turn type II was also observed between residues 6 and 7 in some of
the conformations sampled. Figure 4b shows the profile obtained
in REMDexplicit trajectory where the peptide predominantly exhibits
β-turns type I with high propensity between residues 4 and 9 and
a low propensity between residues 2 and 3. To some extent, β-
turn type I (mirror conformation of β-turn type I) was also found
between residues 4 and 5. In the case of MDLang (Figure 4c),
the peptide adopts turns of type I between residues 4 and
9, with high propensity between residues 4 and 7 and a very
low propensity between residues 7 and 9. Some conformations
showing β-turn type III between residues 5 and 9 were also
sampled in the MDLang trajectory. Finally, the structures exhibiting
β-turn type I predominantly between residues 3 and 9 and a
low propensity between residues 2–3 and 7–9 were sampled in
MDBerend trajectory (Figure 4d). The percentage order of β-turns
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Table 1. Secondary structures observed due to backbone–backbone hydrogen bond interactions and their percentages in different trajectories for
NMC

Donor–acceptor 2◦ structure REMDexplicit REMDimplicit GBLang GBBerend

2O· · ·6N α-helical 1.0 – – –

3O· · ·7N α-helical 4.0 10.1 10.1 1.5

5O· · ·9N α-helical 0.8 – 3.0 9.0

6O· · ·10N α-helical 3.2 – 0.4 6.0

4O· · ·9N π -helical – – 0.5 2.5

5O· · ·10N π -helical 0.3 6.5 1.1 4.5

10O· · ·4N β-turn 4.2 – – –

10O· · ·4N β-turn 5.1 – – –

2O· · ·5N β-turn 10.1 – – –

3O· · ·6N β-turn 6.5 5.1 – –

4O· · ·7N β-turn 20.5 4.9 9.5 10.2

6O· · ·9N β-turn 7.0 – 7.2 8.7

7O· · ·10N β-turn 3.4 – – –

2O· · ·4N γ -turn 1.5 – – –

3O· · ·5N γ -turn 8.5 – – 6.2

4O· · ·6N γ -turn 5.1 – – –

5O· · ·7N γ -turn 2.2 10.2 4.0 3.8

7O· · ·9N γ -turn 2.4 – – –

8O· · ·10N γ -turn 2.2 – 2.5 4.1

7O· · ·4N Reverse turn – 2.5 2.3 3.2

9O· · ·5N Reverse turn – 3.8 2.8 2.5

9O· · ·7N Reverse turn – 3.2 1.8 1.1

8O· · ·2N Reverse turn 1.5 – – –

8O· · ·5N Reverse turn – 4.2 – –

10O· · ·7N Reverse turn 1.3 10.8 2.3 7.1

10O· · ·5N Reverse turn 1.1 2.8 – –

10O· · ·2N Reverse turn 2.0 – – –

1O· · ·9N Loop 4.1 5.6 – –

2O· · ·9N Loop – 2.8 2.9 2.5

2O· · ·10N Loop – 1.5 1.1 2.5

3O· · ·10N Loop 1.3 4.5 0.5 –

3ND1· · ·5N Sidechain interaction 14.0 7.8 3.4 3.5

8ND1· · ·10N Sidechain interaction 1.3 – 1.2 2.4

adopted by the peptide in different protocols used is REMDexplicit

(85%) > REMDimplicit (48%) > MDBerend (46%) > MDLang (35%).
The percentage of helicity, on the other hand, between residues
4 and 10 in different trajectories follows the order MDLang (12.2%)
> MDBerend (13.1%) > REMDimplicit (10.1%) > REMDexplicit (3.2%).
Overall these results reveal that the NMC peptide predominantly
adopts β-turns type I conformations, irrespective of the method
and environment used for the simulations. The current results
also demonstrate that the energy barrier between folded and
helical conformers is small, resulting in a population of most
of the trajectories with both secondary motifs. The observed
conformational behavior of NMC in the current investigations is
consistent with those characterized using experimental results as
reported in literature [9,10].

Hydrogen bonding is known to play an important role
in determining the three-dimensional structures adopted by
proteins and nucleic bases. In these macromolecules, bonding
between parts of the same macromolecule causes it to fold
into a specific shape, which helps determine the molecule’s
physiological or biochemical role. In view of the significance
of H-bonding in peptides and proteins, H-bond analysis was
performed on the conformational profile of NMC obtained from the

different trajectories, and secondary structures were accordingly
characterized. Figures 5a,b and 6a,b show the appearance of the
H-bond during the progress of simulation in the REMDimplicit,
REMDexplicit, MDLang and MDBerend trajectories, respectively. Only
those hydrogen bonds which have more than 1% existence in
the trajectories have been considered for the analysis. Table 1
illustrates the type of interactions and indicates the percentage
existence of the conformations in different simulations; and
identifies the type of secondary structures adopted by the
conformations of NMC. The first specified percentage value,
regardless of where it starts from, of each trajectory in Table 1
corresponds to the first H-bond distance displayed in Figures 5a,b
and 6a,b. A closer inspection of Figure 5a reveals that NMC,
in REMDimplicit trajectory, adopts some helical conformations
stabilized by two hydrogen bonds between residues 3 and 7,
and 5 and 9 (Table 1). However, most of the conformations in
this trajectory exist preferably in the form of reverse turns (RT)
and loops (Table 1). NMC conformations showing two β-turns
between residues 3 and 6, and 4 and 7 were also sampled in
this trajectory. REMDexplicit (Figure 5b, Table 1) simulation sampled
those conformations favorably which had a higher content of β ,
γ and RT in their structures as depicted by residues 2 and 10.

J. Pept. Sci. 2011; 17: 174–183 Copyright c© 2010 European Peptide Society and John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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Figure 5. Progress of hydrogen bonds monitored between important
residues for NMC in (a) REMDimplicit and (b) REMDexplicit trajectories.
Secondary structures [α-helix, π -helix, β/γ -turns, reverse turns (RT), loop
etc.] are assigned in terms of hydrogen bonding between the different
residues in the peptide.

To some extent, conformations showing α-helical region between
residues 3–7 and 6–10 were also sampled in this trajectory. The
secondary structures obtained in MDLang (Figure 6a) and MDBerend

(Figure 6b) trajectories involves α-, π -helicals, β-, γ - and RT, and
loops (Table 1) more or less in equal proportions. The helical
conformations sampled in these trajectories show an α-helical
region between 3–7, 5–9 and 6–10 residues (Table 1). The π -
helical region was observed between residues 4–9 and 5–10 in
some conformations of these trajectories (Table 1). In addition,
some conformations showing sidechain–mainchain interactions
between imidazolic hydrogen of residue 3 and backbone nitrogen
of residue 5, observed in the rest of the simulations, were also
sampled in this trajectory (Table 1). Similar kind of interactions
involving the imidazolic hydrogen of residue 8 and the backbone
nitrogen of residue 10 were observed in the rest of the trajectories
excluding REMDimplicit. The number of hydrogen bonds (>1%)
that appeared in the investigated protocols follows the order:
REMDexplicit (26) > MDLang (18) = MDBerend (18) > REMDimplicit (16),
clearly suggesting the better efficiency of REMDexplicit to that of
sample stabilized conformations.

As the computational analysis described above only provides
the information regarding the average structure of the NMC
peptide, a direct comparison of the performance of the different
protocols used to describe the peptide folding process with
the reported NMR experiments was thought to be an accurate
approach. As the intensities of NMR NOEs has an inverse
relation to the six power of the distance between atoms, it
was thought worthwhile to perform a comparison of those
with the distances measured in the computations. Owing to
the nonavailability of experimental NMR distances for NMC alone,
it was thought equally important to use those reported for NMC-
Ni(II) complex [10] as these distances only consider residues 4–9
of NMC excluding those participating in the complexation with

(a)

(b)

Figure 6. Progress of hydrogen bonds monitored between important
residues for NMC in (a) MDLang and (b) MDBerend trajectories. Secondary
structures [α-helix, π -helix, β/γ -turns, reverse turns (RT), loop etc.] are
assigned in terms of hydrogen bonding between the different residues in
the peptide.

Ni(II). As the reported biological activity of bombesin and GRP
peptides resides in their C-terminal residues, the utilization of
NMR NOEs, which includes the middle and C-terminal residues
of NMC (uncomplexed segment of NMC), with the present
computational results was also thought to be another significant
reason for this comparison. Accordingly, the clasterit algorithm of
the CLASICO program was used to compute average distances,
corresponding to NMR NOEs, between atoms for each of the
different trajectories investigated in the present study. Only 95%
of the structures of each trajectory were considered for these
calculations as they were assumed to exhibit normal distribution.
The results obtained from both MD and REMD trajectories were
compared with NMR results by computing the overlaps between
the distances obtained from NMR experiments reported in the
literature and those computed from the present studies; these are
depicted in Figures 7 and 8. These overlapping results involve the
comparison of both long distances (i to i + 2 type interactions)
and short distances (i to i + 1 type interactions) between the
atoms. Specifically, Figure 7a reveals that the distances calculated
from the REMDimplicit trajectory have no agreement with the
NMR results, clearly suggesting the absence of NMR structures
in the trajectory. REMDexplicit (Figure 7b), MDLang (Figure 7c) and
MDBerend (Figure 7d) trajectories, on the other hand, show good
overlapping of the calculated distances with the NMR results,
although the extent of overlap in MD structures was comparatively
low. Similarly, a close inspection of the Figure 8 shows that of the
17 reported short NMR distances, there is a good agreement
in 9 for those computed from the trajectory REMDimplicit, 16
for the trajectory REMDexplicit, 16 for the trajectory MDLang and
16 for trajectory MDBerend, respectively. The elongation of the
computed distances suggests that structures are in a dynamic
equilibrium between ordered and unordered forms during the
simulations.

wileyonlinelibrary.com/journal/jpepsci Copyright c© 2010 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2011; 17: 174–183
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Figure 7. Comparison of NMR derived long distances (i to i + 2) obtained from Gasmi et al. [10] shown in orange and the average with the distance
interval containing 95% of the structures for (a) REMDimplicit (b) REMDexplicit (c) MDLang and (d) MDBerend trajectories.

Conclusion

Analysis of the results obtained from the REMDimplicit, MDLang

and MDBerend trajectories reveal that the peptide achieves
folded, unfolded and helical conformations, clearly suggesting
that the conformational energy difference between them is
probably low and therefore accounts for the higher flexibility
of NMC. REMDexplicit, on the other hand, sample preferably folded
conformations with a higher content of turns (β and γ ) and
does not promote helicity to a considerable extent. Overall,
comparison of the results obtained in the present work using
different computational protocols suggests that most of the motifs
of the NMC peptide adopt preferably folded conformations (turns)
as compared to the helical form. Moreover, the four simulations
performed produce different patterns of the configurational
space sampled (Figure 3). Thus, both REMDexplicit and REMDimplicit

simulations sample the space with new conformations appearing
in a regular fashion, whereas MD trajectories (MDLang and
MDBerend) were observed to be get trapped in different regions
of the conformational space. The sampling results obtained
from different trajectories were compared with the reported

experimental 2D-NMR results performed on NMC in the presence of
Ni(II) metal. In particular, REMDexplicit provides a better agreement
to the long- and short-range distances. Our results suggest that
REMD was better under explicit conditions than the rest of the
simulations in terms of the efficiency of the exploration, and
compared favorably with the experimental NMR data. Moreover,
these results compliment the work of Sarkar and coworkers [10],
where they have reported the role of NMC as a Cu(II) and Ni(II)
transporter in the central nervous system on the basis of NMR
experiments. Hence, the present work provides comprehensive
information about the conformational preferences of NMC, which
could assist to better understand its native conformation and point
the way toward developing its new antagonists.
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Figure 8. Comparison of NMR-derived short distances (i and i to i + 1) obtained from Gasmi et al. [10] shown in orange and the average with the distance
interval containing 95% of the structures for (a) REMDimplicit (b) REMDexplicit (c) MDLang and (d) MDBerend trajectories.
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