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The structural and thermodynamics characters of
a-syn12 (residues 1–12 of the human a-synuclein
protein) peptide in aqueous solution were investigated
through temperature replica-exchange molecular
dynamics (T-REMD) simulations with the GROMOS
43A1 force field. The two independent T-REMD simu-
lations were completed starting from an initial confor-
mational a-helix and an irregular structure,
respectively. Each replica was run for 300 ns. The
structural and thermodynamics characters were studied
based on parameters such as distributions of backbone
dihedral angles, free energy surface, stability of folded
b-hairpin structure, and favorite conformations. The
results showed that the isolated a-syn12 peptide in
water adopted four different conformational states: the
first state was a b-hairpin ensemble with Turn9 – 6 and
four hydrogen bonds, the second state was a b-hairpin
ensemble with two turns (Turn9 – 6 and Turn5 – 2) and
three hydrogen bonds, the third state was a disordered
structure with both Turn8 – 5 and Turn5 – 2, and the last
state was a p-helix ensemble. Meanwhile, we studied
the free energy change of a-syn12 peptide from the
unfolded state to the b-hairpin state, which was in
good agreement with the experiments and molecular
dynamics simulations for some other peptides. We also
analyzed the driving force of the peptide transition.
The results indicated that the driving forces were high
solvent exposure of hydrophobic Leu8 and hydrophobic
residues in secondary structure. To our knowledge, this
was the first report to study the isolated a-syn12
peptide in water by T-REMD.
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Introduction

Extensive evidence has been accumulated in recent years on
the fact that several protein conformational diseases have
the same molecular basis: conformational change from a
prevailing a-helical structure to a b-sheet-rich structure.
These diseases include Alzheimer’s disease, prion-related
disorders, Parkinson’s disease, etc. [1–6]. Alzheimer’s
disease is the result of aberrant deposition of amyloid-beta
in the form of a b-sheet in the brain [7–9]. The pathology
of prion-related disorders includes the accumulation of
prion protein [10,11]. Parkinson’s disease is characterized
by the deposition of aggregated fibrillar a-synuclein in
Lewy bodies (LBs) within the brain [12–18].

Human a-synuclein protein, a presynaptic protein of
140 amino acid residues, which usually has extensive
intrinsically disordered regions, is the major component of
LBs deposited in the brains of patients with Parkinson’s
disease. Typical of Parkinson’s disease is the presence of
a-synuclein aggregates in the form of a b-structure that
can be soluble or insoluble [17]. The structure (PDB
(Protein Data Bank) ID: 1xq8) of micelle-bound human
a-synuclein has been studied by Ulmer et al. [18] with
solution NMR spectroscopy. Val3–Val37 and Lys45–
Thr92 in a-synuclein form curved a-helices with a break
in the 38–44 regions. On the contrary, an uninterrupted
helix has been proposed from site-directed spin labeling–
electron paramagnetic resonance experiments in the pres-
ence of small unilamellar vesicles [19].

Synphilin-1 is a novel a-synuclein interacting protein
presenting in LBs [20]. Xie et al. [21] reported that the
N-terminal 12-residue peptide of a-synuclein (a-syn12)
could effectively compete with the N-terminal 65-residue
peptide of a-synuclein for binding to the coiled-coil
domain of synphilin-1. Unfortunately, so far the structure
of the isolated a-syn12 peptide in water has not been
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determined by experimental methods, so that the possible
structure of this fragment has not been available.

In this case, one choice is to study the isolated a-syn12
peptide in water by molecular dynamics (MD) simulations.
In fact, some researchers have studied other amyloid
peptides by MD simulations. For example, Daidone et al.
[22–24] and Chiang et al. [25] studied the folding and
a-to-b conformational transition of the Syrian hamster PrP
peptide H1 and of the Ab (12–28) fragment. Levy et al.
[26] observed the helix-to-coil conformational transition of
the PrP (106–126) peptide by performing a set of 34 MD
simulations. Klimov and Thirumalai [27] showed that the
oligomerization of Ab (16–22) requires the peptide to
undergo a random coil to a-helix to b transition via MD
simulations. Cao and Wang [28] investigated the dynamics
and thermodynamics characters of H1 peptide (residues
109–122 of the Syrian hamster PrP) in aqueous solution,
and the calculated folded free energy from GROMOS
43A1 was comparable with experimental values and other
MD simulation results. However, to our knowledge, there
has not been any report to study the isolated a-syn12
peptide in water by MD simulations.

There are two factors for the qualities of protein model-
ing: one is the accuracy of empirical force fields and the
other is the efficiency of the sampling method. One advance
in solving the sampling problem is the development of the
replica-exchange MD (REMD) method [29–33]. Compared
with regular MD that only samples a conventional canonical
ensemble, REMD can sample a generalized ensemble.
REMD simulations are more than four times efficient than
multiple independent MD simulations at one temperature
[34]. REMD simulations are usually employed to construct
free energy surfaces in reduced dimensions [30,35–39].

In this work, we studied the structural and thermodyn-
amics characters of the isolated a-syn12 peptide in explicit
water at atomic resolution by long-timescale temperature
REMD (T-REMD). Moreover, the driving force in the con-
formational transition of a-syn12 peptide was analyzed.
The two independent T-REMD simulations were com-
pleted starting from different initial conformations of an
a-helix (from PDB ID: 1xq8) and an irregular structure
(from PDB ID: 2JN5), respectively. Each replica was run
for 300 ns, and the total MD simulation time was 10.8 ms.
The last 100 ns of trajectory at 300 K was analyzed. The
structural and thermodynamics characters were analyzed
from parameters such as distributions of backbone dihedral
angles, free energy surface, stability of folded b-hairpin
structure, and favorite conformations.

Materials and Methods

The a-syn12 peptide (residues 1–12 of the human
a-synuclein protein; the sequence is MDVFMKGLSKAK)

was chosen for study. MD simulation in the isothermal–iso-
baric (NPT) ensemble was performed using the GROMACS
software package [40] with the GROMOS 43A1 [41] force
field. The peptide was solvated in a rectangular box of
the single point charge (SPC) water model [42] with the
minimum solute-box boundary distance set to 1.4 nm.
Protonation states of ionizable groups were chosen for pH 7.0.

In the explicit-solvent simulations, the non-bonded inter-
actions were treated using a twin-range cutoff method [43]
with generalized reaction field corrections, in which short-
range interactions within 0.8 nm were evaluated every step,
medium-range interactions between 0.8 and 1.4 nm were
updated every 10 steps, and electrostatic interactions beyond
1.4 nm were approximated by reaction fields generated by a
dielectric continuum with a dielectric constant of 54 for
water. The temperature and pressure of the system were kept
constant by weak coupling to external heat baths with a
relaxation time of 0.1 ps [44]. The time step for the MD
integrator was set to 2 fs and SHAKE [45] was applied to
constrain all bond lengths with a relative tolerance of 1024.

Thirty-two replicas were simulated at temperatures (in
K) of 273, 276, 279, 281, 284, 287, 290, 293, 296, 299,
302, 305, 309, 312, 315, 318, 321, 324, 328, 331, 334,
338, 341, 345, 348, 351, 355, 358, 362, 365, 369, and 373
[46]. The two independent T-REMD simulations were per-
formed starting from an a-helix (from PDB ID: 1xq8,
noted as simulation 1) and an irregular structure (from
PDB ID: 2JN5, noted as simulation 2), respectively. Each
replica was equilibrated at its respective temperature for
100 ps. A total of 300 ns T-REMD simulations were per-
formed for each replica. The replica exchanges were
attempted every 2 ps based on the Metropolis criterion.
Coordinates and energies were recorded every 2 ps. The
trajectory of 300 K was evenly divided into three 100 ns
blocks, noted as the first block, the second block, and the
last block. It should be noted that the convergence of con-
formation sampling starting from the a-helix was verified
by the simulations starting from an irregular structure.

Results

T-REMD simulations
Effective T-REMD requires sufficient exchange between
the different temperatures (the ratio of exchange is .0.1).
The ratios of successful exchange attempts were between
22% and 40% in these simulations, so the number of repli-
cas was sufficient.

Backbone dihedral angle distributions of the a-syn12
peptide
We analyzed the distributions of the backbone (f, c)
angles for residues 2–11. The data for these residues were
pooled together. The distributions of the dihedral (f, c)
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angles of each residue were collected from the simulations,
and potentials of mean force were computed (Fig. 1).

The total 300 ns trajectory set of 300 K was evenly
divided into three 100 ns blocks for each simulation. The
distributions sampled by different simulations and different
blocks were in general quite similar to each other. Different
regions are defined as in reference [47]: a-region: 21808 ,

f , 08 and 21208 , c , 308; bridge region: 21808 ,

f , 08 and 308 , c , 908; b-region: 21808 , f , 08,
and 908 , c , 1808 or 21808 , c , 21208. For the first
simulation, the probabilities for (f, c) angles to fall into the
a-region were 32%, 26%, and 23% in the first block, second
block, and third block, respectively; the respective probabil-
ities for (f, c) angles to fall into the b-region were 49%,
55%, and 56%. For the second simulation, the probabilities
for (f, c) angles to fall into the a-region were 27%, 19%,
and 21% in the first block, second block, and third block,
respectively; the respective probabilities for (f, c) angles to
fall into the b-region were 52%, 60%, and 58% (Table 1).

The convergence of the conformational sampling in the
first simulation was verified by the second simulation start-
ing from an irregular structure. To evaluate the conver-
gence of the conformational sampling of the simulations,

one way is based on the distribution probabilities of dihe-
dral angles (f, c) to fall into different regions as a function
of time. The simulation starting from an a-helix structure
produced more sampling in the a-region relative to the
second simulation starting from an irregular structure in the
first and second time blocks. But in the third time block,
the simulation starting from an a-helix structure produced
almost the same sampling in the a-and b-region as those
starting from an irregular structure (Table 1), which indi-
cated that the last 100 ns was convergent. So in this work,
we only used the last 100 ns of the trajectory at 300 K to
study the peptide. Although the method used to estimate
the convergence of conformational sampling was crude,
the free energy surface calculations further showed that it
was indeed convergent for simulations starting from differ-
ent conformations in the latter part of this paper.

Figure 1 showed that there was some sampling in the
a-region in the two independent simulations. It is interest-
ing to know whether significant helical content (including
a-helix, p-helix, and 310-helix) was found in the simu-
lations. The helical content calculated by the program
STRIDE [48,49] was 7%–8% for both the simulations.
The simulations produced more sampling in the b-region
than in the a-region. The experiments indicated that the
b-sheet structure was enhanced and a significant amount of
a-helical secondary structure was retained during the for-
mation of a-synuclein oligomers under physiological con-
ditions or in methanol–water solutions [50]. The above
simulation results were consistent with the experiments.

Free energy surface of the a-syn12 peptide
The free energy surfaces were constructed using two princi-
pal components (PC1 and PC2) as the reaction coordinates
(Fig. 2). The programs ‘g_covar’ and ‘g_anaeig’ in the
GROMACS package were used in the principal components

Figure 1 Potential of mean forces obtained from (f, c) distributions for residues 2–11 (A) Simulation starting from the a-helix for the last

100 ns trajectory. (B) Simulation starting from the irregular structure for the last 100 ns trajectory. The red regions correspond to the lowest energy areas.

Neighboring contour lines are separated by 2 kJ mole21.

Table 1 Respective probabilities for (f, c) angles falling into
different regions from different simulations and different time blocks

a-Region b-Region

From

block

1

From

block

2

From

block

3

From

block

1

From

block

2

From

block

3

From

a-helix

0.32 0.26 0.23 0.49 0.55 0.56

From

irregular

0.27 0.19 0.21 0.52 0.60 0.58
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analysis (PCA) [51]. This set of principal components was
used as reaction coordinates to describe free energy surfaces
at 300 K. In PCA, only fluctuations of all the backbone
atoms of this peptide (93 atoms) were used. Here we chose
the first two principal components (PC1 and PC2) as the
reaction coordinates (Fig. 2). For these two simulations at
300 K, there were four highly populated regions on the PCA
map centered near (1.0, 0.0 nm), (21.0, 20.7 nm), (22.2,
20.8 nm), and (21.3, 1.7 nm). Turn9 – 6 denotes a b-turn
forming among residues 6–9. HB4 – 11 is defined as hydro-
gen bond between the hydrogen atom of the amide NH of
residue 4 and the backbone carbonyl oxygen atom of
residue 11. The formation of b-turn and hydrogen bond was
estimated by the program STRIDE. The corresponding
representative structures are shown in Fig. 2. We obtained
the local minima in the four regions: (A) located at (1.0,
0.0 nm) of (PC1, PC2), which corresponds to the b-hairpin
ensemble with Turn9 – 6 and four hydrogen bonds (HB4–11,
HB6–9, HB9–6, and HB11–4); (B) located at (21.0,
20.7 nm), corresponding to a b-hairpin ensemble with two
turns (Turn9 – 6 and Turn5 – 2) and three hydrogen bonds
(HB6 – 9, HB9 – 6, and HB11 – 4); (C) located at (22.2,
20.8 nm), corresponding to a disordered structure with
Turn8 – 5 and Turn5 – 2; (D) located at (21.3, 1.7 nm), corre-
sponding to the p-helix ensemble.

From the first simulation, we obtained the relative depths
of the A, B, C, and D minima, which were 0.0, 1.8, 2.8,
and 1.6 kJ mole21; in the second simulation, the corre-
sponding depths were 0.0, 3.2, 5.0, and 1.9 kJ mole21,

respectively. The results indicated that the relative sampling
difference mainly appeared in the local minima B and C in
the two simulations.

Conformation clusters of the a-syn12 peptide
Although the above approach of using two-dimensional
reaction coordinates to visually represent the conformational
space of peptides was a simple and widely used method,
unavoidably, the free energy contour maps depend on the
reaction coordinates. Another way to reveal the favorite con-
formations of the a-syn12 peptide in solution was to cluster
them based on their mutual root-mean-square deviations of
Ca positions (RMSDCa). For the two independent simu-
lations, we chose to study the conformations of the 300 K
replica. A total of 10,000 conformations from the last
100 ns trajectory were clustered based on their pairwise
RMSDCa. The criteria of clustering are that the confor-
mations are in the same cluster when RMSDCa is ,0.1 nm
among the conformations of this cluster, and vice versa. In
addition, all the conformations in the same cluster should be
connected by the RMSDCa criteria. By the clustering cri-
teria, conformations in the simulations fall into clusters of
all kinds of sizes. For the first simulation, 195 clusters were
obtained. Among them, there were four clusters that con-
tained at least 500 conformations. The representative struc-
ture in the first cluster was a b-hairpin with Turn9 – 6 and
four hydrogen bonds (HB4 – 11, HB6 – 9, HB9 – 6, and HB11 –

4). This cluster corresponded to the local minima A in Fig. 2
and contained 47% of all the conformations. The representa-
tive structure in the second cluster was a b-hairpin with two
turns (Turn9 – 6 and Turn5 – 2) and three hydrogen bonds
(HB6 – 9, HB9 – 6, and HB11 – 4). This cluster corresponded to
the local minima B in Fig. 2 and contained 11% of all the
conformations. The representative structure in the third
cluster was a disordered structure with both Turn9 – 6 and
Turn5 – 2. This cluster corresponded to the local minima C in
Fig. 2 and contained 15% of all the conformations. The
representative structure in the fourth cluster was a p-helix.
This cluster corresponded to the local minima D in Fig. 2
and contained 10% of all the conformations.

Table 2 Respective probabilities of conformation falling into different
clusters for the simulations

Cluster

1

Cluster

2

Cluster

3

Cluster

4

From

a-helix

0.47 0.11 0.15 0.10

From

irregular

0.54 0.07 0.07 0.09

Figure 2 Free energy surfaces projected to the first two principal
components (PC1 and PC2) (A) Simulation starting from the a-helix

for the last 100 ns trajectory. (B) Simulation starting from the irregular

structure for the last 100 ns trajectory. The red regions correspond to the

lowest energy areas. Neighboring contour lines are separated by

2 kJ mole21. Representative structures of the four highly populated

regions are shown.
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For the second simulation, 258 clusters were obtained.
Among them, four clusters contained at least 300 confor-
mations. The representative structures of these clusters
were the same as the representative structures of clusters in
the first simulation. The probabilities of conformation to
fall into these clusters were 54%, 7%, 7%, and 9%,
respectively (Table 2). The b-turn is one of the most
important factors in determining the stability of b-hairpins.
The numbers of conformation to form Turn9 – 6 were com-
puted in the simulations. The respective probabilities of
the conformations having Turn9 – 6 were 76% and 77% for
the two simulations. So the b-hairpin configurations can be
produced in the simulations for a-syn12 peptide using the
GROMOS 43A1 force field, indicating that the a-syn12
peptide in aqueous solution can form a b-sheet.

RMSDs from representative structure A
For peptide simulations, the positional RMSDs of Ca atoms
[Fig. 3(A)] and all heavy atoms [Fig.3(B)] from representa-
tive structure A were computed. The distributions of the
instantaneous RMSDCa in the simulations of a-syn12
peptide starting from different conformations were plotted
in Fig. 3(A). The simulations using the GROMOS 43A1
force field generated multimodal distributions. The peaks
with larger RMSDCa usually corresponded to conformations
with partially unfolded b-sheet structures. The major differ-
ence between the two simulations was the distribution
�0.2 nm, which corresponded to conformations in the first
cluster. This result was consistent with the above analysis.

The distributions of the instantaneous all heavy atom
RMSD values in the simulations were plotted in Fig. 3(B)
and with relatively large RMSDs.

Thermodynamics character of the a-syn12 peptide
To analyze the thermodynamics quantitatively in the two
simulations, the stability of the unfolded state of the
peptide was calculated (relative to that of the a-helix, the
unfolded b-turn, and the fully folded b-hairpin structure).

All the conformations of the a-syn12 peptide were divided
into four different states: (i) the a-helix state (defined as
helix), which comprises configurations including any
helical content; (ii) the unfolded b-turn state (defined as
turn), which comprises all configurations in which the
K6–G7–A8–S9 turn is formed and the distance between
F4(H) and A11(O) is �0.3 nm; (iii) the fully folded
b-hairpin state (defined as hairpin); in this state not only
the turn is formed, but also the termini are close together
in space, for example, the distance between F4(H) and
A11(O) is ,0.3 nm; and (iv) the unfolded state (defined as
unfolded). The relative free energy (F) can be easily
obtained by the following equation:

DFState 1! State 2 ¼ FState 2� FState 1

¼ �RT lnðPState 2=PState 1Þ

where R is the ideal gas constant, T is the temperature, and
PState 1 and PState 2 are the probabilities in States 1 and 2,
respectively.

The free energy changes from the unfolded to the helix,
the unfolded to the turn, and the unfolded to the hairpin
were 2.1+0.6, 22.5+0.6, and 21.6+0.6 kJ mole21,
respectively (to estimate statistical errors, the total 100 ns
trajectory set was evenly divided into two 50 ns blocks for
the two simulations, and the standard deviation between
averages over individual blocks was computed). The
21.6+0.6 kJ mole21 value of DFUnfolded! Hairpin

can be compared with experiment for various b-peptides
ranging from �27 to 3 kJ mole21 [52]. For H1 peptide
(residues 109–122 of the Syrian hamster prion protein),
the values of DFUnfolded! Hairpin were 3.5+
0.5 kJ mole21 from conventional MD simulation with the
GROMOS96 force field [24] and 2.0+0.5 kJ mole21 from
T-REMD with the GROMOS 43A1 force field [28]. These
results were consistent with other amyloid disease proteins
(for example, amyloid-beta peptide and H1 peptide). The
results of the simulations on H1 and a-syn12 peptides

Figure 3 Distributions of the positional RMSDs from representative structure A for the a-syn12 peptide simulated (A) Only the Ca atoms have

been considered. (B) All heavy atoms have been considered. The black line corresponds to the simulation starting from the a-helix for the last 100 ns

trajectory. The gray line corresponds to the simulation starting from the irregular structure for the last 100 ns trajectory.
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indicated that the unfolded turn state has higher stability
than the helix and the hairpin state.

Solvent exposure of hydrophobic residues in the
a-syn12 peptide
To further describe the structural character of a-syn12 in
solution and explore the driving force in peptide confor-
mation transition, we calculated the solvent exposure of
leucine (Leu8) in the turn region and hydrophobic residues
(Met1, Val3, Phe4, Met5, Leu8, and Ala11) as a function
of the distance between Phe4(H) and Ala11(O), respect-
ively (Fig. 4). SLeu8 corresponded to the solvent exposure
of leucine in the turn region; SPho corresponded to the
solvent exposure of all hydrophobic residues; fLeu8

corresponded to the fraction of the solvent-accessible
surface that is SLeu8; fPho corresponded to the fraction of
the solvent-accessible surface that is SPho. The analysis
results were obtained from all conformations (black line)
and only from the conformation with Turn9-6 (gray line).
The 100 ns trajectory of each simulation was divided into
two 50 ns blocks, and the four subsets of 50 ns blocks
were obtained from the two simulations. From the four
subsets of blocks, the error bars were calculated based on a
standard deviation of the corresponding property. The fully
extended hairpin state (,0.3 nm) is characterized by high
solvent exposure of the Leu8 [SLeu8 plotted in Fig. 4(A)]
and low solvent exposure of the hydrophobic residues
[SPho plotted in Fig. 4(C)]. Another instructive parameter

Figure 4 Solvent exposure as a function of hydrogen bond distance between Phe4(H) and Ala11(O) (A) Solvent exposure of leucine (Leu8) in the

turn region, SLeu8. (B) Fraction of the solvent-accessible surface that is SLeu8, fLeu8. (C) Solvent exposure of hydrophobic residues (Met1, Val3, Phe4,

Met5, Leu8, and Ala11), SPho. (D) Fraction of the solvent-accessible surface that is SPho, fPho. Error bars correspond to a standard deviation of the

corresponding property as obtained by considering four subsets of the two simulations. The black line corresponds to the analysis results from all

conformations. The gray line corresponds to the analysis results only from the conformation with Turn9 – 6.

Figure 5 Solvent exposure as a function of hydrogen bond distance between Phe4(H) and Ala11(O) (A) Solvent exposure of hydrophobic residues

in secondary structure (Phe4, Met5, Leu8, and Ala11), SPho_sec. (B) Fraction of the solvent-accessible surface that is SPho_sec, fPho_sec. Error bars

correspond to a standard deviation of the corresponding property as obtained by considering four subsets of the two simulations. The black line

corresponds to the analysis results from all conformations. The gray line corresponds to the analysis results only from the conformation with Turn9 – 6.
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differentiating the folded and unfolded structures is the
fraction of SLeu8 and SPho to the total solvent-accessible
surface area (fLeu8 and fPho), and based on the parameter
the above same results were obtained. It is possible that the
high solvent exposure of hydrophobic Leu8 drives the for-
mation of Turn9 – 6. High fPho was observed for confor-
mations with distances between 0.44 and 0.52 nm. The
structures populating the distance at 0.44–0.52 nm mostly
have a b-hairpin structure with two turns (Turn9 – 6 and
Turn5 – 2) and three hydrogen bonds (HB6 – 9, HB9 – 6, and
HB11 – 4). These structures corresponded to the local
minima B in Fig. 2.

To eliminate the influence of the N-terminal three resi-
dues that are not included in the secondary structure in the
calculation of the solvent exposure of hydrophobic resi-
dues, the solvent exposure of hydrophobic residues in the
secondary structure (Phe4, Met5, Leu8, and Ala11) as a
function of the distance between Phe4(H) and Ala11(O)
was calculated (Fig. 5). SPho_sec corresponded to the
solvent exposure of hydrophobic residues in the secondary
structure; fPho_sec corresponded to the fraction of
solvent-accessible surface that is SPho_sec. The fully
extended hairpin state (,0.3 nm) was characterized by
high solvent exposure of the hydrophobic residues in the
secondary structure. The high solvent exposure of Leu8
and hydrophobic residues in the secondary structure was
the driving force in the peptide conformation transition.

Discussion

The mechanism and driving force in the a-syn12 peptide
conformation transition can help us know the causes of
Parkinson’s disease. In the present work, we studied the
structural and thermodynamics characters of the a-syn12
peptide in aqueous solution at atomic resolution by
T-REMD simulations with the GROMOS 43A1 force field.
The optimal combination of force field and water model is
essential to increase MD simulation quality for different
types of proteins and peptides. In recent years, many studies
have been conducted to estimate which force field was the
best one for protein dynamics. Takao et al. [53] presented
the secondary structural characters with six commonly used
force fields for two peptides (an a-helical polypeptide and a
b-hairpin polypeptide). The results indicated that the
b-hairpin is favored for the GROMOS96 43A1 force field.
Rueda et al. [54] suggested that there was an apparent con-
sensus view of protein dynamics using selected variants of
the AMBER, CHARMM, OPLS-AA, and GROMOS96
force fields. Matthes et al. [55] presented a systematic study
directed toward the secondary structure propensity in
peptide folding simulations with eight different MD force-
field variants (GROMOS96 43A1, GROMOS96 53A6,
OPLS-AA/L, AMBER03, and AMBER99SB with different

treatment for electrostatic interactions) in explicit solvent for
five model peptides (two b-hairpins, two a-helical peptides,
and trp-cage). The results indicated that AMBER03 had a
slight preference for helix, the GROMOS96 43A1 force
field was well balanced for most of the model peptides, and
the GROMOS96 53A6 force field was highly unstable for
all helical model peptides. It is difficult to estimate which is
the best force field for the a-syn12 peptide without exper-
imental information. Moreover, our recent studies [28] and
the work of Daidone et al. [23,24] indicated that the
GROMOS 43A1 force field with the SPC water model
could provide more accurate results for the H1 peptide,
which exhibited large solvent exposure of the hydrophobic
residues. Based on the research mentioned above, the
GROMOS 43A1 force field and the SPC water model were
selected in this study.

The free energy surfaces and conformation clusters
showed that the isolated a-syn12 peptide in solution
adopted four different conformational states: the first state
corresponded to the b-hairpin ensemble with Turn9 – 6 and
four hydrogen bonds, the second state was a b-hairpin
ensemble with two turns (Turn9 – 6 and Turn5 – 2) and three
hydrogen bonds, the third state was a disordered structure
with both Turn8 – 5 and Turn5 – 2, and the last state was a
p-helix ensemble. The free energy change of the a-syn12
peptide from the unfolded state to the hairpin state was in
good agreement with the experiments and MD simulation
results on some other b-peptides. The fully extended
hairpin state (,0.3 nm) was characterized by high solvent
exposure of Leu8 and the hydrophobic residues in the sec-
ondary structure. To the best of our knowledge, this is the
first report to study the isolated a-syn12 peptide in water
by T-REMD.
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