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Abstract Replica exchange molecular dynamics simulations
in neutral and acidic aqueous solutions were employed to
study the intrinsic helical propensities of three helices in both
Syrian hamster (syPrP) and human (huPrP) prion proteins.
The helical propensities of syPrP HA and huPrP HA are very
high under both pH conditions, which implies that HA is
barely involved in the helix-to-β transition. The SyPrP HB
chain has a strong tendency to adopt an extended conforma-
tion, which is possibly involved in the mechanism of infec-
tious prion diseases in Syrian hamster. HuPrP HC has more of
a preference for the extended conformation than huPrP HA
and huPrP HB do, which leads to the conjecture that it is more
likely to be the source of β-rich structure for human prion
protein. We also noticed that the presence of salt bridges is not
correlated with helical propensity, indicating that salt bridges
do not stabilize helices.

Keywords Prion .Helical propensity . pHcondition .Replica
exchangemolecular dynamics

Introduction

Transmissible spongiform encephalopathies (TSE) [1] or pri-
on diseases are a group of fatal neurodegenerative diseases
that occur in many species (e.g., scrapie in sheep and chronic
wasting disease in deer). On average, approximately one
person in a million develops a prion disease per year [2], such
as Creutzfeldt–Jakob disease (CJD) and Kuru [3, 4]. Recent
studies have shown that prion susceptibility is species depen-
dent. Syrian hamsters and mice are the species that are most
susceptible to prion diseases, while rabbit, dog, and horse are
the least likely to suffer this pathogenic process [5–13], al-
though it is not impossible in those species [14]. The main
pathogenetic mechanism for prion diseases is the misfolding
of normal cellular prion protein (PrPc) to the abnormal scrapie
form (PrPSc) [1]. PrPSc has more β-sheet content and less α-
helical content than PrPc [15]. It can aggregate into amyloid
fibrils through cross-β binding, which has been observed in
X-ray scattering experiments [16]. Electron paramagnetic res-
onance and hydrogen/deuterium exchange experiments sug-
gest that the C-terminal region of the prion protein may be
involved in the core of amyloid fibrils formed from recombi-
nant prion proteins (recPrP) [17, 18]. The human PrP 90–231
can form β-rich amyloid fibrils under acidic conditions [17,
19, 20], but this transition occurs very slowly in the absence of
the denaturant [21].

Mature human prion protein is a glycoprotein comprising
209 amino acids (residues 23–231) that is attached to the
membrane with glycosylphosphatidylinositol (GPI), which
contains a flexible unstructured N-terminal domain (residue
23–124) and a C-terminal globular core (residues 125–228)
consisting of three helices (HA: residues 144–156, HB: resi-
dues 174–194, HC: residues 200–228) and a short, two-
stranded, antiparallel β-sheet (S1: residues 128–131, S2: res-
idues 161–164) [22, 23]. The misfolding and aggregation of
normal prion protein (PrPc) into an infectious form (PrPSc) is
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the main event that occurs at the start of a prion disease [24].
Besides the differences in their conformations, PrPSc and PrPc

also have different biochemical properties. For instance, PrPc

is soluble, sensitive to proteinase K, and monomeric, while
PrPSc forms insoluble amyloid and is resistant to proteinase K
[1, 25, 26].

Although experiments are yet to elucidate the structure of
PrPSc in atomic detail, it has been discovered that the β-rich
PrPSc form accumulates into amyloid fibrils [15, 27–29].
These experimental observations have given rise to the hy-
pothesis that the helices in PrPc change into β-structures
before polymerization into amyloid fibrils. Many studies have
shown that the normal prion protein undergoes a temperature-
induced, chemical-induced, three-state unfolding process in
an acidic environment which leads to the formation of an
intermediate state rich in β-structure [30, 31]. Various studies
performed in vitro have indicated a relationship between low
pH and misfolding/aggregation of prion protein [32]. In par-
ticular, a significant conformational change of human recPrP
occurs under different pH conditions [30], and the spontane-
ous formation of fibrils of human recPrP has been observed at
low pH [21].

All-atom molecular dynamics (MD) is potentially capable
of providing data that can lead to a better understanding of the
molecular mechanism for prion diseases, such as the conver-
sion of the normal prion protein form (PrPc) to the infectious
scrapie isoform (PrPSc) [33–47]. Shamsir and Dalby [44]

observed the formation of new β-sheets in the globular region
of a D178N mutant, while Daggett and co-workers observed
the elongation of theβ-sheet and newβ-structure formation in
the N-terminal region at low pH [34, 48]. Recently, Miguel
Machuqueiro and co-workers studied the reversibility of prion
misfolding, and demonstrated that some conformational tran-
sitions induced by lowering the pH to 2 were reversible, by
performing many constant-pH molecular dynamics simula-
tions at neutral pH [49]. Circular dichroism (CD) and Fourier
transform infrared spectroscopy studies indicated that the
change in conformation from the normal cellular prion protein
(PrPC) to the pathogenic isoform (PrPSc) was marked by a loss
of α-helix structure and a gain of β-content. Therefore,

Fig. 1 Fitted free-energy
landscapes of syPrP HA at 306 K
under (left) neutral-pH and (right)
low-pH conditions

Table 1 The population distributions (%) of Syrian hamster and human
prion proteins

syPrP huPrP

α-Helix β ppII α-Helix β ppII

HA Neutral pH 53.0 10.0 5.0 48.5 14.8 6.4

Low pH 44.5 14.0 9.6 54.2 9.0 7.8

HB Neutral pH 34.8 19.4 13.8 40.5 13.2 10.5

Low pH 39.0 15.0 14.0 45.6 12.0 10.0

HC Neutral pH 46.4 12.0 7.7 39.7 14.8 8.8

Low pH 44.2 13.2 10.6 40.4 15.4 12.6
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specific segments of PrPC may undergo structural conver-
sions, including HA, HB, and HC of the prion protein. HA
of the prion protein has been investigated both experimentally
and theoretically [50–52]. In the work described in the present
paper, replica exchange molecular dynamics simulations [40]
were utilized to investigate the secondary structural distribu-
tions of all three helices in human and Syrian hamster prion
proteins under low and neutral pH conditions in aqueous
solution. These different pH conditions lead to different pro-
tonation states of the residues Asp, His, and Glu, which are
protonated at low pH and adopt their normal protonation states
under neutral pH conditions. However, this work did not
attempt to provide a thermodynamic explanation of the con-
version fromα-helix toβ-sheet, because β-sheets in PrPSc are
thought to be stabilized by cross-β interactions, such as hy-
drogen bonds and side-chain packing. Studying a single prion
protein is not an effective way to address this interaction.
Furthermore, metal-induced conformational changes were al-
so not considered in this work; we only investigated the
intrinsic helical propensities of the helices in PrP.

Methods

Simulation procedure

Replica exchange molecular dynamics (REMD) is now
routinely applied to study protein folding and some
other large-scale conformational changes [53, 54].
REMD is a generalized ensemble algorithm that per-
forms a random walk in temperature space and helps
the system to escape from local energy minima and
explore conformational space more efficiently than con-
ventional molecular dynamics (cMD). A set of simula-
tions are performed at different target temperatures in-
dependently, and exchanges are attempted between ad-
jacent replicas periodically according to the Metropolis
criterion. The exchange probability is determined using
[55]

P 1↔2ð Þ ¼ min 1; exp
1

KBT1
−

1

KBT2

� �
U1−U2ð Þ

� �� �
;

Fig. 2 Distance distributions of
the salt bridges in syPrP HA at
306 K under (left) neutral-pH and
(right) low-pH conditions

Fig. 3 Fitted free-energy
landscapes of huPrP HA at 306 K
under (left) neutral-pH and (right)
low-pH conditions
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where P (1↔2) is the exchange probability, KB is the
Boltzmann constant, U1 and U2 are the instantaneous poten-
tial energies, and T1 and T2 are the reference temperatures.
Altogether, 12 REMD simulations with 12 or 14 replicas were
carried out for three helices (HA, HB, HC) in human prion
protein (huPrP) and Syrian hamster prion protein (syPrP)
under both neutral and low pH conditions. The temperatures
were chosen as 266.0, 285.0, 306.0, 329.0, 353.0, 378.0,
405.0, 434.0, 464.0, 496.0, 530.0, and 565.00 K for the
simulation of HA. In the simulation of HB, the temperatures
were chosen as 270.0, 288.0, 307.0, 327.0, 349.0, 371.0,
395.0, 419.0, 445.0, 473.0, 502.0, and 532.0 K. For HC, the
temperatures were set to 270.0, 285.0, 301.0, 318.0, 335.0,
353.0, 372.0, 392.0, 413.0, 434.0, 457.0, 481.0, 505.0, and
531.0 K. The starting structures were linear structures sealed
by an acetyl group (CH3CO–) at the N-terminus and an amine
group (NH2–) at the C-terminus. The peptides were relaxed
until convergence was reached and then heated to the target

temperatures in 200 ps. All replicas were equilibrated for 2 ns
without exchanging temperatures and then underwent REMD
simulations that continued for 160 ns for each replica. The
AMBER99SB [56] force field and the generalized Born solva-
tionmodel [57] were employed. The salt concentrationwas set to
0.2 M. All bonds with the hydrogen atoms were fixed using the
SHAKE algorithm and the temperature was regulated by
Langevin dynamics with a collision frequency of one per ps
[58]. Nonbonded interactions were fully counted without any
truncations. Swaps were attempted every 0.25 ps, and snapshots
were saved at the same frequency. The AMBER 11 package was
used for all of the REMD simulations and data analysis. Free
energies along the chosen reaction coordinates were calculated
using the weighted histogram analysis method (WHAM) [59,
60]. Main-chain dihedrals (φ ,ψ) were classified into “α-helix”
(−100°<φ<−30° and −67°< ψ<−7°), “β” (−180°< φ<−90°
and 50°<ψ <240° or 160°<φ <180° and 110°< ψ <180°),
“ppII” (−90°< φ<−20° and 50°<ψ<240°), and other regions.

Fig. 4 Distance distributions of
salt bridges in huPrP HA at 306 K
under (left) neutral-pH and (right)
low-pH conditions

Fig. 5 Overall helical content
populations for HA in (left) syPrP
and (right) huPrP
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Results

Free-energy landscapes of syPrP HA and huPrp HA

The free energy of syPrP HA mapped to the main-chain
dihedrals φ and ψ at 306 K is depicted in Fig. 1. This figure
shows that the secondary structure mainly consists of α-helix,
β, and ppII conformations, with the right-handed α-helix
being the dominant conformation. Under neutral pH condi-
tions, 7 of the residues each carry a charged side chain, and the
total charge on syPrP HA is −1e . The global free-energy
minimum resides in the right-handed α-helix domain, for
which the free energy is about 1.5 kcal mol−1 lower than those
of β, ppII, and the left-handed α-helix. The right-handed
α-helix also covers a wider area (with free energy
of <2.5 kca mol−1) than the extended structure. The free
energy of the barrier separating the extended conformations
(β and ppII) and the right-handed α-helix domain is about
3 kcal mol−1 higher than that of the minimum. The population
distributions for the major conformations are listed in Table 1.
More than 50 % of the snapshots corresponded to the right-
handed α-helix domain. The extended conformations (both β
and ppII) were seen in only 15 % of the snapshots. Therefore,
HA of syPrP has a strong tendency to form a right-handed α-
helix under neutral pH conditions. When in the helical

conformation, each pair of residues with oppositely charged
side chains and sequences differing by 4 can form salt bridges.
Figure 2 shows the distributions of the distances between the
charged partners in the salt bridges. ASP144/ARG148 and
ASP147/ARG151 show high probabilities of forming salt brid-
ges. The distribution of the distance between GLU152 and
ARG156 does not show a peak in the interacting region, but
it does present a wide range (not shown). This observation
indicates that the C-terminus of HA is less stable than the N-
terminus. At low pH, two Asp and two Glu residues have their
side chains protonated. The total charge strength is tripled, but
the number of candidates for salt bridges is reduced. Lowering
the pH reduces the right-handed α-helix population by about
8.5 % and increases the extended conformation population by
8.6 %. By studying the free-energy landscape, we noticed that
the barrier separating the right-handed α-helical and ppII struc-
tures decreases correspondingly, whichmakes it easier to transit
between right-handed α-helical and extended conformations.
The free energy of the left-handed α-helix also drops, just like
that of the extended conformations. The salt bridges that exist at
neutral pH are disrupted (see the panel on the right in Fig. 2),
with the distances covering a wider range.

In huPrP HA, three residues are different from their coun-
terparts in syPrP HA. Two asparagine residues are replaced by
one serine and one histidine, and a bulk tryptophan is replaced

Fig. 6 Top: a NMR structure of
syPrP 125–228 at pH 5.2 (PDB
ID 1B10). b NMR structure of
huPrP 125–228 at pH 7 (PDB ID
1HJM). The helices HA, HB and
HC are colored red , pink, and
magenta , respectively. Bottom :
amino acid sequences (125–228)
of syPrP and huPrP. HA, HB, and
HC are shown in boldface
successively. Differences in
sequence are underlined

Fig. 7 Fitted free-energy
landscapes of syPrP HB at 307 K
under (left) neutral-pH and (right)
low-pH conditions
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by a tyrosine. The free-energy landscape of huPrP HA at neutral
pH is quite similar to that of syPrP, with only marginal differ-
ences. The right-handedα-helix population is about 4.5 % lower
than that of syPrP HA, while the populations of β and ppII are
about 4.8 and 1.4 % higher. The barrier separating the right-
handedα-helix and ppII domains (see Fig. 3) is even higher than
that for syPrP HA. Under acidic conditions, the secondary struc-
tural distribution varies in the opposite manner to that of syPrP
HA. The population of right-handed α-helices is increased by
5.7 %, while that of the extended conformation drops by 4.4 %.
Similar to what is seen for syPrP HA, low pH lowers the barrier
height between the right-handed α-helical and the extended
conformations. The free energy in the left-handed α-helix do-
main decreases. Low pH has the same impact on the salt bridges
as it does in syPrP HA. Under neutral conditions, salt bridges
between ASP144 and ARG148 and between ASP147 and
ARG151 show a prominent peaks in the strong-interaction re-
gion (see Fig. 4). However, both are eliminated at low pH. This
observation indicates that the occurrence of salt bridges between
residues separated by three residues is not correlated with helical
preference, which goes against the viewpoint that salt bridges can
help to stabilize helical conformations.

Helical propensity has a strong residue dependence, as
shown in Fig. 5. Under neutral pH conditions, the N-
terminal residues in syPrP HA have more of a tendency to
adopt a helical conformation, while the population of helical
conformations for the C-terminal residues is <40%. Lowering
the pH generally decreases the helical propensity, especially
for N-terminal residues. The residue specificity of the helical
population of huPrP HA under neutral pH conditions is sim-
ilar to that of syPrP HA. However, lowering the pH increases
the helical populations of residues TYR150 to MET154,
which contrasts with what was observed for syPrP HA. Only
ASP144 shows a significant decrease in its helical population.
Arguably, salt bridges between residues i and i +4 help to
stabilize helical conformations. In syPrP HA, three (ASP144,
ASP147, and ARG148) out of the four residues involved in
the salt bridges have reduced helical populations. However,
ARG151 does not show much variation in its helical popula-
tion with changes in pH. In huPrP HA, ASP144, ASP147, and
ARG148 all show remarkable reductions in their helical pop-
ulations, as also seen in syPrP HA. However, the helical
population of ARG151 increases significantly. Therefore, the
helical propensity does not show any correlation with the

Fig. 8 Fitted free-energy
landscapes of huPrP HB at 307 K
under (left) neutral-pH and (right)
low-pH conditions

Fig. 9 Overall helical content
populations for HB in (left) syPrP
and (right) huPrP
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occurrence of salt bridges. In other words, salt bridges do not
stabilize helices.

Free-energy landscapes of syPrP HB and huPrP HB

Residues 171–199 in PrP are conserved in Syrian hamster and
human, but the helical region shifts by 2 residues and is 1
residue shorter in huPrP (see Fig. 6). The free-energy land-
scapes of syPrP HB under neutral and low pH conditions are
depicted in Fig. 7. Compared to syPrP HA, syPrP HB shows a
large decrease in free energy for the extended conformations.
The population in the right-handed α-helix domain is only
34.8 %, which is about 18 % lower than that for syPrP HA.
The populations of β and ppII are each about 9 % larger. The
barrier separating the right-handed α-helix and ppII domains
is also lower. Therefore, conversion between a right-handed
α-helix and extended conformations under neutral pH condi-
tions is easier than it is for syPrP HA. Acidic conditions have
the opposite effect on syPrP HB compared to syPrP HA. At
low pH, the population of right-handed α-helices increases by
4.2 % and that of β decreases by 4.4 %. The barrier height
between the right-handedα-helix domain and the ppII domain
does not change too much.

The free-energy landscape of huPrP HB shown in Fig. 8
and the calculated helical propensities show only moderate
differences from the free-energy landscape in Fig. 7, although
the sequences of syPrP HB and huPrP HB differ by only three

residues at the termini. The population in the right-handed α-
helical domain is about 6 % higher in huPrP HB than it is in
syPrP HB, but that of the β- conformation is about 6 % lower
in huPrP HB. The barrier separating the right-handed α-helix
domain and the ppII domain is a bit higher than that for syPrP
HB. At low pH, the population of the right-handed α-helix is
increased by 5 %. The populations of the β and ppII confor-
mations show only tiny changes.

The residue-specific helical propensities shown in Fig. 9
indicate that protonation lowers the helical propensities of
ASP178 and HIS187 in both syPrP and huPrP. The popula-
tions in the right-handed α-helical conformation of their
neighbors on the right (CYS179 and THR188) also decrease
at low pH, but the helical propensities of the N-terminal
residues, as well as ILE184 and LYS185, increase at low pH.

Free-energy landscapes of syPrP HC and huPrP HC

HC is the longest chain among the three. The sequences of
syPrP HC and huPrP HC differ by 5 residues. Low pH has a
negligible impact on the helical propensity of syPrP HC. Upon
moving from neutral to low pH, 4 % of the helical population
shifts to extended conformations. This small perturbation of
the populations makes almost no difference to the free-energy
landscapes, as shown in Fig. 10. Only the salt bridge between
ARG208 and GLU211 shows a sharp peak in the distance
distribution at short distances; the distances for the other two

Fig. 10 Fitted free-energy
landscapes of syPrP HC at 301 K
under (left) neutral-pH and (right)
low-pH conditions

Fig. 11 Distance distributions of
salt bridges in syPrP HC at 301 K
under (left) neutral-pH and (right)
low-pH conditions
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(GLU200/LYS204 and LYS204/GLU207) are only rarely in
the effective interaction zone (See Fig. 11). Low pH abolishes
the strong interaction between the side chains of residues 208
and 211 and generates a flat distance distribution with a wide
range. Under acidic conditions, the side chains of GLH200
and LYS204 prefer to be separated.

The impact of pH on the huPrP HC is also marginal. The
right-handed α-helix, β, and ppII populations increase by 0.7,
0.6, and 3.8 %, respectively, upon lowering the pH. The
increase in the population of major conformations is accom-
panied by a decrease in the occurrence of left-handed α-
helices, which can be gauged from the diminished free-
energy well in the left-handed α-helix domain shown in
Fig. 12. The salt bridge between ARG208 and GLU211 is
also abolished at low pH (see Fig. 13).

Although the overall helix contents in both syPrP HC and
huPrP HC are not very sensitive to variations in pH, pH does
have a strong effect on specific residues, and this residue-
specific effect differs between syPrP HC and huPrP HC (see
Fig. 14). For syPrP HC, at low pH, the helical propensities
decrease for the residues in the first half and increase for
residues 215 through 220. For huPrP HC, the helical propen-
sities vary with the residue number in a more randommanner.
The helical propensities of the first 8 residues at the N-
terminus increase with decreasing pH, whereas residues
209–212 and residues at the C-terminus prefer more extended
conformations at low pH. Again, the helical propensity is not

correlated with the occurrence of salt bridges. Although the
helical contents of both ARG208 and GLU211 in syPrP
decrease under acidic conditions, the helical propensity of
ARG208 in huPrP increases a little bit.

Heat-induced melting of helices

The melting curves of all of these helices are shown in Fig. 15.
Generally, the helix fractions decrease with increasing tem-
perature, although some fragments show the opposite behav-
ior at low temperatures. SyPrPHA ismore stable at neutral pH
than at low pH at all temperatures. HuPrP HA only shows
higher stability at neutral pH than at low pH at high temper-
atures (>350 K). HB and HC in both syPrP and huPrP have
almost the same helix fractions at both pH values, except that
huPrP HB is less stable at neutral pH than under acidic
conditions at low temperatures.

Principal component analysis of the correlated motion

Principal component analysis is capable of providing a clear
picture of the overall motions of peptide chains of interest. As
shown in Fig. 16, there are no strong correlations among the
residues. At neutral pH, syPrP HA has more positive correla-
tion among residues 146 to 150 but less positive correlation
for residues 147 to 149 with the N-terminal than under acidic
condition. This observation is also true for huPrP HA. For HB

Fig. 12 Fitted free-energy
landscapes of huPrP HC at 301 K
under (left) neutral-pH and (right)
low-pH conditions

Fig. 13 Distance distributions of
salt bridges in huPrP HC at 301 K
under (left) neutral-pH and (right)
low-pH conditions
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and HC in both Syrian hamster and human, there are
relatively strong correlations among the C-terminal resi-
dues, and these correlations are impervious to pH changes.
For huPrP HB, decreasing the pH abolishes the weak
correlations between the residues in the N-terminus and
the C-terminus. Residues 205–209 in syPrP (huPrP) have
positive (negative) correlations with residues 212–218 un-
der acidic conditions, but this correlation is diminished
under neutral pH conditions.

Discussion

Although Syrian hamster and human are both susceptible to
prion diseases, their helical fragments respond differently to
pH changes. The HA fragments in both species have a strong
tendency to form a helix under neutral conditions. However,
the helical propensity of HA shows opposite trends for Syrian

hamster and human when the pH is changed from neutral to
acidic: it increases in huPrP but decreases in syPrP. Neverthe-
less, the helix population of syPrP HA at low pH is still larger
than those of syPrP HB and HC under the same conditions.
Therefore, HA barely participates in the helix-to-β transition,
especially for huPrP.

Under neutral pH conditions, over 33 % of the population
of syPrP HB is in an extended conformation, which is the
highest percentage among all the fragments at either pH. The
transition barrier between helical conformations and ppII is
also the lowest. Despite the increase in helical propensity at
low pH, the population of the extended conformation is still
higher than it is for other fragments. We conjecture that syPrP
HB is likely involved in the mechanism of infectious prion
diseases in Syrian hamster. The helix content in huPrP HB is
about 5 % higher at low pH than it is at neutral pH. Low pH
tends to protect this helical fragment. The population in the
extended conformation is only weakly perturbed by applying

Fig. 14 Overall helical content
populations for HC in (left) syPrP
and (right) huPrP

Fig. 15 Melting curves of a
syPrP HA, b huPrP HA, c syPrP
HB, d huPrP HB, e syPrP HC,
and f huPrP HC under (black)
low-pH and (red) neutral-pH
conditions
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Fig. 16 Covariance matrices of Cα atoms for all of the chains considered
in this study. A red point indicates that the two Cα atoms move in a
correlated manner, while the blue (darker) color indicates that the atoms
move in opposite directions. The first column shows data for HA, the

second column for HB, and the third column for HC. The first row shows
data for chains in Syrian hamster at pH4. the second row for chains in
Syrian hamster at pH7, the third row for chains in human at pH4, and the
fourth row for chains in human at pH7

4906 J Mol Model (2013) 19:4897–4908



a low pH, and this population is a little bit larger than that of
huPrP HA.

The helical propensity of syPrP HC lies between those of
syPrP HA and syPrP HB, and it is not very sensitive to pH
variations. This also applies to huPrP HC. However, the
population in the extended conformation for huPrP HC is
larger than the corresponding populations for huPrP HA and
huPrP HB. Therefore, huPrP HC is the most probable partic-
ipant in the helix-to-β transition among all three helices in
huPrP.

Conclusions

Replica exchange molecular dynamics simulations have been
carried out to study the intrinsic helical propensities of three
helical fragments in both the human prion protein and the
Syrian hamster prion protein. Two pH conditions were con-
sidered, which were modeled by manually changing the pro-
tonation states of some titratable residues. Results for the
residues show that a low pH decreases the helical propensity
of syPrP HA but increases that of huPrP HA. Since Syrian
hamster and human are both susceptible to infectious prion
diseases, we assert that huPrP HA is not responsible for the α-
to-β conversion. This observation is consistent with the work
of Jan Ziegler and co-worker, who found that HA retained a
high level of helicity under a wide range of conditions, such as
high salt, pH variation, and the presence of organic co-
solvents [61]. The HB fragment in syPrP has a strong tenden-
cy to form extended structures at both neutral and low pH,
which leads us to conjecture that it is involved in the mecha-
nism of infectious prion diseases in Syrian hamster. Acidic
conditions increase the helix content of huPrP HB by around
5 %, while the HC chain in huPrP is insensitive to pH
variation. We thus infer that HC is more likely to be involved
in β-rich structures in human. During the preparation of this
paper, Chen and Thirumalai studied the unfolding of human
PrPC, and they showed that HB and HC are the initiation sites
for the PrPC to PrPSC transitions [62]. We also noticed that the
occurrence of salt bridges is not correlated with the helical
propensity, indicating that salt bridges do not stabilize helices.
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