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One Gene, Two Diseases and Three Conformations:
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Prion Protein at Room Temperature and Elevated

Temperatures
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ABSTRACT Fatal familial insomnia (FFI) and
Creutzfeldt-Jakob disease (CJD) are associated to
the same mutation at codon 178 but differentiate
into clinicopathologically distinct diseases deter-
mined by this mutation and a naturally occurring
methionine-valine polymorphism at codon 129 of
the prion protein gene. It has been suggested that
the clinical and pathological difference between
FFT and CJD is caused by different conformations of
the prion protein. Using molecular dynamics (MD),
we investigated the effect of the mutation at codon
178 and the polymorphism at codon 129 on prion
protein dynamics and conformation at normal and
elevated temperatures. Four model structures were
examined with a focus on their dynamics and confor-
mational changes. The results showed differences in
stability and dynamics between polymorphic vari-
ants. Methionine variants demonstrated a higher
stability than valine variants. Elongation of existing
B-sheets and formation of new 3-sheets was found to
occur more readily in valine polymorphic variants.
We also discovered the inhibitory effect of proline
residue on existing pB-sheet elongation. Proteins
2005;59:275-290. © 2005 Wiley-Liss, Inc.

INTRODUCTION
Prions and Prion Diseases

Human transmissible spongiform encephalopathies
(TSE), commonly known as prion diseases, include dis-
eases such as Kuru, Creutzfeldt-Jakob disease (CJD),
Gerstmann-Straussler-Sheinker syndrome, and fatal famil-
ial insomnia (FFI). These are rare and fatal neurodegenera-
tive conditions that occur as familial, infectious, or spo-
radic diseases.*

The human prion protein is a product of a single host
gene (PRNP) located on the short arm of chromosome 20.
The sequence of the translated product is 253 amino acids
long, including two signal sequences in the amino- and
carboxy-terminal ends that are removed during post-
translational modification. Prion protein contains five
amino-terminal octapeptide repeats, two glycosylated sites
at Asn181 and Asn197,% and one disulfide bridge between
Cys179 of the second helix and Cys214 of the third helix.?
The protein is known to be membrane associated, as there
is a glycosylphosphatidylinositol anchor at its C-terminal
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Ser231, which attaches the protein to the outer surface of
the cell membrane.*

The precise function of PrPC is yet to be fully deter-
mined, and the absence of gross phenotype alteration in
PrPCnull mice makes this increasingly difficult. The
presence of an octapeptide repeat, which binds to copper,
suggests a role in copper metabolism, as cultured PrP°¢-
deficient cells have been shown to have a reduced copper
content, lower superoxide dismutase activity and in-
creased susceptibility to oxidative stress.® In addition,
PrPC-null mice show increased protein and lipid oxida-
tion.® Active uptake of PrP€ by clathrin-coated pits” and
caveolae-like vesicles® suggests a role in copper homeosta-
sis by means of a copper sink or as a carrier for other
copper-requiring cytosolic proteins. There is a notable
abundance of PrP€ in the hippocampus, a region thought
to be involved in memory function, suggesting a role in
memory formation for PrP€.%1° Another suggested func-
tion derived from neuronal studies on cells from PrP-null
mice is neuroprotection.**

The nuclear magnetic resonance (NMR) structure of the
mature recombinant human prion protein predicts an
orthogonal bundle (OB)'? structured globular domain ex-
tending from residues 125 to 228 and an N-terminal
flexible and disordered region. The globular domain con-
tains three a-helices comprising residues 144-154 (H1),
173-194 (H2), and 200-228 (H3) and an anti-parallel
B-sheet consisting of two short strands comprising resi-
dues 128-131 (S1) and 161-164 (S2).23:14

Abbreviations: CJD, Creutzfeldt-Jakob disease; DM, native methio-
nine polymorphism of PrP; DV, native valine polymorphism of PrP;
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nine polymorphism of PrP D178N mutant; NMR, nuclear magnetic
resonance; NV, valine polymorphism of PrP D178N mutant; PrP,
prion protein; PrP€, prion protein cellular form; PrPSC, prion protein
scrapie form; TSE, transmissable spongeiform encephalopathies
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TABLE I. Clinicopathological Differences Between CJD and FFI

Diagnostic Symptoms Onset Degeneration Duration of Illness Clinical Evolution
CJD Dementia, ataxia, dysphasia myoclonus, 60-70 years Cerebral cortex Short Rapid
FFI Insomnia, dysautonomia, pyrexia 3040 years Thalami Long Slow

hyperhydrosis,

According to the ‘prion only’ hypothesis, the key event of
prion pathogenesis in TSE diseases is the conformational
conversion of the prion protein (PrP) from its normal
isoform (PrP€) to a diseased scrapie isoform (PrPS€). This
purely conformational transition results in changes in four
properties;'®

1. Increase in the B sheet content from 3 to 43%.

2. Reduction of the a-helical content from 42 to 30%.¢
3. Decrease in solubility.

4. Increased resistance to proteases.'”

Although PrPS€ itself is not neurotoxic, aggregation and
accumulation of PrPSC¢, coupled with the loss of PrP€
functions, has been shown to cause an increase in oxida-
tive stress and mitochodrial dysfunction'® and to disrupt
iron'® and calcium homeostasis.?®?! These aggravating
factors may subsequently cause the triggering of the
apoptotic pathway and neurodegeneration found in TSE
diseases.?? 25 This is in stark contrast to the recently
reported role of PrP€ in protecting against apoptosis in
serum deprivation studies.?®

Polymorphism in Prion Diseases

FFI and CJD, two clinicopathologically distinct dis-
eases, are associated with the same mutation at codon
178.2728 A GAC-to-AAC mutation of PRNP at codon 178
causes a substitution of aspartic acid with asparagine
(D178N). CJD, first described in 1920, is the most common
clinicopathological subtype of human prion disease®® and
exists in four subtypes that are defined by their causative
mechanisms and clinicopathology (Table I).3° Clinical
symptoms associated with CJD are dementia, myoclonus,
and spongiform degeneration in the cerebral cortex.?® FFI
was categorized as a prion disease in 199227 and is
characterized clinically by a loss of the ability to sleep,
dysautonomia, and selective atrophy of thalami.?® The
main differences in the pathological pattern between CJD
and FFI are summarized in Table II.

Segregation of CJD and FFI into distinct phenotypic
expressions is determined by both the D178N mutation
and the naturally occurring methionine—valine polymor-
phism at codon 129 (c129) (Fig. 1) of the prion protein
gene.?! The ¢129 PRNP codon influences the susceptibility
and phenotype of the disease. For example, homozygosity
in the prion protein genotype predisposes the individual
with the D178N mutation to either FFI (NM) or CJD
(NV).32 Interestingly, all of the new variant CJD (vCJD)
subjects to date are homozygous methionine, which would
normally be associated with FFI.33

The abnormal protease-resistant forms of the prion
protein in these two diseases were found to differ both in

TABLE II. Different Forms of CJD

Types Notes

Sporadic Random worldwide distribution:
approximately one case per
million per year

Genetic/familial Associated with PRNP mutations;
autosomal dominant

Iatrogenic Acquired through dura mater
grafts, surgery, and hormone
treatments

Variant Linked to bovine spongiform
encephalopathies

the relative abundance of glycosylated forms and in the
size of the protease-resistant fragments. This is consistent
with a different protease cleavage site in the two diseases,
where the deglycosylated prion associated with the CJD
phenotype is approximately 21 kDa, while that associated
with FFI is 19 kDa.?* Differences also exist between the
cellular metabolism of NM and D178V when transfected to
human neuroblastoma cells.®® The D178N mutation is
shown to cause instability of the mutant PrP, which is
partially corrected by N—glycosylation. Hence, only the
glycosylated forms of D178N mutant PrP reach the cell
surface, whereas the unglycosylated form is degraded.
However, further studies have shown overlapping clinico-
pathological diversity, which suggests that previous re-
sults were artifacts of phenotypic studies.®® The presence
of this broad pathological heterogeneity overlapping in
both diseases casts a degree of uncertainty on the claim
that the ultimate phenotype is determined entirely by
associated ¢129 allelic polymorphism.

The aim of these simulations was to investigate the
influence of polymorphism on the globular domain of the
prion protein, particularly the effects on protein stability
and unfolding dynamics. High-temperature simulations
were used to bring about the unfolding of the globular
domain. By increasing temperature, protein unfolding can
be accelerated without changing the pathway of unfolding,
and this enables the elucidation of the protein unfolding
pathway at minimal computational expense.?” Previous
MD simulations on D178N mutants were performed on a
different point mutation®® and at a lower temperature.*®
We chose to simulate only the globular domain of PrP€, as
this shorter fragment has been detected in PrPSC-infected
brains,*° and because of the absence of reliable structural
data that include residues 90-124.

MATERIALS AND METHODS

The initial structures for all of the simulations were
based on the NMR structure of human prion protein
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Fig. 2. RMSD of polymorphic variants and mutants: (a) native methionine (DM); (b) native valine (DV); (c) valine polymorphic variant with D178N
mutant associated with CJD (NV); (d) methionine polymorphic variant with D178N mutant associated with FFI (NM); (e) RMS of all variants at 300K

(black: DV, green: DM, blue: NV, red: NM); (f) RMS of all variants at 500K.

domain in the Protein Data Bank*' designated 1QLX,'*
which contains the C-terminal globular structure of hu-
man prion consisting of residues 125-228. Polymorphic
and mutant structures were constructed using Deep View*2
by substituting Met with Val at position 129 and substitut-

ing Asp with Asn at position 178. Four variants were used
for the simulations: native Met (DM), native Val (DV), NM
and NV. The disulfide bond between H2 and H3 was left
intact, as previous work showed that it remains oxidized in
PrP5¢ and necessary for infectivity.>*®> Residue numbers
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Fig. 3. RMS fluctuations of polymorphic variants and mutants at 300 and 500K: (a) DM (b) DV (¢) NM (d) NV. Red lines denote fluctuations at 300K,
black lines at 500K; blue bars denote a-helices, red bars B-sheets; S1, sheet 1; S2, sheet 2; H1, helix 1; H2, helix 2; H3, helix 3. (e) Ribbon diagram of
human prion 1QLX with secondary structures (red: helices, yellow: sheets); dark blue, Asp178; light blue, Tyr128; green, Arg164 (see next page).

were changed from 125-228 to 0-103. All models were
solvated in a box of explicit simple point charge (SPC)
water molecules and simulated using periodic boundary
conditions. Structures were minimized using 200 steps of
the steepest descent method. Simulations were performed
using GROMACS 3.1.4 package and the all-hydrogen
function GROMOS96.** The temperature was maintained
at 300 and 500K, and isotropic pressure coupling was
applied. All systems were equilibrated for 200 ps of solute
position-restrained MD. Unrestrained MD were per-
formed for 1 ns with a LINCS algorithm 2 fs time step for
each system. Simulations were performed at pH 7. The
temperature 500K, chosen as the high temperature, has
been shown to accelerate the process of protein unfolding
while preserving the protein unfolding pathway.?” Previ-
ous simulations at higher temperatures*®*® have shown
the preservation of secondary structures at elevated tem-
peratures, and experimental results have shown that
temperatures in excess of 394-410K are required to

inactivate prion protein.*”*® Simulations were repeated
three times with different starting velocities and showed a
high degree of reproducibility, especially in the case of NM.
All of the resulting trajectories were analyzed using GRO-
MACS utilities, and results are given for a representative
trajectory. The C_ root mean square deviations (RMSD)
and C, root mean square fluctuations (RMSF) relative to
the average MD structure were calculated. The DSSP*°
program was used to determine the percentage of second-
ary structure throughout the simulations. Protein struc-
ture images were created using PyMOL®° and Protein
Explorer.®!

RESULTS AND DISCUCION
Structural Deviations

Figure 2(a—d) shows the RMS positional deviations from
the NMR structure as functions of simulation time for the
C, atom in each polymorphic variant. Figure 2(e,f) shows a
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Fig. 1. Ribbon diagram of human prion 1QLX with secondary struc-
tures (red: helices, yellow: sheets) and codon 129 (blue).

Helix 1

Helix I

Figure 3. (Continued.)

comparison between residues at 300 and 500K respec-
tively.

In the simulations at 300K, the C, RMSD values for
both normal and mutant polymorphic variants remain
relatively low, although DV deviates more from the initial
structure than DM. The RMSD plot reaches a plateau at
similar times for both polymorphic variants. In both
normal and mutant methionine polymorphic variants, the
RMSD plot plateaus early, at 0.2 and 0.1 ns, respectively,
with an average value of 0.25 *+ 0.05 nm. In contrast, for
both normal and mutant valine polymorphic variants, the
RMSD plot plateaus later, at 0.8 and 0.6 ns, respectively,
with an average value of 0.4 = 0.05 nm and 3.0 = 0.05 nm
respectively. Overall, valine variants DV and NV have
higher RMSD values than methionine variants DM and
NM.

In simulations at 500K, the mutant variants deviate
further from the average NMR structure than their
normal polymorphic variants [Fig. 2(f)]. The RMSD of
DM and DV structures in the last 200 ps are 0.4 = 0.05

279

Fig. 10. Ribbon diagram of human prion 1QLX with secondary
structures (red: helices, yellow: sheets) and proline residues numbered in
stick form and highlighted in white.

Fig. 11. Ribbon diagram of NM with secondary structures (red:
helices, yellow: sheets) and Thr183 (pink) and lle184 (blue).

Fig. 12. Ribbon diagram of NV with secondary structures (red:
helices, yellow: sheets) and Thr183 (pink) and lle184 (blue).

nm and 0.45 *= 0.05 nm respectively, while NM and NV
RMSD values are 0.6 = 0.05 nm and 0.7 = 0.05 nm
respectively. The RMSD values of each variant increase
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Fig. 4. Secondary structure as a function of simulation time determined with DSSP at 300K: (a) DM, (b) DV, (c¢) NM, (d) NV mutant associated with
FFI; S1, sheet 1; S2, sheet 2; H1, helix 1; H2, helix 2; H3, helix 3. The color guide designates types of secondary structure.

at a similar rate to each other until 100 ps, after which
the values for mutant variants increase faster than
those for native variants. Although the final RMSD
values of DM and DV are similar, RMSD values for DM
increase at an almost constant rate to reach the final
value; in contrast, DV shows an initial rapid increase
during the first 200 ps followed by a drop and plateau of
RMSD value. This rapid increase of RMSD is attributed

to rapid unwinding of H3 of DV during the first 200 ps
[Fig. 2(b)].

Structural Fluctuations

Figure 3(a—d) shows the RMSF of C_ atoms as a function
of residue number. Each simulation at 300K follows a
groove pattern found in previously published molecular
simulations,*?*2*3 where DM showed the lowest fluctua-
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Fig. 5. Secondary structure as a function of simulation time determined with DSSP at 500K: (a) DM, (b) DV, (c) NM, (d) NV mutant associated with
FFIl; S1, sheet 1; S2, sheet 2; H1, helix 1; H2, helix 2; H3, helix 3. The color guide designates types of secondary structure.

tion compared to the rest. In addition to the anticipated
flexibility of the N- and C-termini of the globular domain
at 300K, fluctuations occurred at the loop before H2
(165-172) and the loop before H3 (193-199) at 300K. The
lowest fluctuations were observed in the region of the
disulfide bridge (residue 154).

The RMSF of C,, atoms at 500K in Figure 4(a—d) shows an
increase in fluctuation. The RMSF of DM at 500K conforms

relatively closely to its previous RMSF at 300K, indicating a
relatively high structural rigidity compared to DV, NM, and
NV. Comparative mutant studies have shown that substitu-
tion mutations in prion protein reduce thermodynamic stabil-
ity.5* In the case of D178N, the substitution of Asp 178 with
Asn in NM and NV affects a solvent-accessible bridge of
Arg164 to Asp178 and a hydrogen bond between Tyr128 and
Asp 178. This isosteric alteration destabilizes the protein by



Fig. 6. Temporal evolution snapshots of DM taken between (A-E) 0.1 and 0.5 ns and (F-J) 0.6 and 1.0 ns at 0.1-ns intervals at 500K.



Fig. 7. Temporal evolution snapshots of DV taken between (A-E) 0.1 and 0.5 ns and (F—J) 0.6 and 1.0 ns at 0.1-ns intervals at 500K.



Fig. 8. Temporal evolution snapshots of NM taken between (A—E) 0.1 and 0.5 ns and (F-J) 0.6 and 1.0 ns at 0.1-ns intervals at 500K.



Fig. 9. Temporal evolution snapshots of NV taken between (A-E) 0.1 and 0.5 ns and (F—J) 0.6 and 1.0 ns at 0.1-ns intervals at 500K.
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7-8 kd/mol, which may rearrange the conformation between
the B-sheets and H2 [Fig. 3(e)]. The increase of fluctuations
and dynamics in simulations at 500K demonstrates the
decreased stability of D178N mutant variants. The absence
of observable fluctuation differences between NM and NV
conforms with thermodynamic stability studies using urea-
induced unfolding/refolding experiments, which suggests
that neither Met nor Val at residue 129 has an influence on
the D178N mutation.?* Interestingly, DV shows similar
increased fluctuations to NM and NV. Therefore, the el-
evated DV dynamics during the simulation suggests a differ-
ence in conformational stability between Met and Val PrP®
variants.

Structural Evolution
Preservation of structure

Simulations at 300K showed preservation of prion pro-
tein tertiary structure in all the variants throughout the
simulation. Increased fluctuations were observed in the
rest of the variants compared to DM, especially in the
highly mobile regions between helices. The two B-strands
and helices 2 and 3 form a stiffer scaffold [Fig 3(a—d)].
Although there was increased mobility, there were no
significant structural differences among DM, DV, NM, and
NV at the end of the simulations. It is anticipated that
there would be no significant modifications of the tertiary
structure (e.g. different global fold or major alterations in
the secondary structure) as mutant protein occurs natu-
rally and allows a normal life for carriers for more than five
decades.”® This also agrees with the results of near-
ultraviolet (UV) spectroscopy studies that have shown the
absence of significant conformational differences between
mutated and normal prions.?*

Unwinding of helices

Figure 4(a—d) shows the evolution of the secondary
structures during the simulation at 300K as determined
by DSSP.*° The overall structure remains intact for both
polymorphic variants. However, in the mutant proteins,
there is a greater degree of fluctuation, resulting in the
partial unwinding of H1 for NV [Fig. 4(d)]. Unwinding
occurred at both ends, and the fluctuations show no
discernible pattern. The only residues that did not unwind
were residues Glu146 and Aspl147, situated in the middle
of the helix. Breaking up of the a-helix also occurred at
300K at residue His187 of the NM mutant. After energy
minimization, H2 spanned from residue Asn173-Thr194.
During the simulation, the helix broke at residue 187 into
two helices spanning residues Asnl173-Glnl186 and
Thr190-Thr194. The two interconnected helices differ in
stability, as the first helix-spanning Asn173-GIn186 was
stable throughout the simulation, while the second helix-
spanning Thr190-Thr194 fluctuated and unwound [Fig
4(c)]. A previous study reported a similar break of prion H2
into two helices at residue GIn186.%¢

Figure 5(a—d) shows the evolution of DM, DV, NM, and NV
at 500K respectively, and Figure 6(a—j), 7(a—j), 8(a—j), and
9(a—j) show snapshots of simulations taken at 0.1-ns inter-
vals. In all simulations, H1 was the first to unwind compared

M.S. SHAMSIR AND A.R. DALBY

to H2 and H3. Previous studies have suggested that the
hydrophilicity of H1 makes it the most likely candidate to
unwind and undergo an o« — B transition.”” It has also been
suggested that H1 is the least stable among the helices due to
its lack of noncovalent contacts to the remainder of the
protein and its apparently self-sustaining stabilization
through the presence of intra-helix electrostatic interac-
tions.?® In every simulation, the unwinding of H1 occurred
within the first 300 ps. This rapid unwinding during the
simulation seems to confirm the unstable nature of H1
compared to H2 and H3. Overall, the denaturation rate was
slowest in DM, followed by DV, NV, and NM.

Elongation and formation of new B-sheets

The o — B conformational transition in PrP€ involves a
40% increase in B-sheet content in PrPSC. This suggests
that a relatively large number of residues in «-helices
must unwind and rearrange into B-sheet conformation.
Val has a higher B-sheet propensity than Met129,%9-¢°
which should influence the stability of the anti-parallel
B-sheet spanning residues 128-131 and 161-164.

Elongation of B-sheets occurred at both 300 and 500K.
At 300K, DV, NM, and NV undergo an extension of
existing B-sheet spanning residues Met/Val129-Gly131
and Vall61-Tyr163. The first sheet extended by two
residues to Met/Val129—-Alal33, while the second residue
extended one residue to Gln160-Tyr163. This anti-
parallel extension forms a G1 B-bulge that is found at the
edges of anti-parallel B-sheets and is usually associated
with B-hairpin turns.®! There was no extension of B-sheets
in DM throughout the simulation.

The elongation of existing B-sheets and the creation of
new sheets in DV and in both mutants occurred in the
500K simulations [Fig. 5(b,—d)]. Elongation of sheets 1 and
2 occurred more significantly in the DV compared to NM
and NV mutants. However, existing sheets did not elon-
gate beyond Pro residues flanking both sides of sheet 2
(residues 158 and 165) and beyond Pro residue on the
N-terminal end of sheet 1 (residue 137) (Fig. 10). This
restrained elongation could be due to the presence of Pro,
which disfavors B-sheets as it lacks one potential H-bond
donor and its ¢ angle is not compatible with standard
B-sheets.52

The transition of a-helices into B-sheets occurred within
H2 of DV, NM, and NV mutants during the simulations.
The formation occurred earliest in the NV at 150 ps [Fig.
5(d)], followed by NM [Fig. 5(c)] at 250 ps, and DV at 780 ps
[Fig. 5(b)l. In NM, formation started with a turn at
Thr183-Ile184, and an anti-parallel sheet formed between
residues Vall80, Asn 181, Ile 182 and Lys185, GIn186,
His187 (Fig. 11). In NV, transition occurred at the same
residues but without formation of the turn (Fig. 12). The
sheet extended past Thr183-Ile184 and aligned anti-
parallel with B-sheet 161-164. This conversion of a-helices
to B-sheets within H2 could possibly be the trigger for the
PrP€ to PrP®C conformational change.5%6*

Percentage of Secondary Structure

Figure 13(a—d) and 14(a—d) show secondary structure
as a function of simulation time determined with DSSP.
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Fig. 13. Secondary structure (helices) as a function of simulation time determined with DSSP at 500K: (a) DM, (b) DV, (c) NM, (d) NV.

DM showed an almost constant unwinding movement
rate, with the helices unwinding from the C-terminal
end [Fig. 5(a)]. Helix content was reduced from 62 to 3%
[Fig. 13(a)]. There was no increase of B-sheet content in
DM throughout the simulation. DV and both D178N
mutants showed faster dissolution of helices, with their
a-helix contents falling to less than 10% within 0.3 ns.
Interestingly, there was an overall increase of B-sheet
content in these variants. The B-sheet content increased
from 7 to 16% for DV, 7% to as much as 19% for NM, and

7 to 17% for NV. The highest increase occurred in NM but
fluctuated throughout the simulation. In contrast, B-sheet
content in NV was stable throughout the simulation. This
is contrary to previous experimental results that have
suggested a higher propensity for Met at ¢129 to form
sheets.'®

Distances Between Tyr128 and Asp/Asn178

Substitution of Asp 178 with Asn in NM and NV affects a
solvent-accessible bridge of Argl64 (S2) to Aspl78 (H2)
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Fig. 14. Secondary structure (B-sheets) as a function of simulation time determined with DSSP at 500K: (a) DM, (b) DV, (c) NM, (d) NV.

and a hydrogen bond between Tyr128 (S1) and Asp 178
(H2). The absence of this hydrogen bond in D178N mu-
tants should cause an increase in the dynamics and
contribute to the conformational rearrangement between
B-sheets and H2 [Fig. 3(e)]. The distances between Tyr128
and Asp/Asn178 were measured during the simulations to
determine if D178N mutation would cause the distance to
increase, indicating a structural change.

During the simulation at 300K, the distance between
the two residues in DM fluctuated within 0.25 nm,
indicating no significant movement between B-sheets
and H2. In contrast, the distance between the two res-
idues in NM increased by more than 0.25 nm, indicating

that the absence of hydrogen bonds contributes to
increased mobility of the B-sheets. There was no differ-
ence in the distance values between DV and NV at
300K, demonstrating that in the case of valine poly-
morphic variants, the loss of hydrogen bond does not
cause any significant differences in the mobility of
B-sheets.

At 500K, there was a higher distance fluctuation in all
the variants, with NM increasing up to ten-times the
distance at 300K. DM, DV and NV showed only limited
distance fluctuations similar to those of NM at 300K. This
restriction of mobility can be credited the presence of
bonding between Aspl78 and Tyr 128 in the wildtype.
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However, even though the absence of bonding in mutants
should increase fluctuations, the lack of fluctuations in NV
are attributed to the formation of B-sheets between the
now denatured H2 and the existing beta-sheets [Fig. 9(c)].
In the absence of such restrictive structure formation, as
exemplified in NM [Fig. 8(c)], absence of a hydrogen bond
between Tyrl28 and Aspl78 in the mutant increased
mobility of B-sheets. The absence of hydrogen bonds in
D178N mutants would provide an opportunity for greater
mobility between S1 and H2. However, it did not result in
altered dynamics during simulations at 300K. This sug-
gests that D178N mutation would not cause an immediate
change in structural conformation under normal condi-
tions.

CONCLUSIONS

This is the first reported study of polymorphic behavior
at elevated temperatures using MD simulation to assess
whether there are any observable differences between
normal and mutant variants of ¢129 polymorphism. There
are no significant differences in the behavior of all variants
at 300K. The absence of a hydrogen bond between Asn178
in H2 and Tyr128 in S1 did not cause any altered dynamics
in mutant prions in its normal state. This excludes the
possibility that D178N mutation intrinsically causes a
PrPSC.like conformation and leads to soluble precursors of
oligomeric PrPS¢ and suggests that the disease-causing
properties are evident in the dynamics or unfolding of the
proteins. Simulations also demonstrated a difference in
stability and rigidity between Met and Val polymorphic
variants that suggests a specific role for Met/Val in the
stability and dynamics of PrP€ and D178N mutants. Our
results show that rapid denaturation of H1 occurred in all
variants, with the slowest rate observed in DM, thus
confirming the previously reported view that H1 is the
least stable helix. Results also show the elongation of
existing B-sheets and the formation of new B-sheets occur-
ring more readily in mutant variants, which indicates a
higher propensity for mutants to form structures with
increased B-sheet content. Efforts are ongoing to perform
longer simulations of human prion and its mutants to gain
a better understanding of them and to help elucidate the
underlying mechanism(s) of conformational change from
PrP€ to PrPS€.
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