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ABSTRACT. A crucial step for transformation of the normal cellular isoform of the prion proteinRcP

the infectious prion protein (P#A is thought to entail a previously uncharacterized intermediate conformer,
PrP*, which interacts with a template Pfnolecule in the conversion process. By carrying 6iit—'H
two-dimensional NMR measurements under variable pressure on Syrian hamster prion proteinrPrP(90
231), we found a metastable conformer of Pd@existing at a population of1% at pH 5.2 and 30C,

in which helices B and C are preferentially disordered. While the identity is still unproven, this observed
metastable conformer is most logically PrP* or a closely related precursor. The structural characteristics
of this metastable conformer are consistent with available immunological and pathological information
about the prion protein.

Prions cause neurodegenerative disorders, manifesting aglycosylphosphatidylinositol anchor, a disulfide linking C179
sporadic, inherited, and infectious illnesses in humans andand C214, and are glycosylated at N181 and N197, but no
animals (). In contrast to viruses and viroids, prions lack covalent chemical differences between the two isoforms have
nucleic acid but are composed of a modified host-encodedbeen found 2). Although both isoforms are chemically
glycoprotein denoted PPP! Through a post-translational identical, they possess very different physicochemical prop-
process, Pre® is formed from the normal, cellular isoform  erties. Pris mostlya-helical, but Pri¢ has~40%/j-sheet
denoted Pr Both PrP® and PrP¢ possess a C-terminal (3, 4). PrP is readily degraded by proteases, but limited
proteolysis of PrP®yields an N-terminally truncated protein
* Supported by Grants-in-Aid for Scientific Research from the Ccomprised of residues 9@31, which retains infectivitys).

Ministry of Education, Culture, Sports, Science and Technology of ; ; _
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P A tural differences that may relate to a species barrier to the
Gifu University. . e .

§ Kobe University. PrP- to PrP¢ conversion, the structures are similar in that
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PrFe, cellular PrP isoform; PrP*, metastable intermediate PrP isoform; c ; ; ;
PrP, unfolded PrP isoform; rPrP(9@®31), recombinant protein PrP> formation requires the substrate P bind to the

commensurate with the N-terminally truncated protease-resistant coreProduct Pri at an intermediate stage in the conversion
of PrP¢, which retains scrapie infectivity; Mo, mouse; Hu, human; process 12). PrF is apparently in equilibrium with a

SHa, Syrian hamster; BSE, bovine spongiform encephalopathy; 1D, metastable intermediate, designated PrP*, which binds to

one-dimensional; 2D, two-dimensional; NOESY, nuclear Overhauser c: . S
effect spectroscopy; TOCSY, total correlation spectroscopy; HSQC, Pri®¢in the conversionX3). Indeed, destabilization of P¥P

heteronuclear singie-quantum cohereri@a), cross-peak intensities at 1S necessary for PrP* binding to F¥An vitro (14, 15).
pressurep; fy, fraction of native proteinb™ or b", linear componentof  Knowledge about the structure of the metastable intermediate

the chemical shift change with pressure for each artibler *N signal, and the conformational equilibrium involved is critical for
respectivelyc or ¢V, nonlinear component of the chemical shift change

with pressure for each amidel or 15N signal, respectivelyp, pressure  Understanding the mechanism of PrP Pri*transformation
in bars or kilobars. but to date has not been available.
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A powerful new method for examining protein structure
and equilibrium over a wide conformational space is high-
pressure NMR with the on-line cell§). Heteronuclear two-
dimensional NMR with a pressure-resisting quartz c&f) (
enables residue-specific changes in structut8, (19),
dynamics 20), and folding 1). Pressure directly and
efficiently perturbs the conformational equilibrium of proteins
in solution by utilizing the volume difference between
respective conformersl@). It increases the population of
rare conformers with respect to that of the abundant
conformer under closely physiological solution conditions.
A shift in the conformational equilibrium within the folded
manifold is normally manifested by nonlinear chemical shift
changes with pressure2d). A shift involving a larger
conformational change is normally detected as discrete

Accelerated Publications

Thermodynamic AnalysiBressure-induced change in the
conformational equilibrium was analyzed assuming a two-
state transition

Ne<I 1)

where N represents a native conformer and | represents an
intermediate conformer. The two-state assumption pertains
to the local environment of each proton or amide group, the
intensity of each signal representing the fraction of the native
conformer at each site. Normalized cross-peak intenstfjes (
representing the population of the native conformation at
individual sites were fitted to the following equation to obtain
changes in free energyAG), partial molar volume AV),
compressibility AS) associated with the pressure-induced
unfolding, and the ambient pressui)

changes in signal intensities often with the emergence of new

signals 23). In the work presented here, we applied the on-
line cell, high-pressure NMR method to rPrP{2®B1) at

pH 5.2 in the pressure range from 30 to 2500 bar at various
temperatures. We found a metastable locally disordered

conformer of rPrP(96231) coexisting in solution and
characterized its stability and structural features by NMR
spectroscopy. This locally disordered conformer is quite
likely PrP* the interactive intermediate essential for
PrPc,

MATERIALS AND METHODS

Recombinant PrPExpression, isotopic labeling, purifica-
tion, and considerations for proper refolding of recombinant
Syrian hamster prion protein rPrP(©@31) have been
described previously7( 24). Purified rPrP(96-231), labeled
uniformly with >N, was lyophilized before refolding.

I(p) _
1(30)

1
1+ exr{—

(@)

:fN

AG)
RT,

AG = AGy+ AV(P — Py) — v(%ﬁ)(P — Py’ (3)

wherel(p), 1(30), andfy are the cross-peak intensities at
pressurep and 30 bar and the fraction of native protein,
respectively.AGy is the Gibbs free energy at ambient
pressure. For analysis of unfolding of individual amide
residues using HSQC spectra, we ignoredAlfeerm in eq
3.

The pressure dependence of the chemical shifts was
analyzed according to

ai:ai+bip+cip2 (4)

Samples were analyzed by mass spectroscopy, circular

dichroism, and Fourier transform infrared spectroscopy to
ensure the refolded rPrP(9@31) resembles PfPi.e., is
largely a-helical.

NMR MeasurementsThe on-line high-pressure NMR
system has the protein solution in a quartz tube cell that
endures pressures 500 bar 18). The cell was connected
to a high-pressure line via frictionless Teflon pistons that

separate the protein solution from the pressure mediator

(kerosene) in a separator cylinder (BeCu). The cell body
(inner diameter of 1 mm, outer diameter of 3 mm) is
positioned in a commercial 5 mm NMR probe (Bruker).

whered; is the chemical shift for théh residue ana, by,
andc; are independent, linear, and nonlinear coefficients of
the pressure-induced shift, respectively.

Curve fitting was performed using SigmaPlot 2001 (SPSS
Science, Chicago, IL) on all observed data.

RESULTS

Pressure and Cold Denaturation of SHa rPrP(9231)
Revealed from!H and 'H—'*N HSQC NMR Spectralhe
effect of pressure on thtH NMR spectrum of rPrP(96
231) at pH 5.2 and 30C is shown in Figure Lac. At 30

Pressure was regulated to a desired value between 1 and 2508C and 30 bar, the spectrum is that of the folded native
bar with a remote handpump and maintained at that value structure (Figure 1a). With increasing pressure, the spectral
during signal accumulation. For 1D and 2D NMR measure- pattern changes gradually. In particular, the methyl proton
ments, samples were dissolved in 9580 and 5%°H,0 signals at high field, arising from 1182 (helix B) and L130
containing 20 mM sodium acetate (pH 5.2) to raakl mM (strand S1), marked with one and two asterisks, respectively,
protein solution. For chemical shift references, trace amountsdisappear almost completely at 2500 bar (Figure 1c). This
of sodium 3-(trimethylsilyl)[2,2,3,3?H]tetradeuterio- observation indicates that the tertiary structure surrounding
propionate (TSRL) and dioxane were added to the solution. these residues is collapsed at high pressure. Apparently,
The dioxane resonance remains unchanged with pressurdowever, the entire core is not destroyed at 2500 bar, since
(3.750 ppm from TSP at 1 bar). As conditions were the spectrum at 2500 bar is not completely that of random
incrementally changed, chemical shifts could be followed coil (cf. Figure 1f), but retains some structural features.
using the assignments previously reportéil (n addition Therefore, the spectral changes may be considered to
to the 3D NOESY-HSQC spectrum, a TOCSY-HSQC represent a change in the conformational equilibrium between
spectrum was obtained at 2C, to aid with spectral the native structure (N) and an intermediate structure (1) (see
assignments. Tables showing fiteand*®N chemical shifts ~ eq 1), the equilibrium of which varies with pressure
as a function of pressure are included in the Supporting according to eq 3. Figure 4a plots the intensities of those
Information. two methyl proton signals as a function of pressure. Curve
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Ficure 1: NMR spectra of rPrP(96231) as a function of pressure at 3D and pH 5.2. (ac) 1D proton NMR spectra, demonstrating the
change from being characteristic of the native protein to “substantially unfolded” with increasing hydrostatic pressure. One asterisk and two
asterisks denote signals ofyf2 and/or H13 of 1182 (helix B) and K1 and/or H2 of L130 (strand S1), respectively,(9), both in the
hydrophobic core. (¢f) Spectra at 2000 bar with decreasing temperature, showing cold denaturation.
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Ficure 2: ™H—15N HSQC spectra of rPrP(9@31) as a function of pressure and temperature. Signals from residud28Gre colored

green in the spectrum at 30 bar, 3D, and pH 5.2. With an increase in pressure or a decrease in temperature, amide cross-peaks from the
core region that are clearly observed in the native state at 30 bar at@ @dninished in magnitude and almost disappeared at 2500 bar
and 30°C and at 30 bar and @C, illustrating pressure and cold denaturation, respectively. Signals from the N-terminal and hydrophobic
cluster (residues 90128, colored green) remain unchanged even at 2500 bar-a0d¢C.

fitting using eqs +3 in Materials and Methods gives free Figure 1d-f shows spectral changes at 2000 bar as a
energy AGy) and molar volume AVy) differences of 3.1  function of temperature. Above 3@ and ambient pressure,
kcal/mol and—80 mL/mol, respectively (as the average for the protein starts to aggregate, prohibiting measurements at
the two signals), at pH 5.2, 3T, and 1 bar. higher temperatures. Interestingly, cooling the solution
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0.0 L*""‘%W FiIGURE 4: (a) Integral signal intensities ofj12 and/or H13 of

-1.0 |- - 1182 (=) and K1 and/or K2 of L130 (— — —) in 1D IH NMR

' ' : ' ' ' ' spectra of rPrP(96231) measured at 3 and pH 5.2 as a function
100 120 140 160 180 200 220 of pressure. Nonlinear curve fitting (eqs-3; see Materials and
Residue Methods) yielded values @Gy, AV, Aj, andPy, for 1182 of 3.16

— 16 2 —1 —1
Ficure 3: Pressure and temperature dependence of chemical shiﬂsggflgﬂgl’fof Elz?,om Ic_)érgocl),54l.(3;3;>?/nlq%—'_ 8?)";1 r%{r/]m cﬁml ’zggdl%fio

a chemical shift deviations from random coil values for . o . .
EP)rP|_(l§0—231) at 2°C and pH 5.2. The segment from residue 92 to mL? dyn™ em " and 1630 bar, respeciively. (b) Relative HSQC
124 evidently has many short transient helices. Only those reSidueScross-peak intensities for individual amides as a function of pressure

; ; h at 30 °C. Intensities of the residues at the N-terminal region
from the C-terminal region with a hatched bar can be observed. (residues 96-112) and hydrophobic cluster (residues +121) are

b—e) Decomposition of the pressure dependence of amide proton : :

gnd 1gN shifts pat 30°C, into Iielear and qlﬁ)adratic terms (see gq 4 igg e_dtgrec_stn. Strand Sll (rgsgcliuessij?s) arEd S% (res?ggslig)Q

g ; ' ’ . . intensities are colored blue. oop (residues

in Materials and Methods). (b) Linear component of tHechemical and helix A (residues 144154) intensities are colored black. Helix

shift pressure dependendg! x 2500, as a function of residue ; : ; ; o
i ; . B (residues 172193) and helix C (residues 26@27) intensities
number. (c) Linear component of theéN chemical shift pressure are colored red. Residues V210, M213, Q217, and K220 forming

dependencebN x 2500. (d) Nonlinear component of thid : ; ; ;
h ; h the interface between strand S1 and S2 in helix C are shown in
chemical shift pressure dependenc®, x 250¢. (e) Nonlinear dotted lines in yellow AGo on average, 2.4 0.2 kcal/mol,—75

component of thé®N chemical shift pressure dependenc,x + 5, 1220+ 20 bar). (c) Plot ofAGo s a function of residue

250C. number. (d) Point mutations associated with known human prion
. diseases 34) (P102L, P105L, A117V, D178N, V180Il, T183A,
changed the spectral pattern dramatically and2Q °C gave H187R, T188R, E196K, F198S, E200K, D202N, R208H, V210I,

the pattern of Figure 1f, which is clearly that of a fully E211Q, Q212P, and Q217R).
unfolded protein. The observation shows that rPrP@g1) The Disordered N-Terminal Region Has Nascent Helices.

underwent cold denaturation at 2000 bar. At all the pressures that were employed, the N-terminal
Figure 2 shows changes thl—3N heteronuclear single-  residues (96-127) gave amide proton chemical shifts in a
quantum coherence (HSQC) spectra of unifortiN-labeled  narrowly confined region of 7:88.6 ppm, indicating that
rPrP(906-231) at various pressures and temperatures. With residues 96127 are largely disordered (Figure 2). To
increases in pressure, the intensities of arfidle’>N cross-  discover more details about the conformational preferences
peaks from the core region (residues +281) that are  in this region, we measured ;Hchemical shifts in the
dispersed at 30 bar and 3Q in the native state diminished TOCSY-HSQC and NOESY-HSQC spectra at@ and 1
and nearly (but not entirely) disappeared at 2500 bar and 30bar (spectra not shown) in a regular 5 mm sample tube,
°C, leaving cross-peaks in only a narrow range of chemical because of the limited sample volume of the high-pressure
shifts (7.8-8.6 ppm for'H). The chemical shift range of cell. At 2 °C, C-terminal signals were broadened beyond
these broad and apparently overlapped cross-peaks is coeetection, and only residues-9027 gave clearly detectable
incident with those from the naturally disordered N-terminal signals similar to those at 2500 bar and . We found
segment and the hydrophobic clustér9), i.e., from residues  that the H, chemical shifts for the N-terminal segment and
90—-127, which are colored green. The other signals in this the hydrophobic cluster are appreciably shifted upfield from
range emanate from the rest of the protein which is unfolded random coil values (Figure 3a), suggesting that the N-
under pressure. A similar spectral change with loss of terminal segment and hydrophobic cluster consist of short,
dispersed cross-peaks was also observed by lowering theransient helices. In this context, we note that a 56-residue
temperature to OC at 30 bar, suggesting that cold denatur- peptide comprising PrP residues-9045 can form helices
ation also takes place at 30 bar. The loss of the dispersedor intermoleculag3-sheets, depending on its microenviron-
signals is almost complete below10 °C at 2000 bar, ment @5).
suggesting a more complete cold denaturation at lower Conformational Fluctuations within the Folded Manifold
temperatures and high pressures. Revealed with Pressure Shift8efore major changes in
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cross-peak intensities in the HSQC spectrum occur with
increasing pressure at 3@, amide!H and N signals

showed pressure-dependent shifts, which were reversible with

pressure. By plotting the chemical shifts of individual amide
1H and®*N signals separately, we found that their shifts are
considerably nonlinear with pressure, indicative of confor-
mational changes before the onset of unfoldi2g).(We

separated linear and nonlinear components of the chemical

shift changes with pressure for each amiidleor N signall
according to eq 4 in Materials and Methods, and plotted them
in Figures 3b-e. While the magnitudes of the signals were
considerably diminished at high pressures, there was suf-
ficient signal to determine chemical shifts in most cases.
Linear components of shifts generally correspond to small
structural fluctuations of the backbone at 1 bar, whereas
nonlinear components correspond to nonlinear structural
changes involving excursion to a higher-energy conformation
within the folded manifold, the population of which increases
at higher pressuresl§). Furthermore, whereas the amide
1H shift (Figure 3b,d) monitors the hydrogen bonding state
of the backbone, the amidéN shift (Figure 3c,e) is more
sensitive to changes in local torsion angl&8)( All amide
H signals of PrP shifted to lower field (i.e., positive shift)
with pressure, indicating general shrinking of hydrogen
bonds. The relatively large and nearly linear low-field shifts
with monotonic variations with amino acid sequence in the
N-terminal region (residues 9@.27) for both'H (average
b"p = 0.086+ 0.079 at 2500 bar) aniN (averagebp =
0.90+ 0.02) support the notion that these amide groups are
exposed to the solvent, meaning that the region has no
particular tertiary structure2g). In contrast, larger variations
in b"p andbVp are confined to the rest of the polypeptide
chain (residues 128231), suggesting heterogeneous fluctua-
tions of the backbone for this region of the protein.
Anomalousb™p values are centered around residues-138
141 (S1-Aloop) and residues 18199 (the C-terminal half
of helix B and the B-C loop), suggesting that these

Biochemistry, Vol. 41, No. 41, 20022281
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FIGURE 5: Schematic representation of three major conformers of
SHa rPrP(96-231), the native protein P¥Pthe major intermediate
conformer PrP*, and the unfolded conformer BrBased on the
NMR structure of PrP (7, 9). Their populations at equilibrium at
pH 5.2, 30°C, and 1 bar are estimated to ¥89,~1, and~0.01%,
respectively. In Pr® blue represents residues with anomalous
nonlinear>N shifts (M138, F141, Y157, Y163, T193, and E211),
suggesting nonlinear torsion angle changes or possibly hinge
motions in the polypeptide backbone. In PrP*, disordered helices
B and C are colored red. Particularly unstable residues in helix C
(V210, M213, Q217, and K220), wheG, ~ 2.1 kcal/mol on
average, are colored yellow.

insufficient time averaging of the chemical shift heterogeneity
of the randomly oriented amide groups of the disordered
polypeptide chain due to its restricted mobility (with time
constants on the order of microseconds to milliseconds). The
mechanism is the same as that proposed for the loss of HSQC
cross-peaks in a typical molten globule produced at low pH
(27). Irrespective of whether one observes the appearance
of new signals, the loss of pre-existing signals indicates that
the exchange between the pre-existing species and the newly
produced species is slow on the NMR time scale (faster than
milliseconds). In this case, each integrated cross-peak
intensity, normalized to that at 1 bar, represents the fraction
of the folded conformer monitored at each amino acid residue
(28).

Figure 4b represents théH—"N HSQC cross-peak
intensities (normalized at 30 bar) of all individual residues
of the folded conformer as a function of pressure.

Only the cross-peak intensities from the N-terminal

secondary structure segments undergo significant conforma-segment (residues 9.12) and hydrophobic cluster (residues

tional changes within the native fold.

Excursion of the protein conformation beyond the basic
native structure, which typically occurs ikl ms, is
manifested in nonlinear pressure shif§,(22). Anomalously
large nonlineatH shifts are found in the S1 strand (G131),
the SEA loop (M139 and H140), and the C-terminal half
of helix B (H187). Anomalous nonline&iN shifts are mostly
found in loop regions: S%A loop (M138 and F141), AS2
loop (Y157), and B-C loop (T199), suggesting nonlinear
torsion angle alterations, or possibly hinge motions, in the

113-127) (Figure 4b, green) are nearly invariant with
pressure, but all other peak intensities decrease with pressure.
Interestingly, the transition curve varies from site to site,
showing that the local conformational stability of rPrP{90
231) is site-dependent. The relative inertness of the N-
terminal segment to pressure is a general property of a
disordered conformer26).

We performed curve fitting oAG against pressure for
individual residues using eqs-B under the assumption that
individual residues undergo two-state transitions. By ex-

polypeptide backbone localized around these residues. Thetrapolating the plots to 1 bar, we determined thermodynamic
locations of these residues exhibiting nonlinear pressure shiftsstabilitiesAGy for individual residues at pH 5.2, 3@, and

are shown by blue colors in the structure of Pi® Figure
5a.

Locally Disordered Intermediate Realed from HSQC
Cross-Peak Intensitie§he well-dispersedH—*N HSQC

1 bar (Figure 4c). The most interesting result in Figure 4c is
that the stabilities of helices B and C are distinctly low, their

average stabilities being 3.0 and 3.1 kcal/mol, respectively.
Helices B and C are near a cluster of cavities, suggesting

cross-peaks from the core moiety disappear with a further that the selective disorder of helices B and C is related to
increase in pressure (Figure 2). Loss of their intensities is the deformation and collapse of these cavities. On the other
partly compensated by the appearance of new signalshand, helix A is much more stable, giving\d5, of 5.3 kcal/
corresponding to random coil by 2500 bar, but most signals mol. Stabilities of S1 and S2 and the surrounding loops are
are lost. In a globular protein with a relatively high molecular considerably heterogeneous within their constituting residues,
weight, loss of HSQC cross-peaks by pressure occurs ratherand their average stabilities rank between those of helix A
generally due to broadening of signals from heterogeneouslyand helices B and C (Figure 4b, blue). The heterogeneous
disordered segment&1). The broadening could arise from  stability of the loop regions is consistent with the existence
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of nonlinear local motions (possibly hinge motions) within DISCUSSION
the folded state inferred from nonline&N shifts.

Transitions of residues in helix C (26@27) also occurred The putat_ive form O.f PrP_that interac_ts with Prin the
quite heterogeneously at pressures between 500 and 250 ansformation to the infectious form (vide supra), namely,
o . ; : .

bar. Unusually unstable residues are V210, M213, Q217, and rr]P ! IIS .cor|13|der§_d. to cgex%t W'tt]h rr:atwe PrIBn'\clj&rR
K220, which are shown with yellow dotted lines in Figure physiological con itions 13). Dur high-pressure .
4b. Thermodynamic analysis, extrapolated to 1 bar via eq 3, expenments ShOWEd that the' intermediate qonformer W'th
gave aAGg value of 2.1 kcal/mol on average. These residues dlS(;rdered_ hgt'ceSPBP%%g;l: IS z‘e onlyh:najﬁr r_10|n-r_1at||ve
are located essentially at the interface witstrands S1 and conformer in SHa rPrP( ) under roughly physiological

S2 (see residues in yellow of PrP* in Figure 5), suggesting c;mditigr;a (tpt|r-1| 5.2 and ?;QC),tan? our pre\{ilozs tstudigs
that broadening arises from local disorder in the relative showed that the same native structure prevailed at ph.7 (

orientation of strands S1 and S2, independent of the totaIA similar intermediate can be expected to be present in the

disorder or melting of helices B and C. Intriguingly, recent intact PrP®. We may most logically identify the intermediate

: : . . - ith PrP* itself, or otherwise, with a closely related precursor
X-ray analysis 29) showed domain swapping of helix C in Wi . .
the dimeric state of prion protein. Although the mechanism to PrP*. The disordered helices B and C of the metastable

of disulfide swapping is unknown, the mutual orientational intermediate may, through intermolecular association with

; i, . : . . the template presented by tifesheet structure of multi-
instability of helices B and C may contribute to this reaction. molecular Pri. facilitate the PrP— PrP transformation.

Previously reported values &G, for unfolding PrP using Available immunological and pathological information to
denaturants under various conditions (pH 4800 and  gate also supports the notion that the intermediate conformer
temperature of 430 °C) were between 7.0 and 8.5 kcal/  found in this work be identified with PrP*. First, the region
mol (24, 30—32), i.e., greater than those determined from of pelices B and C shown to be disordered corresponds to a
the present experiments for helix A (5.3 kcal/mol). The giscontinuous epitope for binding of a species-specific agent,
stability of Pre® remains almost unchanged between pH 5.0 provisionally termed protein X, which apparently functions
and 7.0, and the unfolding intermediate is observable only 35 3 molecular chaperone in conversion of RaPrFe (33).
at pH <4.5 at 22.0°C (32). Unfolding of SHa rPrP(96 We can speculate that the conformational disorder in the
231) with guanidinium chloride, however, revealed under region facilitates protein X binding. Second, many point
certain conditions an intermediate state only 1.9 kcal/mol mytations associated with inherited human prion diseases are
less stable 'ghan the native folded state, in qualitative gjther within or adjacent to regions of helices B and3@)(
agreement with the present resu2dy. It is intriguing to find that the region of instability coincides

In conclusion, the variable thermodynamic stabilities with the region where most causal mutations have been found
demonstrated for different secondary structure elements andFigure 4d). Such mutations could further decrease the
even within these elements indicate that PeRists in an stability of helices B and C, increasing the equilibrium
equilibrium of multiple conformers under roughly physi- population of the reactive intermediate, thereby increasing
ological solution conditions. If the heterogeneous stability the chance of the formation of PP
within helix C is disregarded, there are at least three major An additional surprising finding in this work is that the
conformers in equilibrium: the folded conformer Pwith conformational stability of SHa rPrP(9@31) decreases
heterogeneous fluctuations in the backbone, particularly in substantially at low temperatures; namely, the protein
the loop regions, an intermediate folded conformer with undergoes cold denaturation even under approximately
selectively disordered helices B and C, and the totally physiological conditions (pH 5.2). Since the low stability at
unfolded conformer. The rates of exchange among them arelow temperatures must be an intrinsic design of the prion
slow (<1C*s™1). TheAGy values corresponding to the change protein, the finding suggests an interesting possibility that
from the native state to the metastable intermediate (unfoldedthe instability at low temperatures is related to the biological
B and C helices) and between the native state and thefunction and possibly to the pathogenesis of prion protein.
unfolded species (unfolded-AC helices) can be calculated
from the averages of each individual residue in each
secondary structural moiety. From theG, values, their

populations are estimated using Boltzmann's equation to be - Thjs paper was inadvertently posted 09/18/2002. Equation
approximately 99, 1, and 0.01%, respectively, at pH 5.2, 30 3 has been modified, and the correct version of the paper
°C, and 1 bar. As we have incrementally increased the \yas posted 10/08/2002.

pressure from 1 to 2500 bar, we have observed spectra from

the folded conformer (with the largest partial molar volume)

to the totally unfolded conformer (with the smallest partial ACKNOWLEDGMENT
molar volume). Consequently, other than those detected in
the work presented here, no major intermediate conformers
are likely to be present in SHa rPrP(9R31) under condi-
tions approximating physiological conditions. If the inter-
mediate detected here at a populatior~df% of the total SUPPORTING INFORMATION AVAILABLE

PrP is not precisely PrP*, then the population of PrP* must

be much smaller than that of the intermediate we have !H and!N chemical shifts as a function of pressure. This
identified. Even if that was the case, PrP* should have many material is available free of charge via the Internet at http://
of the same characteristics as the identified intermediate. pubs.acs.org.
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