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Abstract

Transmissible spongiform encephalopathies in mammals are believed to be causedSby PrP , the insoluble,
oligomeric isoform of the cellular prion protein FYP . PrP and the subunits of°PrP  have identical covalent but
different tertiary structure. To address the question of whether parts of the structureof PrP are sufficiently stable to
be retained in Pr® , we have constructed two deletion variants of the C-termiffal PrP  domél21P&32, which
is the only part of recombinant PrP with defined tertiary structure. One of the variants, H2—H3, comprises the last
two a-helices of PriP121-232) that have been proposed to be preserved in models 6EPrP . In the other variant,
PrR(121-232-AH1, the first a-helix of PrR121-23) was deleted and replaced by introduction of {Beurn
dipeptide Asn—Gly between the strands of the sirgfsheet of Pre121-23). Although both deletion constructs
still show «-helical CD-spectra, they are more disordered and thermodynamically strongly destabilized compared to
PrR(121-232, with free energies of folding close to zero. These data demonstrate that the tertiary structure context
is critical for the conformation of the segment comprisimgdnelix 2 and 3 in the solution structure of recombinant
PrP.© 2002 Elsevier Science B.V. All rights reserved.
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to a-helices 2 and 3; MALDI-TOF, matrix-assisted laser desorption time-of-flight mass spectrometry; PrP , cellular prion protein;
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1. Introduction the folding and stability of PP , are essential
prerequisites for understanding the conversion
The ‘protein-only’ hypothesis states that trans- mechanism to Pf® . Within the last few years, the
missible spongiform encephalopathi€ESES9 in three-dimensional structures of the recombinant
mammals such as the human Creutzfeldt—Jakobprion proteins from mousg34,35, hamster[14],
diseas/CJD) and bovine spongiform encephalop- man[52] and cattle[23] have been determined in
athy (BSE) in cattle, are caused by propagation of solution by nuclear magnetic resonan@¢MR)
PrPc, the abnormal oligomeric isoform of the spectroscopy. All prion protein structures are very
cellular prion protein (Pr”) of the host similar with a long, flexibly disordered N-terminal
[1,30,31,33,4F Although the ‘protein-only’ region (residues 23—120and a folded C-terminal
hypothesis is still not entirely proven for mam- domain, Prif121—-231) that contains three--heli-
malian TSEs, there are strong arguments support-ces and a two-stranded, antiparaliekheet(Fig.
ing a protein-based prion propagation mechanism. 1a). Although the recombinant prion proteins were
In particular, these are the findings that mice produced in bacteria and thus lack the post-trans-
devoid of PrP are resistant to priofd, that less lational modifications of natural PrP, they have the
than one molecule nucleic acid 6f100 bps could  same biophysical properties as PrP . It is therefore
be detected per infectious unit in enriched prion generally accepted that the three-dimensional
preparations [15,16, that prions are resistant structures of recombinant PrPs are very similar or
against strong UV irradiatiori1,2] and that all identical to the corresponding natural cellular prion
known inherited forms of human prion diseases, proteins.
i.e. inherited CJD, the Gerstmann—Straussler— Comparison of the structures of the folded C-
Scheincker syndrom&GSS and fatal familial terminal domains of prion proteins from different
insomnia (FFI), are associated with mutations in species revealed a striking correlation between
the gene encoding human P#2]. local differences in tertiary structure and the
Mammalian PrP is an extremely well conserved observed species barrier of prion transmission
cell surface protein of unknown function consisting [5,23,53. Specifically, the recombinant human
of approximately 210 amino acidsesidues 23—  prion protein is most similar to recombinant bovine
231; amino acid numbering according to human PrP, indicating that structural similarities at the
PrP). Pairs of mammalian PrP sequences are gen-level of Pr® may be involved in the generation
erally more than 90% identicdB7,49. PrP* has  of human new variant CJ@nvCJD), caused by
two N-glycosylation sites at Asn181 and Asn197, transmission of BSE from cattle to humans
a glycosyl-phosphatidyl-inosito{(GPI) anchor at  [21,3§. In this context, one of the most important
its C-terminal residue 231, and a single disulfide questions is whether the structure of the C-terminal
bond between Cys179 and Cys2(]. PrF is a domain of Prl® or at least certain parts of its
monomeric protein, soluble in non-denaturing tertiary structure are retained in the subunits of
detergents, and showshelical circular dichroism  PrP°. Regarding the fact that segment 90-231
(CD) and infrared spectra. In contrast, PP is an forms the protease resistant core of ®rP and that
ordered oligomer with a protease-resistant core PrP°° has a highep-sheet content compared to
comprising residues 90-23[3,29,25, and the PrP~, the minimum structural rearrangement dur-
PrPc subunits show an increas@dsheet and a  ing PrP°¢ formation appears to be the formation of
lower a-helix content compared to PYP . B-sheet structure in segment 90-120, preserving
Although the molecular mechanism underlying it from proteolytic attack after oligomerization.
the formation of Pr®* from PP is unknown, it The other extreme would be a completely different
has become clear that PP and PrP have iden-tertiary structure of segment 121-231 in the
tical covalent structure$41,49 and differ exclu- subunits of the Pr®® oligomer. Intermediate mod-
sively in their tertiary structures and association els for the PrP° structure have also been consid-
states. Consequently, knowledge of the three- ered. One theoretical model predicts that the
dimensional structures of PfP and BYP , and of C-terminal twoa-helices of PrP (helix 2 and 3,
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Fig. 1. Ribbon representation of murine PtR1-232 (a) (pdb accession code, 1agand linear representations of PiR1-232

and the deletion variants RrfE21-2313-AH1 and H2—-H3(b). The a-helices are shown in yellow, the strands of the sigesgheet
are depicted in blue. The disulfide bond Cys179-Cys214 is indicated in re@;tima dipeptide Asn—Gly introduced in RrR21—
231)-AH1 is shown in green. The figure i@ was generated with the progranoLmoL [17].

which are connected by a disulfide bond, are still form the scaffold of the tertiary structure of recom-
present in Pr®® subunitil2]. Alternatively, the binant Pr121-232. In addition, we have pro-
small B-sheet in Pr®* has been proposed as aduced a PrP121-231 deletion variant termed
potential nucleation site for growth of thgsheet PrR(121-232-AH1. In this construct, the entire
which may, for example involve rearrangement of segment 135-160 between the twistrands,
the segment between the tydastrands containing  including a-helix 1, was replaced by thg-turn
the rather isolated firsk-helix [34,14. sequence Asn—-GI\39,40 (Fig. 1b). Here we

In the present study, we have addressed thereport that both deletion constructs partially retain
question of whether parts of the folded domain of «-helical structure and are thermodynamically
murine PrP are sufficiently stable so that their strongly destabilized compared to the intact C-
structure might be retained in FfP  subunits. For terminal domain Prel21-23), indicating that the
this purpose, we have generated a PrP fragmenttertiary structure context is crucial for the confor-
termed H2-H3 corresponding to the disulfide- mation of the disulfide-bonded helix pair H2—H3
linked a-helices 2 and 3Fig. 1b). These helices  in recombinant PrP.
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2. Materials and methods

2.1. Construction of expression plasmids for the
fragments H2—H3 and PrP(121-231)-AHI

2.1.1. H2-H3

H. Eberl, R. Glockshuber / Biophysical Chemistry 96 (2002) 293-303

2.2. Expression and purification of PrP(121-231)-
AHI and H2-H3

The constructs H2—H3 and Rrf21-23)-AH1
were expressed and purified according to the fol-
lowing procedure: cells ofE. coli BL21(DE3)
harboring either expression plasmid were grown at

The gene corresponding to residues 170-23137°C in 10 | of LB medium containing ampicillin

of the mouse prion protein was amplified by
the polymerase chain reactioPCR) from the
expression plasmid pPRP-CRKEQ], using the
two overlapping N-terminal primers NI(5-
CATCATGGTTTAGTGCCGCGTGGGAGCAAT-
CAGAACAACTTCGTG-3) and N2 (5-TTTT-
TTTCGCGAGTCATCATCATCATCATCATGGT-
TTAGTTCCG-3), and the C-terminal primer C1
(5-AGGAGGGGAGGGGATCCAAGCTTACTA-
GCTGGAACGACGCCCGTCGTAATAG-3. Ina
two-step PCR reaction with a 15-fold excess of
primer N2 over N1, an N-terminaHis)s-tag and

a thrombin cleavage sitHHHHHHGLVPR| GS)
were introduced at the N-terminus of the H2—H3
sequence for purification with metal chelate affin-
ity chromatography. The resulting PCR-product
was digested with Nrul and BamHI and cloned
into the secretory T7 expression plasmid pRBI-
PDI-T7 [43] behind the OmpA signal sequence
via the Stul and BamHI restriction sites.

2.1.2. PrP(121-231)-AH1

The segment 135-160, corresponding to helix
1 of the mouse prion protein, was deleted and
replaced by codons for the dipeptide Asn—Gly via
Kunkel mutagenesis[19,20 using uridinylated
single-stranded DNA of pPRP-CRR€], and the
mutagenesis primer'3GATCCACCGGGCGGT-
AGTATACTTGGTTGCCGTTCATGGCGCTCC-
CCAGCATGTAGCCACCCAG-3 The resulting
plasmid was then used as template for introduction
of the N-terminal(His)s-tag and thrombin cleav-
age site and cloning into pRBI-PDI-T7 as
described above, except that primer K8-CA-
TCATGGTTTGGTTCCGCGTGGGAGTGTAGT-
GGGTGGCCTTGG-3 was used instead of N1.
Both constructs were verified by dideoxynucleo-

(100 pg/l). At an optical density(OD) at 550
nm of 1.2, protein expression was induced by
addition of IPTG to a final concentration of 1 mM.
Cell growth was continued at 37C for 6 h and
the cells were harvested by centrifugation. Cells
were resuspended in 50 mM TA4CI pH 8.0, 1
mM MgCl,, 4 mg/ml DNase |, 4 mgml RNase
A, 10 mg/ml lysozyme and disrupted in a French
Pressure Cel(18 000 psi, SLM Amincg. H2—H3
and PrR121-23)-AH1, were obtained as peri-
plasmic inclusion bodies and found in the insoluble
fraction after lysis and centrifugatiof30 min,
49 000 g and 4°C). The inclusion bodies were
resuspended in buffer A6 M GdmCI, 20 mM
Tris/HCI of pH 8.0, and 100 mM sodium phos-
phate, and applied to an Ni-NTA columQiagen,
Basel, Switzerland equilibrated with the same
buffer. Proteins were refolded on the column by a
linear gradient from buffer A to buffer E20 mM
Tris/HCI pH 8.0, 100 mM sodium phosphatand
were eluted with 1 M imidazoleHCl in buffer B.

Eluted proteins were then dialyzed against 10
mM Tris/HCI pH 8.5, and the(His)s-tag was
cleaved off by digestion with thrombix0.1 U/
ml) for 2 h at 22°C. Further purification—in
particular separation of uncleaved protein—was
carried out on a Superdex AAmersham—Phar-
macia, Dubendorf, Switzerlandyel filtration col-
umn in 20 mM TrigHCI of pH 8.5, and 1 mM
EDTA. Fractions containing pure protein were
combined, dialyzed against 5 mM TfidClI, pH
8.5, concentrated and stored at20 °C. Yields
were approximately 0.5 mg of pure protein per
liter of LB medium for both constructs.

Ellman assay$6] showed that the single disul-
fide bridge in both constructs was formed quanti-
tatively. Edman sequencing demonstrated complete
cleavage of the N-termindlHis)s-Tag. This was

tide sequencing of the complete genetic sequencesalso confirmed by MALDI-TOF mass spectrome-

of the PrP constructs.

try [PrR(121-232-AH1, calculated mass10 386
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Da and measured10 389 Da; H2—H3, calculated tions of urea. For refolding experiments, the
mass=7408 Da and measured7405 D3. Ana- respective proteins were first denatured in 8 M
lytical gel filtration of the constructs on a Superdex urea for 1 h at room temperature. Stock solutions
75 column in 20 mM TrigHCI pH 8.5, 1 mM of native or denatured protein were then diluted
EDTA demonstrated that both H2-H3 and 1:11 with buffer to a final protein concentration

PrR(121-232-AH1 were eluted as monomers. of 15 wM.

Expression and purification of murine RR21— After 24 h of incubation the equilibrium transi-
231) and PrR23-231) was carried out as tions were monitored at 222 nm and 22 on a
described previously22]. Jasco 710 CD spectropolarimeter in 0.1-cm quartz

cuvettes. The averaged ellipticities were corrected
2.3. Protein concentrations for buffer, and urea concentrations were deter-

mined by refractometry. The transitions were eval-
Protein concentrations were determined by uated according to a two-state equilibrium with a
absorbance spectroscopy using the specific absorbsix-parameter fif36].
ances(Azgo nm, 1 mgmi, 1 cm) determined according
to [7]: 0.61 for H2—H3; 1.00 for Prel21-232- 2.6. Disulfide bond reduction
AH1; 155 for PrR121-23); and 2.70 for

PrR(23-23). Reduction of either H2—H3 or P(P21-23)-
AH1 was achieved under denaturing conditions by
2.4. Far-UV-CD spectra incubating the proteins f® h at roomtemperature

in 8 M urea, 50 mM TrigHCI pH 8.0, 50 mM

Far-UV-CD spectra were measured at Z2 on DTT, and 1 mM EDTA. The protein samples were
a Jasco 710 CD spectropolarimeter in 0.1-cm then dialyzed against 50 mM formic a¢gidaOH
guartz cuvettes, accumulated 15 times and correct-pH 4.0, 1 mM EDTA and far-UV-CD spectra of
ed for buffers. Protein samples containing sl the reduced proteins were recorded as described
of the respective protein were centrifuge8D min, above. Complete reduction was confirmed by Ell-
21 000X g, 4 °C) prior to concentration determi- man assay$6].
nation and CD measurements in order to remove
possible aggregates. 3. Results and discussion

Between pH 3.0 and 8.0, the following buffers
were used: pH 3.0, 50 mM formic a¢gitlaOH, 24 3.1. Expression, refolding and purification of
mM NaCl; pH 4.0, 50 mM formic acigNaOH; PrP(121-231)-AHI and H2-H3
pH 5.0, 50 mM acetic acitNaOH, 56 mM NacCl;
pH 6.0, 10 MM MESNaOH, 84 mM NacCl; pH In contrast to the isolated C-terminal domain of
7.0, 50 mM NaH PQ/NaOH; and pH 8.0,50 mM  murine PrP, PrB121-23) [9], the truncated
Tris/HCI, 56 mM NacCl. A constant ionic strength domain variants Pif221-232-AH1 and H2-H3
of 88 mM was maintained between pH 5.0 and could not be produced as soluble proteins in the
8.0. At pH values below 5.0, the ionic strength periplasm of E. coli using the OmpA signal
had to be reduced to 34 mM due to aggregation sequence. Both proteins were correctly processed,
of H2—H3- and PrP121-23)-AH1 at higherionic ~ but accumulated in periplasmic inclusion bodies.

strengths above this value. This already indicated a lower stability of the
deletion constructs compared to the wild type
2.5. Urea-induced equilibrium transitions domain, as periplasmically expressed EPL—

231) variants with reduced stability also aggregate
Reversible unfolding and refolding of H2—H3, in the periplasm while variants with unchanged
PrR(121-232-AH1 and PrP121-232 was meas-  stability stay soluble[22]. For convenient purifi-
ured at 22°C at pH 4.0 and 7.0 in the buffers cation and refolding of Pi®@21-232-AH1 and
mentioned above, containing different concentra- H2—H3 from periplasmic inclusion bodies with
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metal chelate affinity columns, a hexahistidine e —
sequence followed by a thrombin recognition site - I

was inserted between the OmpA-signal sequence
and the first residues of the truncated domains
(see[51] and Section 2 The tagged constructs
were correctly processed by signal peptidase and
also formed inclusion bodies in the periplasm.
PrR(121-232-AH1 and H2—-H3 were solubilized
with 6 M guanidinium chloridg GdmCI), refolded

on the Ni-NTA columns, eluted with imidazole
and purified to homogeneity by gel filtration after
thrombin cleavage of thgHis)s-tag [51]. The
homogeneity of the N-termini was verified by [
Edman sequencing and mass spectrometry, and -20000 b L )
Ellman assays proved complete formation of the 180 190 200 210 220 230 240 250 260
single disulfide bond in both proteins. Both con- wavelength (nm)

structs could be concentrated to approximately 200

wM and, like PrR121-232, proved to be mono- 40000
meric in analytical gel filtration experiments when '
applied to the column at a concentration of 200
wM (data not showhn

)

30000 [
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To analyze the structural consequences of the
deletions for PrP121-232-AH1 and H2—-H3, far-
UV-CD spectra of the deletion variants were
recorded in the range of pH 3.0—8.0 and compared
with those of PrP121-2312 (Fig. 2). Both
PrR(121-232-AH1 and H2—H3 show mainly-
helical far-UV-CD spectra with the typical minima
at 208 and 222 nm, albeit the first minimum at
208 nm is slightly shifted towards lower wave- Fig. 2. FarUV-CD spectra of P(R21-232 (solid line)
lengths in boih constructs relaive 1o wild BPE b1 5y 44 (dated g and Ho_Htdashed inea

- : pH 7.0(a) and 4.0(b).
negative molar mean residue ellipticities compared

to PrR121-23). Particularly in the case of the residue ellipticities compared to those at neutral

construct H2—H3, the spectral data indicate that pH and can be explained by a higher thermody-

the overalla-helix content in the deletion variant namic stability of the segment at acidic pldee

is significantly lower than in Pr121-232, which below) (Fig. 2b).

could be confirmed by the low unfolding co-

operativities observed for H2—H3able 1. 3.3. PrP(121-231)-AHI1 and H2-H3 are ther-
Far-UV-CD spectra of the construct RiR21— modynamically strongly destabilized compared to

23D-AH1 were completely independent of pH, as prp(121-231)

was observed for wild type P(B21—-23) in the

range of pH 4.0-7.0. In the case of H2—H3, the  The thermodynamic stabilities of RER21-

spectra at pH 4.0 exhibit more negative mean 231)-AH1 and H2-H3 at neutral pH7.0) were

IE ]MRW

180 190 200 210 220 230 240 250 260
wavelength (nm)
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Table 1
Thermodynamic stabilities of P(B21—-232, PrR121-233-AH1 and H2-H3 at 22C
AG 4 AAG;, 4 m-value [ured,
(kJ mol™ %) (variant-wb (kJ mol™* M~1) M)
pH 4.0, 34 mM ionic strength:
PrR(121-232 —-16.9+0.5 - 4.0t0.1 4.2
(13.3 kDa
PrR(121-232-AH1 —-4.4+1.0 12.5+15 2.2+0.2 2.0
(10.4 kDa
H2-H3 -3.1+0.3 13.8+1.3 1.9+0.1 1.6
(7.4 kD3
pH 7.0, 88 mM ionic strength:
PrR(121-232 —-30.5+1.3 - 4.8+0.2 6.3
(13.3 kDa
PrR(121-232-AH1 —-7.2+0.8 23.3+2.1 2.7+0.2 2.7
(10.4 kDa
H2—-H3 —-0.6+0.72 29.9+1.5 1.5+0.2 0.4
(7.4 kD3

2The slope of the pre-transition baseline was fixed to zero during fitting of the data according to a two-state model of folding

[36].

determined at an ionic strength of 88 mM by urea-
induced folding transitions, i.e. the same conditions
used previously for characterization of folding of
PrR(121-232 [10]. All transitions at pH 7.0 were
fully reversible and revealed a strong destabiliza-
tion of the deletion constructs compared to wild
type PrR121-23). Two-state analysis yielded
very low free energies of folding of-4.4 and —

3.1 kImol for PrR121-232-AH1 and H2-H3,
respectively(Fig. 3a, Table L The cooperativities
of folding at pH 7.0(m-value9 of the deletion
constructs were significantly lower than the values
expected from the reduced size of the varidi8s
and 62 residues for P€B21-233-AH1 and H2-
H3, respectively, compared to 111 residues for
PrR(121-232 [28]. This is particularly true for
the construct H2—H3, which shows a more than
four-fold lower cooperativity than P(R21-231)

at pH 7.0(Table 1. This observation is, however,
fully consistent with the wealk-helical CD signal

of H2—H3 (Fig. 2), and demonstrates that helices
2 and 3 are not completely formed in the H2—H3
variant. In accordance, the CD signal of H2—H3
at 222 nm was shifted from+7800 to —14 000
degreecm?-dmol~? upon addition of thex-helix
inducing reagent trifluoroethané#0% v/v) (data
not shown.

Both deletion variants showed a strong tendency
to aggregate at acidic pH at an ionic strength of
88 mM, but were completely soluble at lower ionic
strength(34 mM). Therefore, the thermodynamic
stabilities of H2—H3 and PR21-232-AH1 were
measured at low salt concentrations. Under these
conditions, PrP121-23) does not form the pre-
viously described acid-induced unfolding interme-
diate and, as observed at pH 7.0, shows two-state
unfolding behavior(Fig. 3b) [8,10,27,44. The
transitions at pH 4.0 also revealed a strong desta-
bilization of the deletion constructs and lomw-
values compared to P¢P21-232 (Fig. 3b, Table
1). The construct H2—H3 is slightly more stable
at pH 4.0 than at pH 7.0. This agrees with its
weakera-helical CD signal at neutral pH and the
fact that a considerable fraction of the molecules
is unfolded at pH 7.0 in the absence of denaturant
(Fig. 3a, Table L

3.4. PrP(121-231)-AHI and H2—-H3 maintain o-
helical far-UV-CD spectra upon reduction

Previous experiments have shown that reduction
of the single disulfide bond in recombinant PrP
leads to a structural rearrangement towgdsheet
structure at acidic pH, reminiscent of PP
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Fig. 3. Urea-induced equilibrium transitions of Pt21-232
(molecular mass 13.3 kDa; circley, PrR(121-232-AH1
(molecular mass 10.4 kDa; trianglesand H2—H3(molecular
mass= 7.4 kDa; squares measured by their far-UV-CD signal

of 222 nm at 22°C and pH 7.0(a) and 4.0(b). Open and
closed symbols represent unfolding and refolding experiments,
respectively. The lines correspond to fits according to the two-
state model of foldingdsee Table L

[13,24,26,50 This led to the hypothesis that
reduction or transient reduction of the disulfide
bond may be involved in the mechanism of the
transition of Pr® to Pr® . To test whether a

H. Eberl, R. Glockshuber / Biophysical Chemistry 96 (2002) 293-303

transition top-sheet structure can also be observed
for the deletion variants, we recorded far-UV-CD
spectra of the reduced proteins. The spectra were
compared with the CD spectrum of reduced full-
length murine Pri23-231, as reduced murine
PrR(121-231 aggregates at any ionic strength at
pH 4.0 (Zobeley and Glockshuber, unpublished
data. Neither reduced PfR21-233-AH1 nor
reduced H2—-H3 showef-sheet like far-UV-CD
spectra comparable to the spectrum of reduced
PrR(23-23) (Fig. 4), albeit the molar mean
residue ellipticities are significantly less negative
compared to the oxidized proteins and are slightly
shifted towards lower wavelengths. Overall, the
CD spectra of the reduced deletion variants dem-
onstrate that the complete loss afhelical CD
signal observed for reduced, recombinant human
PrR(91-23), hamster Prd®0-231) and murine
PrR(23-23) must be triggered by the segment
comprising a-helix 1 and'or segment 90-120.
Our data also indicate that reduced @®-231
and PrR23-231) adopt a completely different
tertiary structure at acid pH that involves the H2—
H3 segment, because tlhehelical signal is com-
pletely missing in the far-UV-CD spectra of
reduced Pri23-231 (Fig. 4.

4, Conclusion

In the present study, we have addressed the
question of whether parts of the tertiary structure
of PrP* are sufficiently stable to be retained in
PrP¢, the abnormal, oligomeric PrP isoform
believed to cause TSEs in mammalians. For this
purpose, deletion variants of the folded domain of
recombinant PrP were constructed and analyzed
for folding and stability. The deletion constructs
PrR(121-232-AH1 and H2-H3 both contain the
disulfide-linked C-terminala-helices 2 and 3 of
PrP, which form the scaffold of the folded C-
terminal PrP domain, P(R21-23). These a-
helices are assumed to represent the most stable
part of the structure of P(R21-231 and to be
preserved in models of P¥P[12,1§. Although
both deletion constructs investigated here essen-
tially retain a-helical structure, they are extremely
destabilized compared to Rf21-231), with free
energies of folding close to zero. We conclude
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Fig. 4. Far-UV-CD spectra of reduced RERB—23) (solid line), reduced Pre121-233-AH1 (dotted ling, reduced H2—HZupper
dashed ling and oxidized PrPL21-232-AH1 (lower dashed lingat 22°C and pH 4.0. The spectrum of oxidized H2—H3, which
coincides with that of oxidized P(R21-232-AH1 at pH 4.0(see Fig. 2B, is not shown for clarity.

from these data that the tertiary structure of seg- lation would be that the PAP regions with largest
ment 170-231 in P subunits could well differ structural differences between species, aelix
from that observed in PAP . This would be consis- 3 and a segment of irregular secondary structure
tent with the fact that the domain RrR21-231 preceding a-helix 2 [5], are retained in PP
shows two-state folding behavidd1,44, and is subunits and thereby prevent formation of regular
assumed to unfold completely prior to the transi- PrP¢ hetero-oligomers. However, the present data
tion to PrPc. Previous hydrogen exchange exper- would also be consistent with a different model
iments have demonstrated that only a small, for the species barrier phenomenon in which a
structured nucleus of approximately 10 residues host-specific factor (‘protein X’) required for
around the disulfide bond is retained in the unfold- PrP¢ propagation, discriminates between PrPs
ed state of PrP. Thus if one would assume a from different species at the level of Pri45].
tertiary structure context in PFP  that destabilizes
the helical conformation of segment 170—-231, this

nucleus might be the only element of PrP pre-  This project was supported by the Schweizer-

served in Prf° [11]. isches Bundesamt fuer Bildung und Wissenchaft
The recently solved NMR structures of recom- (grant 97.0578-Land The Swiss National Science

binant human and bovine PrP, and of single amino Foundation(grant 438+ 050285.

acid variants of human PrP revealed a striking
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