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A point mutation in Prnp that converts tyrosine (Y) at position 145 into a stop codon leading to a truncated prion molecule
as found in an inherited transmissible spongiform encephalopathy (TSE), Gertsmann-Straussler-Scheincker syndrome,
suggests that the N-terminus of the molecule (spanning amino acids 23-144) likely plays a critical role in prion misfolding
as well as in protein-protein interactions. We hypothesized that Y145Stop molecule represents an unstable part of the
prion protein that is prone to spontaneous misfolding. Utilizing protein misfolding cyclic amplification (PMCA) we show
that the recombinant polypeptide corresponding to the Y145Stop of sheep and deer PRNP can be in vitro converted to
PK-resistant PrP*¢ in presence or absence of preexisting prions. In contrast, recombinant protein full-length PrP¢ did not
show a propensity for spontaneous conformational conversion to protease resistant isoforms. Further, we show that
seeded or spontaneously misfolded Y145Stop molecules can efficiently convert purified mammalian PrP¢ into protease
resistant isoforms. These results establish that the N-terminus of PrP¢ molecule corresponding to residues 23-144 plays a

role in seeding and misfolding of mammalian prions.

Introduction

Transmissible spongiform encephalopathies (TSEs) are a group
of prion diseases that include Creutzfelde-Jakob disease (CJD),
Gerstmann-Straussler Schiencker syndrome (GSS) and fatal
familial insomnia (FFI) in humans, as well as scrapie in sheep,
chronic wasting disease (CWD) in deer and bovine spongiform
encephalopathy (BSE) in cattle.” A critical aspect of the patho-
genesis of TSEs involves conformational conversions of normal
cellular prion protein (PrP€) to an abnormal isoform, termed
PrPs.4 Although it is currently unknown whether PrP* from
subclinical or preclinical animals of a variety of species can be
present in conformations (or “strains”) that can cause human or
animal TSEs, experimental studies have established that inter-
species transmission of chronic wasting disease (CWD), bovine
spongiform encephalopathy (BSE) and scrapie can occur under
laboratory conditions. Further evidence supporting interspecies
transmission is derived from the recent demonstration that the
prion strain causing BSE is indistinguishable from the strain
causing vCJD. Both share common incubation periods and lesion
profiles in the brains of infected mice, macaques, and they have
identical glycosylation profiles. Available data in the literature
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strongly suggest that conformations of PrP are critical for the
interspecies transmission of TSE. Primary amino acid sequences
of PRNP as well as the conformation of the infectious seeding
prion appear to be important in defining strains and their poten-
tial transmissibility.

In addition to the acquired infections, over 20 mutations in
human Prnp have been shown to be associated with prion phe-
notypes in humans.? The mutations are hypothesized to desta-
bilize the mutant PRNP, which then undergoes a spontaneous
conformational change into the protease-resistant and patho-
genic form. A point mutation in Prnp that converts tyrosine (Y)
at position 145 into a stop codon leading to a truncated prion
molecule, present in an autosomal dominant inherited genetic
TSE, called Gertsmann-Striussler-Scheincker syndrome, sug-
gests that the N-terminus of the molecule (spanning amino
acids 23-144) plays a critical role in prion misfolding as well
as in protein-protein interactions. The N-terminus of the prion
protein is largely unstructured and does not contain stable sec-
ondary structures’ and is highly conserved across different spe-
cies. This disease-related mutation suggests that the N-terminus
of the molecule (PrP23-144) likely plays a critical role in prion
misfolding as well as in protein-protein interactions in multiple
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SheepY145Stop KKRPKPGGGWNTGGSRYPGQGSPGGNRY PPQGGGGWGQPHGGGWGQPHGGGWGQPHGG-~ 58
DeerY145Stop KKRPKPGGGWNTGGSRYPGQGSPGGNRY PPQGGGGWGQPHGGGWGQPHGGGWGQPHGG-~ 58
CattleY145Stop KKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGGGWGQPHGGGH 60
HumanY145Stop KKRPKPGG-WNTGGSRYPGQGSPGGNRY PPQGGGGWGQPHGGGWGQPHGGGWGQPHGG-~ 57
Khkhkhkkhkkhkkhkk hhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkhkhhhkkhhkhkhkhkkhkhkhkxkx*x
SheepYl45Stop ~ —----- GWGQPHGGGGWGQGG-SHSQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGS 111
DeerYl45Stop ~  —----- GWGQPHGGGGWGQGG-THSQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGS 111
CattleY145Stop GQPHGGGWGQPHGGGGWGQGG-THGQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGS 119
HumanY145Stop ~  ------ GWGQPHGGG-WGQGGGTHSQWNKPSKPKTNMKHMAGAAAAGAVVGGLGGYVLGS 110
khkkkkkkkk kkkkk :*_**************:****************:***
SheepY145Stop AMSRPLIHFGND 123
DeerY145Stop AMNRPLTHFGND 123
CattleY145Stop AMSRPLIHFGSD 131
HumanY145Stop AMSRPIIHFGSD 122
**“k‘k:‘k‘k‘k‘k‘*

with the corresponding sequences in cattle, deer and sheep genome.

Figure 1. Amino acid sequence alignment of Y145Stop from different species is shown. The alignment was obtained using ClustalW of huY145Stop

species. In the present study, the self-propagating conversion of
the purified recombinant protein was demonstrated with pep-
tides corresponding to N-terminal of PrP<-Y145Stop from sheep
and deer. We postulate that this region of the molecule is critical
in prion misfolding in other mammalian species. Furthermore,
we compared the efficiency with which spontaneously converted
PrP145Stop induced conversion of recombinant and mammalian
PrPC.

Results

Cloning and expression of the recombinant PrP145Stop. Open
reading frame encoding Y145Stop of sheep and deer encompass-
ing residues 23—-144 of human prion protein (huPrP23-144) was
cloned and expressed in E. coli and purified based on the affinity
of the conserved octapeptide repeats for transition-metal cations.
All expression plasmids were verified for sequence orientation
and accuracy by DNA sequencing and the amino acid sequences
of known deer and sheep sequences were compared by clustal W
(Fig. 1). Purified Y145Stop from different species were seen on
western blot using a prion specific monoclonal antibody (1E4;
Fitzgerald Industries International, Concord, MA) targeting
an epitope spanning amino acids 108—119 before and after PK
digestion (Fig. 2A).

Spontaneous conversion of the recombinant PrP145Stop of
sheep and deer. Freshly purified proteins were dialyzed against
10 mM sodium phosphate, pH 6.5 overnight. After prolonged
periods of storage at room temperature, the proteins remained
in a monomeric form with no sign of self-association as veri-
fied by the ThT assay. To test the conformational conversion
of PrP145Stop, we performed two rounds of PMCA using the
recombinant prion polypeptides of sheep and deer encompassing
residues 23 to 144 (PrP23-144). In the first round, the reactions
were incubated without addition of any seed. The subsequent
round was seeded with a 1/10 volume of PMCA product from the
previous round. Western blot analysis revealed that monomeric
PrP145Stop without PMCA incubation was fully degraded when
incubated for 1 h in the presence of 1 pg/ml of proteinase K (Fig.
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2B). However, in the PMCA reactions, spontaneously generated
fibrillar proteins persisted after proteinase K digestion. This con-
version was consistent for the purified recombinant Y145Stop of
both deer and sheep (Fig. 2B). We next examined the conforma-
tional conversion of the purified recombinant full-length prion
protein of sheep and deer strains; white-tailed deer (G96 and
S96 variants) and sheep (171R). In contrast to PrP145Stop, none
of the purified recombinant protein corresponding to full-length
protein showed a propensity for spontaneous conversion to pro-
tease resistant isoforms (Fig. 2C). To probe the progression of
amyloid fibril formation, we used the fluorimetric ThT assay. A
time course increase in ThT fluorescence was identified, suggest-
ing that PrP145Stop from sheep and deer acquired the ability to
bind ThT (Fig. 3). The kinetic curves for the fluorescent uptake
were characterized by a lag phase ~10 h (Fig. 3A and B). Overall,
the above data indicate that the conformational conversion of
sheep and deer PrP23-144 (Y145Stop) is a self-seeded reaction.
Seeded conversion of the recombinant Y145Stop by PrP*
and PrP¥P. To test if in-vitro amplification of protease resis-
tant PrP145Stop proceeds in a seeded fashion, we next applied
the PMCA using PrP% and PrP“VP, as seeds, from infected and
confirmed brain tissues of sheep and deer, respectively. First, the
minute amounts of brain-derived PrP% (scrapie) and PrP<VP
(chronic wasting disease; CWD) were PMCA amplified using
PrP¢ from respective species. Purified recombinant Y145Stop
of sheep and deer were also spiked with partially purified PrP
from deer and sheep PMCA amplification in presence of small
amounts (1% wt/wt) of the deer and sheep PrP* resulted in
elimination of the lag phase (Fig. 4A and B). Similar conversion
rates were observed with the cross seeding between Y145Stop of
the two species. Unlike PrP145Stop prion protein, the recombi-
nant polypeptide corresponding to full-length prion protein (PrP
23-231) of sheep and deer did not show efficient amplification
when the same molecules as above were used as seeding agents.
Seeded conversion of mammalian PrP¢ by prion-seeded or
spontaneously generated PrP** of Y145Stop molecules. The effi-
ciency of seeding between proteins derived from sheep and deer
was examined next. A second passage experiment was performed
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Figure 2. (A) Expression of full-length prion protein and Y145Stop of sheep and deer. Immunoblot of the purified proteins transfected with the expres-
sion vector alone or vectors containing constructs of the designated species (defined in the legend A) shows full degradation when incubated for 1 h
in the presence of proteinase K. Positions of the molecular mass markers are designated in kDa. (B) Proteinase K digestion of sheep and deer Y145Stop
molecules after PMCA at different time points. Human recombinant PrP 23-231 was used as a positive control. Spontaneously generated fibrillar pro-
teins persisted after proteinase K digestion and were detected at 16 h with more conversion at 24 and 36 h after PMCA incubation. (C) Immunoblotting
of PrP-sen of the purified recombinant full-length prion protein of sheep and deer strains; white-tailed deer (G96 and S96 variants) and sheep (171R)
after PMCA and PK digestion at different time points. Proteins were fully degraded in the presence of proteinase K with no detectable conversion after

with purified mammalian (deer and sheep) PrP¢ as templates.
Unseeded control PMCA experiments showed no spontaneous
conversion for any mammalian PrP€ tested. Electrophoretic
mobility patterns of seeded misfolded sheep PrP¢ was identical
regardless of whether the seed was PrP%, PrP“¥P or any misfolded
Y145Stop (Fig. 5). Identical results were obtained when PrP¢
from deer was used as a template for PMCA (data not shown).
Further, the results suggest that in-vitro converted prions of deer
and sheep carry similar protease cleavage sites and glycosylation
profiles do not change during the process of PMCA.

Discussion

The conversion of PrP€ isoform into the PrP* isoform may occur
spontaneously or sporadically be genetic as in familial prion dis-
eases or be acquired exogenously via consumption or iatrogenic
routes as in infectious prion diseases. Conversion of the prion
protein from the cellular to pathological isoform is central to the
pathogenesis of prion disorders. The mechanism of this confor-
mational conversion remains poorly understood and the critical
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part of the molecule involved in catalysis of misfolding is not
known. To provide a better understanding of prion misfolding,
we investigated the role of the N-terminus of PRNP in conver-
sion. The Y145Stop mutation at PRNP is the basis of a naturally
occurring familial spongiform encephalopathy; Gerstmann-
Striussler-Scheinker disease (GSS). Elucidation of how the
Y145Stop molecule contributes to the mechanism of confor-
mational conversion would provide insight into the underlying
pathogenesis and, indeed, the prion concept itself. We propose
that Y145Stop is sufficient for prion misfolding.

Y145Stop variant from sheep and deer can spontaneously
polymerizes to protease resistant isoforms. We focused on the
N-terminal region of the prion protein as it is largely unstruc-
tured and lacks the C-terminal 146-231 amino acids includ-
ing the glycophosphatidyl anchor, which links PrP to the cell
surface and the two sites for N-glycosylation, which are known
to stabilize the PrP molecule. Models of prion conversion have
suggested that formation of PrP* involves refolding of residues
within the region between residues 90 and 140 into 3-sheets.>®
The region that contains the residues 113-128 is most highly
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Figure 3. Time-course analysis to document increase in Thioflavine T uptake and fluorescence by sheep and deer Y145Stop in the absence of seeds.
(A) ShY145Stop (squares) and full-length Sheep PrP with R at codon 171 (triangles) incubated in the absence of seeds. (B) DeY145Stop (circles) and full
length Deer PrP with G (squares) or S (triangles) at codon 96 incubated with no seeds. All samples were subjected to PMCA under identical conditions.
ShY145Stop and DeY145Stop acquired the ability to bind ThT without addition of external seeds. In contrast, the full-length prion protein did not show
detectable ThT binding. The kinetic curves were characterized by a lag phase (8-12 h).
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Figure 4. The progress of amyloid fibril formation measured by fluorimetric Thioflavin T uptake assay in presence of seeds. One percent (w/w) per-
formed fibrillar seeds (denoted in square brackets) were added to solutions containing monomers of sheep (A) or deer (B) Y145Stop. No seed control
showed the characteristic lag phase, while seeded reactions with partially purified PrP> from deer [CWD] or sheep [Sc] eliminated the lag phase.
Similar conversion rates were observed with cross seeding by in-vitro converted Y145Stop of sheep [ShY145Stop] or deer [DeY145Stop].

conserved among all species studied.” Our data demonstrate
that the purified recombinant polypeptide corresponding to
the Y145Stop variant of sheep and deer spontaneously polym-
erizes to [B-sheets structures which bind Thioflavine T (ThT).
The self-propagating conversion by PMCA not only occurs in
HuPrPY145Stop,'*"? but also in the corresponding sheep and deer
molecules. A similar conversion capacity among various species is
likely due to the high percentage of amino acid sequence simi-
larity in regions 113-128 and 138-141 in the N-terminal part
of PrP.!” The latter region has been reported to influence PrP*
formation'" and may be essential for nucleating intermolecular
interactions."’ The conformational conversion of PrP145Stop is a

84 Prion

nucleation-dependent reaction in which the growth of amyloid is
preceded by a lengthy lag phase ranging from 8-10 h' which is
characteristic for nucleation-dependent polymerization.'** Many
experimental evidences such as the infectious truncated HuPrP
(PrP 27-30),'¢ the shorter version PrP106 acting as barrier for
prion replication,” and the Japanese patient carrying the muta-
tion Y145Stop'® suggests a critical role for the segment MoPrP (89—
143) in conversion. Tgl96 mice expressing MoPrP(P101L) at
low level, intracerebrally inoculated with the B-amyloid forms
of MoPrP(89-143), exhibited neurological changes similar to
those present in GSS patients” and transmitted the disease to
other Tgl96 mice suggesting the de novo GSS prion formation.?
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Figure 5. PMCA on purified PrP¢ from brain tissue of sheep and deer. Lane 1, molecular weight marker (biotinylated). Lane 2, human recombinant PrP
23-231 was used as a positive control. Lanes 3 and 4, samples containing purified PrP¢ from brain tissue of sheep before and after PK digestion. Lane
5, PrPs< extracted from sheep brain as a reference after PK digestion with 10 times the reaction equivalents of the seed protein concntration. Samples
of purified PrP¢ from brain tissue of sheep were incubated with preformed fibrillar seed of PrP> round one (lane 6), round two (lane 7), PrP"® (lane 8),
ShY145Stop seeded with performed fibrils of ShY145Stop (lane 10), DeY145Stop (lane 11), or PrP* (lane 12) after PK digestion.

Similarly, Y145Stop of sheep and deer spontaneously misfold and
the conserved sequence homology across species supports the
idea that parts of the N-terminus of the prion molecule may be
involved in prion conversion and may participate in crossing spe-
cies barriers. More targeted studies are needed to confirm the role
of Y145Stop in interspecies transmission. These studies on spon-
taneously misfolded Y145Stop from multiple species and their
role in interspecies transmission are underway in our laboratory.

Conversion of the recombinant PrP145Stop is accelerated
by addition of preexisting seeds. Autocatalytic conversion from
PrP€ into PrP*¢ is a key feature of prion replication.”’ We demon-
strated that in vitro conversion of PrPY145Stop exhibits attributes
of the autocatalytic mechanism, such as lag phase and seeding
phenomena. Importantly, addition of a small quantity of sponta-
neously converted Y145Stop from sheep or deer to soluble protein
monomer was able to seed the conversion and eliminate the lag
phase. Therefore, sheep and deer proteins were found to be fully
compatible, i.e., ShPrP23-144 fibrils readily seeded deer protein
and DePrP23-144 fibrils acted as efficient seed for fibrilization
of sheep PrP23-144. Furthermore, similar self-assembly curves
were observed with cross-seeding by preformed aggregates from
scrapie- or deer-infected brain. Kundu et al. found that the resi-
dues within the 138-141 region of PrP are important for amyloid
formation. Interestingly, one of the mismatches between Hu and
Syrian hamster PrP is located at position 139 (isoleucine in Hu
PrP and methionine in sha PrP) which led to lack of cross seed-
ing between the two species.! This region shares 100% amino
acid similarity in sheep and deer PrP145Stop. Whether this or
other positions within the region 90-231 influences the species
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specificity of autocatalytic conversion remains to be determined.
The present data show that there is little effect of species-specific
sequence variation in PrPY145Stop sequence on the efficiency of
cross-seeding between deer and sheep. These findings point to a
role of the N-terminal unstructured segment for prion transmis-
sibility between different species.

Full-length prion protein resists spontaneous conversion.
The full-length PrP obviously cannot mimic all aspects of con-
version of the N-terminal region of the prion protein, in which
the C-terminal domain might protect the full molecule from
triggering the conversion of PrP¢ to PrP* by shielding the criti-
cal amyloidogenic determinant(s) that is exposed in the unfolded
N-terminal region of PrP.?#? Similar studies with the recombi-
nant full-length PrP were not possible due to practical difficul-
ties in propagating efficient seeded conversion of full-length PrP,
although certain aspects of seeded conversion of PrP23-231 or
PrP90-231 could be reproduced using a reduction-oxidation
process*? or under conditions requiring high concentrations of
denaturants and very vigorous shaking.?® Recently, PMCA has
been used to generate infectious prions from bacterially-expressed
full-length murine** and Syrian hamster”*® recombinant PrP.
However, additional cofactors were required for efficient PrPs-
seeded PMCA reaction. In one study,*® the proteinase K (PK)-
resistance was detected after 17 rounds of PMCA which could
be explained as a conformational adaptation allowing the newly
emerged conformation (strain) to cross species barriers and seri-
ally propagate.

Spontaneously converted PrP145Stop is sufficient to induce
in-vitro generation of PrP% from mammalian PrP€. Next we
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asked if the spontaneously misfolded Y145Stop molecules were
sufficient to seed mammalian prions. Amplification of TSE
infectivity was also accomplished by PMCA by employing puri-
fied PrPC as a substrate,**?” exclusively in presence of polyanions.
The efficient conversion of Y145Stop raises the question as to
whether this molecule could also convert PrP¢ extracted from
normal brain tissues. Our data suggest that protease resistant
prions can indeed be generated de novo from mammalian PrP
using spontaneously converted Y145Stop as a seed. The electro-
phoretic profiles of PrP*¢ from sheep protein inoculated with in
vitro converted Y145Stop, as well as inoculated deer protein, were
indistinguishable from those seeded with sheep (scrapie) and deer
(chronic wasting disease; CWD), indicating similar PK cleavage
site(s), as well as a similar ratio of different PrP* glycoforms. The
efficient conversion of mammalian prions of sheep and deer using
spontaneously converted PrP145Stop indicates that PrP23-144
fibrils acted as an efficient seed for fibrillization of mammalian
prions.

Several studies have shown that a variety of molecules, such as
RNA,* DNA,* and heavy metals including copper’®! appear to
stimulate prion conversion. The N-terminal fragment of PrP has
been shown to bind with copper,> DNA,*3 and RNA* whereas
the C-terminal fragment (122-231) does not demonstrate a simi-
lar binding affinity to these molecules. On the basis of the results
presented here, we propose a two-step phenomenon in prion mis-
folding. We propose that in the first instance, any one of these
cofactors maybe involved in binding to and misfolding of the
N-terminal region of the molecule, which then likely catalyzes
conversion of the full prion molecule. A detailed biochemical
analyses and carefully designed studies that include PRNP struc-
tural variants would be needed to fully elucidate this model of
prion conversion.

In summary, our findings demonstrate that the highly unsta-
ble part of the prion molecule, Y145Stop, can be converted in
vitro to B-sheet rich oligomeric amyloid fibrils in presence or
absence of preexisting seed in sheep and deer species. Moreover,
spontaneously converted PrP145Stop is sufficient to induce de
novo generation of PrP% from mammalian prions. It is likely that
the nucleotide sequence similarity and the spontaneous nature of
misfolding in N-terminal segment of the prion protein could play
arole in interspecies transmission.

Material and Methods

Plasmid construction. DNA was extracted from normal brain
extracts of sheep and deer using standard protocols (Qiagen
DNA extraction Kits, Valencia, CA). Y145Stop segments of Prnl
were amplified using the forward primer as 5-GGA ATT CCA
TAT GAA GAA GCG ACC AAA ACC TGG-3' for both sheep
and deer, while 5-CCC AAG CTT GGG TTA GTC ATT GCC
AAA ATG TAT AA-3" and 5-CCC AAG CTT GGG TTA
GTC GTT GCC AAA ATG TAT AA-3' as the reverse primers
for sheep and deer respectively. Open reading frames were subse-
quently cloned into the Ndel and HindIII (NEB) restriction sites
of the pET-41a vector (Novagen). The primer sets for Sh-R171
and De-G/S 96 were 5'-GGG ATC CAT CAT GAA GCG ACC
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AAA ACC TG-3' as the forward primer and 5-CGA ATT CTT
ATG CCC CCCTTT GGT AAT AAG CC-3' or 5-CGA ATT
CTT ATG CCC CTC TTT GGT AAT AAG-3' as the reverse
primers for Sh-R171 and De-G/S96 respectively. All constructs
in the pET-41a were verified for accuracy of insert orientation by
DNA sequencing and the amino acid sequences were compared
by clustal W against human and cattle Y145Stop (Fig. 1).

Protein expression and purification. Cloning and expression
steps were combined by transforming the plasmid constructs into
the Acella™ chemically competent Cells (Edge BioSystems).
IPTG (1 mM) induction was used to allow for larger scale
expression of Y145Stop of each of the different species. Y145Stop
purification method was based on the affinity of the conserved
octapeptide repeats for transition-metal cations avoiding the
use of a histidine tag. The cell pellets were lysed in 8 M Urea,
0.1 NaH,PO,, 0.01 M Tris.Cl; pH 8.0 for 1 h at 4°C followed
by sonication. The prepared protein extracts were added onto
HisPur Cobalt Resin (Pierce). The wash step with NaH PO,/
Tris. HCI buffer was used to eliminate the urea. Y145Stop was
eluted by 300 mM imidazole solution and dialyzed against 10
mM sodium phosphate, pH 6.5 overnight. Under the same con-
ditions, we expressed and purified recombinant full-length prion
protein sheep and deer; white-tailed deer (G96 and $96) and
sheep R at codon 171.

Purification of normal and pathological isoforms of prion
protein from brain tissues. PrP¢ and PrP% were purified by
sucrose density-gradient centrifugation and subjected to ultra-
centrifugation method. Brain samples of sheep or deer con-
firmed negative or positive for TSEs by immunohistochemistry
at the Minnesota Veterinary Diagnostic Laboratory were used for
extraction of prion proteins. Brain tissue was sliced and rinsed
with cold PBS to remove the residual blood. Two syringes con-
nected with a Three-Way Stopcock with Male Luer Slip Adaptor
(Baxter Healthcare Corp., Deerfield, IL USA) were used to
prepare 10% w/v brain suspension using cold 10% sarcosine
(TEND) that is supplemented with 1 mM DTT and EDTA
(EDTA)-free Protease Inhibitors cocktail (Roche, Mannheim,
Germany) at each step where it was needed. Aliquots of this sus-
pension were homogenized then transferred on ice for 1 h. The
mixture was subjected to centrifugation at 3,000x g for 10 min
to pellet of cellular debris. The supernatants were transferred to
new Optiseal tubes (Beckman Coulter, Fullerton, CA) and cen-
trifuged through 1 M sucrose cushion for 2 h 30 min at 4°C at
100,000x g. This pellet consists of a microsomal/synaptosomal
membrane fraction containing PrP¢. Then the pellets were rinsed
using 10% NaCl, 1% SB 3-14 (TEND + PIs). DNAase I and
RNAase treatment were used to remove nucleic acids from the
aliquots. At this point, a portion of the material was digested
with different concentrations (1, 5, 10 wg/ml) of proteinase K¢
enzyme. The suspension was then subjected to centrifugation at
125,755x g for 2 h and pellets were rinsed using 0.5% SB 3-14/1x
PBS and finally re-suspended in 1 ml 2% sarkosyl. The protein
concentration was adjusted using bicinchonic acid assay (Pierce,
Rockford, IL) to 0.5-1 mg/ml. protein purity was assessed by
silver staining of gels (Fig. S1).
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In vitro conversion of PrP¢ to PrP% using PMCA assay.
Prions replicate in the body by inducing the misfolding of the
normal prion protein. PMCA assay was developed to mimic this
process. PMCA was performed as described,” in 0.2 ml thin wall
PCR tube strips as 80-l solutions containing PBS with 0.05%
(wt/vol) SDS and 0.05% Triton X-100. PK-resistant fragments
seeded by PrP%¢ were generated with seed-to-substrate ratios of
1:100 (40 ng of PrP*). The tube strips were placed in floating
rack in the Sonicator (Misonix Model 4000, Farmingdale, New
York) cup horn with water at 37°C and were subjected to repeated
cycles of sonication. The samples were subjected to two rounds
of PMCA reaction, each of them consisting of 24 cycles with 40
sec intermittent sonication at 100% power (16 min total sonica-
tion time), 59 min 20 sec incubations between each sonication.
After the first round, an aliquot of the amplified samples was
taken and diluted 10-fold into the conversion buffer containing
the monomeric protein (0.5 mg/ml) as substrate. A second round
of 24 cycles of sonication and incubation as described above was
repeated. Buffer, vector control and unseeded sonication were
used to test the tendency of the samples for spontaneous misfold-
ing and/or contamination.

Proteinase K resistance assay. Fifteen pl of the reaction
sample (I wg of rPrP) was diluted in PBS with 0.1% SDS and
digested with PK. Typically; the PK concentration to a final vol-
ume of 3 pg/ml was used for one hour at 37°C. The reaction was
stopped using Pefabloc (Roche) to final concentration of 4 mM.
The samples were denaturized using 2x SDS-buffer containing 4
M urea then subjected the samples to 4-20% SDS-PAGE.

Immunoblotting. Samples were separated in 4-20% SDS-
PAGE and transferred to a polyvinylidene fluoride (PVDF)

membrane. Monoclonal antibody (1E4) targeting an epitope
spanning amino acids 108—119 was added with a 1:1,000 dilu-
tion. Secondary antibody conjugated with chemiluminescent
compounds was added with a 1:10,000 dilution. All blots were
developed using Supersignal West Pico Chemiluminescent
Substrate (Pierce).

Thioflavine T (ThT) assay. The progression of amyloid fibril
formation was followed by a fluorimetric ThT assay. A stock solu-
tion of ThT dye (1 mg/ml; 3.14 mM) was prepared in distilled,
deionized water. Small aliquots of each sample were withdrawn
every 2 h up to 24 h and diluted to a final concentration of 4 pM
in 50 mM Phosphate buffer, pH 6.5 containing 10 uM ThT.
After 2 min incubation at room temperature, the fluorescence
of ThT dye was measured using a Spectramax M2 plate reader
(Molecular Devices, Sunnyvale, CA) set to at 482 nm by using
the excitation wavelength of 450 nm. ThT fluorescence was nor-
malized by (Fi-F0)/(Fmax-F0). Fi was the ThT intensity (fluores-
cence arbitrary unit) of samples, and FO was the ThT background
intensity. For the measurements of polymerization at different
time points, Fmax was the maximum ThT intensity of samples at

the end of PMCA cycle.
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