Table 1. Incubation times following inoculation of Tg(CerPrP)1536 mice with prions from skeletal muscle and brain samples of
CWD-affected deer.

Inocula Incubation time, mean d £ SEM (n/n0)*
Skeletal muscle Brain

CWD-affected deer

H92 360 £ 2 d (6/6) 283 + 7 d (6/6)

33968 367 £9d (8/8) 278 + 11 d (6/6)

5941 427 +£18d (7/7)

D10 483 =8 d (8/8) 231+ 17d(7/7)

D08 492 £4d (7/7)

Averages 426d 264 d
Non-diseased deer

FPS 6.98 >523 d (0/6)

FPS 9.98 >454 d (0/7) >454 d (0/6)

None >490 d (0/6)

PBS >589 d (0/5)

*The number of mice developing prion disease divided by the original number of inoculated mice is shown in parentheses. Mice
dying of intercurrent illnesses were excluded.
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Table 1 Summary of the fluorescence correlation spectroscopy measurements using 10 uM RITA

Protein Diffusion time + s.e.m.? Change in diffusion time, percent
No protein 0.063+£0.011 —_

GST-p53 dN(1-63) 0.356 £ 0.070 465

GST-p53 N(1-100) 0.259 £ 0.020 311
GST-p53(1-393) 0.287 £0.043 355
His-p53(1-393) 0.198 £ 0.007 214
His-p53(1-312) 0.111+0.014 74

GST 0.076 £ 0.003 20

GST-EBNA2 0.073+0.017 16

3All experiments were performed at least three times.
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scrapie and mastitis

To the editor:

Besides colonizing the central nervous sys-
tem, the infectious agent of transmissible
spongiform encephalopathies, termed prion,
is predominantly associated with follicular
dendritic cells (FDCs) of lymphoid tissues'=2.
Accordingly, PrP5¢, a protease-resistant iso-
form of the host protein PrPC representing the
main prion constituent, is often detectable in
spleen, tonsils, Peyer patches and lymph nodes
of infected hosts.

Chronic inflammatory states are accompa-
nied by local extravasation of B cells and other
inflammatory cells, which may induce lym-
photoxin-dependent maturation of ectopic

suffering from nephritis, hepatitis or pancre-
atitis induces unexpected prion deposits at the
sites of inflammation®. This has raised con-
cerns that analogous phenomena might occur
in farm animals.

We have investigated this question in a flock
of 818 Sarda sheep held in the Sassari region
of Italy for production of wool and human
foods. The European Surveillance Plan for
Transmissible Spongiform Encephalopathies
mandates the removal of all sheep of scra-
pie-susceptible genotypes in scrapie-infected
flocks.Of the 818 sheep, 261 had Prnp alleles*
that conferred susceptibility to prion disease.
Of the latter, seven had clinically overt scrapie
with PrP%¢ in brain, lymph nodes and tonsil.
All scrapie-sick sheep and 100 randomly cho-
sen healthy sheep were killed, and mammary
glands were analyzed histologically. Of these, 10
sheep had lymphocytic mastitis, and four had
coincident mastitis and scrapie. Using western
blots, immunohistochemistry and histoblots,
we detected PrP™ in mammary glands of all

@FDCS. Consequently, scrapie infection of mice

four clinically scrapie-sick sheep with mastitis
(Fig.1a,b), but not in noninflamed mammary
glands from presymptomatic or scrapie-sick
sheep from the same (n = 14) or a different
flock (1= 1), nor in inflamed mammary glands
of scrapie-uninfected sheep (n =2). Within the
inflammatory mammary lesions, PrP5 was
found to be associated with lymphoid follicles

a

Figure 1 Prion protein in inflamed mammary
glands. (a) Western blots with a PrP-specific
antibody. Lanes 1-3, 9-11, 14-16 from
left: native and proteinase K (PK)-digested
brain homogenates (diluted 1/1,400) from
a scrapie-infected (Scr*) and a scrapie-free
sheep (Ser7). Lanes 6-8: mammary glands
from a scrapie-free sheep with follicular
mastitis (Scr-, mast*), a scrapie-positive
sheep from a fiock with neither MWV
seropositivity nor mastitis (Scr*, mast-), and
a sheep with neither mastitis nor scrapie
(Scr-, mast). Each one of five scrapie-
infected sheep with mastitis had mammary
PrPS¢ (lanes 4, 5, 12, 13, and 17). Non-
scrapie-infected brain and mammary gland
extracts showed no PrPS¢ upon PK digestion
(lanes 3, 6-8, 11 and 16). (b) Mammary
gland micrographs from MVV-seropositive
sheep with mastitis and coincident scrapie
(Scr*), or with mastitis but no scrapie
(Scr-). Lymphoid follicles are adjacent to
milk ducts (md). Immunofluorescence
stains show abundant PrP deposits within
mamimary lymphoid follicles (arrow) from
scrapie-positive but not from scrapie-free
sheep. Scale bars, 100 um. (¢} PK-treated
paraffin-embedded tissue blots of mammary
gland sections show punctate PrPS¢ deposits
colocalizing with lymphoid follicles in
scrapie-infected {Scr*), but not in scrapie-
free {Scr) sheep with mastitis. Scale bars,
200 pm,
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by immunofluorescent labeling and by paraf-
fin-embedded tissue (PET) blotting (Fig. 1c).
PrP5¢ colocalized predominantly with CD68*
macrophages and FDCs within inflamed mam-
mary glands (Fig. 2a).

We then surveyed a second Sarda flock (272
sheep) located 30 km away from the flock
described above. One sheep was found to be
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Figure 2 Mammary PrPSt iocalizes to macrophages and FDCs. (a) Mammary gland from a sheep with
coincident mastitis, MVV seropositivity and scrapie (sheep #732). Confocal laser scanning micrographs
of lymphoid follicles immunostained for PrP (green), nuclear DNA (blue) and macrophages (red, top
panels) or FDC (red, bottom panels). PrPSc associates with CD68* macrophages and FDCs in scrapie-

positive (Scrt, arrows) but not in scrapie-free sheep (Scr-). Scale bars, 6.3 um (top) and 7.5 um
(bottom). (b) CD68* macrophages (arrow) and degenerating leukocytes within milk ducts and in adjacent
lymphoid follicles of an inflamed mammary gland, as well as in milk sediment (inset, arrowheads). Scale

bar, 100 um (mammary gland) or 20 pm (milk cells).

scrapie-sick and was killed: necropsy showed
lymphofollicular mastitis and PrP% in the
brain and tonsil. Again, PrP% was present in
the mammary gland (Fig. 1a). These results
indicate that coincidence of natural chronic
inflammatory conditions and natural scrapie
can expand the deposition of PrP% to unex-
pected tissues of sheep.

By plotting western blot signals against seri-
ally diluted scrapie-infected brain and spleen,
we determined that the median mammary
PrP concentration was 0.1% of that of spleen
and 0.05% of brain. But because mammary
lymphoid follicles were stochastically distrib-
uted, local PrP*¢ loads varied markedly. Hence
these figures may underestimate PrP5¢ in sites

of abundant follicles, and overestimate it in
sites with few or no follicles.

Common causes of lymphofollicular masti-
tis in sheep include Maedi-Visna virus (MVV)
and mycoplasma®. We could not culture myco-
plasma from mastitic glands, whereas we
found that four of the five sheep with scrapie
and rmastitis were seropositive for MVV and
that the three scrapie-sick sheep without mas-
titis were seronegative for MVV. In the clini-
cally healthy group, 7 of 10 sheep with mastitis,
but only 32 of 90 sheep without mastitis, were
seropositive for MVV. Hence, MVV seroposi-
tivity correlated with lymphoid follicular mas-
titis (Fisher exact test, P = 0.01) as reported
previously®?.

MVV and related small-ruminant lentiviruses
are endemic in most, if not all, European popu-
lations of small ruminants$, The above data
suggest that common viral infections of small
ruminants may enhance the spread of prions.
MVYV is found within mammary epithelial cells
and macrophages®, and has been experimentally
passed to lambs through milk®. Milk is believed
to represent a major route of transmission for
the natural spread of MVV?. The PrP deposits
in CD68" cells of mammary lymphoid follicles,
in concert with the copious shedding of macro-
phages into milk of mastitic sheep (Fig. 2b)*"°,
raises the question whether coexistence of prion
infection and inflammation in secretory organs
may lead to prion contamination of secretes, and
may represent a cofactor for horizontal prion
spread within flocks.
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Abstract

Background: The definite diagnosis of prion diseases such as Creutzfeldt-Jakob disease (C)D) in
humans or bovine spongiform encephalopathy (BSE) in cattle currently relies on the post mortem
detection of the pathological form of the prion protein (PrPS<) in brain tissue. Infectivity studies
indicate that PrP5c may also be present in body fluids, even at presymptomatic stages of the disease,
albeit at concentrations well below the detection limits of currently available analytical methods.

Results: We developed a highly sensitive method for detecting prion protein aggregates that takes
advantage of kinetic differences between seeded and unseeded polymerization of prion protein
monomers. Detection of the aggregates was carried out by flow cytometry. In the presence of
prion seeds, the association of labelled recombinant PrP monomers in plasma and serum proceeds
much more efficiently than in the absence of seeds. In a diagnostic model system, synthetic PrP
aggregates were detected down to a concentration of approximately 10-8 nM [0.24 fg/ml). A specific
signal was detected in six out of six available serum samples from BSE-positive cattle.

Conclusion: We have developed a method based on seed-dependent PrP fibril formation that
shows promising results in differentiating a small number of BSE-positive serum samples from
healthy controls. This method may provide the basis for an ante mortem diagnostic test for prion
diseases.

Background aberrant isoform (PrPS¢) of the normal cellular prion pro-

A group of fatal transmissible neurodegenerative diseases,
including Creutzfeld-Jakob disease (CJD), bovine spongi-
form encephalopathy (BSE), chronic wasting disease
(CWD) and scrapie, is caused by an unusual infectious
agent that has been termed prion [1]. Prions consist of an
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tein (PrPC). PrPCis a cell surface glycoprotein expressed in
neurons [2] and other cell types [3,4]. The precise physio-
logical function of the cellular prion protein is not known
yet. PrPSc differs from PrPCin its higher content of B-sheet
structure [5,6}, its partial resistance to protease digestion
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[7), and its tendency to form large aggregates [8]. PP
propagates by converting the cellular prion protein to the
PrPSc conformation [9]. PrPS¢ aggregates accumulate pre-
dominantly in the central nervous system (CNS), and
definitive diagnosis of prion diseases currently relies on
the post mortem detection of PrPS¢in CNS tissue by immu-
nohistochemistry, Wester blotting, or ELISA [10]. Trans-
mission studies indicate that prions may also be present
in blood, potentially allowing for ante mortem diagnosis,
but the sensitivity of the currently available analytical
methods is insufficient for the detection of the extremely
low prion titers that can be expected in body fluids [11].

Here, we report the development of a method based on
kinetic differences between seeded and unseeded aggrega-
tion of prion protein that allows the detection of PrP
aggregates in blood down to attomolar concentrations by
flow cytometry.

Results and discussion

Detection of synthetic prion protein aggregates in serum
or plasma

Kinetic differences between seeded and spontaneous
polymerization of peptide monomers can be used for the
detection of amyloid B-protein aggregates in the cerebros-
pinal fluid of Alzheimer's disease patients [15]. Here, we
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extend the principle of seeded polymerization to the
detection of prion protein aggregates.

While trying to establish conditions for the labeling of
synthetic prion protein aggregates with a fluorescently
labeled prion protein probe, we observed that the forma-
tion of prion protein aggregates proceeds much less effi-
diently in serum or plasma (not shown) than in PBS (Fig.
1). This inhibition is probably caused by interactions of
the prion protein probe with serum proteins.

Next, we found that the addition of preformed prion pro-
tein aggregates to plasma can partially overcome this inhi-
bition (Fig. 2). The preformed aggregates presumably
function as seeds that facilitate the formation of new
aggregates in the inhibitory environment of plasma. The
seeds stimulated the formation of prion protein aggre-
gates at all concentrations tested, from 5 nM {120 ng/ml]
to 108 nM [0.24 fg/ml] (Fig 2C). The average ratio of
event counts in seeded samples to those in samples with-
out seeds was 6.4. The number of events, however, was
not proportional to the seed concentration, but remained
relatively constant over the whole concentration range.
Thus, the seed-dependent formation of prion protein
aggregates can be used to detect extremely low amounts
(down to the attomolar range) of spiked prion protein
aggregates in blood.

Inhibition of PrP aggregation in serum. FITC-labeled recombinant bovine pricn protein (concentration 10 nM) was incu-
bated at 37°C for 20 h with continuous shaking, either in 150 p} PBS (left panel) or in the same volume of serum (right panel),
followed by flow cytometry. The measurements are depicted in a Fluorescence | (FLI-H) vs. Fluorescence 2 (FL2-H) dot-plot.
The number of counts in the area containing specific signals (R2) is given in the figures. Aggregate formation in serum is

strongly inhibited.
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Seed-dependent PrP aggregate formation in plasma. FITC-labeled recombinant prion protein (5 nM) was incubated in
plasma as described in the methods section for 20 h either in the absence (panel A) or presence (panel B) of 10-8 nM PrP aggre-
gates. Panel C: quantification of measurements shown in A and B, and of measurements (not shown) with different seed con-
centrations. The measurements are depicted in a Fluorescence | (FLI-H) vs. Side-Scatter (SSC) dot-plot. Aggregate formation
(signal in region R1) was strongly enhanced by all seed concentrations tested, from 5 nM to 108nM.

Analysis of serum from clinical-stage, BSE-positive cattle
Studies demonstrating the transmission of prion diseases
by blood transfusion suggest that prions are present in the
blood of afflicted animals and people, even at pre-symp-
tomatic stages of the disease [16-18}. We used the method
of seed-dependent fibril formation to analyze serum from
six confirmed cases of clinical-stage, BSE-positive cattle
and four controls. Based on the spiking experiments
described above, our hypothesis was that any PrPSc aggre-
gates present in serum may act as seeds for the formation
of easily detectable amounts of labeled PrP aggregates,
whereas in the absence of seeds the formation of PrP
aggregates would be inhibited. The serum samples from
BSE-positive cattle and controls from healthy cattle were
incubated with 10 nM of a FITC-labeled bovine PrP probe
at 37°C for 20 h with continuous shaking, followed by
analysis in a flow cytometer. All six BSE-samples could be
clearly distinguished by a population of events that was
absent in the controls (Fig. 3A~], green dots in region R3;
quantification in fig. 3K).

Conclusion _
We have developed a method based on seed-dependent

PrP fibzil formation that shows promising results in differ-
entiating a small number of BSE-positive serum samples
from healthy controls. More samples need to be tested in
order to validate its potential as an ante mortem diagnostic
test for BSE and other prion diseases.

Methods

Biological fluids

Serum samples from six confirmed cases of BSE in cattle
and four conurol animals were obtained from BFAV, Insel

-214-

Riems, Germany. Control plasma was obtained from a
blood bank.

Labeling of prion protein

Recombinant full-length bovine PrP was produced as
described previously [12,13]. The purified protein was
labeled with a FITC-labeling kit (Roche) according to the
manufacturer's instructions.

‘ Preparation of fibrils from recombinant prion protein

25 uM of unlabeled bovine prion protein in PBS contain-
ing 0.2 % SDS was incubated for 10 min at room temper-
ature, followed by a twentyfold dilution with PBS. For
fibril formation, the diluted reaction mixture was incu-
bated for 48 h at room temperature [14].

PrP fibril formation in serum or plasma

Recombinant FITC-labeled bovine prion protein was
incubated in 150 pl serum or plasma at a concentration of
5 or 10 nM for 5-10 min. at 20°C, shaking at 550 rpm in
an Eppendorf thermomixer, followed by an increase of
the temperature to 37°C h at constant shaking speed. The
incubation was continued for 20 h. Samples were then
analyzed by flow cytometry.

Flow cytometry

Analysis of the samples was carried out on a FACSVantage
flow cytometer (BD Biosciences) at room temperature,
measurement time was 30 sec per sample.
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Figure 3
Analysis of serum from BSE-positive cattle. FITC-labeled recombinant prion protein (10 nM) was incubated in 150 ul of

the serum samples as described in the methods section and analyzed by flow cytometry. The measurements are shown in a Flu-
orescence | (FLI-H) vs. Side-Scatter (SSC) dot-plot. All six BSE-samples (A-F) can be differentiated from the controls (G-]) by
a population of events in region R3 (green dots). Panel K: Quantification of measurements shown in panels A-J.
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Inactivation of Prions by Acidic Sodium Dodecyl Sulfate
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Prompted by the discovery that prions become protease-sensitive after exposure to branched polyamine
dendrimers in acetic acid (AcOH) (8. Supattapone, H. Wille, L. Uyechi, J. Safar, P. Tremblay, F. C. Szoka, F. E.
Cohen, S. B. Prusiner, and M. R. Scott, J. Virol. 75:3453-3461, 2001), we investigated the inactivation of prions
by sodium dodecyl sulfate (SDS) in weak acid. As judged by sensitivity to proteolytic digestion, the disease-
causing prion protein (PrP5%) was denatured at room temperature by SDS at pH values of =4.5 or 210.
Exposure of $c237 prions in Syrian hamster brain homogenates to 1% SDS and 0.5% AcOH at room temper-
ature resulted in a reduction of prion titer by a factor of ca. 107; however, all of the bioassay hamsters
eventually developed prion disease. When various concentrations of SDS and AcOH were tested, the duration
and temperature of exposure acted synergistically to inactivate both hamster Sc237 prions and human sporadic
Creutzfeldt-Jakob disease (sCJD) prions. The inactivation of prions in brain homegenates and those bound
to stainless steel wires was evaluated by using bioassays in transgenic mice. SCJD prions were more than
100,000 times more resistant to inactivation than Sc237 prions, demonstrating that inactivation procedures
validated on rodent prions cannot be extrapolated to inactivation of human prions. Some procedures that
significantly reduced prion titers in brain homogenates had a limited effect on prions bound to the surface of
stainless steel wires. Using acidic SDS combined with autoclaving for 15 min, human sCJD prions bound te
stainless steel wires were eliminated. Our findings form the basis for a noncorrosive system that is suitable for

inactivating prions on surgical instruments, as well as on other medical and dental equipment.

Prions are infectious proteins that cause fatal neurodegen-
erative illnesses, including Creutzfeldt-Jakob discase (CJD)
in humans, bovine spongiform encephalopathy (BSE), and
scrapie in sheep (37, 60, 97). In mammals, prions are com-
prised solely of the disease-causing isoform of the prion pro-
tein (PrP), designated PrP5. PrPS¢ is formed from the cellular
precursor PrPC by a process involving a profound conforma-
tional change. While PrP€ is a protein with three a-helices and
little B-sheet, PrP%¢ is rich in B-sheet structure. It seems likely
that the infectious prion monomer consists of a trimer of PrP%®
molecules based on an ionizing radiation target size of 55 kDa
and electron crystallography studies (3, 7, 30, 99). Limited
proteolysis of PrP5¢ results in N-terminal truncation to form
PrP 27-30. which retains infectivity and polymerizes into amy-
loid fibrils (49, 67). Electron crystallography combined with
molecular modeling suggests that both PrPS¢ and PrP 27-30
contain a B-helix (30, 99). The conformation and extraordinar-
ily small size of the prion are probably responsible for its
extreme resistance to inactivation.
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" Reports in the mid-1960s on the resistance of prions to
inactivation by both ionizing and UV radiation served to ac-
centuate the mysterious nature of the infectious agent causing
scrapie of sheep (2, 3). Two decades earlier, the resistance of
the scrapie agent to inactivation by formalin was recognized
when more than 1,500 sheep, immunized against looping-ill
virus with a formalin-treated vaccine contaminated by the
scrapie agent, developed scrapie several years after vaccination
(29). With the transmission of the scrapic agent to mice and
later Syrian hamsters (16, 46), studies were undertaken to
define conditions for inactivation. The results of numerous
studies designed to probe the molecular nature of the scrapie
agent and define conditions for inactivation concluded that
protein denaturants were effective at reducing infectivity titers
but that complete inactivation required extremely harsh con-
ditions, such as 5 h of autoclaving at 134°C or treatment with
2 N NaOH (63, 66). It is important to note that these condi-
tions, on which current guidelines are based, were determined
for the rodent strains, before jt was known that prion strains
may exhibit different stabilities to denaturation by heat, as well
as chaotropes (56, 91). Defining conditions for inactivation of
prions is an important undertaking in view of the human forms
of prion disease that were elucidated by studies demonstrating
the experimental transmission of prions from patients who
died of kuru or CJD to apes and monkeys (26, 27). Radiation
inactivation of CJD prions and studies of human PrP argue
that buman prions, like those causing scrapie and BSE. are
resistant to inactivation (10, 28). More recently, the number of
cases of iatrogenic CID; the transmission of BSE prions from
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cattle to humans, causing variant (v) CJD (97, 98); and the
probable transmission of vCJID by blood transfusion (43, 55)
highlight the pressing need for effective prion decontamina-
tion. '

In the course of studies on the expression of PrP genes in
prion-infected cultured cells, we found that branched poly-
amine dendrimers rendered PrPS¢ susceptible to degradation
(83). This enhanced susceptibility to degradation could be
mimicked in vitro by incubating prions with polyamine den-
drimers at pH ~3.5 (84). Intrigued by the ability of weak acids
such as acetic acid (AcOH) in combination with dendrimers to
render prions susceptible to proteolytic degradation, we ex-
plored prion stability upon exposure to a variety of protein
denaturants under weakly acidic conditions. Of all the deter-
gents and chaotropes examined, sodium dodecyl sulfate (SDS)
combined with AcOH proved to be the most potent reagent for
the inactivation of prions. This finding was unexpected since
SDS at neutral pH exhibits only a modest ability to inactivate
prions in our experience (63). The experiences of others are
noteworthy: 3% SDS at neutral pH has been reported to destroy
prion infectivity in brain homogenates when samples were boiled
or autoclaved (36, 87, 88). However, prion infectivity in macer-
ated brain samples survived boiling for 15 min in 5% SDS at
neutral pH (90). These findings suggest that SDS solutions at
neutral pH, even when exposed to high temperatures, cannot
be used for the complete inactivation of prion infectivity.

As described here, acidic SDS was superior to all other protein
denaturants examined. The PrP5¢ molecule or a higher-order
multimer such as a trimer is susceptible to denaturation by
acidic SDS. To study the inactivation of prions by acidic SDS,
Sc237 and sCJD prions from Syrian hamsters and humans,
respectively, were used. Sc237 prions originated in sheep with
scrapie and were isolated on passage from rats to Syrian ham-
sters (46). sCID prions were from a patient who did not have
any PRNP gene mutations and appeared to have developed
prion disease spontaneously. Both immunoblotting and bioas-
says in rodents were used to assess the inactivation of prions in
brain homogenates by acidic SDS, as well as those adhering to
a steel surface (100). Our studies identified conditions under
which it is possible to inactivate all detectable prion infectivity
by a combination of acidic SDS and 15 min of autoclaving.

MATERIALS AND METHODS

Inocula. sCJD was confirmed by histopathology, immunohistochemistry, and
detection of human PrPS¢ by Western blotting. Genomic sequencing of the open
reading frame revealed no mutations and methionine homozyposity at position
129. The S¢237 hamster prion strain was a gift from Richard Marsh and was
repeatedly passaged in golden Syrian hamsters (LVG:Lak) purchased from
Charles River Laboratory (Wilmington, MA).

Preparation of brain homogenates and acidic buffers. Crude brain homoge-
nates (10% {wtivoi]) in calcium- and magnesium-free phosphate-buffered saline
(PBS) were prepared by repeated extrusion through svringe needles of succes-
sively smaller size, as previously described (78). Nuclei and debris were removed
by centrifugation at 1,000 X g for 5 min. Incubations of brain homogenates with

various solutions were performed with continuous shaking at 100 cycles/min. .

Glycine buffer was made as a 1 M stock titrated to pH 3.0, whereas AcOH and
peracetic acid were added directly without adjustment. In other experiments,
10% (wt/vol) brain homogenates were prepared in calcium- and magnesium-free
PRBS with two 3.2-mm stainlcss steel beads using the Mini-BeadBeater-8 appa-
ratus (BioSpec, Bartlesville, OK) for two cycles of 45 s cach and then placed on
ice. Homogenates were either precleared at 500 X g for 5 min (see Fig. 2B) or
used without centrifugation, and the protocol was performed without shaking
(see Fig. 1C and 2A and Table 1 to Table 4). The final pH value for each sample
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was measured directly on parallel, uninfected samples with a calibrated pH

" electrade (Radiometer, Copenhagen, Denmark) during each experiment and is

provided in the appropriate figure legends.

PrP5® detection by immunoblotting. PrP5¢ in ncutralized samples was mca-
sured by limited proteinase K (PK) digestion and immunoblotting as described
previously (83). After incubations, an equal volume of 4% Sarkosyl-100 mM
4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES; pH 7.5)-200 mM
NaCl was added to neutralize each sample. Protease digestion was performed
with 20 pg of PK/ml (Invitrogen, Carlsbad, CA) for 1 h at 37°C. Digestions were
terminated by the addition of 8 ul of 0.5 M phenylmethylsulfonyl fluoride in
absolute ethanol (Rache, Indianapolis, IN). Digested samples were then mixed
with equal volumes of 2X SDS sample buffer. All samples were boiled for 5 min
prior to clectrophoresis. SDS-polyacrylamide gel clectrophoresis (PAGE) was
performed on 1.5-mm 12% polyacrylamide gels (39). After electrophoresis,
Western blotting was performed s previously described (78). Membranes were
blocked with 5% nonfat milk protein in PBST (calcium- and ium-free

PBS plus 0.1% Tween 20) for 1 h at room temperature. Blocked membranes

‘were incubated with J pg of recombinant, bumanized antibody fragments (Fab)

D13 (Fig. 1 and 2) or D18 (Fig. 1B)/ml. Afier incubation with the primary Fab,
membranes were washed 3 X 10 min in PBST, incubated with horseradish
peroxidase-fabeled, anti-h Fab secondary antibody (ICN) diluted 1:5,000 in
PBST for 45 min at room tempcrature, and washed again four times for 10 min
each time in PBST. After enhanced chemiluminescent (ECL) detection (Amer-
sham Bioscieace. Piscataway, NJ) for 1 to 3 min, blots were sealed in plastic
covers and exposed to ECL Hypermax film (Arnersham). Films were processed
automatically in a Konica fitm processor.

Preparation and bi y of pri steel wires, Four-miflime-
ter segments of 3-0 stainless steel suture wire (Ethicon. Cornelia, GA) were
coated with prions and bioassayed by a modification of a procedure described
previously (100). Wire scgments were incubated with 10% prion-infected brain
homogenate in PBS at room temperature for 16 h in a 10-cm petri dish, washed
five times for 10 min each time at room (emperaure with PBS, followed by a
10-min wash with H,O, and air dried in a ducted class II, type B2 biosafety
cabinet (Baker, Sanford. ME) overnight. Coated wires (10 to 15) were incubated
with 1 ml of H;0, SDS. AcOH, or an SDS-AcOH solution at different iemper-

tod ctaink

" atures for various durations. After incubation, wires were washed briefly in PBS

and implanted into the right cerebral hemisphere. Mice were premedicated with
buprenorphine hydrochioride (Buprenex; Reckitt Benckiser Healthcare, Berk-
shire, United Kingdom), anesthetized using isofiurane (AErrane; Baxter Health-
care, Deerfield, IL), and kept immobilized in a stereotaxic apparatus. A 1-cm
skin incision was performed under aseptic conditions and a 0.9-mm bore hole
was drilled through the skull, ca. 1 mm caudal and 1.2 mm right of the skull
reference point bregma. The stainless steel wire was inserted into the brain with
forceps. The skin was then closed by using surgical glue (Nexahand; Abbott
Laboratories, Abbott Park, IL). The wires remained embedded in the brains of
the mice for the duration of the experiment.

Bioassay for prion infectivity in brain homogenates. Brain homogenates were
diluted 1:10 into sterile, calcium- and magnesium-free PBS plus 5 mg of bovine
serum albumin/ml. Brain homogenates treated with various solutions, at final
concentrations of 2.5%, were diluted 1:10 (see Tables 1 and 3) or 1:25 (sec
Tables 2 and 4). New, sterile, individually packaged needies, syringes, and tubes
were used. Al work was carried out in laminar flow hoods to avoid cross-
contamination.

Brain homogenates containing hamster 8¢237 prions were hinassayed in ham-
sters or transgenic (Tg) mice expressing Syrian hamster (SHa) PrP, designated
Tg7 mice. Brain homogenates containing human sCID prions were bioassayed
inmice expressing a chimeric me h PP transg designated
MHu2M(M165V, E167Q), in which the most rapid incubation times are ca. 120
days (38); for simplicity, these mice are designated Tg22372 mice. For negative
controls, brain homogenates of uninoculated Pmp® mice were used. Hamsters
and weanling micc were inoculated intracercbraily with S0 and 30 ul, respec-
tively, of diluted samples. Inoculation was carried out with a 26-gauge. disposable
hypodermic needle inserted into the right parictal lobe. After inoculation, mice
were examined daily for neurologic dysfunction. Standard diagnostic criteria
were used to identify animals affected by prion discase (13, 62). Animals whose
deaths were imminent were sacrificed, and their brains were removed for histo-
logical and biochemical analysis.

Survival analysis. Prion incubation periods in experimental models have been
reported historically as the mean incubation period = the standard error of the
mean. This approach assumes that the data are normally distributed, which is a
reasonable approximation for high-titer samples. When prion titers are low, as in
prion inactivation studies, the distribution of incubation periods becomes asym-
metric, and not all animals succumb to disease. In such cases, the calculation of






