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Abstract
Background: Transmissible spongiform encephalopathies (TSEs) are neurodegenerative diseases
affecting both humans and animals. They are associated with post-translational conversion of the
normal cellular prion protein (PrPC) into a heat- and protease-resistant abnormal isoform (PrPSc).
Detection of PrPSc in individuals is widely utilized for the diagnosis of prion diseases.
Methods: TSE brain tissue samples have been processed in order to quantitatively isolate PrPSc.
The protocol includes an initial homogenization, digestion with proteinase K and salt precipitation.
Results: Here we show that over 97 percent of the PrPSc present can be precipitated from
infected brain material using this simple salting-out procedure for proteins. No chemically harsh
conditions are used during the process in order to conserve the native quality of the isolated
protein.
Conclusion: The resulting PrPSc-enriched preparation should provide a suitable substrate for
analyzing the structure of the prion agent and for scavenging for other molecules with which it may
associate. In comparison with most methods that exist today, the one described in this study is
rapid, cost-effective and does not demand expensive laboratory equipment.

Background
Scrapie, bovine spongiform encephalopathy (BSE) and
Creutzfeldt-Jakob disease (CJD) are all related transmissible spongiform encephalopathies, the common major

causative agent of which is believed to be a protease- and
heat-resistant, beta-sheet rich isoform (PrPSc) of the normal cellular prion protein (PrPC) [1]. The patho-physiological identity of the infectious agent has not been
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understood so far, although there is sufficient proof that
the conversion of PrPC to PrPSc plays a crucial role during
pathogenesis [2]. Clinically, the disease is characterized by
long incubation periods which, as in the recent crossover
of the bovine spongiform encephalopathy (BSE) agent to
humans, may be prolonged further when the disease is
transmitted from one species to another. Necropsy findings from TSE cases generally show accumulation of PrPSc
in the brain, accompanied by extensive neurodegeneration, which is also the major cause of fatality. Similar deposits have been demonstrated as well, in some of the
peripheral organs and the lymphoreticular compartment
in certain species [3,4]. Today, the ultimate confirmation
of the disease comes only after post-mortem examination
of the brain, even though extensive research being carried
out in the field offers hope for pre-clinical diagnosis
through the detection of PrPC in tonsils or body fluids.
Clinical signs of neurodegeneration, supported by the
presence of characteristic microscopic lesions and PrPSc in
the brain [5] are signs that eventually lead to the diagnosis
of TSEs. As well, the clinical indications, histopathological
symptoms and glycoform pattern of PrPSc isolated from
experimental animals are typical of the 'strain' or species
origin of the inoculums [6]. A number of in vitro assays
have been reported for the detection of PrPSc in the tissue,
including the dot-blot immunoassay, enzyme-linked immunosorbent assay (ELISA), immunocytochemistry,
Western blot analysis, and recently, capillary electrophoresis [7–12]. At present, the template source of PrPSc
for all these procedures is either the crude brain homogenate or a harshly processed preparation called scrapie associated fibrils (SAF). While these procedures take
relatively less time to perform, in vivo bioassays requiring
the inoculation of laboratory animals such as mice or
hamsters with the infected material have been used over
the years for the detection of prion diseases. The main disadvantage of the bioassay technique however, lies in the
lengthy incubation period that incurs between inoculation and appearance of clinical symptoms, compounded
by the expense of maintaining large animal colonies.
Therefore, scientists working in the field of prion diseases
most often prefer in vitro methods of diagnosis when there
is no absolute requirement to use laboratory animals.
In order to routinely detect PrPSc in specimens, reliable,
quantitative and yet relatively simple protocols are necessary for its isolation. Here we report that over 97% of total
PrPSc in a brain sample may be detected in vitro following
an exceptionally short and simple precipitation method
of enrichment for the protein. The method was validated
within a European Union consortium of several laboratories for standardization of the diagnosis of BSE and scrapie by estimating the limiting dilution of detection of PrPSc
from infected brain. Using multiple preparations from
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five different species, we also showed that the method described herein concentrated PrPSc without altering the
PrPSc glycoform pattern, a quality that makes this protocol suitable for glycotype analyses for species or strain
identification of the infectious agent.

Methods
Experimental material
Infected brain tissues from mouse scrapie, strain ME7,
were obtained from FRCVD, Tubingen, Germany and
mouse BSE, strain 301 V from VLA, Weybridge, UK. Brain
tissues from sheep with natural scrapie or normal sheep
were obtained from the School of Veterinary Medicine,
Aristotle University, Thessaloniki (courtesy Prof. O. Papadopoulos). BSE brain samples were obtained from VLA,
Weybridge, UK and the human CJD brain samples came
from recently reported cases of sporadic CJD (sCJD) from
within Greece [13]. All tissues were stored at -70°C until
use. Autolytic deterioration was observed only in tissues
from the BSE cases due to handling during transportation
etc. Area of choice of the tissue for each species depended
on relevant data from our own and other laboratories.
Homogenization
A 10% homogenate of the tissue was prepared in cold homogenization buffer (0.5% IGEPAL CA-630 (NP-40) and
0.5% sodium deoxycholate in phosphate buffered saline,
pH 7.4) using a polytron homogenizer (Kinematica, Switzerland) at setting 4, twice for 6 seconds each. For limiting
dilution experiments, the polytron was replaced with the
OmniGLH homogenizer (CAMLAB, UK) which worked
equally well with disposable probes, a very useful factor to
be considered while attempting multiple homogenizations with large number of samples. All homogenates
were stored in aliquots at -70°C until use and thawed only
once.
Proteinase K treatment
On the day of use, 100 ml of homogenate was diluted with
an equal volume of the homogenization buffer and incubated with proteinase K (Sigma-Aldrich) for 1 hour at
37°C with mild rocking. Concentrations of proteinase K
used varied with the species and are provided separately
with each figure. The reaction was stopped by the addition
of 5 mM PMSF (Sigma-Aldrich), a protease inhibitor.
Precipitation of PrPSc
The proteinase K digestion mixture was diluted with 300
ml phosphate buffered saline (PBS) pH 7.4 and brought to
10% NaCl by the addition of an equal volume of 20%
NaCl in PBS containing 0.1% sarkosyl. The tube was kept
in ice for 10 minutes with occasional shaking. After centrifugation at 16,000 g for 10 minutes at room temperature, the pellet was washed once with 25 mM Tris-HCl
buffer, pH 8.8 containing 0.05% sarkosyl (w/v) and cen-
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trifuged again at 16,000 g for 10 minutes. The final, enriched pellet was then resuspended in 2.5´ loading buffer
10% v/v glycerol, 50 mM Tris pH 6.8, 2% w/v SDS, 3% bmercaptoethanol and used for detecting PrPSc by western
blotting. Normally, for a starting volume of 100 ml homogenate (10 mg brain equivalent) the final pellet was resuspended in the same volume (i.e. 100 ml) of loading
buffer, of which 30 ml (3 mg brain equivalent) was loaded
per lane for the western blot analysis.
In order to estimate any loss of PrPSc during the extraction
procedure, total proteins in the supernatants from both
the precipitation step and the wash step were precipitated
with 9 volumes of methanol overnight at -70°C. After centrifugation at 16,000 g, the supernatants were discarded
and the pellets resuspended in loading buffer (see above)
and used for western blot detection of PrPSc as described
below.
Polyacrylamide gel electrophoresis and western blotting of
PrPSc
Proteins were subjected to electrophoresis using a 12 or
15% Laemmli sodium dodecyl sulfate polyacrylamide gel
(SDS-PAGE) and transferred to a PVDF membrane (Sigma-Aldrich) and incubated with the primary antibody for
1 hr. This was followed by washes with PBS, pH 7.4 and a
further incubation for 35 minutes with the corresponding
secondary antibody. All incubations and washes were
done at room temperature. The primary antibodies were
SAL1 (manuscript in preparation), or 6H4 (Prionics AG,
Switzerland) depending on the species being tested. Details of the use of primary and secondary antibodies is given in the figure legends. Following three washes of 15 min
each, the reaction was visualized using the CDP star (New
England Biolabs) chemiluminiscence detection technique
according to manufacturer's instructions. The membranes
were exposed to X-OMAT (Kodak) X-ray films for between
5 seconds to 5 minutes depending on the degree of positivity in the starting material.

The films were scanned (Hewlett Packard ScanJet 6300C)
and the positive signal analyzed and expressed as integrated optical density (IOD) using the Gel-Pro Analyzer 3.0
software. The percentage recovery of PrPSc in the final pellet (P) was then calculated using the formula:

Percentage recovery of PrPSc =

IOD ( P ) × 100

IOD ( W1 ) + IOD ( W2 ) + IOD ( P )

Where P is the final pellet, W1 is the supernatant after saltprecipitation and W2 is the supernatant after the final
wash.

Silver staining for total proteins
The initial crude homogenate, pellet after the final wash,
and the supernatants after salt precipitation and the final
wash, the latter two precipitated in 9 volumes of methanol at -70°C, were subjected to electrophoresis using an
SDS-PAGE system as described earlier. To avoid overloading the gel, ten times less brain equivalent (0.3 mg) was
loaded for the crude homogenate than for the other samples (3 mg each). The procedure used for staining was a
standard method [27]. In short, the gel was fixed in 50%
methanol and 12% (v/v) acetic acid for 1 hour, followed
by incubation in 10% ethanol and 5% acetic acid (v/v) for
another hour. This was followed by treatment with 3.4
mM potassium dichromate in 2.8 mM nitric acid after
which the gel was washed with distilled water and incubated for 30 min with shaking in 20% (w/v) silver nitrate.
The reaction was developed in 3% sodium carbonate containing 0.5 ml formaldehyde 37% (paraformaldehyde)
per liter and stopped by the addition of 2.3 M citric acid
when the bands were clearly visible. Intensities of the
lanes due to total proteins were estimated as described
above.
Estimation of the degree of brain positivity for scrapie and
BSE
Pooled homogenates of cerebellum from scrapie positive
sheep (P1) or brain stems from BSE positive cattle (P2)
were prepared as described above. Similarly, homogenates were also prepared from healthy sheep (N1) or
healthy cattle (N2). In order to achieve different degrees
of tissue positivity, P1 and P2 were initially diluted up to
50% or 6.25% with N1 and N2, respectively, and the resulting mixtures then used for precipitating PrPSc as described in the steps above. Undiluted P1 and P2 served as
positive controls (100% positivity) whereas N1 and N2
served as negative controls for these experiments. Prior to
loading on the NuPage (Invitrogen) western blotting system, the final pellet from each sample was subjected to
eleven 2-fold serial dilutions with loading buffer. The 6H4
monoclonal antibody was used to detect PrPSc on a PVDF
membrane and the positive signal was analyzed on a BioRad Fluor-S multiImager (Bio-Rad, USA).
Precipitation of PrPSc from different species
The validity of the current protocol to enrich for PrPSc
from different species and its use in glycotyping, the technique currently employed for species and strain identification, was examined using both experimental and native
TSEs. Homogenates of mouse scrapie or mouse BSE whole
brain, native sheep scrapie cerebellum, BSE brain stem or
sporadic CJD cortex were used for this purpose. PrPSc was
precipitated from all species using 10% sodium chloride
as described above and detected on a western blot using
the polyclonal antibody SAL1. In order to perform glycoform analysis, band intensities of the double-, mono- or
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non-glycosylated isoforms were determined in each sample and each glycoform was expressed as a percentage of
the total signal obtained.
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Results
Percentage recovery of PrPSc in the final pellet
The migration pattern of PrPSc in the final enriched pellet
(P) and in the supernatants from the salt-precipitation
(W1) and wash (W2) steps from a sheep scrapie sample is
shown in Figure 1a. Loss of PrPSc in the discarded supernatants in the two preceding steps was estimated to allow
the calculation of the degree of its recovery at the end of
the procedure. PrPSc-specific signal was discerned as the
classical three-band pattern representing the double-, mono- and non-glycosylated isoforms, each of which was
typical of the individual species studied. The sum of the
signals obtained from P, W1 and W2 accounted for total
PrPSc in the starting material, and the percentage recovery
of PrPSc was calculated as described in Methods. As shown
in the inset table, as much as 97.4% of PrPSc was found in
the pellet with minimal loss in the supernatants, either
from the precipitation (2.08%) or the final wash step
(0.5%). These calculations are indicative from this particular experiment, whereas variability of the recoveries is
approximately 2%.
Estimation of total proteins using silver stain and estimation of the degree of purification of PrPSc
Figure 1b shows staining for total proteins in the crude
homogenate (H) and in the fractions P, W1 and W2 that
were produced through the sodium salt precipitation procedure, each expressed as integrated optical densities
(IOD). Most cellular proteins remaining after protease K
digestion were present in supernatant W1 that was discarded after salt precipitation, leaving relatively few proteins in W2, the supernatant from the wash, and in the
final pellet, P. Intensity in lane H represents signal due to
total proteins in 0.3 mg brain equivalent of the initial
crude homogenate (the brain equivalent amount loaded
with the total homogenate was ten times less in order to
enable smooth running of the gel). All other lanes contain
3 mg brain equivalents each. The inset table shows values
for intensities in lanes H and P, and gives the degree of purification of PrPSc in lane P as a result of enrichment. As
may be seen, the IOD value in P (31.89) is 2 logs less than
in H (3121.5) indicating an 100-fold reduction in total
proteins in P. In conjunction with Figure 1a, where 97.4%
of the total PrPSc is shown to be present in P, it is clear that
the degree of purification of PrPSc in the final pellet was a
hundred times that of the initial homogenate, H.

P
97.4%

M

B

W1
2.08%

H

P

W2
0.5%

W1 W2

25 kDa -

Product

Crude homogenate ‘H’
Pellet ‘P’

Load per Absorption IOD
lane
due to total
brain
proteins per mg
equivale brain equivalent
nt (mg)
0.3
3121.5
3.0
31.89

Degree of
purification

1
100

Figure 1
Comparison of PrPSc and total protein during the
enrichment process. A) Western blots depicting the
migration pattern of PrPSc in the final enriched pellet (P) and
in the supernatants after the precipitation (W1) and the wash
(W2) steps in native sheep scrapie. Total proteins in W1 and
W2 were precipitated with 9 volumes of methanol over night
at -70°C. SAL1 (1:3000) was used as the primary antibody
and alkaline phosphatase labeled goat anti-rabbit IgG (1:1500,
Roche) as the secondary antibody. Each lane contains 3 mg
brain equivalent. The table shows percentage recoveries of
PrPSc in P, W1 and W2. The estimations were made by first
determining the values for integrated optical density (IOD)
due to PrPSc for each lane. The sum of the values in P, W1
and W2 was then taken to be one hundred percent total
PrPSc in the starting material. Values due to PrPSc in each of
P, W1 and W2 were then deduced as percentages of the sum
total as described in Materials and Methods. Proteinase K
used was 30 mg per ml homogenate. B) Silver staining of H
(starting undigested homogenate), P, W1 and W2 run on a
SDS-PAGE system. All lanes contain 3 mg brain equivalent
loads except for lane H which contains 0.3 mg of the same.
Molecular weight markers are shown in lane M. It may be
noticed that the some of the proteins present in H are also
present in W1, in the discarded supernatant after the precipitation step. Lanes P and W2 contain few detectable proteins.
The table provides a quantitative estimation of the degree of
purification of PrPSc in P after taking into account, signals due
to total proteins in lanes H and P respectively.
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Figure 2
Comparison of signal detection after blending PrPSc positive and negative homogenates in different ratios in
A) sheep scrapie and B) BSE. In each case, western blot analysis is shown for 100% positive tissue (top panels); 50% positive tissue (middle panels); and 6.25% positive tissue (bottom panels). Antibodies used were 6H4 (1:5000) and alkaline phosphatase labeled rabbit anti-mouse (1:5000), both from Prionics. Lanes show: C – 10% negative brain homogenate, unprocessed
and without proteinase K digestion; BM – molecular weight marker. Amounts listed above other lanes indicate the amount of
positive tissue equivalents loaded. Staining seen in the negative sample was considered to be due to improper digestion of the
tissue. Amount of proteinase K used was 100 mg per ml homogenate in each case. The negative control and all test samples
were processed by the described salt precipitation protocol. The signal seen in lane C may be attributed to cellular prion protein, PrPC, present in normal brain tissue.

Estimation of degree of positivity in the tissue
Low limits of PrPSc detection are essential for a method to
be successfully applied to the determination of animals in
the pre-clinical stages of the TSE disease. It was therefore
considered mandatory to test the capability of the current
protocol for determining minimum positive tissue equivalents in normal tissue homogenates spiked to various degrees with infected tissue. The lower limit of detection of
PrPSc using the current protocol was estimated using
pooled brain homogenates in order to avoid sample to
sample variations. Thus, pooled homogenates of cerebellum from scrapie positive sheep (P1) or brain stems from
BSE positive cattle (P2) were used and similar homogenates from healthy sheep (N1) or healthy cattle (N2)
served as negative controls. For both scrapie and BSE, the
positive (100% positivity) and negative (0% positivity)
homogenates were blended in ratios that provided final

mixtures containing 100%, 50%, or 6.5 % positive tissue
material. PrPSc was then precipitated from each of these
and the lowest limits of detection were determined using
western blot analysis. For both scrapie (Figure 2a) and
BSE (Figure 2b) samples, the lowest detection limit
ranged between 5–10 mg brain equivalents.
Precipitation of PrPSc from different species
Since TSEs affect a variety of species, we also tested the efficiency of the sodium chloride method of PrPSc enrichment on brain tissues of animals with natural and
experimental forms of TSEs. This was considered important because of the species-related differences in the tissue
distribution and glycoform patterns of PrPSc. Brain equivalents of 3 mg each in cases of scrapie, BSE and CJD, and
2 mg each in cases of mouse scrapie and mouse BSE were
loaded into each lane of an SDS-PAGE gel for western blot
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Figure 3
Detection of PrPSc in TSEs from different host species. Lanes show: 1 – mouse scrapie ME7, 2 – sheep scrapie,
3 – mouse BSE, 4 – BSE, 5 – sporadic CJD, 6 – normal sheep.
Lanes 1 and 3 contain 2 mg and lanes 2, 4, 6 contain 3 mg
brain equivalent load each. SAL 1 (1:3000) and alkaline phosphatase labeled goat anti-rabbit IgG (1:1500, Roche) were
the primary and the secondary antibodies respectively.
Amounts of proteinase K used per ml homogenate were 30
mg in the cases of mouse scrapie, sheep scrapie and BSE and
50 mg in the case of sCJD.

analysis. It has been observed during routine laboratory
practice, however, that with animals suspected to have
TSEs or with doubtful positive signal for PrPSc, the load
per lane could be increased up to 10 mg brain equivalents,
thereby increasing the probability of detecting PrPSc. This
is accomplished by resuspending the final pellet in a
smaller volume of loading buffer. Mouse samples were
particularly useful as standard controls for glycoform
analyses as total brain homogenates were used in these
cases and thus uniform patterns, uninfluenced by the
choice of a certain area of the brain, were obtained on the
western blot. Banding patterns representative of each species are shown in Figure 3. All samples were processed and
electrophoresed simultaneously. The sporadic CJD (sCJD)
case in lane 5 was of sporadic type 2 from Greece [13].
Quantitative estimations of the glycoforms for each species are given in the histogram in Figure 4. Average values
and their standard errors were obtained for each species
after analyzing multiple samples in each case. In all cases,
the glycoform patterns presented by PrPSc matched those
previously reported in the literature [14–16] and was not
affected otherwise by the current method of enrichment.

Discussion
The first cases of BSE were reported in the United Kingdom [17] and since that time the cattle disease has been
implicated as a causative agent for new variant CJD in hu-

Figure 4
Glycoforms of PrPSc isolated from different species.
Samples 1–5 represent ME7, sheep scrapie, mouse BSE, BSE
and sporadic CJD respectively. Percentages of specific glycoform are shown as average + standard error for each species. Values shown were obtained from independent
experiments with 7 ME7 samples, 8 sheep samples, 2 mouse
BSE samples, 5 BSE samples and 5 sCJD samples. Bars represent percentage glycoforms of double, mono and non-glycosylated bands according to the insert.

mans [18,19]. Fears have also been raised that BSE may
have crossed back into sheep [20,21] in the guise of sheep
scrapie. Given this scenario, two aspects of prion disease
monitoring need immediate attention. One is the pressing
need for the establishment of reliable, rapid and, at the
same time, sensitive protocols for the detection of TSEs
from both animal and human sources. The other is that
these methods should be easy to perform and cost-effective with minimal requirement for expensive equipment.
PrPSc remains the ultimate and sole determinant for a
confirmatory diagnosis of TSE. Given this fact, it seems
obvious that the successful, efficient extraction of this
molecule is of utmost importance. We have shown here
that it is now possible to enrich for PrPSc using sodium
chloride precipitation and obtain an end product containing up to 97.4% of the total PrPSc in the tissue. Loss of PrPSc in the two wash steps during the procedure was
negligible and might well be attributed to the handling of
the material. The high degree of purification of PrPSc in
the pellet at the end of the method was indicated by a general reduction in total proteins in the final enriched pellet
(Figure 1b) suggesting a 100-fold purification for PrPSc in
the latter. PrPSc could be extracted even more efficiently
from mouse species with a recovery of 99.7% (data not
shown), probably due to the uniform and homogeneous
constitution of the tissue involved. The method was also
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tested in more than one species to establish that the electrophoretic mobility of PrPSc thus obtained was not distorted as reported recently with sodium phosphotungstate
salt [4]. Thus, PrPSc precipitated with sodium chloride salt
in this manner would be well suited for TSE strain and
species type analyses.
Early in the development of this protocol we noticed that
the low speed debris usually discarded during most PrPSc
purification procedures contained as much as 20–30% of
the total protein in the tissue (personal observation). It
was therefore considered useful to include tissue debris in
the extraction procedure described in this study and not to
use the common practice of 'clearing' tissue homogenates.
As would be expected, and as was indeed seen by silver
staining (Figure 1b), other molecules also were precipitated along with PrPSc. Although considered contaminants
in the present preparation, these molecules could become
suitable candidates when searching for other components
including proteins, non-proteins or nucleic acids [22] that
participate with PrPSc [23,24] in prion pathogenesis in the
different intermolecular interactions during the course of
the disease. The above protocol could be safely recommended as an alternative confirmatory protocol of the
commercially available protocols taking into account the
achieved concentration was at least 20 times higher.
Though less popular than it was once, the SAF procedure
also precipitates PrPSc by aggregating it into fibrils,
through a rather harsh treatment with sarkosyl [25,26]
and high-speed centrifugation. Although it was the method of choice a few years ago, and still is considered as a
confirmatory diagnosis for TSEs by International Office of
Epizootics (IOE), SAF preparations are used less today because the method is tedious to perform and requires larger
quantities of starting tissue to offset heavy losses throughout (with only 20% recovery of PrPSc). The low recovery is
indeed a problem, particularly with samples such as BSE
and CJD where there is a constant dearth of available material. In our hands, at least fifty times the amount of tissue reported in the present sodium chloride precipitation
procedure was required for the detection of PrPSc as SAFs
[10]. When the salt precipitated material was examined
for the presence of SAF's there weren't clearly detectable fibrilar structures thus making this protocol improper for
the detection of them.
The salt precipitation method described here gave satisfactory results with all species of natural or experimental
forms of TSEs tested. The finding that the species origin of
the tissue did not affect the validity makes the procedure
universally applicable for enriching PrPSc in samples intended both for diagnoses of prion diseases and for characterization of the infectious agent. Additionally, the
observation that the glycoform pattern of PrPSc[14–16]
was not distorted after digestion with Proteinase K indi-
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cates that the electrophoretic mobility of PrPSc was not affected. This is an important issue to consider while
choosing any purification method for PrPSc because glycotyping has become a useful tool for strain typing TSEs.

Conclusions
This study is the first where an attempt has been made to
estimate the recovery of PrPSc after its precipitation from
brain tissue. The major advantages of the procedure include speed, low cost, simplicity and reproducibility unaffected by species origin. The ability to concentrate PrPSc
through precipitation should make it a putative protocol
of choice for detecting low amounts of PrPSc, as would be
present in preclinical cases. Several TSE testing laboratories have applied succefully this protocol as a confirmatodetection
(Personal
ry
technique
for
PrPSc
communications). Future experiments to be undertaken
include estimations of infectious titers in the PrPSc enriched pellet and validation of the method in the detection of PrPSc from non-neural tissues.

Authors' contributions
MP performed the precipitations and immunoblots for
determination of the degree of purity of PrPSc and the applicability of the protocol to different species. SV-N. participated in the analysis of the data, and drafted the
manuscript. MJC and MJS determined the limits of detection for the protocol with scrapie and BSE and they provided the P1 and P2 tissue homogenates. AP provided
human brain tissue. MG provided mouse brain material
and performed standardization experiments for immunostaining. TS conceived of the study and participated in
its design and coordination.

Competing interests
None declared.

Acknowledgements
The authors wish to thank the European Union for partial funding of this
study through FAIR PL 987021 and BMH4-98-6040. They also thank Dr
C.H. Panagiotidis for her revisions and her help for preparation of the manuscript. The authors are also thankful for the support from the Greek Ministry of Health through the Center for Control of infectious diseases KEEL.

References
1.
2.

3.

4.

Prusiner SB: The prion diseases. Brain Pathol 1998, 8:499-513
Telling GC, Scott M, Mastrianni J, Gabizon R, Torchia M, Cohen FE,
Dearmond SJ, Prusiner SB: Prion propagation in mice expressing human and chimeric prp transgenes implicates the interaction of cellular Prp with another protein. Cell 1995, 83:79-90
Jeffrey M, Ryder S, Martin S, Hawkins SA, Terry L, Berthelin Baker C,
Bellworthy SJ: Oral inoculation of sheep with the agent of bovine spongiform encephalopathy (BSE). 1. Onset and distribution of disease-specific prp accumulation in brain and
viscera. J Comp Pathol 2001, 124:280-289
Wadsworth JD, Joiner S, Hill AF, Campbell TA, Desbruslais M,
Luthert PJ, Collinge J: Tissue distribution of protease resistant
prion protein in variant Creutzfeldt-Jakob disease using a
highly sensitive immunoblotting assay. Lancet 2001, 358:171180

Page 7 of 8
(page number not for citation purposes)

BMC Infectious Diseases 2002, 2

5.

6.

7.
8.

9.

10.
11.

12.
13.

14.
15.
16.
17.
18.
19.

20.
21.

22.

23.

Van Keulen LJM, Screuder BE, Meloen RH, Mooij-Harkes G, ME Vromans, Langeveld JP: Immunohistochemical detection of prion
protein in lymphoid tissues of sheep with natural scrapie. J
Clin Microbiol 1996, 34:1228-1231
Bruce M, Chree A, McConnell I, Foster J, Pearson G, Fraser H:
Transmission of bovine spongiform encephalopathy and
scrapie to mice: strain variation and the species barrier. Philos
Trans R Soc Lond B Biol Sci 1994, 343:405-411
Serban D, Taraboulos A, Dearmond SJ, Prusiner SB: Rapid detection of Creutzfeldt-Jakob disease and scrapie prion proteins.
Neurology 1990, 40:110-117
Beekes M, Baldauf E, Cassens S, Diringer H, Keyes P, Scott AC, Wells
GA, Brown P, Gibbs CJ, Gajdusek DC: Western blot mapping of
disease-specific amyloid in various animal species and humans with transmissible spongiform encephalopathies using
a high-yield purification method. J Gen Virol 1995, 76:2567-76
Grathwohl KU, Horiuchi M, Ishiguro N, Shinagawa M: Sensitive Enzyme-Linked Immunosorbent assay for detection of PrP(Sc)
in crude tissue extracts from scrapie-affected mice. J Virol
Methods 1997, 64:205-216
Farquhar CF, Somerville RA, Ritchie LA: Post-mortem immunodiagnosis of scrapie and bovine spongiform encephalopathy.
J Virol Methods 1989, 24:215-221
Schmerr MJ, Jenny AL, Bulgin MS, Miller JM, Hamir AN, Cutlip RC,
Goodwin KR: Use of capillary electrophoresis and fluorescent
labeled peptides to detect the abnormal prion protein in the
blood of animals that are infected with a transmissible
spongiform encephalopathy. J Chromatogr A 1999, 853:207-214
Manousis T, Verghese-Nikolakaki S, Keyes P, Sachsamanoglou M,
Dawson M, Papadopoulos O, Sklaviadis TK: Characterization of
the murine BSE infectious agent. J Gen Virol 2000, 81:1615-1620
Plaitakis A, Viskadouraki AK, Tzagournissakis M, Zaganas I, VergheseNikolakaki S, Karageorgis V, Panagiotidis I, Kilindireas C, Patsouris E,
Haberler C, Budka H, Sklaviadis T: Increased incidence of sporadic Creutzfeldt-Jakob disease on the island of Crete associated with a high rate of Prnp 129-methionine homozygosity in
the local population. Ann Neurol 2001, 50:227-233
Kuczius T, Haist I, Groschup MH: Molecular analysis of bovine
spongiform encephalopathy and scrapie strain variation. J Infect Dis 1998, 178:693-699
Madec JY, Groschup MH, Buschmann A, Belli P, Calavas D, Baron T:
Sensitivity of the western blot detection of prion protein
Prpres in natural sheep scrapie. J Virol Methods 1998, 75:169-177
Sweeney T, Kuczius T, McElroy M, Gomez Parada M, Groschup MH,
Parada MG: Molecular analysis of Irish sheep scrapie cases J Gen
Virol 2000, 81:1621-1627
Wells GA, Scott AC, Johnson CT, Gunning RF, Hancock RD, Jeffrey
M, Dawson M, Bradley R: A novel progressive spongiform encephalopathy in cattle Veterinary Record 1987, 121:419-420
Hill AF, Desbruslais S, Joiner S, Sidle KCL, Gowland L, Collinge J: The
same prion strain causes vCJD and BSE. Nature 1997, 389:448450
Bruce ME, Will RG, Ironside JW, Mcconnell I, Drummond D, Suttie
A, Mccardle L, Chree A, Hope J, Birkett C, Cousens S, Fraser H, Bostock CJ: Transmissions to mice indicate that 'new variant'
CJD is caused by the BSE agent. Nature 1997, 389:498-501
Hill AF, Sidle KCL, Joiner S, Keyes P, Martin TC, Dawson M, Collinge
J: Molecular screening of sheep for Bovine Spongiform Encephalopathy. Neuroscience Letters 1998, 255:159-162
Hope J, Wood SC, Birkett CR, Chong A, Bruce ME, Cairns D, Goldmann W, Hunter N, Bostock CJ: Molecular analysis of ovine prion protein identifies similarities between BSE and an
experimental isolate of natural scrapie, CH1641. J Gen Virol
1999, 80:1-4
Gabus C, Derrington E, Leblanc P, Chnaiderman J, Dormont D, Swietnick W, Morillas M, Surewicz WK, Marc D, Nandi P, Darlix JL: The
prion protein has RNA binding and chaperoning properties
characteristic of nucleocapsid protein NCP7 of HIV-1. J Biol
Chem 2001, 276:19301-19309
Telling GC, Parchi P, Dearmond SJ, Cortelli P, Montagna P, Gabizon
R, Mastrianni J, Lugaresi E, Gambetti P, Prusiner SB: Evidence for
the conformation of the pathologic isoform of the prion protein enciphering and propagating prion diversity. Science 1996,
274:2079-2082

http://www.biomedcentral.com/1471-2334/2/23

24.
25.
26.
27.

Maissen M, Roeckl C, Glatzel M, Goldmann W, Aguzzi A: Plasminogen binds to disease-associated prion protein of multiple
species. Lancet 2001, 357:2026-2028
Diringer H, Gelderblom H, Hilmert H, Ozel M, Edelbluth C, Kimberlin RH: Scrapie infectivity, fibrils and low molecular weight
protein. Nature 1983, 306:476-478
Sklaviadis T, Manuelidis L, Manuelidis EE: Characterization of major peptides in Creutzfeldt-Jakob disease and scrapie. Proc
Natl Acad Sci USA 1986, 83:6146-6150
Merril CR, Goldman D, Sedman SA, Ebert MH: Ultrasensitive stain
for proteins in polyacrylamide gels shows regional variation
in cerebrospinal fluid proteins. Science 1981, 211:1437-1438

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/2/23/prepub

Publish with BioMed Central and every
scientist can read your work free of charge
"BioMedcentral will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Paul Nurse, Director-General, Imperial Cancer Research Fund

Publish with BMC and your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours - you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/

BioMedcentral.com
editorial@biomedcentral.com

Page 8 of 8
(page number not for citation purposes)

