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Recent concern about the possible secondary spread of vCJD 
through blood transfusion and blood products has highlighted 
the need for a sensitive test for the identification of PrPTSE/res in 
clinical specimens collected in a non-invasive way. In addition, a 
more accurate estimate of the prevalence of pre-clinical vCJD in the 
population may be possible if there were a test that could be applied 
to easily available material such as urine. As a step towards this goal, 
the detection of putative PrPTSE/res in the urine of CJD patients has 
been improved, based on Proteinase K digestion of samples and 
western blotting. The modified western blot uses concentrated 
urine as a starting material. After proteolytic treatment followed 
by electrophoresis and western blotting, membranes are incubated 
with an anti-PrP antibody conjugated directly with horseradish 
peroxidase. This study was conducted on urine samples of CJD and 
other neurodegenerative disease affected individuals. Proteinase K 
resistant high molecular weight proteins were detected, which are 
suggested to be a complex of urinary PrP and immunoglobulin 
proteins. Whether urine can be used as a diagnostic tool for the 
detection of PrP could not be answered in this study.

Introduction

Proteinaceous infectious particles, designated prions, are under-
stood to be the cause of transmissible spongiform encephalopathy 
disease (TSE) in animals and humans.1 It is thought that these parti-
cles comprise mainly of a disease-associated isoform of the cellular 
prion protein PrPC.2 This isoform has been designated PrPTSE/res 
and is detectable in several tissues including the peripheral nervous 
system3 and urine.4-7 The transition from normal PrPC to infectious 
PrPTSE/res is not fully understood.8 Human prion diseases include 

sporadic Creutzfeldt-Jakob disease (sCJD), familial CJD, iatrogenic 
CJD (iCJD) and variant CJD (vCJD).9,10-13

There is a continuing risk of a vCJD epidemic in the human 
population, particularly in the UK. It is possible that the infectious 
agent might be incubating in many individuals and transmitted 
silently among the population via contaminated surgical instruments, 
blood transfusions and other invasive procedures.14-20 Accordingly, 
there is an ongoing need for sensitive diagnostic tests to detect  
PrPTSE/res, particularly in the pre-clinical stages of infection to elimi-
nate the secondary transmission risk and to protect the population.

To date, several diagnostic tests have been developed.5,21-40 Some 
of these tests have been used commercially to screen cattle and 
sheep before the meat from these animals enters the food chain. 
Nevertheless, the majority of these methods have been applied to 
the post mortem diagnosis of TSE using CNS tissue; very few have 
been evaluated for the detection of disease-associated PrP in the 
pre-clinical stage of disease in humans. Accordingly, sensitive diag-
nostic tests that can be applied ante mortem are still required. In 
particular, it is believed that vCJD can be predicted by the detection 
of disease-associated PrP in tissue obtained following tonsillectomy 
or appendectomy.41-43 A recent study on over twelve thousand 
appendectomies detected three samples containing lymphoreticular 
accumulation of PrPTSE/res, giving a projected prevalence of 237 
vCJD per million in the UK population.43 In principle, the non-
invasive detection of disease-associated PrP could involve testing 
urine, blood or saliva.

Several publications have reported the presence of PrPTSE/res or 
other aggregated proteins in urine.4,7,44-47 Initial studies appeared 
to indicate that protease resistant prion in urine (designated  
u-PrPTSE/res) was present in hamster, cattle and humans infected with 
the TSE agent.44 The antibodies used in all these studies were 3F4, 
6H4, anti-mouse-IgG and 3O8.

Although Shiga et al. reported the detection of u-PrPTSE/res in 
the urine from patients with CJD and some healthy individuals,45 
others have concluded that the finding is related to bacterial outer 
membrane proteins (OMPs)44 or aggregated Bence Jones proteins 
excreted in the urine.47 Infectious proteinase K resistant prions have 
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the signal obtained from the imager instrument. A longer exposure 
time after the second stripping was required, which was taken into 
consideration.

The analysis of samples treated with 40 μg/ml PK and probed 
with anti-IgG-HRP showed PK resistant bands in 1/1 vCJD, 3/5 
disease control, 7/8 sCJD and 1/1 genetic CJD. The molecular 
weight (MW) of the PK resistant bands varied between the samples 
and was in the range 6–98 kD (Fig. 1A). The genetic CJD sample (E) 
showed weak PK resistant bands. After stripping the membrane and 
probing it with SAF61-HRP, the result showed PK resistant bands 
in 1/1 vCJD, 5/5 disease control, 8/8 sCJD and one genetic CJD 
(Fig. 2A). The MWs of the respective immunobloted bands were 
between 10–98 kD. All samples showed a band at 35–37 kD. Eleven 
out of fifteen samples showed a band at 22 kD and 6/15 at 28 kD. 
One of the samples gave a smear sample (O), with the amount of 
protein reflecting the patient’s neuropathy and/or renal dysfunction. 
This membrane was stripped and subsequently probed with anti-
N-terminal PrP antibody SAF32-HRP. The analysis showed for one 
sCJD sample a PK resistant band at 22 and 36 kD (Fig. 2B).

We examined the effect of another anti-C-terminal antibody, 
3F4-HRP, on the PK treated urine samples. Western blot analysis of 
samples showed for 8/11 samples 35–37 kD, and for 6/11 samples 
>50 kD bands (Fig. 3A). Seven of the eleven tested samples were 
sCJD and four were disease controls (Fig. 3A). PK treated healthy 
control samples, probed with 3F4-HRP showed no PK resistant 
bands (Fig. 3B).

To examine whether the PK resistant bands observed by anti-IgG 
or anti-PrP antibody probing varies under altered proteolytic condi-
tions, the PK concentration and incubation time was increased. 
Increasing the PK concentration to 60 μg/ml, the incubation time 
to 30 min and subsequent western blot analysis using anti-IgG-HRP 
showed PK resistant bands for 1/1 vCJD, 3/8 sCJD, 0/1 genetic CJD 
and 1/3 disease control patients (Fig. 1B). The molecular weights 

been reported in the urine of scrapie infected animals, suggesting 
urine as a possible source for prion transmission.6

In this report, we describe the detection of reactive bands through 
the use of anti-C-terminal-PrP monoclonal antibodies by a single-an-
tibody western blot method. These bands maybe u-PrPres, which are 
excreted in the urine of CJD and other neurodegenerative disorder 
patients.

Results

Affinity of antibodies. The affinity measurements of three mono-
clonal antibodies SAF61, SAF32 and 3F4 against recombinant PrP 
showed that they had dissimilar affinities with PrP. 3F4 had the 
highest affinity to recombinant PrP, 3.17 times higher than SAF61 
and 2.55 higher than SAF32. This divergence was taken into consid-
eration for the antibody dilutions i.e., 3F4 was diluted 1:5,000, 
SAF61 1:1,500 and SAF32 1:2,000 in PBST for all western blot 
experiments.

Analysis of CJD urines. The characteristics of CJD and disease 
control patients are summarized in Table 1. The PK sensitivity of 
urine proteins of patients affected with prion disease (n = 10), disease 
control patients (n = 5) and healthy controls (n = 6) was investigated. 
Healthy controls are numbered 1–6 and PK treatment indicated 
with + or - symbols. To investigate whether urine samples contain 
PK resistant proteins, the membranes were probed with anti-PrP-C-
terminal or anti-PrP-N-terminal or anti-IgG antibodies.

For some western blot experiments, one membrane was used 
and, after each antibody application, stripped prior to next antibody 
incubation (stripping chronologically: Figs. 1A, 2A and B), (Fig. 6A 
and B) and (Fig. 7A and B). A control experiment to verify whether 
the stripping of membrane removed the transferred protein from the 
membrane was carried out using recombinant PrP electrophoresed 
and transferred via Iblot apparatus and processed as described in 
material and methods. Two strippings and probings did not influence 

Table 1 Clinical, molecular and demographic features of CJD patients

CJD (code #) Codon 129 - PrPres type* Classification Gender Age (years) Lag between urine collection and death  
     in month (m) or weeks (w) or days (d)
C M/M-1 Definite sporadic Female 72 2 m
D M/M-1 Definite sporadic Female 73 2 m
E E200K Definite sporadic Female 72 1 m
 M/M
F M/M-1 Definite sporadic Male 60 <1 m
G M/M Definite vCJD Male 23 Alive
H MV I Probable sporadic Female 53 2 w
I MM I Probable sporadic Female 66 1 m
J MM I Probable sporadic Male 69 2 w
K MM I Probable sporadic Male 64 3 w
L MV II Probable sporadic Male 57 1 m
M MM Metabolic Encephalopathy Male 75 Alive
N N.A Alzheimer Male 65 Alive
O MM Alzheimer Female 74 2 m
P N.A Alzheimer Male 65 2 d
Q N.A Suspected Wilson disease Male 33 Alive

*M, Methionine; E, Glutamic acid; K, Lysine.
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Figure 1. Western blot analysis of CJD, disease and healthy controls. 
Urine samples of patient and control samples underwent proteolytic 
digestion with two different PK concentration and incubation time and 
were probed with anti-IgG-HRP anitbody. (A) Enriched urine samples 
from sCJD, vCJD, disease and healthy controls were treated with pro-
teinase K (concentration 40 μg/ml for 20 min). Samples ID labelled 
with letters correspond to Table 1. After electrophoresis, protein 
was transferred to a nylon membrane using Bio-Rad instrument and 
probed with anti-IgG-HRP followed with ECL Plus addition. A Kodak 
Imager was used for photographic documentation. (B) Same or other 
samples were treated with proteinase K (concentration 60 μg/ml 
for 30 min). Samples ID labelled with letters correspond to Table 1, 
healthy control samples are shown with numbers. Protein was trans-
ferred via Bio-Rad and membrane probed with anti-IgG-HRP followed 
ECL Plus addition. Documentation was as above. (The exposure time 
for documentation was 5 minutes for A and B).

of the observed bands were 37 kD, 28 kD and smaller. One 
disease control sample mentioned earlier showed a smear on 
the western blot (Fig. 1B).

Western blot analysis of samples treated with PK (60 μg/
ml for 30 min) and immunobloted with SAF61-HRP showed 
for 13/16 samples including 3 healthy controls a PK resistant 
band of 37 kD. Except for two samples, the higher molecular 
weight bands disappeared and 7/16 samples showed bands 
smaller than 37 kD (Fig. 4A). As 13 of the tested samples 
including healthy controls revealed bands at 37 kD, it was 

interpreted as nonspecific binding of probing anti-
body with PK protein.

As the majority of visualized bands observed on 
the blot probed with anti-IgG co-localized with bands 
on the anti-PrP probed membrane, the possibility 
of interaction between immunoglobulin proteins 
and PrP was considered. To examine any possible 
interaction, three CJD and one vCJD urine sample 
were treated with PNGase F, followed with PK 
digestion and acetic saline supplementation. After 
gel electrophoresis and immunobloting with anti-
PrP antibodies, the higher MW bands disappeared  
(Fig. 6). Sample F showed one high MW band 
and sample C showed a diffuse 18 kD band. The 
remaining samples did not show distinct high MW 
bands (Fig. 6A). After stripping the membrane and 
probing it with an anti-IgG antibody, the observed 
single high MW band of sample F was faint, and 
the 18 kD band of sample C appeared as a smear  
(Fig. 6B).

To examine possible interaction between prion 
protein and immunoglobulin proteins, and to exclude 
possible artefacts resulting from the concentration 
process, two sCJD, one vCJD and one control 
enriched urine samples were examined by Protein-A 
column chromatography. Eluates and flow throughs 
were collected and subsequently enriched to concen-
trate the collected material. They were treated with 
PK (60 μg/ml, 30 min) followed by electrophoresis 
and western blot analysis using 3F4-HRP or anti-
IgG-HRP. The analysis showed for all four samples, 
a faint or prominent 37 kD band (Fig. 7A–D). 
Eluates and flow-throughs of one sCJD and vCJD 

Figure 2. Western blot analysis of urine proteins from CJD and disease controls. The mem-
brane used in Figure 1A was stripped and tested with ECL Plus to verify if the previous anti-
body was fully removed, before processing it. (A) The membrane was probed with SAF61-HRP 
and documented as described before. Samples ID correspond to Table 1. (B) The membrane 
used in (A) was stripped and tested with ECL Plus to ensure removal of previous probed anti-
body, prior to probing it with SAF32-HRP. Documentation was as described before. Samples 
ID letters correspond to Table 1. The exposure time for documentation was 5 minutes for  
(A) and 45 minutes for (B). longer exposure time was necessary for (B) as it was measured 
with control experiment using recombinant PrP.
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Figure 3. Western blot analysis of urines from CJD, disease and 
healthy controls. PK treatment of patient and healthy controls and 
western blot analysis with 3F4-HRP antibody. (A) Proteinase K 
(concentration 40 μg/ml for 20 min) treatment of CJD and disease 
control samples. Samples ID letters correspond to Table 1. Proteins 
were transferred with Iblot apparatus and the membrane probed with 
3F4-HRP followed with ECL Plus addition. Membrane documentation 
was with Kodak Imager with 5 minutes exposure time. (B) Proteolytic 
digestion of six healthy control urines in presence (+) or absence (-) 
of proteinase K (concentration 40 μg/ml for 20 minutes). Healthy 
control samples are shown with numbers 1–6 and are from different 
gender and age. Protein transfer was with the Iblot apparatus and 
the membrane probed with 3F4-HRP, followed with ECL Plus addition. 
Documentation was as described above.

sample showed three prominent bands of 86 kD and higher on 
membranes immunobloted with either 3F4-HRP or anti-IgG-
HRP (Fig. 7A and B, samples F and G). Sample D (sporadic 
CJD) showed faint bands of 86 kD and higher.

Immunobloting with anti-IgG-HRP of eluates of two 
sCJD and one vCJD samples, showed bands by 38 and 86 
kD, between 38 and 86 kD and higher than 86 kD (Fig. 7B). 
The flow-throughs of samples F (sporadic CJD) and G (vCJD) 
showed three bands of 86 kD and higher on the membrane 
probed with 3F4-HRP (Fig. 7B). These higher molecular 
weight bands did not appear in control urine samples exam-
ined under the same conditions (Fig. 7C and D).

Control experiment with OMP. The PK digested extract 
and the total membrane protein extract from Klebsiella pneu-
monia were electrophoresed, transferred via Iblot and probed 
with 3F4-HRP and SAF61-HRP. There were no bands before 
or after PK digestion on the western blot (Fig. 5A and C). 
Analysis of the western blot using SAF32-HRP did not show 
any reaction with OMPs (data not shown). Commasie blue 
staining of the OMP samples showed a 35–40 kD PK resistant 
band (Fig. 5B).

Discussion

In the present study we have tried to address the question 
of whether the urine of prion disease affected individuals 
contains PK resistant PrP. We examined enriched urines from 
CJD patients, one vCJD patient under PPS-treatment, disease 
control patients and healthy individuals for the existence of 
PK resistant PrP. To overcome the obstacle of the interac-
tion of aggregated immunoglobulins with the secondary 
antibodies, as described elsewhere,47 anti-PrP-antibodies were 
labeled directly with a HRP-conjugate. Additionally we 
combined an immunobloting system with a selective concen-
tration method.

We found PK-resistant proteins were frequently detected 
in the urine of patients affected with prion disease and other 
neurodegenerative diseases. The PK resistant bands were 
detected in western blots using monoclonal anti-PrP-HRP 
and anti-IgG-HRP antibodies. Probing with SAF61-HRP 
antibody showed several high MW bands (Fig. 2A), which 
co-localized with PK resistant bands on membranes analyzed 
with anti-IgG-HRP, with additional bands detected only with 
SAF61-HRP antibody.

Figure 4. Western blot analysis of CJD, disease and healthy control urines. 
Proteinase K treatment of enriched urine samples and comparison between anti-
IgG-HRP and anti-PrP-HRP probed membranes. Samples ID correspond to Table 1. 
Healthy control samples are shown with numbers (Proteinase K treated healthy con-
trol samples are designated with +). (A) Proteolytic treatment of urine samples from 
CJD, disease control and healthy control with proteinase K (concentration 60 μg/ml 
for 30 min). Protein transferred with Bio-Rad instrument and membrane probed with 
SAF61-HRP followed with ECL Plus addition. Membrane documentation was with 
Kodak Imager with 5 minutes exposure time. (B) This figure is a display of Figure 
2A, highlighting majority of additional bands detected only with anti-PrP antibody, 
shown with arrows when the figure is compared to Figure 1A. The arrows point 
to bands detected only when SAF61-HRP was applied, the rest of the bands were 
detected with anti-IgG-HRP.
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samples including the healthy controls, are larger 
than the PK resistant bands reported by Yuan et al. 
there is a possibility that the observed 37 kD band 
is related to silent PrP, as it was detected in healthy 
controls.

Western blot analyses results with OMPs were 
consistent with those of Furukawa et al.5 and we 
confirm that OMPs from K. pneumoniaea are resis-
tant to PK, resulting in a 37 kD band by SDS-PAGE. 
Western blot analysis of OMPs using monoclonal 
antibodies 3F4-HRP and SAF61-HRP did not show 
any reactive bands.

As the interaction of the anti-PrP antibodies with 
OMP was negative, it is unlikely that these antibodies 
detected PK resistant OMP on membranes containing 
urine samples i.e., the non-specific interaction of these 
antibodies with PK resistant OMPs can be excluded. 
In addition, PK resistant OMP has a molecular 
weight of 37 kD, which does not correspond to the 
detected high MW in the western blots.

Tsukui and colleagues reported high MW bands, 
reactive with anti-PrP antibodies, in the PK digested 
blood of scrapie infected hamster which disappear 
after PNGase F and acetic saline treatment. They 
also mention the involvement of carbohydrate side 
chains in PrPres-plasma proteins aggregation and the 
formation of multiple MW PrPres-like proteins with 
other plasma proteins.54

In agreement with Tsukui and colleagues, we 
observed the disappearance of higher MW bands in 
four of tested enriched urines after elimination of 
carbohydrate side chains following their protocol54 
(except for one high MW band in one tested sample, 
which we cannot explain). The fact that the MW of the 
reactive bands were found in a variable range, different 
from previously reported 27–30 MW for PrP, can be 
explained by the linkage of PrP to other proteins.

In addition, western blot analysis of PK treated 
enriched urines with anti-IgG and anti-C-terminal-PrP antibodies 
showed a co-migration of reactive bands on the membranes, but 
failed to show them after treatment with PNGase F, PK and acetic 
saline treatment which eliminated carbohydrate chains. A likely 
explanation for this result is that carbohydrate side chains linked the 
PrPres proteins to immunoglobulin proteins in urine.

The fact that the distinct 18 kD bands reported by Tsukui et al. 
were not observed in this study could be explained by experimental 
differences. Tsukui and colleagues initially performed PK digestion, 
followed with PNGase F treatment. Thus, they digested the PK 
accessible peptides first, followed with elimination of carbohydrate 
side chains, releasing the non-digested peptides that were then 
detected by the anti-PrP antibody. In our study, in contrast samples 
were treated initially with PNGase F to eliminate the carbohydrate 
side chains, followed with PK digestion and acetic SDS treatment.

The comparison of blots analyzed with anti-IgG-HRP and anti-
C-terminal-PrP-HRP revealed equivalent PK resistant bands, with 
additional bands detected only with anti-PrP antibodies (Fig. 4B). 
The question of whether immunoglobulin proteins interact to PrP, 

The range of bands varied from sample to sample, and the molec-
ular weights were different from those reported by Furukawa et al.5 
The 35–37 kD bands appeared in the majority of samples, which 
we believe to represent nonspecific interaction of the probing anti-
body with PK resistant protein. In addition, some samples showed 
22–28 kD bands and further bands between 10–98 kD. Membranes 
analyzed with another anti-C-terminal-PrP antibody, 3F4-HRP 
showed PK resistant bands of 55–60 kD.

Increasing the PK concentration and incubation time affected 
the number of samples showing PK resistant bands i.e., for majority 
of them the high MW bands disappeared when probed with 
SAF61-HRP. It appears that increasing the PK concentration and 
incubation time leads to stronger proteolytic digestion of high MW 
proteins in the urine samples. The 37 kD band appearing in the 
majority of urines including healthy controls, could be interpreted as 
non-specific interaction of antibody with PK as mentioned before. 
Yuan and colleagues reported that silent PK resistant PrP was found 
in the brain homogenate of healthy individuals,55 with a MW of 
30 kD and lower. Although the 37 kD bands appearing in several 

Figure 5. Analysis of Kleibsiella pneumonia with two antibodies. The over night culture of 
Kleibsiella pneumonia was used for the extraction of outer membrane protein (OMP) and 
whole membrane proteins. OMPs were digested in the presence or absence of proteinase 
K (concentration 40 μg/ml for 20 minutes) and the membrane was probed with 3F4-HRP or 
SAF61-HRP. Samples ID: O4 = Total extract of bacteria - PK, O3 = Total extract of bacteria + 
PK, O2 = Total membrane proteins + PK, O1 = All membrane proteins - PK, p = Recombinant 
PrP, M = Marker. 4A: Membrane was probed with SAF61-HRP followed with ECL Plus addi-
tion. Membrane documentation was with Kodak Imager with 20 minutes exposure time. 4C: 
Membrane was probed with 3F4-HRP. Membrane documentation was with scanner, after it 
was incubated for 20 minutes in Opti-4CN (Bio-Rad) solution and rinsed subsequently in H2O. 
4B: Gel staining of the samples with Ez-Blue dye. Samples ID: 4 = Total extract of bacteria - PK, 
3 = Total extract of bacteria + PK, 2 = Total membrane proteins + PK, 1 = Whole membrane 
proteins - PK, p = Recombinant PrP, M = Marker.
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resulting in co-localization of bands on western blots 
analyzed with anti-PrP and anti-IgG antibodies, was 
addressed.

The attempt to isolate immunoglobulin proteins 
which we suggest to interact with PrP, by Protein-A 
column chromatography resulted in the detection 
of PK resistant bands from eluates of samples F 
and G (Sporadic and variant CJD samples) which 
partially co-localize with bands on membranes probed 
with 3F4-HRP and anti-IgG-HRP (Fig. 7A and B), 
although the bands appear fainter on the 3F4-HRP 
probed membrane. This supports our suggestion 
of interaction between PrP and immunoglobulin 
proteins, but finding co-localized PK resistant bands 
in the flow-throughs (Fig. 7A and B, samples F* and 
G*), was unexpected. This could be interpreted as 
the unbound immunoglobulin proteins exceeding 
the binding capacity of the Protein-A column and 
passing through the column. As creatinine concentra-
tion measurement was used to adjust the volumes 
of used urines, this might have not represented the 
concentration of proteins which were detected by 
western blots.

The possibility however of PrP linked to other not 
immunoglobulin related proteins remains and this 
would not support an interaction between PrP and 
immunoglobulin proteins. If these proteins are not 
immunoglobulin protein, we could not then explain 
why an interaction with anti-IgG-HRP occurs, unless 
immunoglobulin proteins are one of the compounds 
linked to PrP?

The 3F4 preparation which was used was puri-
fied IgG of mouse monoclonal antibody. Although 
majority of the product is specific anti-PrP monoclonal 
antibody, a minor percentage of other immunoglob-
ulin proteins produced by hybridoma cells which 

Figure 6. Western blot analysis of sCJD and vCJD urine samples after PNGase F and acetic SDS treatment. Three sCJD and one vCJD enriched urine samples 
were treated over night with PNGase F, followed with PK digestion (concentration 40 μg/ml for 20 minutes). Samples ID letters correspond to Table 1. The 
samples were subsequently supplemented with acetic SDS or left untreated and western blotted. (*) designate acetic SDS treated samples. (A) Membrane 
containing acetic SDS treated or untreated samples were probed with 3F4-HRP antibody, added ECL Plus and documented using Kodak imager instrument 
with exposure time of 5 minutes. (B) Membrane mentioned above was stripped, tested with ECL Plus to ensure removal of previous probed antibody and sub-
sequently probed with anti-IgG-HRP. For documentation, the procedure mentioned above was followed. Exposure time for documentation was 5 minutes.

Figure 7. Western blot analysis of CJD and control urine samples after Protein-A column chro-
matography. Two sCJD, one vCJD and one control urine sample were loaded on Protein-A 
column, eluates and flow-throughs were collected, enriched and PK digested (60 μg/ml for 
30 min). Samples were subsequently electrophoresed and Western blotted.  Sample IDs cor-
respond to Table 1. Eluate is displayed with a capital letter and the flow-through with and 
additional (*). Healthy control is indicated with ‘Ctrl’. (A and C) Proteolytic treatment of urine 
samples from CJD and healthy control with proteinase K (concentration 60 μg/ml for 30 min). 
Proteins were transferred with a Bio-Rad instrument and the membrane probed with 3F4-HRP 
followed with ECL Plus. Membrane documentation was with a Kodak Imager with 5 minutes 
exposure time. (B and D) the membrane was stripped for 35 minutes at 37°C, verified for the 
removal of previously used antibody. The membrane was then probed with anti-IgG-HRP and 
ECL Plus was added for chemiluminescence. Membrane documentation was with a Kodak 
Imager with 5 minutes exposure time.
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Amicon ultra-4 centrifugal filter tubes were from Millipore (Watford, 
UK). Pefa-block was from Roche (Brighton, UK), Starting Block, 
stripping buffer, immobilized Protein-A column, elution buffer and 
binding buffer were from Pierce (Cramlington, UK). ECL Plus was 
from Amersham (Amersham, UK), Opti-4CN colorimetric detec-
tion kit, Laemmli buffer, PBS, western blot instrument and Criterion 
12% Bis-Tris gels were from Bio-Rad (Hemel Hempstead, UK). 
Anti-IgG-conjugated with HRP, phosphate buffered saline (PBS), 
Tris buffered saline (TBS), EZ-Blue, Tween-20, SDS, NP40, EDTA 
were from Sigma (Poole, UK).

Preparation of urine samples, PK digestion and western blot 
analysis. Human urine specimens were enriched for proteins bigger 
than 10 kD in a pre-cooled Eppendorf bench centrifuge (Sunderland, 
UK) for 20 minutes (min) at 4°C and 4,000 rpm, using Amicon 
tubes with filtration cut-off for 10 kD proteins. Urinary creatinine 
concentrations were determined using a creatinine assay kit (IDS, 
Boldon, UK).

Enriched urine samples were digested with PK (concentrations 
40 or 60 μg/ml) at 37°C for 20 or 30 min and the reaction was 
stopped by pefa-block addition. Subsequently Laemmli buffer was 
added and samples were heated for 10 min at 100°C prior to loading 
on 12% Bis-Tris gels for electrophoresis. Proteins were transferred 
to nitrocellulose membrane using the Iblot (Invitrogen) or Bio-Rad 
instruments. Western blot analysis was performed after blocking of 
membranes with PBST (PBS + 0.1% Tween-20) containing 5% 
BSA for 1 hour at RT followed with Starting Block for 1 hour at RT 
and subsequently incubated for one hour with the HRP-conjugated 
3F4 (1:5,000) or SAF61 (1:1,500) or SAF32 (1:2,000) or anti-IgG 
(1:2,000) diluted in PBST. Membranes were washed vigorously 
in PBST before developing for 5 min at RT with ECL Plus. 
Subsequently membranes were documented using a chemilumi-
nescence imager instrument Kodak 4000R from Carestreamhealth 
(London, UK).

Measuring creatinine in urine. The creatinine content of all 
enriched urines was measured using a creatinine assay kit from IDS 
(Newcastle Upon Tyne, UK). For subsequent PK digestion, the final 
volumes of the urines were adjusted by dilution with H2O for the 
concentration of the measured creatinine.

Stripping of western blot membranes. Some of the membranes 
were stripped with 40 ml of stripping buffer (‘Restore western Blot 
Stripping buffer’ from Pierce) for 30 min at 37°C in a dark chamber. 
Membranes were subsequently supplemented with ECL Plus (see 
above) to verify if the detecting antibody has been removed fully 
and were afterwards rinsed thoroughly with 50 ml of PBST, before 
exposing to another antibody. If membrane was not used immedi-
ately, it was stored in PBS at 4°C for further use.

Preparation of OMPs. OMPs were extracted and isolated from 
Klebsiella pneumoniae, a gift of Dr. Doumith. The protocol used has 
been described previously.53

Total bacterial extract was isolated from an over night culture of 
Klebsiella pneumoniae by centrifugation of the culture at 3,000 rpm, 
followed with 3 PBS washes and cell breakage via water addition and 
heating at 100°C for 5 min. Subsequently, Laemmli buffer containing 
reducing agents was added and heated at 100°C for 10 min prior to 
gel electrophoresis. Proteolytic digestion was with 40 μg/ml of PK for 
20 min at 37°C. The reaction was stopped by addition of pefa-block 
and Laemmli buffer, heated for 10 min at 100°C, and subsequently 
treated as described above for western blot analysis.

were purified alongside 3F4 would be in the sample. During  
labeling process these would be labeled with HRP, alongside 3F4 
antibody. As a result they might generate to a minor extent, nonspe-
cific binding to proteins other than PrP during immunobloting of 
the urine samples, which could be the reason for the detection of PK 
resistant band in eluates and flow throughs.

Our initial goal was to explore PK resistant PrP in the urine 
of prion disease patients; however this study raised other ques-
tions with the scope for further investigation. What is the role of 
Immunoglobulin proteins’ interaction with PrP? Is there a link 
between these two types of proteins in the urine samples.

In conclusion, our results were mostly consistent with previous 
reports for detection of PK resistant PrP in urine. Hence PK resistant 
bands were not detected in all CJD samples; at this stage we can not 
confirm the suitability of urine for ante-mortem diagnostic tests. 
We found PK resistant bands in several sCJD samples and in urine 
from patients with other neurodegenerative disorders. We suggest a 
possible interaction between PrP and immunoglobulin proteins in 
the urine forming a PK resistant complex, but a mechanism for this 
cannot be obtained from this study. Although the typical 27–30 kD 
PK resistant PrP does not correspond to the high molecular weight 
bands detected with anti-PrP antibodies in our study, similar high 
molecular weight bands have been reported else where, when probing 
the blood of Scrapie infected hamsters with anti-PrP antibodies.54 In 
addition the fact that two anti-C-terminal-PrP antibodies targeting 
different epitopes of C-terminus-PrP detected PK resistant protein in 
urine and the anti-PrP-N-terminal antibody did not, minimizes the 
possibility of nonspecific binding. We conclude that further inves-
tigation of immunoglobulin interaction with PrP in prion disease 
affected individuals is necessary.

Material and Methods

Urine samples. After agreement with the German TSE-platform 
and the Department of Neurology, University of Goettingen, 
Germany, urine samples were collected under informed consent from 
patients with prion disease (Table 1). A clinical diagnosis of prion 
disease was made by neurologists following the diagnostic criteria 
proposed by the WHO.48,49 The individuals were diagnosed with 
probable sCJD, possible sCJD, genetic CJD or other neurodegen-
erative disorders. Samples were dispatched on dry ice and stored at 
-80°C prior to use. Additional CJD urine samples were obtained 
from the University of Verona, Italy. Control urines were collected 
from healthy UK resident donors from both genders (age range 
24–56). None of the donors suffered from kidney or bladder disease. 
Urine was collected from a male vCJD patient, being treated with 
pentosanepolysulphate (PPS) after informed consent was obtained 
from the next of kin.

Reagents. Monoclonal antibodies SAF32 (octapeptide repeat 
region at the N-terminal part of PrP)50 and SAF61 (142–160 of 
PrP)51 were purchased from Spi-Bio (Massy, France). 3F4 (109–112 
of PrP)52 was from Dako (Cambridgshire, UK). Recombinant human 
23–231 PrP was from Abcam (Cambridge, UK). Revalationbio 
(Bournemouth, UK) conjugated SAF32, 3F4 and SAF61 mono-
clonal antibodies with horse radish peroxidase (HRP).

Proteinase K (PK), 12% Bis-Tris Nu-precast gels, electrophoresis 
instruments, running buffer, Iblot western blot instrument with 
accessories, and protein markers were from Invitrogen (Paisley, UK). 



Proteinase K resistant protein in urine

www.landesbioscience.com Prion 177

 6. Gonzalez-Romero D, Barria MA, Leon P, Morales R, Soto C. Detection of infectious prions 
in urine. FEBS Lett 2008 582: 3161-6.

 7. Andrievskaia O, Algire J, Balachandran A, Nielsen K. Prion protein in sheep urine. J Vet 
Diagn Invest 2008; 20:141-6.

 8. Tatzelt J, Winklhofer KF. Folding and misfolding of the prion protein in the secretory 
pathway. Amyloid 2004; 11:162-72.

 9. Halliday S, Houston F, Hunter N. Expression of PrPC on cellular components of sheep 
blood. J Gen Virol 2005; 86:1571-9.

 10. Brandel JP, Preece M, Brown P, Croes E, Laplanche JL, Agid Y, et al. Distribution of codon 
129 genotype in human growth hormone-treated CJD patients in France and the UK. 
Lancet 2003; 362:128-30.

 11. Wientjens DP, Rikken B, Wit JM, Hofman A, Stricker BH. A nationwide cohort study on 
Creutzfeldt-Jakob disease among human growth hormone recipients. Neuroepidemiology 
2000; 19:201-5.

 12. Lemmer K, Mielke M, Pauli G, Beekes M. Decontamination of surgical instruments from 
prion proteins: in vitro studies on the detachment, destabilization and degradation of PrPSc 
bound to steel surfaces. J Gen Virol 2004; 85:3805-16.

 13. Blattler T. Implications of prion diseases for neurosurgery. Neurosurg Rev 2002; 25:195-203.
 14. Peden AH, Ritchie DL, Ironside JW. Risks of transmission of variant Creutzfeldt-Jakob 

disease by blood transfusion. Folia Neuropathol 2005; 43:271-8.
 15. Sneath PH. Estimation of the size of the vCJD epidemic. Antonie Van Leeuwenhoek 2004; 

86:93-103.
 16. Glatzel M, Ott PM, Linder T, Gebbers JO, Gmur A, Wust W, et al. Human prion diseases: 

epidemiology and integrated risk assessment. Lancet Neurol 2003; 2:757-63.
 17. Spinney L. vCJD epidemic could be first of many, experts warn. Nat Med 2003; 9:1096.
 18. Trevitt CR, Singh PN. Variant Creutzfeldt-Jakob disease: pathology, epidemiology and 

public health implications. Am J Clin Nutr 2003; 78:651-6.
 19. Ramasamy I, Law M, Collins S, Brooke F. Variant Creutzfeldt-Jakob disease and the poten-

tial for its accidental transmission following surgery with contaminated instruments: the risk 
of transmission in Australia. Folia Neuropathol 2003; 41:1-10.

 20. Pedersen NS, Smith E. Prion diseases: epidemiology in man. Apmis 2002; 110:14-22.
 21. Barnard G, Helmick B, Madden S, Gilbourne C, Patel R. The measurement of prion pro-

tein in bovine brain tissue using differential extraction and DELFIA as a diagnostic test for 
BSE. Luminescence 2000; 15:357-62.

 22. Bellon A, Seyfert-Brandt W, Lang W, Baron H, Groner A, Vey M. Improved conformation-
dependent immunoassay: suitability for human prion detection with enhanced sensitivity. 
Journal of General Virology 2003; 84:1921-5.

 23. Bieschke J, Giese A, Schulz-Schaeffer W, Zerr I, Poser S, Eigen M, Kretzschmar H. 
Ultrasensitive detection of pathological prion protein aggregates by dual-color scanning for 
intensely fluorescent targets. Proc Natl Acad Sci USA 2000; 97:5468-73.

 24. Biffiger K, Zwald D, Kaufmann L, Briner A, Nayki I, Purro M, et al. Validation of a lumi-
nescence immunoassay for the detection of PrP(Sc) in brain homogenate. J Virol Methods 
2002; 101:79-84.

 25. Jackman R, Schmerr MJ. Analysis of the performance of antibody capture methods using 
fluorescent peptides with capillary zone electrophoresis with laser-induced fluorescence. 
Electrophoresis 2003; 24:892-6.

 26. Kenney K, Brechtel C, Takahashi H, Kurohara K, Anderson P, Gibbs CJ Jr. An enzyme-
linked immunosorbent assay to quantify 14-3-3 proteins in the cerebrospinal fluid of 
suspected Creutzfeldt-Jakob disease patients. Ann Neurol 2000; 48:395-8.

 27. Klohn PC, Stoltze L, Flechsig E, Enari M, Weissmann C. A quantitative, highly sensi-
tive cell-based infectivity assay for mouse scrapie prions. Proc Natl Acad Sci USA 2003; 
100:11666-71.

 28. MacGregor I, Hope J, Barnard G, Kirby L, Drummond O, Pepper D, et al. Application of 
a time-resolved fluoroimmunoassay for the analysis of normal prion protein in human blood 
and its components. Vox Sanguinis 1999; 77:88-96.

 29. Oesch B, Doherr M, Heim D, Fischer K, Egli S, Bolliger S, et al. Application of Prionics 
western blotting procedure to screen for BSE in cattle regularly slaughtered at Swiss abat-
toirs. Arch Virol Suppl 2000:189-95.

 30. Saborio GP, Permanne B, Soto C. Sensitive detection of pathological prion protein by cyclic 
amplification of protein misfolding. Nature 2001; 411:810-3.

 31. Safar JG, Scott M, Monaghan J, Deering C, Didorenko S, Vergara J, et al. Measuring prions 
causing bovine spongiform encephalopathy or chronic wasting disease by immunoassays 
and transgenic mice. Nat Biotechnol 2002; 20:1147-50.

 32. Sayers R. Chemiluminescent ELISA of prion proteins. In: Nunally B, Krull IS, eds. Prions 
and Mad Cow Disease 2003.

 33. Schaller O, Fatzer R, Stack M, Clark J, Cooley W, Biffiger K, et al. Validation of a western 
immunoblotting procedure for bovine PrP(Sc) detection and its use as a rapid surveillance 
method for the diagnosis of bovine spongiform encephalopathy (BSE). Acta Neuropathol 
(Berl) 1999; 98:437-43.

 34. 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 encephal-
opathy. Journal of Chromatography A 1999; 853:207-14.

 35. Zerr I, Bodemer M, Otto M, Poser S, Windl O, Kretzschmar HA, et al. Diagnosis of 
Creutzfeldt-Jakob disease by two-dimensional gel electrophoresis of cerebrospinal fluid. 
Lancet 1996; 348:846-9.

Affinity measurement of europium labelled antibodies.  
Calibration measurements were performed for all three detecting 
antibodies using recombinant human PrP. Microtitre plates 
were precoated overnight with FH11 capture antibody at 4°C. 
Subsequently, the coated plates were washed with DELFIA wash 
buffer and blocked prior to use with PBS containing 2% BSA 
with shaking at 900 rpm, for one hour at 22°C. They were then 
re-washed. After loading PrP, plates were sealed with plastic film 
using a plate-sealer (Scientific Laboratory Supplies, Nottingham, 
UK) and incubated on a plate-shaker (Eppendorf, Sunderland, UK), 
run at 900 rpm and 19°C, and then rewashed. Europium-labelled 
detector antibodies (3F4 or SAF32 or SAF61) were diluted in assay 
buffer (0.07 μg/ml final concentration) mixed and filtered through 
a 0.2 μM filter (Scientific Laboratory Supplies) before adding to the 
plate. The plate was further incubated on the shaker at 900 rpm and 
19°C, and subsequently washed. To remove excess reagent the plates 
were inverted and tapped on absorbent paper after each wash cycle. 
To dissociate the Eu3+ from detector antibody, 200 μL enhancement 
solution (Perkin-Elmer) was added, and the plate incubated for an 
additional 5 min at 900 rpm, 19°C, and then read with a Victor 
fluorometer.

Enzyme treatment with PNGase F and acidic SDS precipitation. 
Enriched urine samples were treated overnight with PNGase F to 
remove the carbohydrate side chains on the proteins, followed with 
20 min PK digestion (40 μg/ml). The reaction was stopped with 
PMSF addition and mixed with equal volume of cold acetic saline as 
described by Tsukui and colleagues54 and centrifuged subsequently 
for 10 minutes at 13,000 rpm. The pellet was resuspended in TBS 
containing 5 mM EDTA. The addition of acetic saline step was 
repeated and rinsed subsequently in ice-cold methanol. The resulting 
pellet was resuspended in Laemmli buffer.

Protein-A column chromatography of urine. Enriched CJD and 
healthy control urines were applied to an immobilized protein-A 
column. 500 μl of enriched urine was mixed with 500 μl of binding 
buffer and loaded on the protein-A column. The flow through was 
collected and the column was washed with 15 ml of binding buffer. 
This was collected and pooled with the flow through. Bound protein 
was recovered from the column with 5 ml elution buffer.

All collected fluids were subsequently enriched, concentrating the 
solution to approximately 3% of original volumes. The creatinine 
concentration was measured, adjusting the concentration of urine 
equally before digesting the samples with PK (60 μg/ml for 30 
minutes).
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