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Fig 2. End-point RT-QUIC analysis of 10 brain specimens from patients with prion diseases. End-point RT-QUIC assay was performed three times. (a)
Brain tissues from six patients with sCJD-MM1 were used to seed the RT-QUIC reaction. (b) Samples of GSS-P102L., sCJD-MV2, and sCJD-MM2 (cortical
and thalamic forms) were used to seed RT-QUIC reaction.

doi:10.1371/journal.pone.0126930.g002
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Fig 3. Correlation between SDs, and PrP-res in the brain. (a) Human recPrP was serial diluted and tested by dot blotting. (b) A standard curve was
constructed using diluted human recPrP. (c) Dot-blotting of BHs from patients with prion diseases. Pt 10 (MM2-thalamic form) had a very weak signal and fell
below the limit of detection. (d) There was a linear correlation between SDsg and the level of PrPS® in nine patient’s brains (y = 1.281 x 107'%, R? = 0.7192).
NC = Normal brain homogenate. y = value of PrP-res (ug/g brain). x = value of SDgo/g brain

doi:10.1371/journal.pone.0126930.9003
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Fig 4. Preparation of standard curves based on lag phase and aggregate area in RT-QUIC. (a) Brain specimen from a patient with sCJD (patient 4) was
subjected to serial three-fold dilution and RT-QUIC reaction, with four replicates for each dilution. (b) Standard curves (gray line) based on lag phase.

doi:10.1371/journal.pone.0126930.9004
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Fig 5. Reduction of seeding activity by heat treatment. (a) Brain from patient with sCJD-MM1 (patient 3) was treated at 121°C for 20 min or 60 min, and
seeding activity was tested by end-point RT-QUIC. (b) Remaining SDs after heat treatment. Black represents non-treated CJD-BH (patients 3-5 and 8—10).
Horizontal stripes and white represents SDsp after heat treatment for 20 min and 60 min, respectively. Heat treatment caused reduction of SDs (2.25 10 3.88
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doi:10.1371/journal.pone.0126930.g005
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121°C for 20 min and 60 min yielded an SDs, value of 107”° and 10”/g brain. CJD type 2 (pa-
tients 8-10) tended to be affected by heat treatment more than CJD type 1 (patients 3-5).

Discussion

The end-point RT-QUIC assay enables us to quantitate human prion seeding activity in brains
from patients with prion disease. In brains from sCJD-MM1, the average SDso was 10'%%, Ac-
cording to a previous report, LDs, of brain tissues from patients with sCJD-MM1 falls within
the range 10”~” LDs, /g [18]. Although our bioassays of these brain tissues is ongoing, it is likely
that SD5, could be 10-100 times more sensitive than LDs5q, because similar differences between
SDsq and LDs, were seen in experiments using hamster prion 263K [23]. Notably, it was also
possible to determine SDs using the MM2-cortical form, the MM2-thalamic form, MV2, and
a case of GSS-P102L.

There was a linear correlation between SDs, and the level of PrP-res in the brains of six pa-
tients with CJD-MM1 (R? = 0.8173). Based on estimation by dot-blot analysis, 1 SDs, was
equivalent to 0.1 fg of PrP-res, suggesting that our RT-QUIC can detect PrP over a wider range
than conventional Western blotting or ELISA. SDs, from all samples (10 patients, including
MM2-cortical, MM2-thalamic, MV2, and GSS-P102L) exhibited a low correlation with the
level of PrP-res (R* = 0.7532), possibly because resistance to protease digestion of PrP is not al-
ways the same as seeding activity.

Inhibition of the RT-QUIC reaction were seen in samples seeded with 1 to 0.1% brain tissue
and 0.2% (5 x 107 dilution) spleen tissue (S2 Fig). A spleen specimens from a patient with
sCJD yielded an SDs, value of 107/g tissue. There was no positive reaction when normal
spleen tissue was used as the seed (data not shown). Tissue samples include an inhibitor of
RT-QUIC reaction; therefore, in order to quantitate seeding activity in tissue samples, it is im-
portant to reduce the concentration of this inhibitor by dilution.

Effective decontamination methods are essential in order to avoid iatrogenic transmission of
prion diseases by contaminated medical equipment [27, 28]. PrP*° is resistant to chemical disin-
fectants such as ethanol and formaldehyde. By contrast, bioassays revealed that autoclaving at
121°C for 30 min and 60 min reduced infectivity of CJD inoculated mouse brain by 3.1 and 3.8
log;p units/g tissue, respectively [29]. Here, we conducted our preliminary assessments using
human brain treated with simple heating. Heat treatments at 121°C for 20 min and 60 min re-
duced SDsq by 2.25 and 3.88 orders of magnitude, respectively. In the future, we will have to re-
assess LDs, using humanized mice and evaluate SDso by RT-QUIC in all organs. Because
RT-QUIC is an easy and rapid assay for determining prion activity, this approach provides a
new way to evaluate biological patient specimens and reassess the safety of donated organs.

Supporting Information

81 Fig. Non-prion brain has no seeding activity. Brain specimens from patients with prion
disease (Patients 2-10) and non-prion disease were diluted (5 x 107) and subjected to
RT-QUIC reaction. Positive reactions were observed in RT-QUIC reactions using brain tissues
from patients with prion disease. There was no response in the presence of non-prion samples
(Non-PrD 1 and 2).

(PDF)

S2 Fig. Seeding activity was detected in spleen tissue from patient with sCJD. Spleen speci-
men from the patient with sCJD was diluted (5 x 107 to 5 x 10™°) and subjected to
RT-QUIC reaction.

(PDF)
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Protease-resistant, misfolded isoforms (PrP5¢) of a normal cellular prion protein (PrP%) in the bodily
fluids, including blood, urine, and saliva, are expected to be useful diagnostic markers of prion diseases,
and nonhuman primate models are suited for performing valid diagnostic tests for human Creutzfeldt-
Jakob disease (CJD). We developed an effective amplification method for PrP5¢ derived from macaques
infected with the atypical L-type bovine spongiform encephalopathy (1-BSE) prion by using mouse brain
homogenate as a substrate in the presence of polyanions and t-arginine ethylester. This method was
highly sensitive and detected PrP*° in infected brain homogenate diluted up to 10" by sequential
amplification. This method in combination with PrP5° precipitation by sodium phosphotungstic acid is
capable of amplifying very small amounts of PrP*° contained in the cerebrospinal fluid (CSF), saliva, urine,
and plasma of macaques that have been intracerebrally inoculated with the 1-BSE prion. Furthermore,
PrP5¢ was detectable in the saliva or urine samples as well as CSF samples obtained at the preclinical
phases of the disease. Thus, our novel method may be useful for furthering the understanding of bodily
fluid leakage of PrP¢ in nonhuman primate models.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Prion diseases are characterized by the pronounced accumula-
tion of the misfolded isoforms (PrP¢) of a normal cellular protein
(PrPY) in the central nervous system [1,2]. PrP¢ exhibit several
peculiar pathophysiological characteristics: They are rich in beta-
sheet structures [3,4], resistant to protease digestion and various
inactivating treatments [5], and considered to be the infectious
agents of fatal neurodegenerative diseases in both humans and

animals [6].

Abbreviations: PrP%, Pathogenic form of prion protein; PrPS, cellular prion
protein; CJD, Creutzfeldt—Jakob disease; BSE, Bovine spongiform encephalopathy;
CSF, cerebrospinal fluid; PMCA, protein misfolding cyclic amplification; LAE, 1-
arginine ethylester; NaPTA, sodium phosphotungstic acid; Poly-A, polyadenylic acid
potassium salt; PPS, sodium polyphosphate; PK, proteinase K; WB, western

blotting.

* Corresponding author. Influenza/Prion Disease Research Center, National
Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan.
E-mail address: ymura@affrc.go.jp (Y. Murayama).
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0006-291X/© 2016 Elsevier Inc. All rights reserved.

Bovine spongiform encephalopathy (BSE) is an emerging prion
disease that first appeared in the United Kingdom [7]. Since variant
Creutzfeldt-Jakob disease (v(JD), a human neurodegenerative dis-
ease, is suspected to be attributable to infectious agents associated
with BSE [8—10], infected cattle should be identified and eradicated
as part of preventive health management. Several etiological
studies of BSE prion-infected cattle have identified BSE prion types
distinct from that of the classical BSE (C-BSE) in many countries,
although these are rare. These atypical BSEs have been classified as
H- or L-types according to the molecular weight of the non-
glycosylated band derived from the protease-resistant PrP5¢ core
[11]. These new types of BSE prions are transmissible to transgenic
mice expressing human prion protein [12,13] and to nonhuman
primates [14], and infected animals develop the diseases after a
shorter incubation period than that observed for animals with C-
BSE. In addition, L-BSE prion was transmissible to nonhuman pri-
mates by oral administration [15]. Therefore, identification of L-
BSE-affected animals is attracting considerable attention of for not
only animal hygiene management, but also from the human public
health perspective.
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Nonhuman primate models are well suited for validating di-
agnostics for human prion diseases, because C-BSE in macaques
resembled vCJD in humans in many aspects, including the patho-
logical features of the brain tissue, biochemical characteristics of
the PrP*¢ glycoform profile, and PrP*¢ distribution in the peripheral
tissues [16]. In order to effectively prevent the spread of prion
diseases, it is necessary to detect PrP> as soon after infection as
possible. It is now possible to amplify PrP%¢ in vitro using the protein
misfolding cyclic amplification (PMCA) technique [17]. PMCA has
been applied to the detection of bovine C-BSE PrP*¢ in cattle [18]
and macaques [19]. In our previous study, we demonstrated the
PrP5¢ was detectable in the bodily fluids such as cerebrospinal fluid
(CSF) and blood as well as in various tissues of C-BSE prion-infected
macaques. However, the PMCA method developed for macaque C-
BSE PrP5¢ was not effective for amplification of macaque -BSE PrP>°.

In this study, we developed a highly efficient PMCA method
suitable for amplification of cynomolgus macaque 1-BSE PrP¢, We
further investigated PrPS¢ levels in the bodily fluids during the
period from the latent to terminal stages of the disease.

2. Materials and methods
2.1. 1-BSE prion-infected macaques

The study on nonhuman primates was conducted according to
the Rules for Animal Care and Management of the Tsukuba Primate
Research Center [20] and the Guiding Principles for Animal Ex-
periments Using Nonhuman Primates formulated by the Primate
Society of Japan [21]. The cynomolgus macaques (Macaca fas-
cicularis) used in this study originated from Malaysia, and were
bred at the Tsukuba Primate Research Center of the National In-
stitutes of Biomedical Innovation, Health and Nutrition. Trans-
mission experiments were approved by the Animal Welfare and
Animal Care and Use Committee (approval ID: DS23-41) and Ani-
mal Ethics Biosafety Committee (approval ID: BSL3-R-10.04, BSL3-
R-11.09, and BSL3-R-12.07) of the National Institutes of Biomed-
ical Innovation, Health and Nutrition. The brain homogenate
(200 pl of a 10% brain homogenate) derived from an 1-BSE prion-
infected macaque (#15) [22] was intracerebrally administered to
two male macaques (#22 and #23) that were 1.4 years of age. These
macaques were homozygous for codon 129 methionine/methio-
nine (M/M) and 219 glutamic acid/glutamic acid (E/E). The second
. passage macaques were housed in biosafety level three animal
rooms, and their clinical status was monitored daily. After 23—-24
months, the animals were euthanized by anesthesia overdose
following evidence of progressive neurologic dysfunction such as
tremor and paralysis. Two healthy macaques were used as unin-
fected controls in the PMCA assay of bodily fluids.

2.2. Preparation of bodily fluid samples

The CSF, saliva, urine, and blood samples were collected from
two macaques under anesthesia at intervals of approximately 3—7.5
months after inoculation. The bodily fluids, except saliva, were also
collected 14—15 days before inoculation. The heparinized blood
samples were centrifuged at 1500 g for 15 min, and the plasma
fraction was recovered. These bodily fluids were stored in small
aliquots at —80 °C. Before use in PMCA analysis, each sample was
concentrated by precipitation with sodium phosphotungstic acid
(NaPTA) [23]. Briefly, the samples were thawed and then centri-
fuged at 600 g for 1 min to remove large aggregates and cell debris,
and the supernatants were used for precipitation. The supernatants
(1000 pl from urine and plasma samples; 300—600 wl from CSF
samples, and 400—1000 pl from saliva samples) were mixed with
4% NaPTA-170 mM MgCl,-10 mM Tris (hydroxymethyl)
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aminomethane (pH7.5) in a 15:1 ratio. The mixtures were incu-
bated at 37 °C for 18 h with continuous agitation. The samples were
then centrifuged at 20000 g for 30 min at 25 °C. The supernatants
were completely removed, and the precipitates were stored
at —80 °C until analysis.

2.3. Preparation of PrP° substrates

In our previous study, we found that cynomolgus macaque C-
BSE PrP5¢ effectively converted mouse PrP© to a proteinase K (PK)-
resistant form [19]. Therefore, we used mouse brain homogenates
as PrPC substrate in the present study. To avoid contamination,
normal brain homogenates were prepared in a laboratory in which
infected materials had never been handled. Briefly, brains of wild-
type mice (ICR) were homogenized in the presence of a complete
protease inhibitor cocktail (Roche Diagnostics, Mannheim, Ger-
many) at a 10% (w/v) concentration in PBS containing 1% Triton X-
100 and 4 mM EDTA. The homogenates were then centrifuged at
4500 g for 5 min, and the supernatant was used as the PrP® sub-
strate as previously described [19]. Heparin sodium salt (Santa Cruz
Biotechnology, Texas), polyadenylic acid potassium salt (Poly-A,
Sigma—Aldrich, Missouri), and sodium polyphosphate (PPS, Sig-
ma—Aldrich) were dissolved in PBS and added to the PrP substrate
at final concentrations of 100 pg/ml, 100 pg/ml, and 0.05%,
respectively. Optimal concentration of each polyanion was deter-
mined in our preliminary experiments.

For efficient amplification of L-BSE PrP¢, 1-arginine ethylester
dihydrochloride (LAE, Sigma—Aldrich) was used as an additive to
promote PMCA reaction. LAE was dissolved in distilled water at 2 M,
and pH was adjusted to 7.0 by adding 1 N sodium hydroxide
aqueous solution. To estimate the optimal concentration of LAE, the
solution (final concentrations of 0—100 mM LAE) was added to the
PrP® substrate containing the polyanion cocktail.

2.4. PMCA and western blotting

For the amplification of brain PrP%, the 1-BSE prion-infected
brain homogenate of macaque #14 [22] was serially diluted from
1073 to 10~ with the mouse PrP° substrate in an electron beam-
irradiated 8-strip polystyrene tube (total volume, 80 pl) [18].
Amplification was carried out with an Elestein 070-CPR (Elekon
Science Corporation, Chiba, Japan). Serial PMCA was performed in
quadruplicate using the four-step amplification program with 40
cycles of sonication in which a 15-s oscillation and subsequent in-
cubations at 31 °C for 1 h were repeated 10 times; 15-s oscillation
and subsequent incubations at 33 °C for 1 h were repeated 10
times; an intermittent oscillation (3-s pulse oscillation was
repeated five times at 0.1-s intervals) and subsequent incubations
at 35 °C for 1 h were repeated 10 times; and intermittent oscilla-
tions (3-s pulse oscillation was repeated five times at 0.1-s in-
tervals) and subsequent incubation at 37 °C for 1 h were repeated
10 times. The amplified product obtained after the first round of
amplification was diluted 1:5 with the PrP¢ substrate, and a second
round of amplification was performed. This process was repeated
for a maximum of seven times. After each round of amplification,
the amplified products were digested with proteinase K (PK,
100 pg/ml) and incubated at 37 °C for 1 h. The digested materials
were separated by SDS-PAGE and analyzed by western blotting
(WB) as previously described [24].

For amplifying PrPS in bodily fluids from 1-BSE prion-inoculated
macaques, the frozen precipitates were dissolved in 20 pl of PBS
and used as a seed. The concentration rates were 50 in the urine
and plasma samples, 15—30 in the CSF samples, and 20—50 in the
saliva samples. The mouse PrP® substrate containing polyanion
cocktail (100 pg/ml heparin, 100 pg/ml poly-A and 0.05% PPS) and
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12.5 mM of LAE was mixed with a 1/10 volume (8 pl) of concen-
trated bodily fluids in 8-strip polystyrene tubes (total volume
80 pl). Serial PMCA was then performed in duplicate using the
amplification protocol described above.

3. Results
3.1. Effect of i-arginine ethylester on amplification of -BSE PrP*

We examined the amplification efficiency of PMCA, using the
mouse PrP® substrate and brain homogenate of 1-BSE prion-
infected macaque as the PrP¢ seed. In contrast to the amplifica-
tion of C-BSE PrP%¢, efficient amplification was not achieved even in
the presence of polyanions such as Poly-A [25], sulfated dextran
[18], heparin [26], and PPS. PPS was found to be an effective agent
for amplification of macaque C-BSE PrP*¢ in our screening of poly-
anions (unpublished work). The possible additive effects by the
combined use of these polyanions were also examined, but various
combinations of polyanions were not quite effective for amplifica-
tion of L-BSE PrP%°. For example, in the presence of polyanion
cocktail containing heparin, Poly-A and PPS, only weak PrP>¢ signal
was detected in the brain homogenate diluted to 10~ even after
two rounds of amplification (Fig. 1).

Other factors affecting PMCA reaction, such as ultrasonic con-
dition and chelating agent dependency, were also evaluated, but
none of the changes examined led to a significant improvement in
amplification efficiency. We further investigated the validity of
protein denaturants and stabilizing agents, because the amplifica-
tion deficiency of 1-BSE PrPS¢ may be due to folded structures that
were not suitable for in vitro amplification by sonication. Among
these reagents, we found that LAE, an arginine derivative known as
a powerful inhibitor for protein aggregation [27], is the most
effective reagent for amplification of 1-BSE PrP*C. Although LAE
alone did not work well enough to induce amplification of 1-BSE
PrP5¢ (data not shown), it strongly promoted the amplification of -
BSE PrP5¢ in the range of 12.5—-25 mM in the presence of the pol-
yanion cocktail (Fig. 1). In other words, amplification of PrP5¢ was

Arginine ethylester (mM)

0 12.5 25 50 100

Fig. 1. Amplification of macaque L-BSE PrP*° using normal mouse brain homogenates.
The PrP*° seed (10% brain homogenate of 1-BSE-affected cynomolgus macaque #14)
was diluted to 107 (3) to 10~ (5) in normal mouse brain homogenates containing
100 pg/ml heparin, 100 pg/ml Poly-A and 0.05% PPS. The diluted samples were
amplified in the presence (12.5—100 mM) or absence (0) of LAE. The amplified samples
were analyzed after each round of amplification (R1—R2) by WB after PK digestion. “N”
designates unseeded control samples, which were treated similarly, but containing
only the PrPC substrate. Horizontal lines indicate the positions of molecular weight
markers corresponding to 37, 25, 20, and 15 kDa.
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achieved in samples diluted up to 10~ after one round of ampli-
fication, and the PrP5 signals were significantly intensified at the
next round of amplification. However, LAE had little or no effect on
amplification at higher molarity (50100 mM).

3.2. Detection sensitivity of 1-BSE PrP5¢

On the basis of our preliminary experiments, the optimal con-
centration of LAE was estimated to be 12.5 mM; therefore, we used
12.5 mM LAE for subsequent experiments. In addition, we
confirmed that the most effective amplification was achieved by
the combined use of three polyanions, heparin (100 ug/ml), Poly-A
(100 pg/ml), and PPS (0.05%), in the presence of 12.5 mM LAE. To
determine the detection limit of our novel PMCA technique, 10%
brain homogenates of an experimentally infected macaque #14 was
serially diluted with the mouse PrP® substrate containing the pol-
yanion cocktail and LAE and amplified. PrP*° signal was detected in
all the quadruplicate samples diluted up to 1072 after five rounds of
amplification (Fig. 2). Moreover, PrPS¢ signal was detected in one of
the quadruplicate samples diluted to 10~ after six or seven rounds
of amplification. However, no typical PrP*¢ signal was detected in
the more extreme dilution, even after eight rounds of amplification.
The generation of spontaneous PrP5¢ was not observed in the
quadruplicate samples that contained only the PrP¢ substrate
following eight rounds of amplification.

3.3. PrP% levels in bodily fluids

Neurological clinical signs of the disease, such as tremors and
paralysis, appeared in the macaques after latent periods of 486
(#22) and 407 (#23) days. The incubation periods were shorted
than those of the primary passaged macaques [22], but the
neurological symptoms slowly progressed in these secondary
passage macaques.

The presence or absence of PrP*¢ in the bodily fluids is sum-
marized in Fig. 3 on the basis of the detection results obtained after
eight rounds of amplification (Fig. 4A). There were differences in
the levels of PrP¢ in these bodily fluids, and PrpS¢ signals were
detectable after three—eight rounds of amplification. The complete
sets of amplification results are given in the supplementary figures
(Fig. S1 for #22, Fig. S2 for #23). After the onset of clinical signs, the
presence of PrP* in the CSF, saliva, and urine samples was
confirmed in both macaques. Furthermore, PrP5¢ was also detect-
able in the CSF samples collected 94—91 days before disease onset.
The significant finding is that salivary PrP°¢ were detected in the
sample collected 150 days before disease onset in macaque #22.
Although the time of positive conversion for salivary PrP% in this
macaque was not clear, PrP>¢ was continuously detected in one of
the duplicate samples until the dissection. In addition, urinary PrP¢
was detected in the sample obtained 92 days before disease onset
in macaque #23. With regard to plasma samples, one of the
duplicate samples collected 111days after disease onset became
positive for PrP>¢ after four rounds of amplification in macaque #23.
However, no PrP5¢ was detected in any of the plasma samples
collected during the experimental period in macaque #22. No
typical PrPS¢ signal was observed in samples that contained only
the PrPC substrate (Ns) or samples that contained concentrated
bodily fluids from normal macaques (N1 and N2, Fig. 4B and
Fig. S3).

4. Discussion
In this study, we developed an ultra-efficient PMCA technique

for amplifying PrP*¢ derived from 1-BSE prion-infected cynomolgus
macaques by using mouse brain homogenates with polyanions and
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Fig. 2. Detection sensitivity for cynomolgus macaque L-BSE PrP%, The PrP*° seed was diluted to 10~>~10~"" with the PrP® substrate (10% normal mouse brain homogenate), and the
quadruplicate samples were serially amplified in the presence of the polyanion cocktail and 12.5 mM LAE. The amplified samples were analyzed after each round of amplification
(R1-R8) by WB after PK digestion. The samples diluted to 10-3~10% were not amplified after five rounds of amplification because sufficient amount of PrP5¢ was produced in all the
quadruplicate samples. “Ns” designates unseeded control samples, which were treated similarly, but containing only the PrP® substrate.
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Fig. 3. Schematic illustration for the appearance of PrP* in the bodily fluids of two L-BSE prion-infected macaques. After intracerebral inoculation, the presence of PrP> in CSF,
saliva, urine and plasma samples was examined by serial PMCA during the asymptomatic (circles with white back ground) and clinical stages (circles with gray back ground).
Positive ratio of duplicate samples after eight rounds of amplification was shown as open circle (0%), closed semicircle (50%) and closed circle (100%).
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Fig. 4. Detection of PrP*¢ in the bodily fluids of 1-BSE prion-infected macaques. CSF, saliva, urine, and plasma samples were collected at several points after intracerebral inoculation.
(A) Duplicate samples from two L-BSE prion-infected macaques (#22 and #23) were analyzed by WB following digestion with PK. The results of final round (R8) of amplification are
shown. The complete set of results of each round of amplification (R1—R8) is given in Supplementary figures. (B) PrP>° was also evaluated in bodily fluids (C, CSF; S, saliva; U, urine;
P, plasma) from uninfected control macaques (N1 and N2). Numerals on the blots represent days post inoculation (dpi), and dpi written in boldface represent the clinical stage of the
disease. Negative values represent days before inoculation. Ns: No seed samples.
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LAE as a PrP° substrate. We first proved the presence of PrP*¢ in the
bodily fluids, including CSF, saliva, urine, and plasma, of the 1-BSE-
infected macaques by PMCA and then showed that the 1-BSE PrpP5¢
was detectable in saliva and urine samples during the pre-clinical
phase of the disease after intracerebral inoculation.

To establish an efficient method to amplify PrP*° derived from
animals with 1-BSE, we examined the effects of various additives on
the PMCA reaction: protein denaturants or stabilizers such as
guanidine, urea, polyamines (spermine and spermidine), high-
molecular weight compounds (dextran and polyethylene glycol),
trehalose, and r-arginine and its derivatives. Among these addi-
tives, LAE was the most effective in enhancing the in vitro ampli-
fication of macaque -BSE PrPS in the presence of polyanions such
as heparin, Poly-A, and PPS. t-arginine was not effective enough
whereas an L-arginine methylester compound significantly, but less
effectively than LAE, induced amplification of 1-BSE PrP*¢ in com-
bination with the polyanion cocktail (unpublished work). There-
fore, the introduced hydrophobic end on the carboxyl group may
play an important role in the amplification of 1-BSE PrP>,

The functional mechanism of LAE is thought to be different from
that of polyanions, which may act as cofactors required to facilitate
the propagation of PrP>¢ by stabilizing interactions between PrP>
and PrP¢ [18]. i-Arginine enhances the solubility of aggregated
molecules, thereby increasing refolding by decreasing aggregation
[28,29]. Furthermore, LAE prevented heat-induced aggregation of
lysosome more effectively than arginine [27]. The known effect of
LAE and the finding that LAE enhanced PrPS¢ formation are seem-
ingly contradictory with each other. Hydrophobic side chains of
prion protein, which gather inside of a normal PrP¢ molecule,
become exposed outside of PrPS¢ by structural conversion, leading
to clustering to form PrP> aggregates. LAE may bind preferentially
to these misfolded molecules by the hydrophobic ethyl group, and
may accelerate the rate of structural conversion by acting as a
regulatory factor that prevents excessive aggregation of existing
PrPS¢ molecules. Further study is necessary to clarify the precise
mechanism of LAE in the amplification of -BSE PrP°,

The PMCA technique has been used to identify PrP5¢ in a variety
of bodily fluids in prion-infected animals and humans [30]. In
particular, several reports have described the successful detection
of PrP5¢ in blood or urine of humans with vCJD [31-33]. In addition
to urine, the present study revealed the existence of PrPS¢ in the
saliva of primates. Salivary or urinary PrP5¢ were detected in the
samples collected before disease onset in the macaques. Although a
limited number of macaques were analyzed in this study, the
findings indicate that a non-invasive test for early diagnosis may be
developed using this nonhuman primate model. We are now con-
ducting experiments analyzing oral transmission of the -BSE prion
from L-BSE prion-infected cattle. The method developed in this
study may be useful in furthering the understanding of leakage of
PrP*¢ into bodily fluids in nonhuman primate models.
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