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the process occurs after PrP° reaches the plasma mem-
brane, and it may involve the entry of PrP° into intracel-
lular acidic organelles [4-10].

As shown in Fig, 1A, the prion protein of the mouse,
moPrP, consists of 208 amino acids (residues 23-231). It
contains a carboxy-terminal domain, moPrP (121-231),
which represents an autonomous folding unit with three
a-helices (Helix1, Helix2, and Helix3) and a two-strand-
ed antiparallel B-sheet [ 3,11 13). In the full-length
prion protein, moPrP (23-231), comparison of near-
UV circular dichroism (CD), fluorescence and one-
dimensional '"H NMR spectra of moPrP (23-231) and
moPrP (121-231) shows that amino-terminal segment
23-120, which includes the five characteristic octapep-
tide repeats, does not contribute measurably to the
manifestation of the three-dimensional structure as
detected [7]. Development of techniques for analysis of
the structural and conformational changes in the
amino-terminal region of moPrP is of great importance,
because the amino-terminal region acts as a Cu®"
binding domain [11] and Cu®" ions modulate various
biological functions of prions such as the cellular
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enzymatic activity of superoxide dismutase (SOD) [14],
signal transduction [15], shedding of PrP°[16], and con-
version to PrP*° [17]. Recently, site-directed spin labeling
(SDSL) together with electron spin resonance (ESR)
spectroscopy has proven to be a practical method for
determining the secondary structure and molecular ori-
entation; surfaces of tertiary interactions; inter-residue
distances and the chain topologies of various proteins
[18-21]. SDSL involves the introduction of a spin-
labeled side chain into protein sequences, usually
through cysteine substitution mutagenesis, followed by
reaction with a sulfhydryl-specific nitroxide reagent such
as a methane thiosulfonate spin label (MTSSL) (Fig. | B).
Although SDSL-ESR is widely recognized as a useful
method for structural analysis and domain dynamics of
a number of membrane and soluble proteins, there are
no reports about the application of this technique to
detection of conformational changes in PrP°.

In the present study, to obtain information about
pH- and temperature-dependent conformational chang-
es of typical domains in PrP, we employed the SDSL-
ESR technique. We targeted the amino acid residues
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Fig. 1. (A) Three-dimensional rendering of PrP (61-231) [11]and the target sites (N96, D143, and T189) for site-directed spin-labeling (SDSL). (B)
The reaction scheme of the methanethiosulfonate spin labeling reagent with cystein residue to yield the R1 side chain attached to the PrP.
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of N96, D143, and T189 of recombinant moPrP for the
SDSL study, since previous NMR studies have shown
that N96, D143, and T189 in moPrP were localized in
a Cu?" binding region around H95, Helix1, and Helix2,
respectively [7,12,13].

Materials and methods

Materials. (1-Oxy-2,2,5,5-tetramethyl-3-pyrroline-3-methyl)meth-
anethiosulfonate (MTSSL) was purchased from Toronto Research
Chemicals (ON, Canada). Escherichia coli BL21(DE3)LysS and
isopropylthio-B-p-galactoside (IPTG) were from Invitrogen (CA, USA).
The TSKgel Phenyl-5PW RP column was from TOSOH (Tokyo,
Japan). Other reagents were from Wako Pure Chemical (Tokyo, Japan).

Construction of moPrP mutants. cDNA encoding moPrP codons
23-231 was cloned into BamHI/EcoRI sites of pRSETb as described
previously [22]. To generate the mutant moPrP containing a single
amino acid substitution at codon 96 (Asn to Cys), 143 (Asp to Cys) or
189 (Thr to Cys), we used the PCR-based site-directed mutagenesis
method described by Imai et al. [23]. The change of the codon by cy-
stein substitution mutagenesis was confirmed using a DNA sequencer
(CEQ8800, Beckman).

Expression and purification of recombinant moPrP mutants. The
expression plasmids were introduced into E. coli BL21(DE3)LysS.
Protein expression was induced by adding IPTG to a final concen-
tration at 0.5mM. Four to six hours after induction, bacterial cells
were collected and inclusion bodies were prepared as described else-
where [24]. The inclusion bodies from BL21(DE3)LysS transformed
with expression plasmids were solubilized with 6 M GdnHCl in 20 mM
phosphate buffer (pH 7.8). The recombinant moPrP was further
purified by Ni*'-immobilized metal affinity chromatography using
Ni’*-charged chelating Sepharose (Qiagen) and a stepwise elution
gradient from pH 6.5 to 4.3 in the presence of 8 M urea. After dialysis
against 10 mM acetate buffer (pH 4.0) for 48 h, recombinant moPrP
containing an intramolecular disulfide bond was purified by reverse-
phase HPLC using TSKgel phenyl-5PW RP and a 30-50% linear
gradient of acetonitrile with 0.05% trifluoroacetic acid. The purified
recombinant moPrP was dialyzed against 10 mM acetate buffer (pH
4.0) and stored at —20 °C until use. The protein concentration was
determined by measuring the UV absorption at 276 nm using an
extinction coefficient of 39,425 cm®> M~!. Protein purity was analyzed
by sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), followed by Commasie brilliant blue staining. All mutants
were at least 95% pure as judged by the SDS-PAGE.

Circular dichroism. Far-UV circular dichroism (CD) spectra were
recorded on a JASCO J-820 spectropolarimeter with a protein con-
centration of 0.3mg/ml in 1 mm pathlength cuvettes using a scan
speed of 50 nm/min and a response time of 2. Multiple scans were
averaged (typically n = 6).

Spin-labeling of moPrP mutants. To label the moPrP mutants with
MTSSL, a 10-fold molar excess of MTSSL was added to each moPrP
mutation in 10 mM acetate buffer (pH 4.5) and the sample was incu-
bated in the dark for 12-24 h at 4 °C for solvent-accessible sites. The
free spin label was removed from the protein using a microdialyzer
(Nippon Genetics) and spin-labeled moPrP was concentrated by cen-
trifugal concentrator (Vivascience). To confirm the site-specific spin-
labeling for the cystein residue created by mutagenesis, the sample
solution containing the spin-labeled moPrP mutant was digested for 3—
24 h at 37 °C with 1 pg/ml trypsin (Promega) in 50 mM Tris—HCI, pH
8.0, 1 mM CaCl,, and the fragment mass was examined with a matrix-
assisted laser desorption ionization (MALDI) mass spectrometer
(AutoFLEX, Bruker) equipped with a 337 nm laser source. In all
mutants, there was an increase of about m/z = 184 by addition of a
side chain (R1) of the labeling compound as expected if specifically

incorporated MTSSL was detected in each fragment containing the
substituted cystein (data not shown).

ESR spectroscopy. The pH change of the sample solution was
carried out by dialysis of the sample against 10 mM acetate buffer from
pH 4.0 to 6.0 or 10 mM Tris-HCI buffer from pH 6.5 to 8.0. For ESR
spectroscopy, 70 pl of spin-labeled moPrP solution was placed into a
quartz flat cell (RST-DVTO0S; 50 mm x 4.7 mm x 0.3 mm, Radical
Research). Spectra were detected using a JEOL-RE X-band spec-
trometer (JEOL) connected with a cylindrical TEO11 mode cavity
(JEOL). All the ESR spectra were recorded at the temperature range of
5-60 °C maintained by a temperature controller (ES-DVT4, JEOL).
We used a field modulation of 0.2 mT operating at 100 kHz, an inci-
dent microwave power of 5mW, and a field sweep of 10 mT. Three
field sweeps were averaged for each acquired spectrum by using the
Win-Rad Radical Analyzer System (Radical Research). The rotational
correlation time (t) was reported by using the following equation de-
scribed by Kivelson [25]:

t(nsec) = aodH(g) (\/ by /ey — 1)- (1

Here 6H(q) is the width of the central peak of the nitroxide signal
(inmT); hgy and hyy are the lineheights of the spectral peaks for
the quantum numbers of M =0 and +1, and we employed a value
of 6.5 for the constant ao. The practical evaluation of t was performed
by the spin-label calculator system of the Win-Rad Radical Analyzer
System (Radical Research).

Results
Spin-labeling of recombinant moPrP

For the SDSL-ESR experiment, refolding of recom-
binant moPrP mutants isolated from inclusion bodies
of E. coli. was achieved by dialysis against 10 mM ace-
tate buffer (pH 4.0) and the native form of moPrP was
isolated by reverse-phase HPLC. The native form of re-
combinant moPrP is generally defined by the oxidative
formation of its single disulfide bond (Cys178-Cys213)
and characterized by a typical a-helical far-UV CD
spectrum, with minima at 208 and 222 nm [7,26]. These
two minima at 208 and 220 nm are reported to disap-
pear if the disulfide bond between Cys179 and Cys214
is destroyed by mutagenesis or treatment with a reduc-
ing reagent such as DTT [26]. Therefore, we first record-
ed far-UV CD spectra of recombinant moPrP mutants
in order to confirm that the a-helix content of recombi-
nant moPrP mutants was similar to that of recombinant
wild-type moPrP. Fig. 2 shows far-UV CD spectra ob-
tained from wild-type, N96C, D143C, and T189C moP-
rP. Two minima, at about 208 and 220 nm, typical of
mainly a helix structure protein, were clearly observed
in all samples and there were no differences in the spec-
tra between wild-type moPrP and moPrP mutants
(N96C, D143C, and T189C). Moreover, SDS-PAGE
with or without dithiothreitol (DTT) showed that no
intermolecular disulfide linkage was produced in any
moPrP mutant (data not shown). Therefore, our results
indicated that the mutagenesis did not affect the a-heli-
cal structure of recombinant PrP by preferential forma-
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Fig. 2. Circular dichroism (CD) spectra obtained from 0.3 mg/ml
moPrP (wild-type), moPrP (N96C), moPrP (D143C), and moPrP
(T189C).

tion of a disulfide bond between Cys179 and Cys214,
and that the cystein residue created by mutagenesis
was preserved during the oxidative refolding.

Temperature-dependent conformational changes of
moPrP

The ESR spectra detected from MTSSL bonded with
moPrP (wild-type), moPrP (N96C), moPrP (D143C),
and moPrP (T189C) are shown in Fig. 3. These ESR
spectra are recorded at pH 7.4 at 20 °C. In PrP° (wild-
type), no signals derived from the nitroxide radical of
MTSSL were detected, indicating that there were no free
cystein residues, whereas a triplet ESR signal due to the
nitroxide moiety undergoing various dynamic changes
was clearly seen in moPrP (N96C), moPrP (D143C),
and moPrP (T189C). The rotational correlation times
() of 1.1, 3.3, and 4.8 ns were evaluated from these
ESR spectra of moPrP (N96C), moPrP (D143C), and
moPrP (T189C), respectively. This indicated that the
Cu®* binding region was more flexible than the Helix1
region containing D139 or Helix2 containing T189.
Furthermore, the line shapes of ESR spectra shown in
Figs. 4A-C showed the temperature-dependent varia-
tion. There were some peaks in the outermost field of
the ESR spectrum of T189R1 at 10 and 20 °C, which
were due to the parallel component (4)) of the hyperfine
tensor. These peaks, as shown by arrows in Fig, 4C,
therefore indicated immobilization of the nitroxide moi-
ety in the local region of T189R1. In fact, these peaks
vanished at higher temperatures (e.g., 30 °C). The rota-
tional correlation times (1) were calculated and plotted
as a function of temperature at pH 4.4, 6.4, and 7.4 in
Figs. 4D-F. In all moPrP mutants, an increase of
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Fig. 3. X-band ESR spectra of spin-labeled recombinant moPrP
mutants. After reaction of MTSSL with moPrP (wild-type) (A), moPrP
(N96C) (B), moPrP (D143C) (C), and moPrP (T189C) (D), the free
spin labeling compound was removed by dialysis against 10 mM
acetate buffer (pH 4.0) for 48 h. pH of the sample was adjusted to 7.4
by dialysis against 10 mM Tris—-HCI buffer for 4 ESR spectra were
recorded by an X-band ESR spectrometer with a field modulation of

0.2mT, operating at 100 kHz, an incident microwave power of 5 mW
and a field sweep of 10 mT.

temperature induced a decrease in 1, which indicated
rapid tumbling of the nitroxide moiety. Two phases, a
steeper decline of 7 at from 5 to 20 °C and a gentle
decline at temperatures >20°C, were observed in
moPrP (D143C) and moPrP (T189C) at pH 4.4, 6.4,
and 7.4. We found the presence of a breaking point or
a phase transition at around 20 °C. The results of slower
correlation times found at 10 and 20 °C explain the
appearance of Aj-peaks in the outermost field in
moPrP (T189C). However, the phase transition point at
20 °C was not well defined in moPrP (N96C) at any pH.

pH-dependent conformational changes in moPrP
As shown in Fig. 4F, we found a difference in 1 be-

tween pH 7.4 and 4.4 in moPrP (T189R1), although
there were no pH-dependent differences in t of moPrP
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Fig. 4. X-band ESR spectra of recombinant moPrP (N96R 1) (A), moPrP (D143R1) (B), and moPrP (T189R 1) (C) at 10, 20, 30, 40, and 50 °C. The
rotational correlation times, 7 (ns), were evaluated from the ESR spectra of moPrP (N96R1) (D), moPtP (D143R 1) (E), and moPrP (T189R 1) (F) at

various temperatures at pH 4.4, 6.4, and 7.4.

(N96C) and moPrP (D143C) as shown in Figs. 4D and
E. Fig. 5 shows typical ESR spectra in pH 4.4 solution
and pH 7.4 solution of moPrP (T189R1) recorded at
20 °C. The immobilization of the nitroxide moiety at
pH 7.4 is obvious in comparison with that at pH 4.4.
Furthermore, to define the pH-dependency, we exam-
ined the lineshape variation in the ESR spectra of
moPrP (T189R 1) and moPrP (T189R1) solutions whose
pHs were gradually changed from pH 4.0 to 7.8 by
dialysis. As shown in Fig. 5B, two regions were observa-
ble in moPrP (T189R1), a steep increase phase at pH
4.0-4.8 and a gradual increase phase at pH 5.4-7.8.
Stone et al. [27] have also shown similar pH-dependent
phase transition at around pH 4.0 in spin-labeled
BSA. At temperatures from 5 °C to 20 °C, we found a
breaking point between the two phases at around pH
5.0 that was clearer than those seen at temperatures
>30 °C. These results indicated that the region around
T189R1 was more pH-sensitive than the N96R1 and
D189R1 regions.

Discussion
Preparation procedures of SDSL

Site-directed spin labeling is one of the most powerful
methods for investigating the structure and conforma-
tional switching in soluble and membrane proteins
[18,20]. Analysis of nitroxide side chain dynamics in
spin-labeled proteins reveals contributions from fluctua-
tions in the backbone, dihedral angles, and rigid-body
motions of a-helices [18-21]. With this technique,
however it is necessary that free cystein residues be
substituted for alanine or serine residues for specificity
in the reaction of MTSSL with the target cystein residue
created by mutagenesis. The native mouse, hamster,
bovine, and human prion proteins do not have free
cystein residues, but a disulfide linkage is known to exist
between Helix2 and Helix3, and to be essential for
formation of three helix structures, which are important
in refolding prion secondary structures [26].
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Fig. 5. (A) X-band ESR spectra of moPrP (T189R1) at 20 °C, and pH 4.4 (black line) and pH 7.4 (red line). (B) The rotational correlation time, ©
(ns), at various pHs as detected by the ESR spectra of moPrP (T189R 1) from 5 to 60 °C. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this paper.)

Although Lundberg et al. [28] have reported the time-
dependent changes of the ESR spectrum of a short syn-
thetic prion-derived penta-peptide, AGAACAGA with
Cysl17 substituted for Alall7 in PrP (113-120), there
have been few reports on structural analysis by SDSL
for the full-length proteins such as PrP having an intra-
cellular disulfide linkage. Application of the SDSL tech-
nique is impossible for full-length native PrP protein,
because cystein residues newly created by mutagenesis
interfere with the formation of the disulfide linkage be-
tween Helix2 and Helix3. For this reason, the present
experiment employed dialysis against low pH buffer,
and reverse-phase HPLC for the refolding and the puri-
fication procedures. We demonstrated that the recombi-
nant moPrP produced by this preparation could be
successfully used for SDSL experiments as proved by
the following evidence. First, far-UV CD spectroscopy,
as shown in Fig. 2, clearly demonstrated that the content
of the helical structures in moPrP mutants was similar to
that in native moPrP. This fact indicates the preferential
formation of a disulfide linkage between Cysl178 and
Cys213, because the abrogation of this disulfide linkage
never gives two minima at 208 and 220 nm in far-UV
CD spectra [26]. Second, the possibility of dimer forma-
tion due to intermolecular disulfide-linkage between
cystein residues newly created by mutagenesis was ruled
out because SDS-PAGE of recombinant moPrP with-
out the reducing reagent showed a single band (data
not shown). Third, MALDI-TOF mass spectroscopic
data showed increases of ca. m/z =184 due to a side
chain of the nitroxide moiety in the fragment after the
tryptic digestion of spin-labeled moPrP mutants (data
not shown). Thus, we were able to preserve the target
cystein created by mutagenesis and succeeded for the first
time in applying SDSL to the full-length prion protein.

Conformational changes of Ci’* binding region and a-
helix regions

Prion protein was reported to contain an amino-ter-
minal Cu®* binding octarepeat segment and a carboxy-
terminal domain, three o-helices (Helix1, Helix2, and
Helix3), and a two-stranded antiparallel B-sheet [l
3,11-13]. The amino acid residues of N96, D143, and
T189 in moPrP have been chosen as targets for SDSL.
Recently, in addition to the octapeptide repeat region,
a novel Cu®" binding structure between H95 and
H110 was reported [29] and N96 is close to this region.
D143 is located in the initial part of Helix1 and D189 in
the end part of Helix2. A marked difference in rotation-
al correlation times was observed by the spin-labeled
positions (Fig. 3). NMR data of hamster PrP (90-231)
showed that the region from 90 to 124, which includes
the characteristic octapeptide repeat sequence, was
clearly flexible with large negative NOEs and local cor-
relation times of less than 1 ns. This is due to the fact
that residues do not form part of any stable secondary
or tertiary fold and are highly flexible [30]. Our ESR
spectrum of moPrP (N96R1) also showed that the
Cu®" region around H95 reflected more flexible motion
as compared with the rigid-body motion of helix struc-
ture revealed by ESR-lineshapes from moPrP (D143R 1)
and moPrP (T189R1).

Our data showed that the end part of Helix2 around
T189R1 was highly pH-sensitive compared to the Cu?*
binding region around N96R1 and the first part of
Helix1 around T189R1 (Figs. 4D-F and 5). The con-
version from PrP° to PrP% is a post-transcriptional
process that appears via the endosome pathway
[4,5.9] and/or caveolae-like domains [10], both of which
are acidic. Lower pH also accelerates conversion from
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PrP® to PrP% in a cell-free system [31]. Recently,
Swietnicki et al. [32] have shown that incubation of the
recombinant prion protein under mildly acidic condi-
tions (pH 5 or below) in the presence of low concentra-
tions of guanidine hydrochloride produces a transition
to PrP%.like B-sheet-rich oligomers that show fibrillar
morphology and increased resistance to proteinase K
digestion. Since low pH plays a role in facilitating the
conformational change that ultimately results in PrP°
formation, some parts of Helix2 may be candidates for
the pH-sensitive region associated with PrP> conver-
sion. In this region, we found a phase transition point
at around pH 5.0 as shown in Fig. 5B. This evoked the
induction of rapid structural change in the end part of
Helix2 below pH 5.0. For analysis of the precise mecha-
nism of pH-induced conformational changes in this
region, further studies using the SDSL-ESR technique
using a variety of recombinant moPrP mutants created
on Helix2 will be necessary.

ESR of spin label dynamics

The mobility of the spin label moiety attached to a
protein can be quantified in terms of the rotational cor-
relation times in the case of weakly immobilized labels
(t=107°-107"%). 1 is determined by the relative line-
widths based upon relaxation theory and is given by
Eq. (1) (vide infra). In the equation, the lincheights are
used instead of the linewidths, because the former are
easy to measure accurately. The constant factor g in
Eq. (1) is derived from the g-factor and hyperfine anisot-
ropies. For these reasons, Eq. (1) is only applicable to a
spin label signal that possesses three well-defined lines
with longitudinal (or up and down) symmetry and no
anisotropic outermost lines due to the gj anisotropy.
In the present study, we applied Eq. (1) to the rapid
tumbling of the weakly immobilized regime of the spin
label dynamics.
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The present study aimed at investigating the antiviral effects of 2-amino-4,4 o-dihydro-40~7-dimethyl-3H-
phenoxazme -3-one (Phx-1) and 3-amino-1,4@-dihydro-4 o-8-dimethyl-2H-phenoxazine-2-one (Phx-2) on 6 repre-
sentative viruses: poliovirus, porcine parvovirus, simian virus 40 (SV-40), herpes simplex virus-1 (HSV-1), Sind-
bis virus, and vesicular stomatitis virus (VSV). Phx-1 and Phx-2 suppressed the proliferation of poliovirus in
Vero cells and that of porcine parvovirus in ESK cells at concentrations between 0.25 ug/ml and 2 yg/ml, when
the cells were treated with Phx-1 and Phx-2 for 1h and then inoculated with these viruses. The proliferation of
the other viruses, SV-40, HSV-1, Sindbis virus, and VSV, in the host cells was not influenced by Phx-1 or Phx-2 at
concentrations less than 20 gg/ml. The results suggest that Phx-1 and Phx-2 may be useful to prevent the prolif-
eration of poliovirus and porcine parvovirus infection and may contribute to developing new antiviral drugs in

future.

Key words phenoxazine; poliovirus; porcine parvovirus

The development of antiviral drugs has been undertaken in
parallel with that of vaccines, so as to overcome viral infec-
' “tions. Vaccination has been adopted to prevent several viral
infections due to poliovirus, poxvirus, influenza virus erc.
However, the usefulness of the antiviral drugs discovered so
far seems to be restricted by the adverse effects of the drugs
and the appearance of drug-resistant viruses."?

On the other hand, Tomoda et al. found that relatively
water-soluble phenoxazines were biosynthesized by the reac-
tion of o-aminophenol and its derivatives with human and
bovine hemoglobin>~> Among these phenoxazines, 2-
amino-4,4 ¢-dihydro-4 a-7-dimethyl-3H-phenoxazine-3-
one (Phx-1) has been demonstrated to have anticancer activ-
ity.5” It was also shown that Phx-1 exerts an immunosuppres-
sive effect on the activated lymphocytes such as B cells and
T cells®® and the activated mast cells.'” Therefore, it seems
of interest to investigate the effects of water-soluble phenox-
azines on the proliferation of viruses in the host cells. We
briefly reported that the proliferation of poliovirus inoculated
to Vero cells was inhibited by Phx-1.'" This discovery
prompted us to investigate the effects of water-soluble phe-
noxazines on various kinds of viruses, because there is a pos-
sibility that a new antiviral drug may be developed through
such an investigation. The present manuscript deals with
studies on the antiviral effects of Phx-1 and 2-amino-4,4 Q-
dihydro-4 a-7-dimethyl-3 H-phenoxazine-3-one (Phx-2) on 6
representative viruses: poliovirus, porcine parvovirus, simian
virus (SV-40), herpes simplex virus-1 (HSV-1), Sindbis
virus, and vesicular stomatitis virus (VSV).

MATERIALS AND METHODS

Phx-1, Phx-2, Cells and Viruses Phx-1 and Phx-2 were
prepared by reaction of bovine hemoglobin with 2-amino-5-
methylphenol and 2-amino-4-methylphenol, respectively, as
previously described.*> The chemical structures of Phx-1

# To whom correspondence should be addressed.

e~-mail: tomoda@tokyo-med.ac.jp

and Phx-2 are shown in Fig. 1. Phx-1 or Phx-2 was dissolved
in dimethyl sulfoxide (DMSO) before use to reach a concen-
tration of 20mmM, and then was diluted with o-minimum
essential medium (e-MEM).

African green monkey kidney cells (Vero cells), were gen-
erously supplied by the Japanese Cancer Research Resources
Bank (Tokyo, Japan). The ESK cells (embryoric swine kid-
ney cells line)!? were kindly donated by Dr. J. Koga (JCR
Co., Japan).

Cells were maintained in @-MEM supplemented with.10%
fetal calf serum (FCS, Sigma Co., Ltd., St. Louis, MO,
U.S.A)), and 30 mg/1 kanamycin sulfate RPMI 1640 medium
containing 10% heat-inactivated FCS, at 37 °C under-mois-
turized air containing 5% CO2 &

- Poliovirus (stlaln Sabin 1) was also donated by Dr. Koga.
Porcine parvovirus (stlam 90HS), SV-40, Sindbis virus, and
HSV-1 (strain F) were the generous donatien of Dr. M. Ko-
hase (National Institute of Infectious Diseases). VSV (strain
NJ) was the gift of Dr. H. Kita (Sg‘ntory Center Institute,
Japan).

The supernatants of Vero cells infected with poliovirus,
HSV-1, Sindbis virus, and VSV were used as the virus sam-
ples. The supernatant of ESK: cells infected with porcine par-
vovirus was used as the porcine parvovirus sample. CV-1
cells were infected with SV-40 virus, and then 5 d after infec-

pesey

Phx-1

Phx-2

N
SE

Fig. 1. Chemical Structures of Phx-1 and Phx-2 '

© 2005 Pharmaceutical Society of Japan
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Table L
TCID,,"

Vol. 28, No. 5

Effects of Phx-1 or Phx-2 on the Proliferation of Poliovirus Inoculated to Vero Cells at Different Concentrations of Phx-1 and Phx-2, Estimated by

Phx-1 (pg/ml) ;

Phx-2 (ug/ml)

0 0.25 0.55 1

2 0 0.25 0.5 I 2

TCID,, 62 32 32 16

17 63 63 63 63 14

a) TCID,, was defined as dilution ratio of the virus to generate 50% disruption of the cells.

tion, the supernatant was saved as the SV-40 sample. To
remove the cell debris from the collected virus suspension,
each suspension was centrifuged at 450Xg for 10 min. After
removing the debris, the resulting stock viruses were
aliquoted and stored at —80 °C until use.

Determination of Viral Infectivity The infectious titer
of virus suspension was determined using indicator cells. Po-
liovirus and porcine parvovirus were introduced into Vero
cells and ESK cells, respectively.'” The cells were seeded in
a 96-well microplate (Asahi Technoglass Co., Ltd., Tokyo) at
a density of 2X10° to 3X10° cells per well in culture
medium. They were then cultured at 37°C, for 2d. Various
concentrations of Phx-1 or Phx-2 solution [final concentra-
tion: 0 ug/ml (DMSO alone), 0.23, 0.5, 1 and 2 ug/ml] were
then added to the cells in each well, and these were subse-
quently incubated for 1h. After 1h, the supernatant was
removed from the well by an aspirator. At this time,
poliovirus or porcine parvovirus which had been serially
diluted with a-MEM to obtain a 50% tissue culture infec-
tious dose (TCIDs,, defined as dilution ratio of the virus to
generate 50% disruption of the cells), as performed conven-
tionally,” was added to Vero cells or ESK cells, respectively,
in each well. Cell cultures were incubated for 1h at 37°C.
Post infection TCIDj, cultures were then fed with a-MEM
containing various concentrations of Phx-1 or Phx-2 [final
concentration: 0 (DMSO alone), 0.25, 0.5, 1 and 2 ug/mi]
and were incubated at 37 °C for 2 or 3 d.

After that period, the disruption of Vero cells or ESK cells
was examined by the method described by Satoh et al.,'¥ and
the infectivity of poliovirus or porcine parvovirus to these
cells was estimated. The estimation of the viruses SV-40,
HSV-1, Sindbis virus and VSV was essentially in agreement
with the method described by Satoh et al.'¥

Effects of Phx-1 and Phx-2 on Cell Viability We exam-
ined the effects of Phx-1 and Phx-2 on the viability of Vero
cells, ESK cells, and CV-1 cells in the presence of various
concentrations of these phenoxazines and without addition of
viruses. There was no significant disruption of these cells at
various concentrations of Phx-1 and Phx-2 up to 50 pg/ml,
indicating that these phenoxazines do not affect the viability
of the cells at the concentrations of used to examine the
viruses.

RESULTS AND DISCUSSION

We initially studied the effects of Phx-1 and Phx-2 on the
proliferation of poliovirus, a non-enveloped and single strand
RNA virus, inoculated to Vero cells. Since TCIDsj is defined
as the dilution ratio of the virus to generate 50% disruption
of the cells, a lower value of TCID; means that the viral pro-
liferation is being suppressed in the host cells. We found that

80

60

40}

TCID;,

20F

! | ! I |
0 0 0.5 1 2

Concentration of Phx ( ¢ g/ml)

Fig. 2. Antiviral Effects of Phx-1 and Phx-2 on Porcine Parvovirus

The infectious titer of porcine parvovirus suspension was determined using ESK
cells, as described in Materials and Methods. Antiviral effects of Phx-1 (@) or Phx-2
(O) were expressed by TCIDj, (defined as dilution ratio of the virus to generate 50%
disruption of the cells) at different concentrations of these phenoxazines (ug/ml of Phx-
1 or Phx-2).

TCID, of poliovirus was decreased according to the increase
in the concentrations of Phx-1 or Phx-2 (Table 1). Namely,
Phx-1 suppressed the proliferation of poliovirus inoculated to
Vero cells at all concentrations tested between 0.25 ug/mg
and 2'ug/ml, and reached maximal antiviral activity at
1 ug/ml. Phx-2 also inhibited the proliferation of poliovirus
inoculated to Vero cells at 2 pg/ml (Table 1). Such isihibition
was observed when the cells were treated with Phx-1 or-Phx-
2 for 1h and then inoculated with poliovirus. On the con-
trary, the proliferation of poliovirus was not suppressed by .
Phx-1 or Phx-2 when Vero cells were' inoculated with the
virus together with various concentrations of Phx-1 or Phx-2
(data not shown). These results may be explained by the facts
that these phenoxazines do not exert virucidal activity
against poliovirus directly, but some mechanisms prpventmg
the attachment or the mtracellular proliferation of poliovirus
in the host cells, are apparently revoked during 14 incubation
of the host cells with Phx-1 or Phx-2. The detailed biochemi-
cal changes in the host cells are not yet cleay.

Figure 2 shows the inhibitory effects of Phx-1 and Phx-2
against porcine parvovirus, a non-enveloped and single
strand DNA virus, as determined by the changes in TCIDx,.
These phenoxazines showed antiviral effects on porcine
parvovirus ‘at 1ug/ml and 2 gg/ml. Such inhibition was
observed when the cells were treated with Phx-1 or Phx-2 for
1h and then inoculated with porcine parvovirus. However,
Phx-1 or Phx-2 did not exert antiviral effects on porcine
parvovirus when ESK cells were inoculated with the virus
together with Phx-1 or Phx-2 (data not shown).

We studied the effects of Phx-1 and Phx-2 on various rep-
resentative viruses such as SV-40 (non-enveloped, double
strand DNA), HSV-1 (enveloped, double strand DNA), Sind-
bis virus (enveloped, single and plus strand RNA), and VSV
(enveloped, single strand RNA). Table 2 summarizes. the

e
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Table 2. Antiviral Activity of Phx-1 and Phx-2 on Various Species of
Viruses

Antiviral activity”

Type of virus Name of virus

Phx-1 Phx-2
sDNA, envelope (—) Porcine parvovirus + +
dDNA, envelope (—) Simian virus 40 - -
dDNA, envelope (+) Herpes simplex virus-1 - -
sRNA, envelope {(—) Poliovirus + +

(plus strand)
sRNA, envelope (+)

(plus strand)
sRNA, envelope (+)

(minus strand)

Sindbis virus - -

Vesicular stomatitis virus - -

a) TCIDy, was estimated as described in Materials and Methods. Then, the antivirai
activity was expressed by + or —, where + shows “effective” at the concentration of
Phx-1 or Phx-2 between 0.25 and ZO ug/ml, and — shows “not effective” at these con-
centrations.

inhibitory effects of Phx-1 and Phx-2 on these viruses, in
comparison with poliovirus and porcine parvovirus. Al-
though Phx-1 and Phx-2 showed antiviral activity against po-
liovirus and porcine parvovirus, these phenoxazines did not
inhibit the proliferation of SV-40, HSV-1, Sindbis virus or
VSV in the host cells. Therefore, it may be conceivable that
non-enveloped and single strand RNA virus (coxackie virus,
ECHO virus, hepatitis virus A, encephalomyocarditis virus
etc.) or non-enveloped and single strand DNA virus (B19
virus, adeno-associated virus 2 efc.) may be inhibited by
+ Phx-1 and Phx-2 as well. Increased amounts of interferon is
not possible, because the inhibition of proliferation of viruses
was restricted only to poliovirus and porcine parvovirus
(Table 2). These views should be assessed by further exami-
nations.

Tang et al.'” reported that hypericin, a derivative of
emodin exerts antiviral activity against enveloped viruses
such as HSV-1, influenza virus A and Mo-Mul V, but not
against the non-enveloped viruses poliovirus and adenovirus,
at concentrations of 1.56 to 25 pg/ml. On the other hand, our
results showed that Phx-1 and Phx-2 exerted antiviral activity
only against poliovirus and porcine parvovirus (Table 1,
Fig. 2). Concerning the chemical structure of emodin (1,3,8-
trihydroxy-6-methylanthraquinone) and Phx-1, emodin is
analogous to Phx-1, because emodin and Phx-1 (Fig. 1) are

907

tricyclic chromophores with the methyl group at the same
position, however, the former is a semiquinone type produc-
ing active oxygens,'® while the latter is a non-semiquinone
type. Such similarity and differences in the chemical struc-
ture of these compounds may be reflected to the differences
in biological actions between hypericin and Phx-1 or Phx-2.
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Polymorphisms of Caprine PrP Gene Detected in Japan
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ABSTRACT. Polymorphism of the PrP gene is a primary factor influencing susceptibility and incubation period in natural and experimental
scrapie in sheep and goats. Polymorphisms of the caprine PrP gene in Japan were examined in 118 goats. Eight allelic variants and 19
genotypes were obtained. Amino acid polymorphisms were observed at 7 codons: 102, 142, 143, 240, 127, 146 and 211 (the latter 3
are novel polymorphisms). The polymorphisms at codons 142M and 143R, which are associated with the resistance to scrapie, were
relatively rare in the present study. Thus, the present results provide information about the caprine PrP gene that may be useful for

assessing the risk of goat scrapie.
KEY WORDS: goat, polymorphism, PrP.

Scrapie is a fatal and infectious neurodegenerative dis-
ease that occurs in sheep and goats. Like bovine spongiform
encephalopathy (BSE) in cattle and Creutzfeld-Jakob dis-
ease (CJD) in humans, scrapie is a transmissible spongiform
encephalopathy (TSE). TSEs are characterized by accumu-
lation of an abnormal isoform (PrP%%) of a normal cellular
prion protein (PrP%) in the central nervous system [12].

Among animals with natural or experimental scrapie,
there is considerable variation in susceptibility and incuba-
tion period, even when the animals are exposed to the same
infectious agent simultaneously [1, 4, 9]. Studies have
shown that interaction between the scrapie strain and the
PrP genotype in the affected animals plays a primary role in
differences in infectivity [4, 8]. Polymorphisms of the open
reading frame (ORF) of the cellular PrP gene significantly
influence the incidence of natural scrapie [1, 9]. Amino acid
polymorphisms of the sheep PrP gene have been observed at
the following codons: 112 (M->T), 136 (A—>V), 137
M—-T), 138 (S>N), 141 (L-F), 151 R—>C), 154 R—>H),
171 (Q—H or Q—R), 176 (K—»N), and 211 (R—>Q). The
amino acid polymorphism at codon 171 is strongly associ-
ated with incubation period in many breeds of sheep [1, 4, 7,
9, 10, 14].

Goats as well as sheep are natural hosts for scrapie. The
clinical signs of affected goats are slightly different from
those of sheep, but the observed variation of incubation
period is similar to that described for sheep [11, 14]. Studies
have shown amino acid polymorphisms of the caprine PrP
gene at the following codons: 21 (V—>A), 23 (L->P), 49
(G—=8), 102 (W—>G), 142 (I--M), 143 (H>R), 154
(R—H), 168 (P—Q), 220 (Q—H) and 240 (S—P)[2, 3, 5,6,
11].

In Japan, caprine scrapie has not yet been observed,

* CORRESPONDENCE TO: Dr. IsHIGURO, N., Laboratory of Food and
Environmental Hygiene, Faculty of Applied Biological Sciences,
Gifu University, 1-1 Yanagido, Gifu 5011193, Japan.

J. Vet. Med. Sci. 67(3): 321-323, 2005

although occurrence of sheep scrapie in Japan has been
reported [10, 13]. In the present study, we investigated
polymorphisms of the PrP gene in goats raised in Japan, to
obtain genetic information for use in assessing the risk of the
occurrence of scrapie in goats.

A total of 118 samples (48 tonsillar samples and 70 blood
samples) were collected from healthy goats in Japan (Table
1). The 48 tonsillar samples were collected from Honshu
Island, the Hachijo Islands and Hokkaido Island for TSE
surveillance. The 70 blood samples were collected from
goats in the Hachijo Islands (32 samples) and Okinawa
Island (38 samples). Most of the goats from which samples
were obtained were of the Saanen breed or related breeds.

DNA extraction from the 48 tonsillar samples and 70
blood samples was performed using the DNeasy Tissue Kit
and QIAamp DNA Blood Mini Kit (QIAGEN Science,
MD), respectively.

For polymerase chain reaction (PCR) and sequencing of
the caprine PrP gene, the sheep primer sets SPrP-1/SP-4 and
SP-1/8PrP-2 were used to amplify the upstream region
(approximately 430 bp) and downstream region (approxi-
mately 370 bp) of the PrP gene, respectively [7]. The over-

Table 1.  Sampling sites and caprine PrP allele variations
Sampling  Numberof  PrP allelic variants (%)
Sites goats
Hokkaido 1 1(50), 8(50)
Island
Honshu 69 1(42), 2(25), 6(8). 8(25)
Island
Hachijyo 73 1(44), 2(38), 5(2), 6(1), 8(15)
Island
Okinawa 38 1(34), 2(33), 3(3). 4(1), 5(11), 6(8),
Island 7(5), 8(5)

a)Aomori prefecture (3 samples), Miyagi prefecture (1 sample),
Hiroshima prefecture (1 sample) and Tokyo (1 sample).
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Table 2.  Variations of caprine PrP gene
Allele PrP codon? Number
102 127 142 143 146 211 240 goats
1» W G H N R S 99
2 - - - - - - P 82
3 G - - - - - 2
4 - S - - - - P 1
5 - - - - - P 11
6 - - - - - P 7
7 - - - - S - P 4
8 - - - - - Q - 30
Total 236
Genotype
11 WwW GG I HH NN RR S8 22
172 wWwW GG I HH NN RR SP 31
2/2 A GG I HH NN RR PP 17
1/3 WG GG I HH NN RR Ss 1
2/3 WG GG I HH NN RR SP 1
2/4 wwW GS it HH NN RR PP 1
1/5 ww GG M HH NN RR SP 4
5/8 ww GG M HH NN RQ Sp 1
2/5 ww GG M HH NN RR PP 3
5/5 ww GG MM HH NN RR PP 1
5/6 wWw GG M HR NN RR PP 1
1/6 wWw GG I HR NN RR SP 5
1/2 ww GG II HR NN RR PP 3
6/7 ww GG I HR NS RR PP 1
17 wWw GG I HH NS RR SP 2
207 WW GG n HH NS RR PP 1
1/8 WWwW GG it HH NN RQ SS 9
2/8 wWw GG I HH NN RQ SP 8
8/8 ww GG 11 HH NN QQ SS 6
Total 118

a) Amino acids are described as the single letter: W tryptohan; G, glycine; S, serine; 1, isoleucine;
M, methionine; H, histidine; R, arginine; N, asparagine; Q, glutamine acid; P, proline.

b) Wild type of sheep.

lapping region of the 2 amplified fragments was
approximately 40 bp. PCR amplification and DNA
sequencing were performed as described previously [7]. To
verify novel polymorphisms of the caprine PrP gene
detected by direct sequencing, cloning of the caprine PrP
gene to a vector plasmid was performed as described previ-
ously [7]. Five colonies possessing the recombinant plas-
mid were selected, and their plasmid DNAs were prepared
using a Plasmid Mini Kit (QIAGEN Science) and sequenced
as described previously [7].

Nine polymorphisms of the DNA sequence of the caprine
PrP gene were detected (Table 2). Two of those polymor-
phisms (at codons 42 and 138) were silent mutations, and
the remaining 7 polymorphisms (at codons 102, 127, 142,
143, 146, 211 and 240) caused amino acid changes. Three
of the amino acid substitutions detected in the present study
were novel polymorphisms: at codon 127, a g—a nucleotide
substitution in the first codon position caused an amino acid
change of G—S; at codon 146, an a—g nucleotide substitu-
tion in the second position caused an amino acid change of
N->S; at codon 211, a g—>a nucleotide substitution caused

an amino acid change of R—Q. The remaining 4 amino acid
polymorphisms detected in the present study have previ-
ously been described: codon 102, W—G; codon 142, I->M;
codon 143, H-R; codon 240, S—P [2, 5, 6, 11].

The present distinctive amino acid polymorphisms at 7
codons comprised 8 allelic variations and 19 different geno-
types (Table 2). Alleles 1 and 2 are the predominant alleles
of the caprine PrP gene in Japan. Genotype 1/1 has been
identified in wild-type sheep in Japan, and genotypes 1/2
and 2/2 are commonly observed in goats in Japan. These 3
genotype groups are distinguished by alteration of codon
240, and accounted for 59% of the 118 present samples.

To estimate the genetic background of goats from Oki-
nawa, Hachijo, Honshu and Hokkaido Islands, allelic vari-
ants were classified along with the sampling sites (Table 1).
All allelic variations detected in the present study occurred
in goats from Okinawa Island. Goats from Honshu and the
Hachijo Islands possessed 2 major alleles (1 and 2) and the
minor alleles 5, 6 and 8. Goats in Okinawa Island have been
frequently introduced from several prefectures in Honshu
Island, so that allelic variants were obviously detected.
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However, there have been no recent introductions of new
populations of goats to the Hachijo Islands (data not shown).

The structure of the caprine PrP gene is highly homolo-
gous to that of the sheep PrP gene, including exons, the pro-
moter region and 256 amino acids [5]. In the ORF of the
PrP gene, amino acid polymorphisms associated with incu-
bation period differ between sheep and goats. Polymor-
phisms at codons 142 and 143 in goats are thought to
influence the incubation period of scrapie in experimental
challenges [5] and natural cases [2]. Few of the goats in the
present study carried polymorphisms at codons 142M or
143R (Table 2), which are associated with the resistance to
scrapie. Identification of caprine PrP genotype may provide
information that can be used to select scrapie-resistant goat
for breeding. No scrapie has been found in goats in Japan,
and PrP% has not been found in Japan by TSE surveillance
using Western blot analysis (unpublished data). Although
the number of goats examined in the present study was rela-
tively small, the present results provide useful data about
variations and distribution of the caprine PrP gene, which
can be used to assess the risk of scrapie in Japan.
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Surveillance of Chronic Wasting Disease in Sika Deer, Cervus nippon, from Tokachi
District in Hokkaido
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ABSTRACT. Surveillance of chronic wasting disease (CWD) was conducted by performing Western blot analysis of tissue samples from
136 sika deer (Cervus nippon) killed by hunters in the Tokachi district of Hokkaido Island. No prion protein (PrP5) associated with
CWD was detected in any of the samples. To assess amino acid polymorphisms of the sika deer PrP gene, nucleotide sequencing of the
PrP gene was performed. The only amino acid polymorphisms detected were 3 silent mutations at nucleotide positions 63, 225 and 408.
These results suggest that sika deer in the Tokachi district are genetically homogeneous, and are not infected with CWD.

KEY WorDs: CWD, sika deer, surveillance.

J. Vet. Med. Sci. 67(3): 349-351, 2005

Chronic wasting disease (CWD) is a transmissible 54 females) killed by hunters over a 2-year period (51 deer
spongiform encephalopathy (TSE) of captive and free-rang- in 2002, and 85 deer in 2003) at 13 sites in the Tokachi dis-
ing white-tailed deer (Odocoileus Virginianus), mule deer  trict (Fig. 1). The age of the deer ranged from approxi-
(O. hemionus) and Rocky Mountain elk (Cervus elaphus) in ~ mately 1 to 7 years. Samples of the obex of the medulla
several US states and Canadian provinces [13, 15, 16]. This
disease is characterized by progressive loss of body weight Hokkaido Island
and abnormal behavior, and by the accumulation of a par-

tially protease-resistant isoform (PrP*°) of a normal cellular s . 4. .
protein (PrP*) in the central nervous system. Thus, CWD is (- TOkaChl d1 Strlct
similar to scrapie in sheep and goats, and bovine spongiform e—

encephalopathy (BSE) in cattle [1, 11]. Occurrence of ! —Q

CWD is currently limited to North American cervid rumi- "q oMkum;zé

nants. Daisctsu(s) tsumata(4)

Cervus nippon yesoensis, a subspecies of the sika deer
(Cervus Nippon) that inhabit the Japanese Islands, is native
to Hokkaido Island of Japan. Inrecent decades, the number
of sika deer in Hokkaido has increased rapidly due to protec-
tion by the Hokkaido government [6]. Overpopulation of
sika deer has caused immense damage to agriculture and
forestry in Hokkaido.

The meat of sika deer is frequently consumed as game
meat or commercially processed as ham or sausage, espe-
cially in the Tokachi district of Hokkaido Island. Although
there is no evidence that CWD can be transmitted to
humans, the experience of transmission of other TSEs to
humans via consumption of meat or other products from
ruminants raises public health concerns about the safety of
sika deer meat {10, 11]. However, little is known about
occurrence of CWD among sika deer on Hokkaido Island.
In the present study, we used Western blot analysis to exam-
ine occurrence of CWD among sika deer killed by hunters in
the Tokachi district, and determined their PrP genotypes.

We used tissue samples from 136 sika deer (82 males and

ngabira(S)

Urahoro(5) o,
Toyokoro(1)O O

Fig. 1. Sampling sites of sika deer in Hokkaido. Tokachi district

is enlarged. Numbers in parentheses are the number of sika deer

* CORRESPONDENCE TO: IsHIGURO, N., Laboratory of Food and Envi- kﬂle(;l by ﬂl? llu(rixte.rs at ?aCh Slt‘; Obihiro CI}y’hWhmlf 18 ."(1;?"

ronmental Hygiene, Faculty of Applied Biological Sciences, cate by a closed circle, is located at center of the Tokachi dis-
Gifu University, Gifu 501-1193, Japan. triet.
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Fig. 2.

1 23 456789 10

3 i

Detection of PrPS¢ or PrP¢ in sika deer tissue by Western blotting analysis. PrP®

and/or PrP% from deer obex was prepared and dissolved in sample buffer as described
previously [3]. The protein was resolved by electrophoresis in 12% polyacrylamide gels
and transferred to Hybond-PVDF membranes. PrP5° and/or PrP° was detected with
immunoblot analysis using mAb 44B1, and was visualized using the ECL system [3].
Lane 1, PK-digested mouse PrP% fraction of 12-1 tissue equivalent; lane 2, PK-digested
mouse PrP% fraction of 2-ug tissue equivalent; lane 3, PK-undigested PrP¢ fraction of 2-
mg tissue equivalent; lanes 4 to 10, PK-digested obex extract of 10-mg tissue equivalent.
Molecular mass markers (kDa) are shown on the left.

oblongata were tested for the presence of PrP% using West-
ern blot analysis, and buccal muscles were tested for poly-
morphisms of the PrP gene by DNA sequencing. The
preparation of PrP° and/or PrP5° from the deer obex was per-
formed as described elsewhere, with and without proteinase
K (PK), respectively [3]. The Western blot analysis was
performed as described previously, using several anti-PrP
mAbs {7], and blots were developed with ECL (Amersham
Buckinghamshire, England) and detected with X-ray film.
PrPS¢ from the mouse-adapted Obihiro strain of scrapie was
used as a positive control in Western blot analysis [3]. DNA
was extracted from deer buccal muscle using a Dneasy Tis-
sue Kit (Qiagen, Valencia, CA). The deer PrP gene was
amplified by polymerase chain reaction (PCR) using 2 prim-
ers: BPrP3, GCAGATATAAGTCATCATGGTG; BPrP4,
GGAAGGACAAAAGTGGTAGAAG [2]. The PCR prod-
ucts were purified using a QIAquick Kit (Qiagen), and DNA
sequencing was performed as described previously [2].

To estimate the reactivity of anti-PrP mAbs to deer PrP°
or PrP5 molecules, the reactivity of 3 representative mAbs
(132, 31C6 and 44B1, [7]) to deer PrP° was examined by
Western blot analysis. The mAbs 132 (which recognizes a
linear epitope consisting of the amino acid sequence
AVVGGLGGY) and 44B1 (which recognizes a discontinu-
ous epitope consisting of mouse amino acid residues 155 to
231) reacted with the deer PrP°, but the mAb 31C6 did not
react with the deer PrP° [7]. The lack of reactivity of the
mADb 31C6 appears to be due to a difference in amino acid
sequence between mouse and deer in the epitope region, as
indicated by the DNA sequence of the deer PrP gene.
Assays for deer PrP% were performed by Western blot anal-
ysis using the mAbs 132 and 44B1. No PrP%¢-specific mol-
ecules were detected in PK-treated obex extracts, although
deer PrP° and PrP* from mouse-adapted scrapie (control)
were observed in blots (Fig. 2).

Studies indicate that specific PrP alleles are associated
with CWD in cervids [4,9]. Therefore, we examined the
DNA sequences of the PrP gene in the present samples, to
determine their PrP genotypes. With the exception of 3
silent mutations at nucleotide positions 63 (G—>T), 255
(G—A) and 408 (C—T), the PrP sequences of the present
samples were identical to the sequence with accession num-
ber AF009181 (from Odocoileus hemionus), and all pos-
sessed five octapeptide repeats. Specific PrP alleles were
reported to be associated with CWD-positive white-tailed
deer (Q* G°¢ 8!%) [4] and Rocky Mountain elk M!32)[9].
These amino acid sequences are observed in the wild type of
sika deer PrP gene, but , it is not known if the PrP polymor-
phisms are associated with the occurrence of CWD in
cervids on the other continents except North America [11].
No polymorphisms were observed among the present sam-
ples at the DNA level, suggesting that sika deer in Hokkaido
comprise a genetically homogenous population. These
results are consistent with the findings of previous mito-
chondrial DNA analysis [8].

There were no indications of occurrence of CWD in the
present tissue samples. The number and geographical distri-
bution of tissue samples in the present study were extremely
limited. Tonsillar biopsy examined with immunohis-
tochemical staining is a useful technique for the preclinical
diagnosis of CWD in mule deer and white-tailed deer [14].
This technique might be evaluated as a practical manage-
ment tool in farmed live sika deer. CWD surveillance of
sika deer in the Tokachi district is important, because deer
meat and other deer products are frequently consumed by
humans in that area, and because sheep scrapie has been
detected on farms in the Tokachi district [5, 12]. Although
there is no evidence that CWD has crossed the species bar-
rier from deer to sheep, cattle or humans [10, 11}, particular
care is necessary when ensuring the safety of food produicts
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from ruminants that can carry a TSE.
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mgﬁ@ﬁmmrxyuxyﬁn@ﬁﬁwwjuxJ"m FEABROOERESEY, TEENERER
BETUYAVEOE (PPY) THD. RREDQY J LALIENY DREEHELRDT, PCR 2 BREAEIR
S ORIEETU 4 VRSB TERL PP FEDRES PP OENGSEHT U A YN SREGE
BIBE. #£oT, MBEBHEHATER, BRTE, PREGEREENSE PP eRETdzLRLY
BRESHaND, oNE TR, B BSEREFY MFEREESNTULSY, 2T PP REZEBERICL TS,
ERTUAVRETR, 14-3-3 REPERDOBEES BIHEY —H—E L TERSNTSY, MRIDSHEZ
&*TLE%'C&EZ&@&:ﬁ*BEBﬁc‘:E:'Céfﬁ BSE 2 [ZUsh& T REMT U S VIR Tl BRBERTHEIY —
H—FE, EEHOERIREZTLEICT DEDHIZE, PrP*ﬁHﬂ@%@@b&:t%Léﬁﬁmﬁﬁnv H—DRE
CERGRETH.

Key Words : TUF >/ #—,ﬁ%%mﬂﬁ?:/ ,f/ 5% 7Y X/EE!’E

Development of BSE diagnosis methods and its current situation
Motohiro Horiuchi
Laboratory of Prion Diseases, Graduate School of Veterinary Medicine, Hokkaido University Professor

The causative agent of transmissible spongiform encephalopathies (TSEs, prion diseases) , called “prion” , is thought
to lack specific nucleic acids as a genome, and the major component of prion is believed to be an abnormal isoform of
prion protein (PtP*) . Since prion has no agent-specific nucleic acids, amplification of gene by PCR cannot be applica-
ble for the detection of prion. In addition, it is difficult to disclose prion infected animal by serum diagnosis because
PrP™ in encoded by host gene PrP and thus no immune response against PrP* is induced in prion-infected animals. Con-
clusive diagnosis of BSE is mainly made by the detection of PrP* in the central nervous system. In human prion dis-
eases, certain proteins in cerebrospinal fluid such as 14-3-3, S100, and neuron-specific enolase, are now being used as
.surrogate markers. In addition, magnetic resonance imaging is useful for diagnosis of prion-affected patients in early

clinical phase. However, no useful disease-specific markers have been developed in animal prion diseases. To accom-
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plish an ante mortem diagnosis of BSE and other animal TSEs, it is important to develop ultra-high sensitive PrP* detec-

tion methods and to find out reliable surrogate markers.

Key Words : prion /” BSE / diagnosis /* PrP*
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WRERHECPE)R ST —7Ic& b, 914V R%E
BHE U720, Y (infectious dose;ID) £EET 3
TEMTES, HHOREREMICEBL CEPERIRLS
¥ 38 (lethaldose; LD) &ELTEEITEEELH
5, —F, TV VIIEERETIHEEHENENL
Bic, ERMBEE RO RREEOREIZELL,
B, VA vomEELTER, 1) Uty
OBBERTHS PP~ (BEET V4 VEHE) 2%
BHEALFHFRC L DRIET 3, DWRABLERT
MCERE L URROERERERT 33147 v &1,
D 22DHFEMANSHh T3 ,PrP* o, 7Y
IV OBREROBRBICIVEENIC TV A VOFE
ZHET B SDT, TUF UROEERZMICEL AN
BNTWNB, "M AT w4 RTY A v OEYEEE
BEILTN3,
TYVAVERNLBEBEIERSLTHENDT,
PCR (polymerase chain reaction) i X 3i{EFIFE
BMEBOBBRIGATER Y, Tk, PrP*3EE#ix
FPP(FVAVEEHBE)OENTHY, ERHMSY 4
VERYE (PrPY) LRA—0OT7 I JBENEETSIE
o, FUF VIRBEEY T PrP> ity 2 RZEIn
BN, #-TT VA VIRERE - B0 MELHT
BT&ER,

EESEMOKRERZIT I PP ERERALTNE, —
FH, TVA VBB LU ABYORMICIE PrPCL PrP* 0
WA BT B, REEENT PrEefiflid, i PrP
PUAICE b PrPe 28BNt T3 b0 BB
BIENH BN, FHAT Y PrP filki Prp° & PrP*

N e B S o o o S o S o e e N o e o o e o e e N

DOHAFICEIET 5, & DIEFEICE, FARREERLE
L7 PrP° & PrP Ol FICRIGT 3 DT, ¥ PrP .
BTREFEZRITERL, #-T, RERAEORRK
TPrP°aRELTE DEND 5, BRI, PrP>&
PrP° 0B RS BERBSHOZEFIA LT, Prote-
inase K (PK) MWEIT & » PrP° 2Ed 5, PrP* i3
EEREERELTED, L PrP i NA#HT 3 b—
TEBEHRLTORLOT, BEEEEHHVELT
PrP* 2% X ¥ %, ELISA (enzyme-linked immuno-
sorbent assay) T/ 7=V VIERIEDPRER & T,
TITRY 7 ry b (WB) Tt SDS (sodium dodecyl
sulfate) ik b Pre* 2 EH X8 3, EHEO PrP* %
YL PrP ik Z A THRINT 5, @b Tid, 4]
AERBEKCBLUIIREBTIATC, 204844 —- 7 V—
THIEY B T & T, PrE*MEAMITERLIE b=
NEHT 5 EEZ 503 (hydrizing autoclave ££) P,
RS 2 PrP iEOBEIC S L 24, ZoNEE,
135, 2REE V) ESITELWEENRI DEIRG &
PHIRbEOhTLEY,

198 FIF 2 —Y vy EREMSAE VA 7SN
TUF =7 XA, WHREO BSE (bovine spongi-
form encephalopathy)#Z& ¥+ v b “Pronics-Check” %
RFTE L7z, WBIZEL S BSEBRZEF v b T, 1999 iz
HAA RTRINERCTBSERENBIBS hiz, ©
D%, Bio-Rad #t, Enfer #t#3, BSE#ZE+ v b %%
52U, 2000 A 5 2001 iz T EU #2EH < BSE &
BRBINBLI L7, ECTRINETI, 3
K BSE OREBREEOFMESEML T B (1)
—EOFETRLFy b, ETEBRSFy b, =
ETEI10Fy FRFEMEZILY, EZEHEOE
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E1 PrPeRHORE
PrP* BB LTS 1®, N PrPHATHRETSRDITH, —EEHI I LEND B, PrPPEROSFIE
ﬁ?éﬁﬁ@ﬁm,HWE%@%%K%?%%W@&E%E%?%:&ﬁ&%tm@f,%ﬁﬁmmﬁmﬁf
PAETH B0

WHTE, Fv bOEREEEZHARTE 7= —X IR
B3, 1) BREF (diagnostic sensitivity) : BSE ERBRHI
S0 fEm i S HE L EA, 2) HRE (diag-
nositic specificity) : BSE 6 150 #fk i &
#7844, 3) RHEA (Detection limit) :BSE &
A ONAEREFOMTER LIRHFS (115, 1:50,
1:100, 1:200) OHBER, ©3BOHBRD, SHDo
72— 1RBEZVTTHE, 10,000 BEOHRE,
BLU 00 BEOHEOHLLREEZRNET 1 —Ib
FRBc i, ChETIK12Fy P27 4 —V FE
B %% T LT, EC (G & European Food Safety
Authority ; EFSA) OEREEZI T35, HBZEDF
HTREEOAZ(EL L EABRRESI NV MY —
LT, 7=—X I H#BRTCRBFLREEZRET, 74—
W RRBA~NEA TN S,
chETCREEShicdy bR, VTRV TaY
} (Prionics-Check WB), 2B OHMEEEAT 5
sandwich-ELISA THERAEAHE, D RBHET
¥ (Platelia BSE Kit, FRELISA BSE 12 & ), i) 4L
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22 R T H (Prionics-Check LIA, Institut
Pourquier Speed'it 72 &), iii) & 5 W i3 FRESAEEN
BsECHRE(CDD, Pre* 2 BRBCEST SR Y v —
% f# B U 7= E # ELISA (Enfer BSE Kit, IDEXX
HerdCheck BSE Atigen Test Kit), filter-ELISA(Ce-
diTect BSE test), 1 &/ 7 u< +#EE(Prionics-Check
PrioSTRIP) it KAlEh 3 (F1)o

£2DFy MTRENZTNERN D 5, Platelia
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BRECESTAEHEEI—PLRT V- MEME
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Microsens Biotechnology #2854 € Vv X2 FT %
Seprion EFFIENBILFEAR Y T —EEA LTS, T
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WiE, 2TO PrPeREEESRERERETES
{,PK MBIz X W HES T3 PrE“bBET 5, R
T, PKAEAE L TETXDE CO PP A IREL,




2. BSEREImOAEREELRR

%1 ECIC&k?% BSEREBREF v bOFE

| Prionics, Switzerland Prionics-Check WB WB {LEHRN 10 -1 (15/20)
| Enfer Technology, Ireland Enfer TSE Kit B ELISA {LZRE 10 -15(20/20)
CEA (Bio-Rad), France Platelia BSE detection Kit | Sandwich-ELISA - Be 10 ~25 (18/20)
| ID Lelystad, Netherlands | NA Filter-assay/ 2 « = 1:81(4/8
: REWRE
Prionics, Switzerland Prionics-Check LIA Sandwich-ELISA 1LEHRE 1:243 (2/4)
| USDA (InPro), USA aCDI Sandwich-assay/ ¥ « | BERSEREE | 1072 (Q/D
FEHERE /PTA B
MRC prion unit, Sandwich-assay BELFER | 1270 10712
Imperial College, UK NA .
CEDI Diagnostic, CediTect BSE test Filter-assay/ ZEi 2 > 1:200 (5/6)
Netherlands REHNE
Fujirebio, Japan FRELISA BSE Sandwich-ELISA %‘@,' > 1:200(6/6)
IDEXX Laboratories, USA IDEXX HerdChek BSE i ELISA/PK B4 | BE& 1: 800 (5/6)
Antigen Test Kit, EIA .
3| Institut Pourquier, France Institut Pourquier Speed'it | Sandwich-ELISA (=25 1:64 (4/5)
BSE ’
{| Labor Diagnostik Leipzig Priontype post mortem Sandwich-ELISA/ RE 1:25(4/4)
?| OmbH, Germany PK /B4R
Prionics, Switzerland Prionics-Check PrioSTRIP | Lateral flow BH 1:100 (16/16)
%l Roboscreen GmbH, Germany | Roboscreen Beta Prion Sandwich-ELISA 1) > 11200 (6/6)
BSE EIA Test Kit
2| Roche Diagnostics Roche Applied Science Sandwich-ELISA ) 1:100 (10/12)
5| GmbH, Germany PrionScreen
7;{ Enfer Scientific, Ireland Enfer TSE Kit v2.0 B ELISA L3t > 1:'200 (10/12)

(autom. Sample prep.)

E—E»SEZEET, TV MY —Uic¥y bORT, RELEREE/ YT LSy POBEIR LT,

ZhABREICEIRETEER 5, REBREDOLFIKD
717 %, CDI & CediTect BSE test Tid, PrP* %%
Wk L UCREEORETHE L ORIGEEZETLTH
2 EAMEM T H B PrPY R REMRET TRIPPH
HOTE b—T%5% DBHLTORLY, K
WIE P —THEHL, FEORGENERT S, &
Mo REGEET TEEOEMIEES kO RIGHED
EAPET A ETS/NIEORLENRAEN S, In-
Pro #tix = 048 H» 5 “CDI (conformation depend-
ent immunoassay)” &FEA TS, CDI T, ¥
REBRTHET 3 AEFA LT, EREO PK 21TV
BB PrP* O EE BT T 3, PrP* OREEIC Y
¥ v 7257 vE (PTA) %2R LA S CDI OFEO
—2>T% B, PrioSTRIP X5 75—V 7 u—ExER
LT3, ECOEMETREHBERM 110 EEL
BiFThHaZ L bEBICET %

BEOKMKETHE, BREDXCRHREMERZ 100%—
He 2l LRBIEEETHY, REBREMNYy PO
bk BB B MR & 723, £—E, ZHOFET
i, 10 U ELOFRRFITHRBBREH TS EMNT
i, EEROFM TR IEH B, RAF
Folx 10 2 TUDEALTO RO TEORER
RAms I RHERET L, ZHOFMEREL BT
45 &, BIFSRHBERERTF» M3 1:200 U
EORRTLBRORIEEEL TS, D&, BSE
REFOEBICER LTS PrP*0 1/200 BEOR
O PrPEMER LTV AR EHETELBELSE
LT3,
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