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between BASE and BSE-C PrP* is 0.29 % 0.12 kDa, corre-
sponding to 2 to 4 amino acid residues. In contrast, the gel
mobilities of the PK-resistant PrPS® species from the BASE
strain, BASE strain-infected Tgd0 mice, and sCTDMM?2, which
was used as representative of human PrP*° of type 2, were
indistinguishable. This finding suggests that the PK-resistant
PrP5® electrophoretic heterogeneity between the BASE strain
and BSE-C falls well within the 7-amino-acid variability of the
N terminus (positions 92 to 99) that is consistently found in
PK-resistant PrP5° of type 2 (16). Therefore, despite their
minor but distinct variability in gel mobility, both the BASE
strain and BSE-C PrP®° species appear to belong to the PtPS*
of type 2. However, the PrP>° glycoform ratios of BASE strain-
infected Tg40 mice and the BASE strain inocula display a
small but statistically significant diffcrence (Fig. 1). Therefore,
PrP%¢ in BASE strain-infected human subjects may be ex-
pected to display a different glycoform ratio from that of the
BASE strain. It is worth noting that the electrophoretic char-
acteristics of the PK-resistant PrPS° of some human prion
strains has been faith{ully reproduced by our Tg40 line as well
as by other humanized mouse lines (10, 13, 21).

Two distinct histopathological and PrP immunohistochemi-
cal pbenotypes have been reported following BSE-C inocula-
tion: one reproduced the distinctive features of vCID with the
“florid” plaques that intensely immunostained for PrP, and the
other was reminiscent of sSCJDMMI, with prominent spongi-
form degeneration and no plaque PrP immunostaining (1, 23).
The brain histopathology, the PrPS digtribution, and the PrP
immunostaining pattern of BASE strain-inoculated Tg4) mice
- were definitely distinct from such features described above (1,
23); further supporting the notion that BASE and classical
BSE are associated with two distinct prion strains (8).

The relatively easy transmission of BASE to humanized Tg
mice indicates that effective cattle prion surveillance should be
maintained until the extent and origin of this and other atypical
forms of BSE are fully understood.
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Proteins in Scrapie-Infected Hamster Plasma

Kazuo Tsukui*-‘,'Masuhiro Takata?, and Kenji Tadokoro'

'Central Blood.Institute, The Japanese Red Cross Society, Koto-ku, Tokyo 135-8521, Japan, and *Research Center for Pnon

Diseases, National Institute of Animal Health, Japan, Tsukuba-shi, Ibaraki 305-0856, Japan
Communicated by Dr. Takashi Onodera: Received June 13, 2007. Accepted October 17, 2007

Abstract: PrPres has rarely been detected in blood (except in leukocytes) even in diseased animal models
that are known to contain a large amount of PrPres in infected tissues. It seems likely that PrPres detec-
tion in blood is difficull because of the low titer of infections material within the blood. Here, we demon-
strate the detection of proteinase K-resistant 3F4-reactive protein in the plasma of scrapie-infected ham-
sters but not in the plasma of mock-infected hamsters by partial purification using & novel method termed
“acidic SDS precipitation,” in conjunction with a highly sensitive chemiluminescence detection system
used to show the presence of PrP at a concentration equivalent to 1.4X 10~ g of brain hemogenate or
1.5x107" g (6.5x107" mol) of rPrP by conventional Western blotting. The 3F4-reactive proteins in
scrapie-infected hamster plasma often resulted in multiple Mw protein bands occurring at higher Mw posi-
tions than the position of the di-glycosyl PrP meolecule. Mixing scrapie-infected hamster brain
homegenate with meck-infected hamster plasma resulted in the formation of similar Mw positions for mul-
tiple 3F4-reactive proteins, Predigestion of carbohydrate side chains from the proteins in the plasma or
brain homogenate before mixing resulted in failure to obtain these multiple 3F4-reactive proteins. These
observations indicate that PrPres aggregated with other proteins in the plasma through carbohydrate
side chains and was successfully detected in the plasma of scrapie-infected hamsters. Counierparts in
these aggregates with PrPres-like protems in scHaPl are not known but any that exist should resist the PK

digestion. :

Key words: PrPres-like protein, Carbohydrate, Scrapie infection, Discrimination

Transmissible spongiform encephalopathy (TSE) is
a fatal infectious neurodegenerative disease. It is char-
acterized pathologically by spongy deterioration of the
central nervous system {CNS) and by the deposition of
amyloid plaques composed of an abnormal isoform of
the prion protein (PrP*) in infected tissues (1, 2, 19).
An important biochemical property of PrP™ is its partial
resistance to protease digestion, which results in the
formation of a B-sheet-rich isoform, This molecule has
therefore also been called PrPres, and it has been con-
sidered a disease-specific entity associated with TSE (1,
2, 9). Although the vCID epidemic in the UK. is

*Address correspondence to Dr. Kazuo Tsukai, 2-1-67 Tatsu-
mi, Koto-ku, Tokyo 135-8521, Japan. Fax: -+81-3-5534—
7588. E-mail: k-tsukni @bs.jrc.orjp
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declining, expansion of the disease throughout conti-
nental Europe and in many other countries has raised
concern all over the world (5, 10, 28). After the appear-
ance of three cases of transfusion-related vCID infection

Abbreviations: 2X acidic saline, 0.02 M acetic acid containing
0.15 M NaCl and 10 mm ED'TA-2Na; Brh, brain homogenates;
CNS, central nervous system; KLH, keyhole limpet hemo-
cyanin; mAb, monoclonal antibody; me, mock-infected; P,
plasma; PMCA, protein misfolding eyclic amplification; PrE”,
normal prion protein; PrPres, proteinase K-resistant prion pro-
tein; PrP*, disease-associated prion protein; PTA, phospho-
tungstic acid; PVDF, polyvinylidene fludride; RES, reticulo-
endothelial system; tPrP, recombinant hamster PrP(25-233); SB,
super block; sc, scrapie-infected; TBST, Tris Buffered Saline
containing 0.05% Tw20; TSE, transmissible spongiform
encephalopathy. '
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in the U.K., transfusion-related iatrogenic expansion of
vCJID between the asymptomatically infected donor and
blocd recipients has caused growing concern {13, 21,
26). In addition, the UK. government has recently
reported a fourth case of vCID associated with a blood
transfusion (HPA Press statement; 18 Jan. 2007, abbre-
viated in 13). For this reason, the aim of research into
developing an antemortem fest has changed from
detecting infected persons in an endemic area to esti-
mating the population size of infected persons within a
more global area in order to prevent the iatrogenic
infection by tainted blood (4, 8, 28). The most useful
tissues for the diagnostic confirmation of vCID in
humans are CNS and reticulo-endothelial system (RES)
tissue as well as the tonsils and appendix (14-16). The
tonsils and appendix have been used successfully for
the histopathological detection of PrPres in epidemio-
logical studies of vCID infection in the UK.: an
extremely high frequency of infection was detected
compared to the frequency of so-called classical CID
(16, 17, 22). However, itis difficult to sample the ton-
sils and the appendix in living subjects. Therefore, the
pathological diagnosis of TSE is currently made princi-
pally on the basis of postmortem preparations of CNS
tissues, highlighting the need for the development of a
more rapid diagnostic method using body fluids, espe-
cially blood (6, 27). For this purpose, several methods
have been proposed and examined for prophylactic use
(23, 30, 32). However, none of these methods has
proved to be sufficient for the purposes (5, 7, 20, 29).
To achieve this goal, several problems must be solved;
solutions include using preparations with minimally
invasive sampling techniques and establishing an effec-
tive and specific method for detecting the disease mark-
er with sufficient sensitivity (5). The first problem can
be solved by using body fluids such as blood or urine as
test specimens. Therefore, the key is to develop a sys-
tem with sufficient sensitivity to detect PrPres in blood
or urine (3, 6, 20, 22, 29). The presence of PrPres in the
urine of TSE-infected animals and humans has been
reported previously (33). However, it has been suggest-
ed that this uPrP* may be contaminated bacterial com-
ponents in infected animal urine and not a marker of
TSE (12). Blood has not been considered a highly
infective source of classical CJD. The same was true for
vCID until the first victim of vCID resuiting from a
blood transfusion was reported (21). This report was
followed by reports of three more cases of possible
transfusion-related transmission of vCIJD (18, HPA
Press statement; 18, Jan. 2007, 13). The development of
a testing method using blood has therefore become a
major goal of TSE research.

Here we show the successful detection (using a high-
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ly sensitive chemiluminescence immunoblotting sys-
tem) of a PrPres-like protein molecule in plasma col-
lected from scrapie-infected (sc) but not from mock-
infected (mc) hamsters. Although the infectivity of this
molecule has not been tested, and the immunoblot pat-
tern of the anti-PrP reactive protein in plasma (scHaPl)
was somewhat different from that of the brain
homogenate (scHaBrh) in scrapie-infected hamsters,
the specific reactivity of these proteins to anti-PrP mAb,
the demonstration of carbohydrate side chain-mediated
association between PrPres and plasma proteins, and

the removal of the carbohydrate chain resulted in the

appearance of similar Mw proteins in scBrh and scPl
firmly support the conjecture that the extra Mw proteins
observed in the trial were the aggregates of PrPres and
some plasma proteins.

Materials and Methods

Enzymes, monoclonal antibodies (mAb) and recombi-
nant hammster PrP peptide. Proteinase K (PK: 40.0
mAnson units/mg protein) was purchased from Merck
Co. (Rahway, N.J., US.A.). Peptide N-glycosidase F
(PNGaseF, 25,000 units/mg protein) was purchased

_from Roche Diagnostics Co., Ltd.

The anti-PrP mAbs 3F4 (Signet, Mass., U.5.A.) and
6H4 (Prionics AG, Ziirich, Switzerland) were stored in
aliquots at —80 C until use. mAb 5C8-113 was pre-
pared by immunizing PrP knockout mice with bovine
recombinant PrP (Prionics A(); screening was conduct-
ed using the same molecule. TA180 and TA181 were
provided by Medical Biological Laboratory (MBL) and
were prepared by immunizing conventional Balb/c mice
with synthetic peptides of the hamster PiP sequence
CERYYRE or CAVVGGLGGYML conjugated with

keyhole limpet hemocyanin (KLH), respectively, then .

screened by the same peptides without KILH and conju-
gated with an ELISA plate. The epitope sites of the
mAbs were 150-152 and 163-165 for TA180, and
129-131 for TA181, The epitope site of 5C8-113 has
not vet been détermined but is possibly an unknown
conformation-dependent site.
(7A8.1; CHEMICON) was kindly donated by Dr
Iwakura of the Institute of Medical Sciences, Tokyo
University and was used as a negative control for anti-
PrP mADb reactions. Hamster recombinant PrP(25-233)
(abbreviated rPrP hereafter) was purchased from Alicon
AG (Switzerland). ‘

Material from scrapie-infected and mock-infected
hamsters. Twelve Syrian golden hamsters were inocu-
lated with scrapie (Sc237)-infected hamster brain
homogenate intra-cerebrally. Six hamsters were simi-
larly inoculated with uninfected normal hamster brain

Anti-HIV P24 mAb:
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homogenate and were used as mock-infected hamsters.
Hamsters from the two groups were anesthetized with
ether at the terminal stage of disease among animals in
the scrapie-infected group (approximately 50-70 days
after inoculation) and after the same time interval
among animals in the mock-infected group. Blood was
collected from the animals with ACD containing 10 mM
EDTA as an anticoagulant. Blood samples from
scrapie-infected and mock-infected hamsters was cen-
trifuged at low speed and the plasma fractions were col-
lected (scPl and mcPl, respectively). Both scPl and
mecP] were processed similarly thereafter. Brains were
removed from the terminal-stage infected hamsters or
the mock-infected hamsters and homogenized in TBS
containing 0.5% NP40, 0.5% DOC and a protease
inhibitor cocktail (Sigma) using a closed system
homogenizer. These brain homogenates were then
adjusted (o a concentration of 10% with the above-men-
tioned buffer (scBrh™* or mcBrh™*, respectively).
scBrh™* or mcBrh™* were centrifuged at low speed to
remove insoluble materials, and the supernatant frac-
tions (scBrh or mcBrh) were processed as described
below.

Enzyme treafment. The plasma or brain
homogenates were diluted 4-fold with TBS containing
10 mM EDTA and digested with PK (50 pg/ml) at 37 C
for 60 min. These reactions were stopped by adding 1
mM Pefablock. The digestion step was omitted in a set
of controls. The samples were then treated with 3%
SDS and 50 mM DTT in TBS before being inactivated at
100 C for 10 min and stored at —80 C in small aliquots,

Acidic SDS precipitation. Stored preparations were
inoculated with equal volumes of (.02 M acetic acid
containing 0.15 M NaCl and 10 mM EDTA-2Na (2X
acidic saline) at 10 C, followed by centrifugation at
15,000 rpm for 10 min. The resulting precipitates were
dispersed in Tris Buffered Saline (TBS) with 5 mmM
EDTA and inocufated with equal amounts of 2X acidic
saling again. After further centrifugation, the resulting
precipitates were rinsed with a 5-fold volume of
methanol, then dissolved in Laemmli’s SDS sample
buffer and analyzed thereafter.

Immunoblot detection of PrP-like proteins. SDS-
PAGE was carried out on a 15% gel using Laemmli’s
conventional buffer system. The electrophoresed pro-
teins were transferred onto polyvinylidene fluoride
(PVDF) membranes using a semidry system. After
Western blotting, the membranes were blocked with
Super Block (SB; PIERCE, Rockford, 1I1., U.S.A.) for 1
hr at room temperature then ovemnight at 4 C. The
blocked membranes were first washed three fimes with
TBS containing 0.05% Tween 20 (TBST), then incubat-
ed with an anti-PrP monoclonal antibody (mAb; 3F4,
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6H4 or similar), in SB containing 10% Block Ace
(Dainippon Pharmaceutical Co., Ltd.} and 0.01% BSA
for | hr at room temperature then overnight at 4 C
thereafter. For maximum detection of protein signals,
the biotted membranes were incubated overnight at 4
C. After incubation, the membranes were washed five
times with TBST, incubated with horseradish peroxi-
dase-conjugated goat anti-mouse IgG (HRPGAM) in
TBST cotaining 10% Block Ace and 0.1% BSA for 1 hr
as a secondary antibody, washed five more times with
TBST and incubated with a chemiluminescence sub-
strate (Super Signal West Femto Maximum Sensitivity
Substrates: SSWF; PIERCE). To obtain optimum
chemiluminescence signals, HRPGAM was used at a
concentration of 2 ng/ml according to the manufacturers
instruction mannal and chemiluminescence signals for
antibody-reactive bands were defected using an
LAS3000 image analyzer (Fuji Film, Tokyo).

Results

Sensitivity of Detection Systems (Fig. 1)

To determine the limits of the detection system, rPrP,
10% homogenates of sc- or mcBrh (crude or low-speed
centrifugation supernatant) and PK predigested sc- or
mcBrh were used. They were abbreviated as sc- or
meBrh™, sc- or mcBrh™ and sc- or me BrhPKi,
respectively. In these experiments, the amount of PrP
was indicated as brain equivalent (panel A) or brain
protein (panel B) to enable convenient comparison
between the equivalence to brain amount and brain pro-
tein. Protein amounts in the brain were determined
before PK digestion. In panel A, 15X107"% g
(6.5%X 107" mol) for rPrP and PrPres in 1.4X10g brain
equivalent were detected. About 1/3 (equivalent to
2.25X107* g brain protein) of the PrP molecule in
scBrh, and none of those in mcBrh looked like the PK-
resistant molecule (PrPres; panel B). PrPres in scBrh
was shifted from 30-32 kDa and 27-28 kDa before PK
treatment to 25 and 20 kDa positions afier PK freat-
ment, respectively. As the total amount of PrPres plus
PrPc in scBrh looked 3-fold larger than the amount of
PrP in mcBrh, synthesis of the PrP was enhanced by
scrapie infection in hamsters.

Discrimination of Scrapie Infection from
tion by Plasmua

When scrapie-infected or mock-infected Brh and
plasma were pretreated with PK and subjected to
immunoblot analysis, sc and mcBrh were easily dis-
criminated by the PX treatment but s¢ and mcPl were
not discriminated by the enzyme treatment (panel A).
In mcPl, similar 3F4-reactive proteins were also
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