PrP= Type

Figare 3. Immunoblotiing of 0% brain homogenate ater fimited proteinase
K digestion using anti-prien protein (PrP) monoclonatl antibody 3F4. Lanes
1, 2, and 3 shaw 3 types of PrP* {the scrapie isoform of PrP) seen in
sporadic and iatragenic cases of Grautzieldt-Jakob disease; lane 4 shows
PrP* type 4, which is uniquely seen in brain tissue from patients with variant
Creutzfeldt-Jakob disease.? Lane 5 shows PrP% from the cerebellum of our
patient demonstrating the same predominance of the: high-molecular-mass
diglycosylated PrP glycoform and a molecular mass of ali PrP fragments
smilar to those of PrP* type 4. o

tained from separately analyzed tissue samples from op-
posite poles of the cerebellum. The glycoform ratio and
fragment sizes resembled PrP> type 4 seen in vCJD
(Figure 3). The nonglycosylated band was seen as a dou-
blet, as is seen for PrP* in the cercbellum in vCJD
(Figure 4). The effect of adding the metal ion chelator
EDTA to the cerebellum homogenate before proteinase
K cleavage was to reduce the apparent molecular weight
of PrP* fragments. This reflects the involvement of metal
ions (most likely copper and zine) in the conformation
of PrP and determination of accessible protease cleav-
age sites.’ This deduction was verified by showing that
application of zinc ions to EDTA-treated samples before
proteolysis resulted in preservation of the original PrP*
fragment size (Figure 4C). Although similar depen-
dence on metal ions is observed for some PrP* conform-
ers associated with sporadic CJD,'*?! this is not ob-
served with PrP* type 4 propagated in vCJD¥* (Figure 4).
Therefore, these findings reflect a novel PrP* type when
compared with the diversity we and others have so far
documented.?#

COMMENT

Does the PrP* typing suggest a2 BSE-related cause, or can
our findings be accommodated by the spectrum seen in
sporadic CJD cases worldwide? The molecular strain typ-
ing of the patient’s brain material demonstrated a novel
PrP* type when compared with our archived cases.? There
is as yet no internationally agreed-on classification of PrP*
type: Parchi and colleagues™ identified 2 PrP* types in spo-
radic CJD. However, Hill et al*! described 3 PrP™ types as-
sociated with sporadic and iatrogenic CJD {types 1-3) and
PrP* type 4 associated with vCJD, The PrP* type 5 has,
to our knowledge, been observed only in mice express-

Figere 4. Immunahblotting of 10% brain homogenate after limited proteinase.
K (PK) digestion using anti-prion protein (PrP) monoclona antibody 3F4.

A, Cezebellem from a patient with variaat Creutzteldt-Jzkob disease
demonstrating a-doublet of low-molecular-mass nonglycosylated bands of
PrPS (the scrapia isoform pf PrR) with an identical pattern of PrP fragments
observed after proteclysis in the presence of 25mM EDTA. B, Cerebelium
from our patient demonstrating 2 doublet of low-molecular-mass
nonglycosylated PrP* bands. All bands migrate with lower apparent
molecular mass following protealysis in the presence of 25mM EDTA.

G, Aliquots of cerebellum hemogenate from our patient digested directly with'
proteinasa K or after treatment with 25mM EDTA and sequential washing of
insoluble pelets with Atethyl morpholine buffer either lacking (-) or
containing {+) 20uM zinc chioride {ZnCly).®

ing human PrP 129V inoculated with vCJD.*2 Hill et al”
recently described a novel PrP* type 6 in sporadic CJD.

The PrP* type from our case has features similar to
PrP* type 4 (vCJD) in the predominance of the diglyco-
sylated band; however, it is distinct from PrP* type 4 in
the dependence of the protease cleavage pattern of PrP*
on metal ions, suggesting a distinct PrP> conformation.
Unfortunately, only cerebellum was available for West-
ern blotting in this case, although in vCJD cases from
which whole brain was available we have not found evi-
dence of any regional variation in PrP* type. Others have
reported coexistence of Gambetti PrP* type 1 in the brain
from patients with vCJD as a minority component.* It
would also have been interesting to look for peripheral
lymphoreticular PrP deposition because this is promi-
nent in vCJD, but that tissue was ngt available for analy-
sis. Transmission of BSE isolates to transgenic mice ex-
pressing human PrP 129 valine results in clinical prion
disease with undetectable PrP5; however, transmission
of vCJD isoldtes to the same mice produces PrP* type 5
that shares the same predominance of diglycosylated PrP*
to that of PrP* type 4, and these data suggest that the
molecular signature of BSE may be preserved after BSE
transmission to PRNP codon 129 VV humans.®!? Trans-
mission studies of the current case in transgenic mice are
now being undertaken to investigate transmission
characteristics.

We have described a novel PrP* type that would be
designated type 7 by our classification. A firm connec-
tion between novel PrP* types and BSE cannot be made
on tle basis of a single case, and it will be important to
see whether other similar cases occur in the United

Kingdom and other BSE-exposed countries but not else- -

where and to perform detailed transmission studies of
prions from this patient into transgenic and conven-
tional mice to comipare with BSE-derived isolates from
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catile and other species. Two other cases of prion dis-
ease with valine homozygosity and atypical features
have been reported in the United Kingdom aud the
Netherlands. One of these cases was atypical because of
very young onset and a protracted psychiatric history®;
the other was notable because certain clinical and
molecular features of the case overlapped with those of
v(JD, including Western blot analysis of antopsied
brain showing a predominance of a diglycosylated PrP*
isoform.*

We recornmend keeping an open mind about the eti-
ology of such cases during the ensuing years. These cases
emphasize the importance both of continued surveil-
lance of prion disease and the further development and
refinement of molecular classification of prion diseases
of humans and animals. It will also be important to as-
sess lymphoreticular involvement in subsequent cases
- either at diagnostic tonsil biopsy or at autopsy.
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Abstract

Chronic wasting disease {CWD) is a transmissible spongiform encephalopathy that can affect North American cervids {deer, elk, and
moose). Using a novel in vitro conversion system based on incubation of prions with normal brain homogenates, we now report that
PrPC¥P of elk can readily induce the conversion of normal cervid PrP {PrPC) molecules to a protease-resistant form, but is less efficient
in converting the PrPC of other species, such as human bovine, hamster, and mouse. However, when substrate brain homogenates are
partially denatured by acidic conditions (pH 3.5), PrPCWD induced conversion can.be greatly enhanced in all species. Our results dem-

onstraté that PrPC from cervids (including mdose) can be efficiently converted to a protease-resistant form by incubation with elk CWD

prions, presumably due to sequence and structural similarities between thése species. Moreover, partial denaturation of substrate PrP¢ ]
can apparently overcome the structural barriers between more distant species. :

© 2007 Elspvier Inc. All rights reserved.

Keywords: CWD; PiPC; PrPS; Jie vitro conversion; Species barrier

Chronic wasting disease {CWD) is a cervid form of
.transmissible spongiform encephalopathy.(TSE) or prion
disease. CWD’s rapid spread from’ Colorado to other
states [1,2], to Canadian provinces (Alberta, Saskatche-
wan) [17 and to Korea. [2, 3] has raised concerns about its
species tropism [4-6] CWD has been transmitted to catile
via intracerebral inoculation [7}, and to other animals,
including ferrets, mink, and goats [8,9]. Reports document-
ing CWD prions in the muscle [10,11], blood, .and saliva
[12] of infected cervids, have heightened interest in the dis-
ease by public health agencies [13)

CWD and other TSEs are believed to be due to the tem-
plate-directed accumulation of disease-associated prion

* Corresponding author, Fax: +1 604 822 7299,
E-mail address: Neil.CasIunan@vch.ca {N.R. Cashman).

0006-201X/% - see-front matter © 2007 Elsevier Inc All nghls reserved.
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protein, generically designated PrP%. PrPC in brain
homogenates can be convérted to a protease-resistant form
by incubation with PrP5® “seeds” which are thought to
recapitulate the template-directed misfolding of prion pro-
tein in disease [14,15], including protein misfolding cyclic
amplification (PMCA) [15]. We have previously reported
that partially denaturéd human brain PrP® (whlch may
mimic a PrP conversion intermediate [16]) is a superior sub-
strate for templated in vitro conversion compared with
untreated PrP® in an incubation-shaking assay that does

.not utilize PMCA sonication [17]

Materials and methods

Reagents and antibodies. Proteinase K (PK) was purchased from
Invitrogen. Mouse monoelonal antibody 6H4 was from Prionics Co.
(Ziirich, Swatzerland). Horsergdish peroxidgsé-conjugated sheep anti-
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mouse anttbody was purchased from Amersham Biosciences. All other
chemicals were purchased from Sigma unless specified otherwise.

Brain tissues and homogenate preparation. All brain samples were
obtained from the disease control and surveillance programs of the
Canadian Food Inspection Agency (CFIA) and were harvesied within
24'h of death. The normal brain tissue was determined to be free of
neurological disorders on the basis of neuropathological examination. The
presence of PrP% in brain tissue from an elk with clinical chronic wasting
disease (CWD) was confirmed by immunohistochemistry and PK resis-
‘tance on immunoblotting analysis. All tissues were frozen immediately
after collection and stored at ~80 °C.. Ten percent {w/v) brain homoge-
nates were prepared in lysis buffer (100 mM NaCl, 10 mM EDTA, 0.5%
Nonidet P-40, 0.5% sodiuin dcoxycholate and 10 mM Tris—HCl, pH 7.5)
as previously described [17].

Preparation of acidiGdnHCl-treated PrPc The preparation was fol-
lowed as previously described [17], in brief, 100 pl of 10% brain homog-
enate was mixed with an equal volume of 3.0 M guanidine hydrochloride
GdnHC] (final concentration of 1.5 M) in PBS at pH 74 ‘or pH 3.5

. adfusted with I M HCI, and incubated for 5h at room temperature with
shaking. After that, samples were precipitated with methanol and resus-
pended in 100 ! of PBS (pH 7.4} with 0.05% SDS, 0.5% Triton X-100.

In vitro conversion of acid/GdnH Cl-treated PrP°. Tnn vitro conversion
was performed in a 50 yl volume of the appropriate test substrate material
(49 ul of normal brain homogenate + 1 pi CWD brain homogenate in a

1:50 dilution as the prion template). The sample was then incubated in a
thermomixer at 37°C for 12h with shaking. After PK digestion and
boiling in the loading buffer, the samples were subjected to SDS-PAGE
and immunoblotting, )

Proteinase K resistance and imwmmnoblotting. To determine the PK.-
resistance of the PrP, 20 p! of the saraple was incubated with PK at 100 pg/
ml for 1 h at 37 °C, and the digestion reaction was terminated by addition
of PMSF to 2mM of final concentration. Proteins were separated by
NuPAGE 4-12% pre-cast Bis—Tds gel (Invitrogen) and electrotransferred
onto PVYDF membranes. 6H4 was used as primary antibody (1:5000) and
horseradish peroxidase-conjugated sheep anti-mouse 18G as secondary
antibody. The proteins were visualized by enhanced chemilumines-
cenee + Plus (ECL + Plus, Amersham Biosciences), the blots were scan-
ned and were analyzed by Quantity One (Bio-Rad) software. At least eight
experiments were performed on each.species,

. Results and discussion '

Segquence alignment of prion protein

CWID appears to be freely transmiited among suscepti-
ble species of cervids by direct or environmentally medi-

A 1 50
- Rangifer MVKSHIGSWI LVLFVAMWSD VGLCKKRPKP GGGWNTGGSR YPGQGSPGEN
"1k MVKSHIGSWI LVLFVAMWSD VGLCKKRPKP GGGWNTGGSR YPGQGSPEGN
Mooee MVESHIGESWI LVLFVAMWSD VGLCOKKRPKE GGEWNTGGSR YPEOGSPGEN
51 . _ _ _ 100
Rangifer RYPPQGGGGW1GQPHGGGWGQ PHGGGWGEQOPH GEGWGQPHGE GGW S
Elk RYPPOGGGCGW GOPHGGGWG) PHGEGWEOPH GEGWEOPHGE GOW ‘HS
Moose RYPPQGGGGW GQPHGEGWA) PHOEGGAWGOPH GGGWGQPHGG GGWGQGGTHS
101 150
Rangifer OWNKPSKPKT NMEKHVAGAAZA AGAVVECLEG YMLGSAMSRP LIHFGNDYED
Elk - QWNKPSKPKT NMKHVAGAAA AGAVVGGLGG YMLGSAMSRP .LIHFGNDYED
Mcose QWNKPSKPKT NMKHVAGAAA AGAVVGGLGG YMLGSAMSRP LIHFGNDYED
o .151 - 200
Rangifer RYYRENMYRY PNQVYYRPVD QVNNONTFVH DCVNITVKQH TVITTTKGEN
Elk RYYRENMYRY PNQVYYREVD QYMNONTEVH DCVNITVKOH “TVTTTTKGEN
Moose RYYRENMYRY, PNQVYYRPVD QYNNQNTFVH DCVNITVKQH TVTTTTKGEN'
. 201 ' 250
Rangifer FTETDIKMME RVVEQMCITOQ YQRESQAYYQ RGASVILFSS PPVILLISFL.
Elk  FTETDIXMME RVVEQMCITQ YQRESQAYYQ RGASVILFSS PPVILLISFL -
Moose FTETDIKMME RVVEQMCITQ YQRESQAYYQ RGASVILFSS PPVILLISFL
251 256
Rangifer IFLIVG
Elk. IFLIVG .
Moose IFLIVG

Fig. 1. Prion protein amino acid sequence alignment. (A) Prion protem sequence alignment of caribou/reindeer (rangifer}, elk and moose. Protein
sequences of PrPC in cervid group are highly conserved, except for gne amino acid polymorphism boxed in grey. (B) Prion protein sequence ahgnrnent of
elk and other species (hamster human, mouse, bovme and Sheep) PrP is >90% conserved.
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