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Scrapie, an Unconventional Virus: The Current Views (42490)
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History. Scrapie, a slow progressive fatal
infection affecting the central nervous system
(CNS), occurs naturally in sheep and goats (1)
and was first described in the scientific liter-
ature of the last century by Besnoit and Morel
(2). Due to a number of common features five
other degenerative neurological diseases of the
CNS have been grouped together with scrapie.
Two of the others are animal diseases, trans-
missible mink encephalopathy (TME) (3) and
wasting disease of mule deer and elk (4, 5),
and the other three are human diseases, kuru,
Creutzfeldt-Jakob disease (CJD), (6) and
Gerstmann-Striussler syndrome (7, 8).

In 1899 Besnoit (9) attempted to transmit
scrapie by inoculating a ewe with brain tissue
from a sheep with scrapie. Later Cuillé and
Chelle (10) transmitted scrapie from one sheep
to another, demonstrating the filterable nature
and viruslike properties of the agent. The in-
fectious nature of the scrapie agent was also
shown in England during the 1930s by a major
vaccine accident in which formalized tissue of
louping-ill virus vaccine caused a large number
of scrapie cases in 18,000 sheep in a flock
formerly unaffected by scrapie.

The agent appears to replicate at a very slow
rate with apparently no eclipse phase and re-
quires many months to reach high titers (11).
The characteristic features of the disease are
both structural and functional. Pathological
changes are restricted to the CNS without in-
volvement of any other organs, and the disease
is fatal. The late Bjorn Sigurdsson (12), because
of the long incubation period, listed Rida as
an example of slow infections and proposed
the concept of slow or latent virus infection.
Chandler successfully transmitted the disease
in the early 1960s to mice (13) and then serially
in both mice and rats. This facilitated labo-
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ratory investigations and confirmed the trans-
missible nature of scrapie. Later a more rapid
form of the disease was developed in hamsters
by passage from mice (3, 14).

Kuru was the first human neurological dis-
ease shown to be caused by a slow virus by its
successful transmission to chimpanzees by the
intracerebral inoculation of a suspension of
human brain from a patient (15, 16). The dis-
ease has since been transmitted to other non-
human primates (17). In man, transmission
has been clearly demonstrated to be due to
cannibalism of contaminated tissue (18).

For more than three decades the unusual
properties of the scrapie agent have attracted
considerable research attention. Numerous
attempts have been made to define its chem-
ical composition and classify it with other in-
fectious agents such as viruses and the viroids
of plants. However, there is still very little de-
tailed knowledge of the nature of the scrapie
agent. The unusual biological properties of the
agent such as its resistance to nucleases, to ir-
radiation with ultraviolet light and to divalent
cation hydrolysis; its physicochemical stability
and its apparent lack of specific antigenicity
(19-22) have made it of interest in itself and
also a useful laboratory model for the spon-
giform encephalopathy disease processes.

Over the last 20 years attempts have been
made to purify and characterize the scrapie
agent, but it has yet to be purified to a level
free from contaminants (23-26). Early studies
suggested that the scrapie agent was distributed
throughout all subcellular brain fractions (24,
26). Various extraction procedures failed to
release the agent from membrane fractions,
and it was suggested that the agent was inti-
mately associated with membranes of the in-
fected cell (27).

Repeated failure to find typical virus par-
ticles consisting of nucleic acid and protein in
scrapie-infected brains and the unusual resis-
tance of infectivity to procedures that normally
inactivate nucleic acids, have forced some
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radical rethinking about the nature of the
scrapie agent and other slow viruses. Several
hypothetical structures have been proposed,
involving every major class of macromolecules
as an important component. Examples include
a small DNA virus (28), replicating abnormal
polysaccharide within cellular membranes
(27), a replicating polysaccharide on its own
(29), naked nucleic acid (30, 31), or nucleic
acid surrounded and stabilized by a polysac-
charide coat (32, 33). It has also been suggested
that the agent is exclusively composed of pro-
tein (18, 34-36). So far the structure has
proved both unusual and difficult to define.
Nevertheless it has been suggested that the
scrapie agent behaves as a conventional neu-
rotropic virus (37). Further, it has been known
for some years that the agent is an independent
pathogen exerting control over a number of
characters (38). Dickinson and Fraser (39) and
Fraser (40) have demonstrated strain varia-
tions of the scrapie agent with different incu-
bation periods and distribution of the lesions.
From these investigations four major hy-
potheses on the nature of the scrapie agent
have emerged. They are (i) the viroid hypoth-
esis that the agent is composed of a nucleic
acid of low molecular weight which is not en-
capsulated (30); (ii) the virino hypothesis, pro-
posed by Dickinson and Outram (41), in
which the agent has nucleic acid protected by
host protein (the nucleic acid does not code
for the protein, but might have regulatory
functions within the cell analogous to those
proposed for viroids); (iii) the prion hypothesis,
proposed by Prusiner (35), in which the infec-
tious agent is composed of protein molecule(s)
and has no nucleic acid; (iv) the hypothesis in
which the agent is filamentous in nature and
is related to the “scrapie associated fibrils”
(SAF) identified by negative staining by elec-
tron microscopy (42-44). These hypotheses
will be discussed in turn with the significance
of tubulovesicular particles that have been ob-
served in thin sections of brains in scrapie and
other spongiform encephalopathies (45-48).
Hypotheses. The viroid hypothesis. Al-
though there have been a number of claims
that nucleic acid is associated with the scrapie
agent, attempts to demonstrate infectious nu-
cleic acid by various methods have failed (49—
51). Recent kinetic irradiation-inactivation
reanalysis studies have suggested that the scra-
pie agent would have nucleic acid genome
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equivalent in size to a small virus (0.75 X 10°
Da single-strand virus and 1.6 X 10° Da dou-
ble-strand virus) (44) but a nucleic acid of this
size has not been convincingly demonstrated.
Thus it is unlikely that the agent is a piece of
naked nucleic acid. Known plant viroids,
when compared to the scrapie agent, differ in
their sensitivity to various physical and chem-
ical inactivation procedures. Further, viroid
nucleic acid does not code for a protein(s)
while protein appears to be an integral part of
the scrapie agent. For these reasons the scrapie
agent is unlikely to be a viroid.

The virino hypothesis. This proposes that
the scrapie agent has a viruslike structure
composed of a low molecular weight (by viral
standard) scrapie-specific nucleic acid pro-
tected by a protein which is host-derived (38,
41). The nucleic acid acts by inducing the dis-
ease and replication of the infective nucleic
acid is accomplished exclusively by host en-
zymes. The virino hypothesis explains many
of the unconventional properties of the agent
such as the difficulty in purifying the agent, its
resistance to uv radiation and absence of an
immunological response in (susceptible) in-
fected animals. Recently German et al. (52),
used two-dimensional fingerprinting analysis
of the fractions prepared from healthy or scra-
pie hamster brain tissue(s) by density gradients
to demonstrate that the RNAs from infected
hamsters contained oligonucleotides that were
not present in the RNAs isolated from healthy
hamsters. They (52) have since produced fresh
evidence that the scrapie agent may contain
an essential nucleic acid that is protected by
cellular components from inactivation by uv
radiation.

The prion hypothesis. Prusiner investigated
the proteins of scrapie infection (53). He used
detergent and enzyme treatment, polyethylene
glycol and (NH4), SO, precipitation followed
by density gradient ultracentrifugation and
claimed a 10% to 10°-fold purification of the
scrapie agent-associated protein. Further
sodium dodecyl sulphate (SDS) gel electro-
phoresis increased this to a 10% to 10*-fold
purification (54). Analysis of these partially
purified fractions by polyacrylamide gel elec-
trophoresis (PAGE) revealed a diffuse protein
band with a size of 27-30K designated PrP27-
30 or PrP, which was not seen in control prep-
arations (53, 54). Evidence from other sources
has confirmed that polypeptides of the same
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27-30K range are found in partially purified
scrapie preparations from 263K strain of
hamster and ME7 strain of mice brains (55—
57). Antibodies have been raised in rabbits to
the SAF and 27-30K polypeptide from both
hamster and mice preparations (55, 58). Both
antisera react in Western blots with the 27-
30K protein as well as with a number of other
low molecular weight polypeptides. However,
these antisera failed to detect antigen in scra-
pie-infected hamster or mice brains, suggesting
that in vivo the antigen is not available for re-
action with the antibody (59). Both the PrP
and infectivity showed similar resistance to
digestion by trypsin and staphylococcal V-8
protease (60).

Prusiner (35, 61, 62) has reiterated his belief
in the involvement of protein in the infectious
process and introduced the term “prion” for
the scrapie agent to distinguish it from both
viruses and viroids (30, 31). He (35, 62) con-
siders that proteinaceous infectious particles
cause scrapie and that the agent may consist
solely of protein with no nucleic acid whatever
(62). Evidence for the prion concept has come
largely from the fact that infectivity in hamster
brain homogenates is resistant to a variety of
treatments expected to destroy nucleic acid,
but is abolished by several protein-specific re-
agents (62, 63). This demonstrates that apart
from any other classes of macromolecules,
protein may be an essential part of the scrapie
agent. This property is not unique to the scra-
pie agent because all conventional viruses
normally depend on a protein coat for their
integrity and infectivity. Also all other micro-
organisms (except viroids) such as bacteria and
mycoplasmata contain proteins.

Prusiner (62) made the assumption that
scrapie and CJD are caused by prions and be-
cause of the very small size of the individual
prions concluded that the agent is too small
to contain nucleic acid, and this has been fur-
ther supported by his failure to detect any
scrapie-specific nucleic acid in highly infec-
tious preparations. Some additional evidence
that nucleic acid is absent is produced by the
relative resistance to heating to 65°C in the
presence of zinc ions, its photochemical in-
activation after treatment with the psoralens,
and resistance to treatment with 0.5 M hy-
droxylamine (64). Most animal and plant vi-
ruses, as well as bacteriophages, are inactivated
by hydroxylamine (65, 66) except for the
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paramyxoviruses which, like scrapie agent, are
also resistant. If the prion really lacks DNA
and RNA, how does the agent replicate and
survive? There are two possibilities. Either the
PrP must bind to a specific host DNA se-
quence and act as a derepressor or the prion
must violate part of the central dogma of mo-
lecular biology which is that genetic infor-
mation is transferred from nucleic acid to pro-
teins (35, 38, 62, 67). There are a number of
objections to this hypothesis, such as the ex-
istence of several different genetically stable
strains of scrapie (39, 40, 68), host variation,
and the adaptation of the agent from one host
species to another by repeated passage as
shown by a reduction in the length of incu-
bation. This implies that there must be a pre-
cise copying process to ensure stability of
strains of the agent (39, 68-71). The absence
of a nucleic acid suggests the involvement of
a previously unknown system. Either the ge-
netic information is encoded within the infec-
tious protein or there is a range of proteins
(72). Hadlow (73) observed that the scrapie
agent when passaged in mink retains its ability
to infect goats, but loses its ability to infect
mice. This adaptation of the scrapie agent to
different species and strains of animals would
suggest that the scrapie agent behaves like
other viruses with a genome which modifies
and acquires a protein shell from the host cell
during replication, which influences the host
adaptability to a new host. The evidence sup-
porting the concept that the scrapie agent is
composed solely of protein is far from conclu-
sive (38, 74) and Prusiner himself considers
that the scrapie agent might contain some nu-
cleic acid as well as protein (35, 62). Neither
Prusiner nor other workers have as yet dem-
onstrated whether the protein(s) essential for
infectivity is an integral part of the agent or
just associated with it. It is reasonable to con-
clude that the infectivity of the scrapie agent
requires a protein(s) and also important to re-
member that purified proteins do not retain
scrapie infectivity (61, 75).

The purification and structural studies (61)
of the major scrapie prion protein PrP27-30K
have revealed that PrP27-30K contains at
least 17 naturally occurring amino acids. The
data demonstrated a single N-terminal amino
acid sequence for PrP27-30K with no known
homology with other known proteins (61). The
polypeptides in this analysis were purified by
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a procedure which included extensive pro-
teinase K treatment, sodium dodecyl sulfate
disruption at 100°C, and HPLC size-exclusion
chromatography. Amino terminal sequence
data suggested that the prion polypeptide is a
major component of the infectious prepara-
tion, but the results of polyacrylamide gel
electrophoresis, antisera, silver staining, and
radioiodination studies have demonstrated the
presence of four cross-reacting proteins of low
molecular weight as well as one protein of
higher molecular weight in extensively purified
preparations (55, 61). All these additional data
suggest that other components are also present.
Successful sequencing of regions within the
prion protein will provide an approach to
seeking the nucleic acid that encodes for it and
this may help to resolve some of the contro-
versies over the nature of the scrapie agent.
Very recently, two independent studies
showed that the 27-30K ““prion” protein is in
fact the product of a normal cellular gene
which is expressed to the same extent in brains
of infected and uninfected animals (76, 77)
and at lower levels in other organs of healthy
animals (77). Oesch et al. (77) also reported
several other important findings. Western blot
analysis was used to identify the prion protein-
related polypeptide in the brain homogenates
from infected and uninfected animals with and
without proteinase K treatment. They ob-
served in homogenates which were not treated
with proteinase K a cross-reacting polypeptide
of 33-35K that migrated more slowly than the
prion protein. On this evidence the authors
suggested that PrP27-30K was probably de-
rived from PrP33-35K and that antigenically
related protein was partially resistant to pro-
teinase K digestion. These findings explained
that although both normal and scrapie-in-
fected brain homogenates contained PrP33-
35K protein, the same purification procedures
as used for isolation of the prion from scrapie
infected brains when applied to normal ham-
ster brains did not yield PrP27-30K (53, 54).
Thus it would appear that the prion-related
protein was the product of a normal cellular
gene. Recently Wietgrefe et al. (78) con-
structed a complementary DNA library from
messenger RNAs (mRNA) extracted from
scrapie-infected mice. They screened the li-
brary differentially and identified a gene whose
expression was increased in scrapie. They (78)
further demonstrated that the complementary
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DNA corresponding to this identified gene
hybridized preferentially and focally to cells
in the brains of scrapie-infected animals and
also in the senile plaques in brains of patients
in Alzheimer’s disease. These findings provide
evidence that the scrapie agent induces in-
creased expression of at least one mRNA that
may be used as a possible marker for identi-
fication. From the published results it is now
clear that the PrP27-30K prion protein is a
product of a normal cellular gene that is ex-
pressed to a similar extent in infected and
uninfected animals (76-78). Similar gene
expression has been observed in some other
slow and persistent virus infections (79). It has
been also demonstrated that visna, HIV, and
the PrP27-30 possess similar protein se-
quences (80). The similarity of the gene for
scrapie-related PrP27-30 and the po/ proteins
of human immunodeficiency virus HIV and
visna virus suggest that the host protein(s)
could mediate some of the neurological de-
generation associated with these infectious
agents. Therefore it appears that the precursor
of PrP is a normal protein, synthesized in cells
of both mouse and hamster brain. While the
impressive studies by the research groups of
Chesebro and Oesch (76, 77) have provided
strong evidence that the PrP27-30K polypep-
tide is encoded by a normal cellular gene, there
is considerable experimental evidence that
suggests that the PrP27-30K is inseparable
from scrapie infectivity (54-57). It is possible
that the prion protein in normal and infected
cells could be identical, but acquires different
properties from binding to another molecule,
for example, nucleic acid, to form a capsid or
an envelope for nucleic acid or nucleoprotein.
The term “prion hypothesis” has yet to be
substantiated (44, 59); therefore, the term has
a restricted meaning in that the agent is com-
posed only of protein.

Scrapie-associated fibril hypothesis. Abnor-
mal fibrils designated “scrapie-associated fi-
brils” (SAF) were first demonstrated by Merz
et al. (42) using negative contrast staining
techniques by electron microscopy from scra-
pie-infected brains, and subsequently have
been observed in other spongiform enceph-
alopathies (81, 82). SAF are recognizable
structures and have been considered as excel-
lent candidates for the scrapie, kuru, or CJD
agents (6, 42-44, 59, 81, 82), a form of the
infectious agent (83), or that SAF might rep-
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resent component(s) of the agent (82). SAF 81, 82) and not in brain tissue of normal or
have been found only in scrapie and related in a variety of other human and animal dis-
diseases caused by unconventional viruses (42, eases exhibiting similar histopathological and

FIG. 1. Section from mouse scrapie brain cortex 3 months IC postinoculation. Note transversely and
longitudinally cut scrapie-associated particles (arrows). Bar = 250 nm.

AT
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ultrastructural features. The occurrence and
number of SAF have been shown to parallel
the increase in infectivity (81, 82, 84). Diringer
et al. (43, 56) have shown a high degree of
copurification between SAF and infectivity,
which is also high in relation to protein con-
centration. They also showed that SAF were
the only abnormal structures seen by electron
microscopy of infectious extracts (43). SAF
proteins have also been isolated from scrapie-
infected hamster brains, and analyzed sero-
logically and biochemically have also been
shown to consist of a polypeptide of 27-30K
molecular weight similar to the PrP26-30K
proteins demonstrated by the Prusiner group
(53, 54). Although SAF may contain nucleic
acid, none has yet been demonstrated. The
physicochemical properties and infectivity
have been determined only on crude or par-
tially purified extracts of SAF fractions used
for immunizing which may have contained
up to 10% impurities (85). Further there are
limitations in the assays due to the long in-
cubation period and to the fact that even in
one experiment titration gives variable esti-
mates of infectivity (86). It is difficult to de-
termine the degree of purity of fractions con-
taining SAF and it remains to be seen if the
increase in the apparent infectivity of fibrillary
material is due to coincidental copurification
of the actual agent. Prusiner et al. (87) reported
rod-shaped structures in prion preparations
which the authors called aggregates of the
PrP27-30K protein (PrP) or “prion rods.”
From the biochemical and immunological ev-
idence so far presented it appears that the
PrP27-30K, SAF, and “prion rods” are the
same structures (43, 56-58, 87-89). The main
differences between the prion (35) and the SAF
(42, 59) hypotheses appear to hinge on the ex-
act chemical composition of the structures
since both have the same 26-30K polypeptides
which cross-react antigenically (53, 54-57).
Prion rod/SAF share some morphological and
Congo red-staining properties with amyloid
(42, 84) and paired helical filaments (90), both
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of which are a major feature of brain pathology
in Alzheimer’s disease and are also observed
in some strains of scrapie, kuru, CJD, and the
Gerstmann-Striussler syndrome. It has re-
cently been shown in material from two dif-
ferent strains of scrapie-infected hamsters that
separation of the SAF antigen into various
bands can result from different degrees of gly-
cosylation of a single peptide chain (75). Fur-
ther sequence data obtained by the authors
(75) has shown that SAF/PrP is an amyloidlike
peptide of low molecular weight, and this con-
firmed earlier biochemical observations (61).
Like amyloid (91), prion rods have been shown
to have a fibrillar structure by electron mi-
croscopy and to give green birefringence after
Congo red staining. Because the plaques could
be shown to react with anti-prion rod/SAF
antibodies (55, 87) and could be stained with
Congo red, Prusiner (89) speculated that in
Alzheimer’s disease, scrapie, and the other
scrapielike diseases, the amyloid formed may
be due to paracrystalline arrays of “prion”
polymers and that these amyloid plaques may
be analogous to some inclusion bodies. Im-
munoperoxidase staining with antisera to SAF
or the PrP27-30K protein showed small re-
gions of immunoreactivity in subependymal
areas in scrapie-infected hamsters, and these
were also stained with Congo red (55, 87). This
indicates that prion/SAF have some common
staining properties, but there is no homology
between PrP27-30K and amyloid protein. If
the prion rods/SAF is an amyloid precursor
the “prion” proteins are unlikely to be the in-
fectious agent, since they are part of normal
tissue. There is no evidence that Alzheimer’s
disease, where amyloid is plentiful, has ever
been transmitted to an animal (92).

Amyloid plaques occur late in the disease
process in the brains of scrapie-infected mice
(93-95). The SAF proteins have also been
shown to develop only after a long delay in
the disease process, when there is disease-
specific incorporation of [*H]leucine and
[*H]uridine labels (96). Amyloidlike SAF

FIG. 2. Section from hamster brain cortex of 90 days postinoculation. Note scrapie-associated particles

in postsynaptic terminal. Bar = 200 nm.

FIG. 3. Section from human CJD brain cortex showing a postsynaptic terminal containing scrapie-associated
particles. The scrapie-associated particles are readily distinguishable from synaptic vesicles (arrows). Bar

=250 nm.
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therefore seem to be formed from a preexisting
brain protein which normally turns over only
very slowly (96). These recent kinetic data also
indicate that the SAF protein is produced prior
to scrapie agent replication (97) rather than
being a constituent of the scrapie agent itself
(97). This is consistent with the well-estab-
lished hypothesis that amyloidoses are diseases
resulting from abnormal protein degeneration
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(98, 99). It is important to prove conclusively
whether either the SAF or the prion protein is
a necessary part of the scrapie agent. However,
at the moment it appears more likely that
scrapie infectivity copurifies with SAF because
of the high carbohydrate content of the SAF
proteins (75). An ultrastructural difference
between Alzheimer’s plaques and those of
scrapie are that although both have the clas-

FIG. 4. High magnification electron micrograph of longitudinally cut scrapie-associated particles. Bar
= 100 nm.

FIG. 5. Electron micrograph of a vero cell inoculated with measles. Note tubulofilamentous nature of the
nucleoprotein similar to scrapie-associated in Fig. 4. Bar = 50 nm.
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sical type of amyloid core, many of the de-
generating neurites (axons and dendrites) in
the former contain paired helical filaments
which are absent in scrapie plaques (100).
Conversely, many of the neurites in scrapie
contain tubulovesicular particles but not in
Alzheimer’s disease (46, 93).

Various attempts to stimulate an immune
response in susceptible hosts using immuniz-
ing schedules with or without adjuvants have
failed (101-104) and several studies have
shown that scrapie prion PrP27-30K SAF/
prion is not highly immunogenic. However,
rabbit antisera have been produced against
both SAF and the PrP27-30K purified from
infected hamster brains (55, 58). The antibody
to the prion protein cross-reacts with both the
prion rod and the SAF from scrapie, kuru,
and CJD and with amyloid deposits in the
brains of scrapie-infected hamsters (6).

Tubulovesicular particles. Among the va-
riety of viruslike particles observed by electron
microscopy of material from natural scrapie
in sheep and from experimental scrapie of
mice and rats (45-47, 105-109) one type of
tubulovesicular particle has been found most
frequently (45-47, 107, 109, 110). Many of
the particles are circular and are occasionally
seen as short tubulofilaments (Figs. 1-4). The
overall diameters of both forms are 22-26 nm
and the true nature of these scrapie-associated
particles is not understood. Prusiner et al. (35,
87) and Carp et al. (59) do not consider the
scrapie-associated tubulovesicular particles to
be the infectious agent or even a consistent
component of the pathology of spongiform
encephalopathies because they were thought
to be absent from brains of hamsters with ex-
perimental scrapie (105, 110) in which the
highest concentration of agent has been re-
ported to occur (3). However, Narang et al.
(111) have recently found identical scrapie-
associated particles in thin sections of the
brains of hamsters infected with the 263K
strain of scrapie. Failure to demonstrate the
tubulovesicular particles in hamsters in pre-
viously reported studies (105, 110) may have
been due to difficulties in sampling or because
the studies had been carried out early in in-
cubation period rather than at the peak of the
disease.

After a lengthy search in previously defined
regions using ruthenium red as a tracer, it has
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been possible to demonstrate the scrapie-as-
sociated particles in scrapie-infected mice in-
oculated by four different routes. Similar tu-
bulovesicular particles have been observed in
the brains of sheep naturally infected (47), in
mice and hamsters inoculated with different
strains of scrapie agent, and also in chimpan-
zees with Creutzfeldt-Jakob disease (112). A
careful search in sections of brain from normal
and sham-inoculated animals has failed to re-
veal similar particles (45-47). Recently, ex-
amination of tissue from human biopsies
taken from the cerebral cortex of naturally oc-
curring Creutzfeldt-Jakob disease has dem-
onstrated particles similar to the 22- to 26-nm
diameter scrapie-associated particles (48).

These scrapie-associated particles can be
readily distinguished from normal neurotu-
bules and synaptic vesicles (45, 46, 109). Apart
from their size and different configuration ul-
trastructurally the scrapie-associated particles
resemble the nucleoprotein capsids of measles
virus (Fig. 5), suggesting that the tubulovesic-
ular particles in scrapie might also be helical.
However, in measles alignment of viral nu-
cleoprotein occurs under the membrane of in-
fected cells to form budding virus particles
(113). In scrapie no such alignment of the
scrapie-associated particles was observed and
it might be that the scrapie-associated particles
represent the complete infectious unit. Like
measles virus the scrapie agent is not inacti-
vated by hydroxylamine (65, 66). It appears
that the scrapie-associated particles develop as
spheres which then gradually extend in two
directions to produce tubulofilamentous forms
with swollen ends (personal observations).
When the specimens are tilted in the electron
microscope the particles appear to be linear
aggregates of spherical particles (105). In pre-
vious tilt studies up to £45° (109) it was ap-
parent that not all particles were spherical, but
that some were tubular.

Direct comparison of the resistance to in-
activation of scrapie with viruses of similar size
places the scrapie agent with the smaller vi-
ruses as opposed to with those of subviral size
as suggested by a number of authors (see Refs.
(18, 25, 35) for reviews). Both the extreme re-
sistance of the scrapie agent to sterilization by
ionizing radiation (114) and the gel filtration
studies (35) have been taken to prove that the
agent is quite small, but a thorough reexami-
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nation of the existing evidence suggests that
the infectious scrapie agent is not as small as
some have claimed (115). Recent kinetic
studies by Rohwer (44) demonstrated that the
scrapie infectious agent is viruslike in size and
susceptibility to inactivation, and that resis-
tance is limited to a small subpopulation of
the total infectivity. The calculations of the
target size have given minimum molecular
weights ranging from 64 to 150K (44, 114)
and it has been suggested that multiple copies
of the agent might exist within a single infec-
tious particle due to aggregation (87, 116, 117).
Alternatively the agent repairs itself as does
the polyoma virus which is also resistant to
ionizing radiation (114, 118, 119). Multiple
copies of the agent might exist due to helical
nature of the capsid arrangement as in para-
myxoviruses. This would also explain the size
variations seen in the scrapie agent. There is
no convincing experimental evidence that the
minimal infectious unit is less than 20 nm in
diameter. Further evidence that the scrapie
agent is comparable in size to viruses has come
from the fact that, like known viruses, the in-
fective particles do not penetrate into dilute
agarose—-acrylamide electrophoretic gels (120).

The scrapie-associated tubulovesicular par-
ticles observed appear to be of the right order
of estimated size for the scrapie agent (44, 59).
Further evidence comes from the fact that the
aggregates of scrapie-associated particles are
found in synaptic terminals and that enriched
fractions of synaptic terminals have the highest
titers (121).

The tubulovesicular particles are scrapie
specific and appear to be at the very least a
consistent part of the ultrastructural pathology
of spongiform encephalopathies. The tubu-
lovesicular particles may be the infectious
agent of these diseases. Further work is being
directed toward determining the possible re-
lationship of the scrapie-associated particles to
scrapie, Creutzfeldt-Jakob disease, and kuru.

In conclusion, it appears that purified
“prion,” PrP27-30K, SAF, and SAF-protein
have been used as synonymous expression and
are essentially noninfectious. Although con-
siderable evidence is argued in favor of PrP27-
30K being a component of the scrapie agent,
one must consider the possibility that the
scrapie agent could reasonably be a conven-
tional virus with a small genome. The infec-
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tivity in the prion/SAF fractions is likely to be
due to the copurification of the scrapie agent.
The designation “prion” used for the infec-
tious pathogens causing spongiform encepha-
lopathies has been proposed without prejudg-
ment of its infectious nature and physical
composition. The nature of the tubulovesic-
ular particles and their association with the
disease still remains to be established.

—

. Dickinson AG. Scrapie in sheep and goats. In: Kim-
berlin RH, Ed. Slow Virus Diseases of Animals and
Man. Amsterdam, North-Holland, pp209-241,
1976.

2. Besnoit C, Morel C. Note sur les lesions nerveuses
de la tremblante du mouton. Revue Veter Toulouse
23:397-400, 1898.

3. Marsh RF, Kimberlin RH. Comparison of scrapie
and transmissible mink encephalopathy in hamsters:
Clinical signs, pathology and pathogenesis. J Infect
Dis 131:104-110, 1975.

4. William ES, Young S. Chronic wasting disease of
captive mule deer: A spongiform encephalopathy. J
Wildlife Dis 16:89-98, 1980.

5. William ES, Young S. Spongiform encephalopathy
of Rocky Mountain elk. J Wildlife Dis 18:465-471,
1982.

6. Gajdusek DC. Unconventional viruses causing sub-
acute spongiform encephalopathies. In: Field BN,
Melnick JL, Chanock R, Shope RF, Roizman B.
Eds. Human Viral Infections. New York, Raven
Press, Chap 63 pp1519-1557, 1985.

7. Masters CL, Gajdusek DC, Gibbs CJ Jr. Creutzfeldt—
Jakob disease virus isolated from the Gerstmann-
Striussler syndrome. Brain 104:559-588, 1981.

8. Prusiner SB. Prion: Novel infectious pathogens. Adv
Virus Res 29:1-56, 1984,

9. Besnoit C. La tremblante ou nevrite peripherique
enzootique du mouton. Revue Vet Toulouse 24:265-
277, 1899.

10. Cuillé J, Chelle PL. Pathologie animal—La maladie
dite tremblante du mouton est-elle inoculable? C R
Acad Sci (D) (Paris) 203:1552-1554, 1936.

11. Hunter GD, Kimberlin RH, Millson GC. Absence
of eclipse phase in scrapie mice. Nature N Biol 235:
31-32, 1972.

12. Sigurdsson B. Rida, a chronic encephalitis of sheep:
With general remarks on infections which develop
slowly and some of their special characteristics. Brit
Vet J 110:341-354, 1954,

13. Chandler RL. Encephalopathy in mice produced with
scrapie brain material. Lancet 1:1378-1379, 1961.

14. Kimberlin RH, Walker CA. Characteristics of a short
incubation model of scrapie in the golden hamster.
J Gen Virol 34:295-304, 1977.

15. Gajdusek DC, Gibbs CJ Jr, Alpers M. Experimental



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

SCRAPIE: CURRENT VIEWS

transmission of a kuru-like syndrome in chimpan-
zees. Nature 209:794-796, 1966.

. Gajdusek DC, Gibbs CJ Jr, Alpers M. Transmission

and passage of experimental “kuru” to chimpanzees.
Science 155:212-214, 1967.

. Gajdusek DC, Gibbs CJ Jr. Subacute and chronic

disease caused by atypical infections with uncon-
ventional viruses in aberrant hosts. Prospect Virol
8:279-311, 1973.

Gajdusek DC. Unconventional viruses and the origin
and disappearance of kuru. Science 197:943-960,
1977.

Kingsbury DT, Smeltzer DA, Gibbs JR Jr, Gajdusek
DC. Evidence for normal cell-mediated immunity
in scrapie-infected mice. Infect Immun 32:1176-
1180, 1981.

Porter DD, Porter HG, Cox NA. Failure to dem-
onstrate a humoral immune response to scrapie in-
fection in mice. J Immunol 3:1407-1410, 1973.
Zlotnic I, Rennie JC. Experimental transmission of
mouse-passaged scrapie to goats, sheep, rat, hamsters.
Comp Pathol 75:147-157, 1965.

Beck E, Daniel PM. Kuru and Creutzfeldt-Jakob
disease: Neuropathological lesions and significance.
In: Prusiner SB, Hadlow WJ, Eds. Slow Transmis-
sible Diseases of the Nervous System. New York,
Academic Press, Vol 1:pp253-270, 1979.

Hunter GD, Millson GC, Chandler RL. Observations
on the comparative infectivity of cellular fractions
derived from homogenates of mouse-scrappie brain.
Res Vet Sci 4:543-549, 1963.

Hunter GD, Gibbons RA, Kimberlin RH. Further
studies of the infectivity and stability of extracts and
homogenates derived from scrapie affected mouse
brain. J Comp Pathol 79:101-108, 1969.

Millson GC, Hunter GD, Kimberlin RH. The phys-
icochemical nature of scrapie agent. In: Kimberlin
RH, Ed. Slow Virus Diseases of Animals and Man.
Amsterdam, North Holland, pp243-266, 1976.
Kimberlin RH. Scrapie in the mouse: Patterns of
progress. Durham, England, Meadowfield Press,
Microbiol Series Vol 5, 1976.

Gibbons RA, Hunter GD. Nature of the scrapie
agent. Nature (London) 215:1041-1043, 1967.
Kimberlin RH, Hunter GD. DNA synthesis in scra-
pie-infected mouse brain. J Gen Virol 1:115-124,
1967.

Field EJ. The significance of astroglial hypertrophy
in scrapie, kuru and multiple sclerosis and old age
together with a note on the possible nature of the
scrapie agent. Deutsch Neverenheilk 192:265-274,
1967.

Diener TO. Is scrapie agent a viroid? Nature (Lon-
don) 235:218-219, 1972.

Diener TO, McKinley MP, Prusiner SB. Viroids and
prions. Proc Natl Acad Sci 79:5220-5224, 1982.
Adams DH, Caspary EA. Nature of scrapie virus.
Brit Med J 3:173, 1967.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

385

Adams DH, Caspary EA. The incorporation of nu-
cleic acid and polysaccharide precursors into a post-
ribosomal fraction of scrapie-affected mouse brain.
Biochem J 108:38P, 1968.

Griffith JS. Self-replication and scrapie. Nature
(London) 215:1043-1044, 1967.

Prusiner SB. Novel proteinaceous infectious particles
cause scrapie. Science 216:136-144, 1982.

Cho HIJ. Requirement of a protein component for
scrapie infectivity. Intervirol 14:213-216, 1980.
Field EJ. Invasion of the nervous system by “slow”
virus: A study with scrapie agent. Pathogen Etiol
Demyel Dis 36:568-573, 1969.

Kimberlin RH. Scrapie agent: Prion or virino? Nature
(London) 297:107-108, 1982.

Dickinson AG, Fraser H. An assessment of the ge-
netics of scrapie in sheep and mice. In: Prusiner SB,
Hadlow WJ, Eds. Slow Transmissible Diseases of
the Nervous System. New York, Academic Press,
Vol 1:pp367-385, 1979.

Fraser H. Neuropathology of scrapie: The precision
of the lesions and their diversity. In: Prusiner SB,
Hadlow WIJ, Eds. Slow Transmissible Diseases of
the Nervous System. New York, Academic Press,
Vol 1:pp387-406, 1979.

Dickinson AG, Outram G. The scrapie replication-
site hypothesis and its implications for pathogenesis.
In: Prusiner SB, Hadlow WJ, Eds. Slow Transmis-
sible Diseases of the Nervous System. New York,
Academic Press, Vol 2:pp13-31, 1979.

Merz PA, Somerville RA, Wisniewski HM, Igbal K.
Abnormal fibrils from scrapie-infected brain. Acta
Neuropathol (Berlin) 54:63-74, 1981.

Diringer H, Gelderblom H, Hilmert H, Ozel M,
Edelbluth C, Kimberlin RH. Scrapie infectivity, fi-
brils and low molecular weight protein. Nature
(London) 306:476-478, 1983.

Rohwer RG. Scrapie infectious agent is virus-like in
size and susceptibility to inactivation. Nature (Lon-
don) 308:658-662, 1984.

Narang HK. Ruthenium red and lanthanum ni-
trate—A possible tracer and negative stain for scrapie
particles. Acta Neuropathol (Berlin) 29:37-43, 1974.
Narang HK. An electron microscopic study of the
scrapie mouse and rat: Further observations on virus-
like particles with ruthenium red and lanthanum ni-
trate as a possible tracer and negative stain. Neuro-
biology 4:347-363, 1974.

Narang HK. An electron microscopic study of natural
scrapie sheep brain: Further obervations on virus-
like particles and paramyxovirus-like tubules. Acta
Neuropathol (Berlin) 28:317-329, 1974.

Narang HK. Significance of tubulofilamentous par-
ticles in Creutzfeldt-Jakob disease. Manchester,
England, XIV Int Cong Micro (Sept), p187, 1986.
[Abstract]

Dees C, German T, McMillan BC, Wade WF, Marsh
RF. Scrapie agent a snRNP? Evidence for nucleic



386

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

SCRAPIE: CURRENT VIEWS

acid component. Louis, 84th Ann Meeting Amer
Soc Micro (March), p70, 1984. [Abstract]

Marsh RF, Dees C, Castle BE, Wade WF, German
T. Purification of scrapie agent by density gradient
centrifugation. J Gen Virol 65:415-421, 1984,
Manuelidis L, Manuelidis EE. Search for specific
DNAs in Creutzfeld-Jakob infectious brain fractions
using “nick translation.” Virology 109:435-443,
1981.

German T, McMillan BC, Castle BE, Dees C, Wade
WF, Marsh RF. Comparison of RNA from healthy
and scrapie-infected hamster brains. J Gen Virol 66:
839-844, 1985.

Prusiner SB, Bolton DC, Groth DF, Bowman KA,
Cochran SP, McKinley MP. Further purification and
characterization of scrapie prion. Biochemistry 21:
6942-6950, 1982.

Bolton DC, McKinley MP, Prusiner SB. Identifi-
cation of a protein that purifies with the scrapie prion.
Science 218:1309-1311, 1982.

Bendheim PE, Barry RA, DeArmond SJ, Stites DP,
Prusiner SB. Antibodies to scrapie prion protein.
Nature (London) 310:418-421, 1984.

Diringer H, Hilmert H, Simon D, Werner E, Ehlers
B. Toward purification of the scrapie agent. Eur J
Bichem 134:555-560, 1983.

Hilmert H, Diringer H. A rapid and effective method
to enrich SAF-protein from scrapie brains of hamster.
Biosci Rep 4:165-170, 1984.

Diringer H, Rahn HC, Bode L. Antibodies to protein
of scrapie-associated fibrils. Lancet 2:345, 1984.
Carp RI, Merz PA, Kascsak RM, Merz G, Wis-
niewski HM. Nature of the scrapie agent: Current
status of facts and hypotheses. J Gen Virol 66:1357-
1368, 1985.

McKinley P, Bolton C, Prusiner SB. A protease-re-
sistant protein is a structural component of the scra-
pie prion. Cell 35:57-62, 1983.

Prusiner SB, Groth DF, Bolton DC, Kent SB, Hood
LE. Purification and structural studies of a major
scrapie prion protein. Cell 38:127-134, 1984.
Prusiner SB. Prion. Sci Amer:48-57, 1984.
Diringer H, McKinley MP, Prusiner SB. Viroids and
prions. Proc Natl Acad Sci 79:5220-5224, 1982.
McKinley MP, Masiarz FR, Prusiner SB. Reversible
chemical modification of scrapie agent. Science 214:
1259-1260, 1981.

Schuster H, Wittmann HG. The inactivating and
mutagenic action of hydroxylamine on tobacco mo-
saic virus ribonucleic acid. Virology 19:421-430,
1963.

Tessman I. Mutagenic treatment of double- and sin-
gle-stranded DNA phage T4 and S13 with hydrox-
ylamine. Virology 35:330--333, 1968.

Liberski PP. Virino or prion? Reflections on the
physiochemical structure of the scrapie agent. Neurol
Neurochir Pol 18:51-56, 1984.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Dickinson AG, Meikle VMH. Host-genotype and
agent effect in scrapie incubation: Change in allelic
interaction with different strains of agent. Mol Gen
Genet 112:73-79, 1971.

Dickinson AG, Fraser scrapie in sheep and goats.
In: Kimberlin RH, Ed. Slow virus diseases of animals
and man. Amsterdam, North-Holland, pp209-241,
1976.

Kimberlin RH, Walker C. Evidence that the trans-
mission of one source of scrapie agent to hamsters
involves separation of the agent strains from a mix-
ture. J Genet Virol 39:487-496, 1978.

Gibbs CJ Jr, Gajdusek DC, Amyx H. Strain variation
in the viruses of Creutzfeldt-Jakob disease and kuru.
In: Prusiner SB, Hadlow WJ, Eds. Slow Transmis-
sible Diseases of the Nervous System. New York,
Academic Press, Vol 2:pp87-110, 1979.

Crick F. Central dogma of molecular biology. Nature
(Biology) 227:561-563, 1970.

Hadlow WJ. Unpublished observations. Hanson RP,
Eckrooade RJ, Marsh RF, Zu Rhein GM, Kanitz
CL, Gustafson DP. Science 172:859, 1971.
Johnson RT. The novel nature of scrapie. Trend
Neurosci 5:413-415, 1982.

Multhaup G, Diringer H, Hilmat H, Prinz H, Heu-
keshoven J, Beyrauther K. The protein component
of scrapie-associated fibrils in a glycosylated low
molecular weight protein. EMBO J 4:1495-1501,
1985.

Chesebro B, Race R, Wehrly K, Nishio J, Bloom M,
Lechner D, Bergstrom S, Robbins K, Mayer L, Keith
JM, Garon C, Haase A. Identification of scrapie prion
protein-specific mRNA in scrapie-infected and un-
infected brain. Nature (London) 315:331-333, 1985.
Oesch B, Westaway D, Walchli M, McKinley MP,
Kent SBH, Aebersold R, Barry RA, Tenpst P, Teplow
DB, Hood LE, Prusiner SB, Weissmann C. A cellular
gene encodes scrapie PrP27-30 protein. Cell 40:735—
746, 1985.

Wietgrefe S, Zupancic M, Haase A, Chesebro B, Race
R, Frey W II, Rustan T, Friedman RL. Cloning of
a gene whose expression is increased in scrapie and
senile plaques in human brain. Science 230:1177-
1179, 1985.

Haase A, Brahic M, Stowring L, Blum H. Detection
of viral nucleic acid by in situ hybridization. Methods
Virol 7:189-226, 1984.

Haseltine WA, Patarca R. AIDS virus and scrapie
agent share protein. Nature (London) 323:115-116,
1986.

Merz PA, Somerville RA, Wisniewski HM, Man-
uelidis L, Manuelidis EE. Scrapie associated fibrils
in Creutzfeldt-Jakob disease. Nature (London) 306:
474-476, 1983.

Merz PA, Rohwer RG, Kascsak R, Wisniewski HM,
Somerville RA, Gibbs CJ Jr, Gajdusek DC. Infection-



83.

84,

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

9s.

96.

97.

SCRAPIE: CURRENT VIEWS

specific particles from the unconventional slow virus
diseases. Science 225:437-440, 1984.

Somerville RA. Ultrastructural links between scrapie
and Alzheimer’s disease. Lancet 1:504-506, 1985.
Merz PA, Somerville RA, Wisniewski HM. Abnor-
mal fibrils in scrapie and senile dementia of Alzhei-
mer type. In: Court LA, Ed. Virus non-conventionals
et affections du systeme nervous central. Paris, Mas-
son, pp259-281, 1982.

Bode L, Pocchiari M, Gelderblom H, Diringer H.
Characterizaton of antisera against scrapie-associated
fibrils (SAF) from affected hamster and cross-reac-
tivity with SAF from scrapie-affected mice and from
patients with Creutzfeldt-Jakob disease. J Gen Virol
66:2471-2478, 1985.

Somerville RA, Carp RI. Altered scrapie infectivity
estimates by titration and incubation period in the
presence of detergents. J Gen Virol 64:2045-2050,
1983.

Prusiner SB, McKinley MP, Bowman KA, Bolton
DC, Bendheim PE, Groth DF, Glenner GG. Scrapie
prions aggregate to form amyloid-like birefringent
rods. Cell 35:349-358, 1983.

DeArmond SJ, McKinley MP, Barry RA, Braunfield
MB, McColloch JR, Prusiner SB. Identification of
prion amyloid filaments in scrapie-infected brain.
Cell 41:221-235, 1985.

Prusiner SB. Some speculation about prion, and
Alzheimer’s disease. N Engl J Med 310:661-663,
1984.

Merz PA, Somerville RA, Wisniewski HM. Com-
parative ultrastructure of scrapie associated fibrils and
CNS amyloid fibrils. J Neuropathol Exp Neurol 41:
359-366, 1982.

Glenner GG, Eanes ED, Bladen HA, Linke RP, Ter-
mine JD. B-pleated sheet fibrils. A comparison of
native amyloid with synthetic fibrils. J Histochem
Cytochem 22:1141-1158, 1974.

Goudsmith J, Morrow CH, Asher DM, Yanagihara
RT, Masters CL, Gibbs CJ Jr, Gajdusek DC. Evi-
dence for and against the transmissibility of Alzhei-
mer’s disease. Neurology 30:945-950, 1980.
Wisniewski HM, Bruce ME, Fraser H. Infectious
etiology of neuritic plaques in mice. Science 190:
1108-1110, 1975.

Bruce ME. Serial studies on the development of ce-
rebral amyloidosis and vacuolar degeneration in
murine scrapie. J Comp Pathol 91:589-597, 1981.
Fraser H, Bruce ME. Argyrophilic plaques in mice
inoculated with scrapie from particular sources.
Lancet 1:617-618, 1973.

Braig HR, Diringer H. Scrapie concept of a virus-
induced amyloidosis of the brain. EMBO J 4:2309-
2312, 1985.

Bolton DC, McKinley MP, Prusiner SB. Molecular
characteristics of the major scrapie prion protein,
Bichemistry 23:5898-5905, 1984.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

387

Glenner GG. Amyloid deposits and amyloidosis. N
Engl J Med 302:1283-1292, 1980.

Glenner GG. Amyloid deposits and amyloidosis: The
B-fibrillosis. N Engl J Med 302:1333-1343.

Narang HK. High resolution electron microscopic
analysis of the amyloid fibril in Alzheimer’s disease.
J Neuropathol Exp Neurol 39:621-631, 1980.
Gibbs CJ Jr. Search for infectious etiology in chronic
and subacute degenerative diseases of the central
nervous system. Curr Topics Microbiol Immun 40:
pp44-58, 1967.

Kingsbury DT, Smeltzer DA, Gibbs CJ Jr, Gajdusek
DC. Evidence for normal cell mediated immunity
in scrapie infected mice. Infec Immun 32:1176-1180,
1981.

Stites DP, Garfin DE, Prusiner SB. Immunology of
scrapie. In Prusiner SB, Hadlow WJ, Eds. Slow
Transmissible Diseases of the Nervous System. New
York, Academic Press, Vol 2, 211-224, 1979.
McFarlin DE, Raff MC, Simpson E, Nehisen S.
Scrapie in immunologically deficient mice. Nature
(London) 233:336, 1971.

Baringer JR, Prusiner SB, Wong JS. Scrapie asso-
ciated particles in post-synaptic processes: Further
ultrastructural studies. J Neuropathol Exp Neurol
40:281-288, 1981.

Bignami A, Parry HB. Aggregations of 35 nanometer
particles associated with neuronal cytopathic changes
in natural scrapie. Science 171:389-390, 1971.
David-Ferreira JB, David-Ferreira KL, Gibbs CJ Jr,
Morris JA. Scrapie in mice: Ultrastructural obser-
vations in the cerebral cortex. Proc Soc Exp Biol
Med 127:313-320, 1968.

Narang HK. Virus-like particles in natural scrapie
of the sheep. Res Vet Sci 14:108-110, 1973.
Narang HK, Chandier RL, Anger HS. Further ob-
servations on particulate structures in scrapie affected
brains. Neuropathol Appl Neurobiol 6:23-28, 1980.
Baringer JR, Wong J, Klassen T, Prusiner SB. Further
observations on the neuropathology of experimental
scrapie in mouse and hamster. In Prusiner SB, Had-
low WJ, Eds. Slow Transmissible Diseases of the
Nervous System. New York, Academic Press, Vol.
2:ppl11-121, 1979.

Narang HK, Asher DM, Pomeroy KL, Gajdusek DC.
Tubulovesicular particles in brains of hamsters with
scrapie. Proc Soc Exp Biol Med. 184:504-509, 1987.
Lampert PW, Gajdusek DC, Gibbs CJ Jr. Experi-
mental spongiform encephalopathy (Creutzfeldt-Ja-
kob disease) in chimpanzees. J Neuropathol Exp
Neurol 30:20-32, 1971.

Narang HK. Comparative morphology of measles
virus and paramyxovirus-like tubules in multiple
sclerosis using ruthenium red stain. Neuropathol
Appl Neurobiol 7:411-420, 1981.

Latrjet R. Inactivation of the agents of scrapie,
Creutzfeldt-Jakob disease, kuru by radiation. In:



388

11S.

116.

117.

118.

SCRAPIE: CURRENT VIEWS

Prusiner SB, Hadlow WJ, Eds. Slow Transmissible
Diseases of the Nervous System. New York, Aca-
demic Press, Vol 2:pp387-408, 1979.

Diringer H, Kimberlin RH. Infectious agent is ap-
parently not as small as recent claims suggest. Biosci
Rep 3:563-568, 1983.

Prusiner SB, Hadlow WJ, Garfin DE, Cochran SP,
Baringer JR, Race RE, Eklund CM. Partial purifi-
cation and evidence for multiple molecular forms of
the scrapie agent. Bichemistry 17:4993-4999, 1978.
Prusiner SB, Groth DF, Cochran SP, Masiarz FR,
McKinley MP, Martinez HM. Molecular properties,
partial purification and assay by incubation period
measurements of the hamster scrapie agent. Bi-
chemistry 19:4883-4891, 1980.

Latarjet R, Muel B, Haig DA, Clarke MC, Alper T.
Inactivation of the scrapie agent by near monochro-

119.

120.

121.

matic ultraviolet light. Nature (London) 227:1341-
1343, 1970.

Semanick JS, Morris TJ, Weathers LG. Structure
and conformation of low molecular weight patho-
genic RNA from exocortis diseases. Virology 53:448—
456, 1973.

Prusiner SB, McKinley MP, Groth DF, Bowman
KA, Mock NI, Cochran SP, Masiarz FR. Scrapie
agent contains a hydrophobic protein. Proc Natl
Acad Sci 78:6675-6679, 1981.

Narang HK, Shenton B, Giorgi PP, Field EJ. Scrapie
agent and neurons. Nature (London) 240:106-107,
1972.

P.S.E.B.M. 1987, Vol. 184.



