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Mad Cows and Synthetic Prions. Stanley B. Prusiner, Institute for
Neurodegenerative Diseases, University of California, San Francisco, CA
94143-0518.

Mad cow disease was reported in both the United States and Canada in
2003. The diagnosis of bovine spongiform encephalopathy (BSE) was
made by the finding of PrP® in brainstems using immunohistochemistry
and Western blotting. Besides BSE, prions cause Creutzfeldt-Jakob
disease (CJD) of humans, scrapie of sheep, and chronic wasting disease
(CWD) of deer and elk. Four new concepts have emerged from studies of
prions. First, prions are infectious proteins that are devoid of nucleic acid.
Second, prion diseases may be manifest as infectious, genetic, and
sporadic disorders. Third, prion diseases result from the accumulation of
PrP>°, the conformation of which differs substantially from that of its
precursor PrPC. Fourth, PrP5¢ can exist in a variety of different
conformations, each of which seems to specify a specific disease
phenotype. That the mammalian prion contains only PrP® and thus, prions
are infectious proteins has recently been demonstrated by using
recombinant (rec) PrP produced in E. coli. Impressed by amyloid
deposition in the brains of transgenic (Tg) mice used to investigate the
inherited prion diseases (1), we studied recPrP polymerized into amyloids,
which represent a subset of b-rich structures. N-terminal truncation of
PrP>° forms PrP 27-30, which readily assembles into amyloid. Mouse (Mo)
PrP 27-30 contains residues 89 to 230 and retains prion infectivity. Using
only recMoPrP(89-230) produced in E. coli to form amyloid fibrils, we
inoculated the fibrils intracerebrally into Tg mice expressing MoPrP(D23—
88) (2). After more than 300 days, none of the mice had developed
symptoms of CNS disease; therefore, we reported that the N-terminally
truncated MoPrP(89-230) folded into amyloid fibrils was not infectious (3).
Subsequently, we found that all of the Tg(MoPrP,D23—-88)9949 mice
developed neurologic dysfunction between 380 and 660 days after
inoculation. Western blotting of brain extracts showed protease-resistant
PrP (4). Serial transmission of the Tg(MoPrP,D23-88)9949 mouse brain
extracts containing mammalian synthetic prions (MSP) to wild-type (wt)
FVB and Tg(MoPrP)4053 mice gave incubation times of 150 and 90 days,
respectively. Neuropathological findings suggest that a novel prion strain
was created, one that is distinct from the RML strain. Our results provide
compelling evidence for the propositions that prions are infectious proteins
and that sporadic prion disease requires only the spontaneous conversion
of PrP® into PrP>°. While sporadic CJD has been shown to be the most
common form of human prion disease (5), data on the frequency of
sporadic scrapie in sheep and sporadic BSE in cattle are incomplete.
However, the production of MSP from recMoPrP(89-230) argues that
sporadic forms of all prion diseases only require that a host mammal
produc es PrP®.
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