
that is normally sensitive to protein-degrad-
ing enzymes (proteases) and has a turnover
time of a few hours. In TSE-infected cells, by
contrast, PrP is partly protease-resistant and
quite stable (reviewed in ref.10).Because it is
the main component of purified infectious
material4, this protein was itself proposed to
be the infectious agent in TSEs9. Theoreti-
cally, the normal form of the protein, PrPC

(where ‘C’ denotes ‘cellular’), converts rarely
into an abnormal form (PrPSc for ‘scrapie’)
that then catalyses the conversion of other 
normal molecules into the same abnormal
form. The accumulated PrPSc then somehow
causes neurodegeneration.

Proving the protein-only theory has been
difficult, however. For example, because the
infectious material is highly aggregated and
heterogeneous in size, even the best prepara-
tions need 105 PrP molecules to infect one
mouse. So it has not yet been possible to
prove that PrP is sufficient for infectivity by
purifying the protein from infected brains.

Another approach has taken its cue from
the ‘amyloid’ nature of PrPSc. This abnormal
form — unlike PrPC — contains a high 
percentage of �-sheets, one of the two main
types of structural feature in proteins.
Furthermore, PrPSc is filamentous and pro-
tease-resistant and shows birefringence on
staining with the dye Congo Red. These four
properties define amyloid, and gross amy-
loid deposits of PrP are seen in the brains of
many CJD patients. Full-length, mature, sol-
uble PrPC has been converted to �-sheet-
rich forms in vitro — but this material was
not infectious.

There has been success on one front:
the basic mechanism postulated for the TSE
protein-only model has been demonstrated
biochemically. PrPSc purified from infected
brains can induce the conversion in vitro
of small amounts of PrPC to the PrPSc form,
in a reaction that shows all the specificity 
of the TSE disease process11. However, the
limited extent of this reaction in vitro has so
far made it impossible to demonstrate the
generation of new infectivity, over that 
present in the input PrPSc.

How can one discover whether a protein
is infectious? In budding yeast, clear evi-
dence was provided by the genetic proper-
ties of the non-chromosomal genes [URE3]
and [PSI +], which represent the prion forms
of the Ure2 and Sup35 proteins, respective-
ly12. The same genetic approaches served to
demonstrate that [PIN +] (also in budding
yeast13) and [Het-s] (in the filamentous 
fungus Podospora anserina)14 represent the
prion forms of the Rnq1 and HET-s proteins,
respectively. But these methods are not 
feasible in mammals. However, [Het-s] can
be efficiently transmitted to uninfected 
P. anserina cells by introducing amyloid 
fibrils of recombinant HET-s protein (not by
introducing the soluble form or other aggre-
gates of this protein). These results confirm
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100 YEARS AGO
Heredity — and variation too — are 
matters of which no naturalist likes to 
admit himself entirely careless. Everyone
knows that, somewhere hidden among 
the phenomena denoted by these terms,
there must be principles which, in ways
untraced, are ordering the destinies of living
things. Experiments in heredity have thus,
as I am told, a universal fascination. All 
are willing to offer an outward deference to
these studies. The limits of that homage,
however, are soon reached, and, though all
profess interest, few are impelled to make
even the moderate mental effort needed to
apprehend what has been already done...
An eminent foreign professor lately told me
that he believed there were not half a dozen
in his country conversant with what may 
be called Mendelism, though he added
hopefully, “I find these things interest 
my students more than my colleagues.”
A professed biologist cannot afford to ignore
a new life-history, the Okapi, or the other 
last new version of the old story; but
phenomena which put new interpretations
on the whole, facts witnessed continually by
all who are working in these fields, he may
conveniently disregard as matters of
opinion. Had a discovery comparable in
magnitude with that of Mendel been
announced in physics or chemistry, it 
would at once have been repeated and
extended in every great scientific school
throughout the world. William Bateson

From Nature 25 August 1904.

50 YEARS AGO
The theory of methods of crystal-structure
determination is at an interesting stage…
Mrs. D. Hodgkin, of Oxford, described a
partial solution of the structure of vitamin
B12; the molecule contains about a hundred
atoms, almost three times as many as the
most complicated molecule that has yet
been dealt with successfully. Similar
methods combined with the Fourier-
transform concept have also enabled Sir
Lawrence Bragg and M. F. Perutz, of
Cambridge, to report some success with
hæmoglobin, the molecule of which contains
about ten thousand atoms. Unfortunately,
the Fourier projection obtained, having a
resolution of only 4 A., is not particularly
clear, and some intense study will be
required before any reliable deductions can
be made from it.
From Nature 28 August 1954.

that [Het-s] is a prion, and show that self-
propagating amyloid is the infectious mater-
ial15. Recently, similar results have been
achieved in the [PSI +] system16,17.

In the latest work, Legname et al.1 engi-
neered mice so that they lacked the normal
PrP protein, instead producing a fragment of
PrP (amino acids 89–230) at 16 times the
usual levels. The idea was that this fragment
might be more easily triggered than the full-
length protein to convert to the abnormal
form. The authors then prepared amyloid 
filaments of PrP89–230 in vitro and inoculated
the filaments into the animals’ brains. They
found that these mice died with a scrapie-like
syndrome after about 550 days, whereas 
mice inoculated with a control buffer sur-
vived at least 620 days. Crucially, brain tissue 
from the amyloid-inoculated mice was then
highly infectious when inoculated into 
normal mice (Fig.1).

Unfortunately, the authors do not report
whether the brains of the buffer-inoculated
mice are also infectious. If they are not, then
the results show that amyloid filaments com-
posed of this PrP fragment can initiate an
infectious process — apparently putting to
rest the ‘protein-only’dispute.If the brains of
buffer-inoculated animals are infectious,

Figure 1 Can a protein be infectious? Legname et
al.1 engineered Escherichia coli bacteria to
produce a fragment of PrP protein, consisting 
of amino acids 89–230. Adding urea to the
soluble protein caused it to misfold and clump
together into amyloid filaments. These were 
then injected into the brains of mice that had
been engineered to express the same PrP
fragment. About 550 days later, the animals 
died with a scrapie-like neurodegenerative
disease. The authors also took brain tissue from
these mice and injected it into wild-type
animals; these animals, too, died from a scrapie-
like disease. The findings argue that PrP alone 
is sufficient to cause transmissible spongiform
encephalopathies.
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