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mid all the media attennon abour "mad cow
discase’, one important subjecr is rarely

mentioned; how the discase is caused. Bur for
many hiologists, that's the most exciting part of the whole
story: the mysterious pathogen has been described as ‘the

most bizarre infectious agent ever imagined’. It is neither

|'|.IL Terium nor viris, nor any J!llll'J lL‘Lll:_'_rll'\,l lld; organism,

and its existence cha lenges many basic biological

g
assumptions about the nature of infectious discase.

D¢ Harvey Westhury of CSIRO's Australian Animal
Health Laboratory (AAHL) ar Geelong in Victoria is an
expert on rare viral diseases. He says thar mad-cow disease
is not caused by a virus, bur by something complerely
different. “You can’t even test the animals for the presence
of the disease in the normal way that we use for viral
discases. There is no immune response,’

Mad-cow disease lJ{'lnllg[\« to a group ol unusual
disecases (many with equally unusual names) called
spongiform encephalopathies. These can affecr a wide
range of mammals, including humans, The catde version,
more properly called bovine spongitorm encephaloparhy
(BSE), came to the attencion of scientists when the first
cases were reporied in Britain in 1986, But scrapie, the
sheep version, has been around for ar least 200 vears and
occurs in many other countries as well. Fortunarcely,
neither disease occurs in Australia.

In both conditions, the brain degenerates: small holes
appear where cells have died, giving brain nssue a spongy

appearance under the microscope. Because of the brain

Liqllllul.l‘_[L\ -![.l.f.'L[L'l.I .l[llITl.il.\ .\I]”“ 'LI].I\'illLH.il l.i‘l.'lll:__',t‘h.

1ILL|III{II'I:_' NErVOUSsSNess, III'IIIHI-I] }"L“lllli’ .Il'l\.t

uncoordinated movements. Eventually the animals

collapse. The discases are nearly always fatal, bur affecred

‘Clearly, this pathogen was not a

Dr Harvey Westbury of CSIRO's Australian Animal Health
Laboratory: mad-cow disease is not caused by a virus, but
by something completely different.

acenta from a ewe during lambing time, (Many

I"

I|€'|IPi'—l||i"- '-'-i” cat FTI.I"LI.IH.:I?- “'EIL'II [III."c gt I|I.1.' wlikanoe, das

a way of gaining extra protein that is readily digestible.)

The cannibalism connection

Scientists now know that the cow and -11\'\1' discases are
stmilar to some rather rare and unusual human diseases
One ol these, kuru, was hisi deseribed in 1957 by the
American scientist Dr Carron Gajdusek who found thart
its diseriburion was limited o the Fore highlanders of
|'.Ii1|:.t New Couinea

Victims of the condition showed a gradual loss ol
coordination, and then a sort of premarure dementia and
an carly death. Smart scientific detective work showed
that kurn was caused by somerhing thar was passed on
dunng ritual cannibalism, where the brains
ol recently deceased, highly honoured
individuals were eaten. Since cannibalism

was outliwed kuru has slowly disappeared

virus or any other known organism

and was almost certainly not alive
in any real sense. Yet it appeared

It was clear L‘,lllj- on that kuru was
indeed infectious: a |T.::l‘m;r|| tan inkectous

agent) must have been present in the brain

to be able to multiply.”

amimals are usually destroved before death ensues
Mad-cow disease is thought te have begun in Britain
after cartle were fed a protein supplement derived from

the offal and bone of scrpie infecred k|1r1-|1 This pracuce

I..I|.| in'r]'l :_'g:il ron bor some time ]n.'ll.rlg' l*‘\l ,qilsg‘.ﬂg'q.i.

but in the carly 19805, parily in order o save money, the
processing u!'\lu-up oftal changed. The high temperanires

and quantities of chemical solvents used 1o sterilise the

marerial were reduced shightly, and as a resulr, the scrapie

&
bug survived the procedure and was present in the
supplement given to cows. (An alternative view is tha
BSE was a rare, umidentified condition in catcle thar was
amplified through the protein-supplement feed.)

Back then, no-ong knew exacily what that ‘bug’ was,
.1|t]1m|:_r_[| the preferred theory then was that it was some
sort of unusual slow-acting virus. It probably spread

berween sheep in the field when they ate the deposited

of the dead iluupj\'. but it had no wayv of
getiing from person o person other than
through cannibalism. You couldn't *carch

kuru like a cold.

Although human cannibalism no longer wkes place,

medical procedures somerimes involve something similas

such as giving |h'il]!|c' human growrh hormone extracted
from the pituitary gland in the brain of corpses. (Today
this hormone 15 made using genetic engineering rechniques.)
It so happens that a very rare human condition, called
Creumzlelde-lakob Disease (C]D), has occurred in a
several people who were treated tor growth deficiency
with these |ll*illll'4|\' CXIracis. {:][' 15 .I.!'\':‘ - | \|1--I:§.;ilthll1|

encephalopathy with symproms similar to kuru

Searching for the mystery bug

For many years no-one knew exactly whar kind of

microbe caused the spongitorm encephalopathies. In the

19705 experiments were starting o show that the

infectious agent — wharever it might be - was remarkably



resistant to many forms of
sterilisation. Healthy animals
could be intected by an extract
fram discased animals even afrer
it was zapped with radiation or
other treatments that would
destroy the genes of any bac-
terium or virus. It was this
ability to survive normal ster-
ilisation thar may have enabled
the disease to be passed from
sheep to cartle during the
procedure of manufacruring
protein supplement from offal.

By 1982, an American
scientist, Stanley Prusiner, had
concluded that the ‘scrapie-
agent’, as it was called, had no
genes, Clearly, this pathogen was
not a virus or any other known
organism and was almost
certainly not alive in any real
sense. Yet it appeared w be have the ability to multiply.

An important clue came with the observation that
extracts of dead sheep were no longer infecuious if they
were treated with substances known to incapacitare
proteins, The "thing’ was definitely composed of some
sort of protein and Prusiner dubbed it a prion, because it
wias a ‘protein virion”. (A virion is an individual virus
particle.]

We now know thar the scrapie prion is nothing like a
real virion, in which the genes in the nucleic acid specify
the structure of the protein surrounding them, which is
then made by the cell that the virus infects. Prusiner and
his ream found that their prion consists of just one
prorein chain, folded in such a way that it is remarkably
strong and resists (|ig:5linn‘

Prusiner faced considerable scepricism abour his
findings. All known organisms, however small and
simple, have both protein and nucleic acid. One cannor
exist without the other in a living system. A protein
doesn’t just appear: something must be making it, and
must have access to informanion for its construction.

A mucked-up molecule

Latest research shows that the instructions for making
prion protein are probably within us all: the gene for it

sits i the mammalian chromosome. A prion is merely an
unusually folded variant of the normal body protein
coded for by this gene. This protein, called Prl* or cellular
prion protein, occurs mainly in nerve cells.

All proteins are made of a chain of amino acids, and
the chain can fold in various ways, which may affect the
funcrioning and stabilicy of the protein. Whar we call
prions are simply molecules of the nerve cell protein Prl?
folded in such a way thar they are very resistant to high
temperature, disinfecting agents, and even to protein-
digesting enzyimes.

A prion can have the same sequence of amino acids as
the normal Prl” protein of which it is a variant, bur some-
thing has caused ir to fold irself in a different way, giving
it a great ability o survive, This ‘something’ 1s simply
physical contact with another prion. In other words,
[)Iil)ll:i can .'il]['nl.:l'l“w Catise [ht n()rl‘"ﬂl Prp |Tr:‘.|[l:i|l
molecules to ‘flhip’ into a more stable shape or
conformation, which turns them into prions themselves,
able to convert other Prl molecules. This gives the

appearance of reproduction.
Ihe derails of the prion story have recently been

confirmed in experiments with genertically engineered
mice lacking the gene for normal cellular prion protein.
These animals do not have a poal of normal PrP o be

In mammals with spongiform encephalopathies, the brain degenerates. Small holes appear where cells have died, giving brain

tissue a spongy appearance under the microscope. These images show the effects of the condition on the brain tissue of sheep

(left), cheetah (middle) and deer (right).
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‘turned’ by contact with an acquired prion and so are
resistant to prion diseases passed an by extract from
infected animals.

Prions appear o be useless proteins, and whar, if
anything, the normally folded PrP proteins do is a
mystery. A cell can’t degrade prions because rhey are
resistant o most enzymes, so infected’ cells tend to shove
prions into a sac, which evenrually bursts, killing the cell.
I'he released prions presumably enter the surrounding
cells and cause havoc in them. This process of spreading
cell death probably accounts for the holes in the brain

Nerve cells ourside the brain, lymph rissue, and
possibly embryonic tissues like placentas, may also
harbour prions, but without such obvious damage
Current knowledge suggests thar other rissues are nor
much alfected because normal prion protein is mainly
produced in nerve cells. Britain banned the use of brain
and cerrain other offal in human tood 1in 1989, The
worry about British beel now is the slight possibility that
the small nerves within the muscle tissue would carry
prions, and the risk from beet consumprion before 1989,

Getting around

Any discase-causing parasite needs to move between its
hosts: But a prion is not really a parasite in the stricr
sense, It's simply something normal gone wrong, so it's
difficule for a viable prion to get from one animal 1o
another. A prion is not adapred for this in the way thar so
many other internal parasites are. Prions can readily pass
across from mother o foers, but the only other way they
can reach a new host of the same species is by being earen,

and cannibalism is rare in mammals.

‘CJD has been known for

decades, and its incidence in the

British population is no higher

than that in other European
countries where there is no
mad-cow disease.”

Thus, in the normal course of events, a cow with BSE
won't pass it on o the rese of the herd. Although the
numbers of BSE cases in Britain increased rapidly — from
17 in 1986 to a peak of abour 37 000 in 1992 — this is
not a \[m‘.idiug: ullitlcmix of a ||i!:h|_'.' contagious discase.
I'he increase merely represents the adoprion of the altered
treatment regime for offal during its processing into a
protein supplement for cows.

But whar of carnivores? Surely they would be prion-
ridden through eating their prey? The limited evidence
suggests not, and the reason seems o be the existence of a
species barrier. Theory suggests that prions from one
mammal cannot readily infect another species unless the
naturally-made, normal prion proteins are quire similar in
their amine acid sequence o the intecring prion. If nor,

they can’t be “turned’ by contacr with it
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In general, the more closely related species are, the
more similar in composition are all their body proteins.
How easily cow prions can infect us is stll unclear, as our
prion protein is known to differ from thar of cows in
several places, but it's a relief to know thar Auscralia has

no wr.lpi«- \Iwcp or mad cows!

Human prion diseases

Prusiner believes that all spongiform encephalopathies,
including kuru and Creutefeldr-Jakob Disease (C]12), are
caused H}' prions, [he question rerrifying Britain is
whether some unusual and unexplained cases of CJD are
the human manifestation of mad-cow disease, and
whether this can be ‘caught’ by cating digestion-resistant
prions in beel,

CJD has been known for decades, and its incidence in
the Britush population is no higher than that in other
European countries where there is no mad-cow disease,
CID is usually a disease of older people, unless it is
rransmitted through medical or surgical procedures, in
which case it can occur, it seems, in anvone, What 1s
unusual abour the handful of new CJD cases in Britain
now is the facr thar those affecred were 1'r.'|,ui\'l.'|‘\' voung
people with no known route of infection other than
cating bovine products.

Spontancous cases of CJD are explained by

[H'hll]!.”i]lg: 1|'Iil|. 1I'IL' sene tor ll”l'lll.l! iT'I'iE'li'I ]'I'lllt'i]l

mutates during the course of a lifetime, causing a slight
change in the amino acid composition of the protein
which will cause it to fold inte a prion form. (This
mutation is more likely to happen the longer you have
||\'L'E.L |1L'I'|£_'c l|1L‘ Jg(.' \Ii.\[l'i|‘-ﬂlllhl|1 of cases ol (Fljl HH:
disease will remain with the affecred
individual unless the victim is eaten or,
possibly, their prion-affected organs arc
used for rransplantation.

Ilhere remains the inrriguing
question of where prions come from in
the first place. It's possible that a gene for
manufacruring a slightly less stable
version of cellular prion protein (which
would maore casily slip into a prion form)
could be  inherited. I'hus, a

predisposition ro the spontancous
occurrence ol prion diseases could run in Eamilies or
entire species. Il we are careful abour avoiding the
conditions thar allow spread berween individuals of the
same or different species, prions could be controlled.
'har's just as well, because there is not likely to be any
treatment for prion discases,

How safe are we in Australia? C]ID occurs here ar a
very low rare, as it does elsewhere. But when it comes o
acquiring prion diseases from our food, we are lucky, To
help keep us that way, prions and the development of
BSE in Britain are being monitored by AAHL. [n
conjuncrion with AQIS, AAHL runs scrapie testing on all
imported sheep and goats. Provided the prion proteins
within your brain stay firmly in their proper shape, so

that vou do nort ._i:.-\-:_-lnp VOUT OWN spontancous prion

discase, you should be safe living in Australia.



