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f ter dec ades of pessimism abo ut the ch a n ces of ever
finding ef fective tre a tm ents for Al z h ei m er ’s disease,
Hu n ti n g ton’s disease, Lou Geh ri g’s disease and other
progre s s ive kill ers of the brain su ch as mad cow disease,
s c i en tists have produ ced a flood of n ew discoveries that
link these out w a rdly unrel a ted ailments and su gge s t
w ays in wh i ch they might be revers ed or preven ted .

What these diseases have in com m on is a plague
of a bn orm a lly shaped pro teins that sti ck toget h er and de s troy brain cell s .
Di f ferent pro teins are at fault in each disease. Th ey affect different part s
of the bra i n , and they produ ce diverse sym ptom s . Yet all these pro tei n s
a re “m i s fo l ded ,” meaning they have strayed from their proper three -
d i m en s i onal shape s ; ei t h er they never re ach ed these shapes as they
em er ged from ti ny pro tein factories inside the cell , or they became cor-
ru pted . So, i n s te ad of doing their normal job s , these pro teins form aggre-
ga tes of i n s o lu ble gunk, and in this process they deva s t a te the bra i n .
Some of t h em — “pri on s” — a re even infecti o u s ; t h ey cause mad cow dis-
ease and its human co u n terp a rt ,n ew - va riant Creut z fel d t - Ja kob disease.

The big qu e s ti on now is how to clear up—or preven t — pro tei n

New discoveries link

seemingly unrelated,

fatal illnesses such as

A l z h e i m e r ’s disease and

H u n t i n g t o n ’s disease 

to misshapen proteins,

p r oviding hope for 

new treatments. 
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Prion proteins (red) aggre g a te in a 

m o u se neuro b l a stoma cell that is infe cte d

with the prion dise a se called sc rapie. 

The cell’s nucleus is shown in blue.
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clu m p s . Coming from several different directi on s , re s e a rch ers have
u n covered a va ri ety of po ten tial targets for dru gs . Equ a lly import a n t ,
t h ey have learn ed how to try out their new rem edies on ye a s t , f l i e s ,
worms or mice .“Th i n gs have re a lly ch a n ged in the past few ye a rs ,” s ays
Susan L. L i n d qu i s t ,n ewly el ected director of the Wh i teh e ad In s ti tute  for
Bi om edical Re s e a rch and form er h h m i i nve s ti ga tor at the Un ivers i ty
of Ch i c a go, who works mostly with yeast cell s . “The first meeti n gs I
a t ten ded abo ut these diseases were so depre s s i n g … . But now we have
s everal different kinds of s tra tegies that look as if t h ey might work ,s o
everyone shares an optimism that just wasn’t there before .”

A myloids in Alzheimer’s
Some of the most promising re s e a rch invo lves the dre aded Al z h ei m er ’s
d i s e a s e , wh i ch robs so many older people of t h eir abi l i ty to think or to
rem em ber, and then kills them . Al z h ei m er ’s affects an asto u n d i n gly
l a r ge nu m ber of people—10 percent of those over age 62 and ro u gh ly
h a l f the pop u l a ti on over age 85.

The brains of Al z h ei m er ’s pati ents are typ i c a lly ri d dl ed with stra n ge ,
i n s o lu ble “p l a qu e s ,” wh i ch consist of a myl oid (small pro tein fibers that
form a hard mass). For a long ti m e ,t h ere seem ed no way to get at the
a myl oi d — or the disease.

The “defining mom en t ,”according to Sa n gram Si s od i a , a re s e a rch er
on Al z h ei m er ’s at the Un ivers i ty of Ch i c a go, came with the discovery
of s pecific mut a ti ons in the d na of certain unu sual families. Not on ly
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Susan L. L i n d quist can imagine severa l
po s s i ble stra tegies for tre a ting diseases
c a u s ed by misfo l ded pro tei n s : S c i en-
tists might find or de s i gn pro teins or
d ru gs that would bind to their sti cky
su rf aces and prevent other molec u l e s

f rom get ting tra pped there . Th ey
m i ght de s i gn pro teins that could insert

t h em s elves bet ween the aggrega tes and
h elp break them up. Th ey might alter the

ch a perone balance of the cell to help en su re that the pro tei n s
attain their correct shape . Or they could try to increase the activ-
i ty of the cell ’s pro te a s om e , a sort of ga rb a ge can in the cytop l a s m
that ch ews up misfo l ded pro teins and gets rid of t h em .

A wi de ra n ge of diseases might be tre a ted with these
a pproach e s , she says . In ad d i ti on to the 20 or so amyl oid disor-
ders and at least ei ght CAG - repeat diseases, Pa rk i n s on’s disease
is a candidate . Th ere are some hel pful tre a tm ents for Pa rk i n s on’s
tod ay, but they do not get to the root of the disease, wh i ch invo lve s
a ggrega tes of the alph a - s y nu cl ein pro tei n . Amyo trophic latera l
s cl erosis (ALS, also known as Lou Geh ri g’s disease), too, has been
s h own to invo lve pro tein aggrega tes—in this case, the pro tei n
su perox i de dismut a s e .

Th ere is even hope of tre a ting or stopping mad cow disease—
bovine spon gi form en ceph a l i ti s , or BSE—before the disease spre ad s
to large nu m bers of humans in the form of n ew - va riant Creut z fel d t -
Ja kob disease.“I re a lly do bel i eve that most of these neu rodegen er-
a tive diseases can be attacked ,” L i n d quist says .“ It may be five or ten
ye a rs aw ay, but we wi ll be able to make a real differen ce .” — M P

Pro s p e c t s
fo r

Tre at m e n t

is Al z h ei m er ’s hered i t a ry in these families, but it also occ u rs very early
in life : Mem bers may devel op the disease in their forties or fifti e s .

Certain families had errors in the gene that codes for amyl oid prec u r-
s or pro tein (APP), a large molecule that is cut up by va rious en z ymes to
release pepti des of a myl oi d - bet a — i n cluding the type that acc u mu l a tes in
Al z h ei m er ’s plaqu e s . In other families,t wo different gen e s ,pre sen i l i n - 1 a n d
pre sen i l i n - 2, h ad mut a ti ons that also produ ce an increase in amyl oi d - bet a .

With these genes in hand, re s e a rch ers ch a r ged ahead ,c re a ting tra n s-
genic mice and other animals in wh i ch the gen e s’ ef fects could be stu d i ed
ra p i dly. One of t h eir first ex peri m ents showed that amyl oid plaques were
produ ced in the brains of tra n sgenic mice with mut a ted APP gen e s , just like
in those of Al z h ei m er ’s pati en t s . This ex peri m ent and others open ed the
door to the po s s i bi l i ty of finding dru gs that co u n teract the ef fects of t h e
mut a ted gen e s .Several drug com p a n i e s ,i n cluding Bri s to l - Myers Squ i bb Co.
and Am gen , In c . ,a re now racing to devel op com pounds that might pre-
vent the en z ymes from snipping the prec u rs or pro tein and thereby stop the
release of a myl oi d - bet a . At the Na ti onal In s ti tute on Agi n g, in Ba l ti m ore ,
re s e a rch ers devel oped an ex peri m ental drug call ed ph en s erine that simply
dec reases the produ cti on of the prec u rs or pro tei n ,t h ereby lowering the level
of a myl oi d - bet a ; the drug is now in clinical tri a l s .

In 1999, re s e a rch ers at Elan Pharm aceuticals in So uth San Fra n c i s-
co announced they had made a vaccine against Al z h ei m er ’s disease—
and that it worked in tra n sgenic mice . The vaccine contains bits of
a myl oi d - bet a , prom pting the mice to make anti bodies against this su b-
s t a n ce that app a ren t ly prevent Al z h ei m er ’s plaques from forming in the
a n i m a l s’bra i n s . Human trials of this vaccine began last year and dem on-
s tra ted its safety. Now the com p a ny wi ll test the vacc i n e’s ef f i c ac y.

Bel i eving the vaccine too good to be tru e ,t wo indepen dent te a m s
of s c i en ti s t s — one led by Peter St. G eor ge - Hys l op, an h h m i i n tern a-
ti onal re s e a rch scholar at the Un ivers i ty of Toron to, and the other by
D avid Mor gan of the Un ivers i ty of So uth Flori d a — recen t ly set out to
ch a ll en ge its ef fectiven e s s . In s te ad ,t h ey en ded up su pp lying evi den ce in
its favor. Af ter mice with the equ iva l ent of Al z h ei m er ’s disease received
the vacc i n e ,t h eir perform a n ce on mem ory tests cl e a rly improved .

An o t h er group at Tel Aviv Un ivers i ty in Is rael is bet ting on a differ-
ent vacc i n e ,A N - 1 7 9 2 , to prevent or treat Al z h ei m er ’s . Th o u gh nothing
is yet cert a i n ,s everal re s e a rch ers — i n cluding Lindquist —think that at the
c u rrent ra te of s c i en tific progress there is a good ch a n ce of s eeing tre a t-
m ents to slow down or prevent Al z h ei m er ’s disease within five to ten ye a rs .

A Clearance Mechanism
An o t h er area “ wh ere there’s su d den ly a lot of opti m i s m ,” according to
L i n d qu i s t , is Hu n ti n g ton’s disease (HD), a ra re inheri ted disorder that
is best known for having kill ed the folk singer Woodie Gut h ri e . Peop l e
with this disease slowly deteri ora te both men t a lly and phys i c a lly for
m ore than a dec ade , su f fering uncon tro ll a ble writhing movem en t s
a l ong the way. Th o u gh the h u n ti n g ti n gene was iden ti f i ed in 1993, a f ter
a long search , its normal functi on is sti ll unknown and the mech a n i s m
of the disease remains a mys tery. Nevert h el e s s , the gen e’s discovery has
l ed to some intere s ting findings—and new approaches to tre a tm en t .

The key to wh et h er the h u n ti n g ti n gene is normal or defective
tu rn ed out to lie in a kind of gen etic stut ter: a repeti tive sequ en ce of t h e
d na tri p l et CAG , wh i ch codes for the amino acid glut a m i n e .S tretch-
es of C AG “repe a t s”a ppear in every human bei n g’s h u n ti n g ti n gen e , but
in va rying len g t h s . Wh ereas the normal gene has a sequ en ce of bet ween
6 and 34 CAG repe a t s , the abn ormal gene contains many more . In fact ,
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a ny stretch of d na containing more than 40 of these repeats en su res that
its be a rer wi ll devel op Hu n ti n g ton’s—and the gre a ter the nu m ber of
repe a t s , the earl i er the disease stri kes and the gre a ter its feroc i ty.
Re s e a rch ers also discovered that the abn ormal form of h u n ti n g ti n pro-
du ces misfo l ded pro tei n s , wh i ch then sti ck toget h er in toxic clu m p s
i n s i de the pati en t s’ brain cell s .

People used to bel i eve that on ce Hu n ti n g ton’s disease begi n s , it is irre-
vers i ble—that the gunk in the brain cells cannot be dissolved and that
the brain cells are doom ed to die. But wh en Ai Ya m a m o to and Rene Hen
of Co lu m bia Un ivers i ty and their co lleagues te s ted this idea last ye a r, t h ey
found otherwi s e . Working wi t h
m i ce that had been en gi n eered to
c a rry an HD gen e , t h ey devi s ed a
w ay to tu rn the gene on or of f a t
wi ll . Th en they showed that the dis-
ease progre s s ed on ly as long as the
h u n ti n g ti n gene kept chu rning out
m ore of the abn ormal pro tei n .
S topping this produ cti on , t h ey
reported , “not on ly halts progre s-
s i on of the disease, but can revers e
a ggrega te form a ti on and progre s-
s ive motor decl i n e .”

This was trem en do u s ly good
n ews—not on ly for Hu n ti n g ton’s
p a ti ents and their families but for
people con cern ed with any of t h e

o t h er diseases caused by misfo l ded pro tei n s .“ It proves that mammals
h ave a cl e a ra n ce mechanism that norm a lly rem oves this ju n k ,” s ays
Art hur L. Horwi ch , an h h m i i nve s ti ga tor at Yale Un ivers i ty who stu d-
ies how pro teins fo l d . He points out that HD and other diseases migh t
be revers i ble if one could find ways to shut of f the produ cti on of t h e
a bn ormal pro tei n s . The cells that are de ad could not be revived , of
co u rs e , but those that are sick might be cured .“ It could happen ,”he says ,
“ i f one could intervene ra p i dly en o u gh .”

Prodding Proteins into Line
One of the gre a test puzzles in bi o l ogy is prec i s ely how the body ’s bi ll i on s
of pro teins fold into their correct three - d i m en s i onal shape s .Wh en amino
acids are first strung toget h er to make new pro tei n s , t h ey flop aro u n d
i n s i de the cell like coo ked spagh et ti . Th en they ra p i dly con tort into va r-
ious parti a lly fo l ded states before adopting their final, active form .

Because scien tists knew that a special class of “ch a peron e”pro tei n s
g u i de nascent pro teins tow a rd their proper stru ctu re ,t h ey won dered if
an ex tra su pp ly of ch a perones would help to preven t pro tein misfo l d-
i n g. For instance , could it prod em er ging hu n ti n g tin pro teins su f f i-
c i en t ly into line to prevent them from becoming toxic to neu rons? 

Nancy M. Bon i n i , an h h m i i nve s ti ga tor at the Un ivers i ty of Pen n-
s ylva n i a , dec i ded to try this idea out in Dro sop h i l a bec a u s e , as she
ex p l a i n ed , “l a te - on s et , progre s s ive diseases su ch as Al z h ei m er ’s or
Pa rk i n s on’s can take months or ye a rs to devel op in mouse model s , but
in fruit flies they take on ly 10 days .” In s te ad of working direct ly wi t h
Hu n ti n g ton’s , h owever, she foc u s ed on spinocerebellar ataxia type 3
( S C A 3 , also known as Mach ado - Jo s eph disease), one of at least ei ght dis-
eases caused by too many CAG repe a t s .

Af ter Bonini and her co lleagues inserted the human SCA3 gene into
f ruit flies, t h ey found that the flies’ reti n a s , wh i ch contain nerve cell s , ra p-
i dly degen era ted . The re s e a rch ers then produ ced a new strain of flies that
h ad both the SCA3 gene and a gene for a human ch a perone pro tei n ,H s p 7 0 ,
in the hope the ch a perones would come to the cell s’ re s c u e . Th ey did. Th e
ch a perones su ppre s s ed the disease, and the flies’ eyes rem a i n ed norm a l .

Ot h er re s e a rch ers , su ch as Huda Zogh bi , an h h m i i nve s ti ga tor at
Bayl or Co ll ege of Medicine in Ho u s ton ,a re working with mice as well
as flies. Zogh bi is working to find molecules that help su ppress the dam-
a ge caused by CAG repeats in the fly, t h en use the mouse model to
examine how these molecules produ ce their ef fect s .

The Workhorse: Ye a st
L i n d qu i s t’s favori te model or ga n-
i s m , h owever, is S a cch a ro myce s
cerevi s i a e, or baker ’s ye a s t , wh i ch
can be manipulated easily and
grows ra p i dly. Even tu a lly, s h e
h ope s ,m odels of HD in yeast wi ll
provi de a ro ute for “f i rs t - l evel
s c reens for ph a rm aco l ogical agen t s
that might reverse some of t h e
d a m a ge” f rom CAG - repeat dis-
e a s e s . “Obvi o u s ly, s om ething that
works in yeast might not work in
mammalian cell s ,” she says , “but
you can screen thro u gh many,
m a ny more com pounds mu ch

h h m i  b u l l e t i n  | s e p t e m b e r  2 0 0 1 1 1

Susan L. Lindquist has new optimism that work in yeast, flies and worms will

bring important insights into protein misfolding in several fatal diseases.

Two senile plaques from the brain of a person with Alzheimer's dise a se conta i n

d e p os i ts of amy l o i d - b eta protein surrounded by degenerating nerve endings. Th e

black objects are neurofibrillary tangles within degenerating neuro n s. 
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The ep i demic of m ad cow disease that
eru pted in Bri tish herds in 1986 has

s l owed down recen t ly, prob a bly bec a u s e
the co u n try ’s meat indu s try ch a n ged its
m et h ods of rec ycling animal byprod-
u cts into cattle feed .

Yet an unknown nu m ber of a pp a r-
en t ly healthy people who ate infected meat

in Britain long ago may be incubating a fatal
brain disorder, n ew - va riant Creut z fel d t - Ja kob

disease (vCJD), wh i ch seems to be caused by the same type of i n fecti o u s
pro tei n s , or pri on s , as mad cow disease. At least 105 people have been
i n fected ,m o s t ly in Bri t a i n , and 98 have alre ady died .

Mad cow disease and vCJD kill so many brain cells that they leave
holes in the vi cti m’s bra i n , making it look like a spon ge — wh i ch is why
these disorders are call ed “s pon gi form” d i s e a s e s . In sheep, the equ iva-
l ent disease has been known for abo ut 300 ye a rs as scra p i e , a fatal ill-
ness that makes its vi ctims trem ble and wobble fra n ti c a lly, of ten ru b-
bing them s elves raw against the fen ces of t h eir pens as they try to stay
u pri gh t . Th eir bra i n s , too, a re ri d dl ed with holes.

Was it scrapie that infected Bri tish cows? Maybe . But how co u l d
i n fectious pri ons overcome the usual barri er bet ween species? Recent stu d-
ies by Jonathan S. Wei s s m a n , an h h m i i nve s ti ga tor at the Un ivers i ty of
Ca l i forn i a ,San Fra n c i s co (u c s f) ,and gradu a te stu dent Peter Ch i en pro-
vi de a po s s i ble answer. Working with two different species of ye a s t ,t h ey
s h owed that a yeast pri on , Su p 3 5 , can misfold into several “d ra m a ti c a lly
d i f feren t” i n fectious shape s ; this property en a bles abn ormal pri ons from
one yeast strain to interact with normal pri on pro teins from other stra i n s ,
i n ducing them to adopt similarly abn ormal shape s . In ye a s t ,a bn orm a l
pri on pro teins clump toget h er and lose their normal activi ty. In mammals,

clumps of a bn ormal pri on pro teins may damage the bra i n .
“Ot h er aggrega ti on diseases are ei t h er sporad i c ,l i ke most cases of

Al z h ei m er ’s , or inheri ted , l i ke Hu n ti n g ton’s ,” s ays Wei s s m a n . “Wh a t
m a kes mad cow disease so fri gh tening and unu sual is that it’s infecti o u s .
But that also gives you a ch a n ce to el i m i n a te it.”

All mammals, i n cluding hu m a n s ,c a rry the pri on gene Pr P,wh i ch was
d i s covered and named by Stanley Pru s i n er of u c s f in the 1980s. Pru s i n-
er and others showed that tra n sgenic mice lacking the pri on gene were
to t a lly resistant to infecti on with scra p i e .“One of the keys tone ex peri m en t s
in the pri on hypothesis was to del ete the pri on gene from mice and show
that now they weren’t capable of acqu i ring the disease,”com m ents Art hu r
L . Horwi ch , an h h m i i nve s ti ga tor at Yale Un ivers i ty.Wh en these mice were
given a normal pri on gen e ,t h ey became su s cepti ble to scrapie aga i n .

Several re s e a rch teams have been looking for ways to el i m i n a te
Pr P- s c rapie aggrega tes or to prevent them from forming in the first place .
“We work with molecules that den a tu re PrP pro tei n ,” s ays Fred Co h en ,
at u c s f, wh ere he co ll a bora tes with Pru s i n er.“We learn ed that bra n ch ed
po lyamines work well in cell cultu re . But they don’t cross the bl ood -
brain barri er and don’t get into the bra i n , so they cannot be used on ani-
m a l s . However, t h ey could sti ll be qu i te useful as disinfect a n t s .” Th ere
a re no good disinfectants against abn ormal pri on s , and cases of peop l e
con tracting Creut z fel d t - Ja kob disease from su r gical instru m ents or
f rom corneal transplants have been reported .

“We also found that some anti bodies actu a lly clear pri ons from
mouse cells infected with scra p i e ,” Co h en says .“This argues that pri on
diseases may be tre a t a ble with anti bod i e s .”Most recen t ly,Pru s i n er's te a m
ex a m i n ed a large nu m ber of com pounds that are known to cross the
bl ood - brain barri er and discovered that two older dru gs — ch l orpro-
m a z i n e , an anti p s ych o ti c , and qu i n ac ri n e , an anti m a l a rial agen t — pre-
vent the form a ti on of PrP scra p i e . Th ey are so en co u ra ged by this find-
ing that they su ggest the dru gs are “ i m m ed i a te candidate s” for tre a ti n g
Creut z fel d t - Ja kob disease and other pri on diseases, and have beg u n
te s ting them in people dying from CJD.

S ti ll , the best approach would be pre-
ven ti on , Weissman points out .The new - va ri-
ant CJD is “a very aggre s s ive disease,”he says .
“Once you have the symptoms of vCJD, it
will be difficult to treat.” Because there’s no
blood test for the disease,the American Red
Cross announced in May that it would stop
accepting bl ood from anyone who has spen t
as little as three months in the United King-
dom or six months el s ewh ere in Eu rope du r-
ing the past two decades.

Weissman would like to know wh a t
makes cows or people susceptible to these
d i s e a s e s . Si n ce some sheep are natu ra lly
resistant to scrapie, it might be possible to
find bu lls that are natu ra lly resistant to pri on
diseases and use them to breed more-resist-
ant cattle herds.“I f we can learn where mad
cow disease came from and how it is trans-
mitted,” he says,“we may be able to ensure
that the cattle supply is completely free of
m ad cow disease—and to prevent futu re
outbreaks.” — M P

The M a d
C ow

C o n n e c t i o n

Jonathan S. Weissman (right) and grad student Peter Chien determined how

prions can jump from species to species.
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m ore ra p i dly and mu ch more
ch e a p ly in yeast than you could in
mammalian neu ronal sys tem s .”

Even more import a n t , per-
h a p s , re s e a rch on yeast may lead to
s ome basic insigh t s . “The prob-
l em of why pro teins misfo l d — a n d
why that is associated with toxic-
i ty—is very com p l ex ,” L i n d qu i s t
s ays .“ It’s su ch a com p l ex probl em
that I think it’s real ly important
for lots of people to be working on
it, and to be approaching it from
different angles.”

One re a s on for the com p l ex i-
ty is that “t h ere seem to be a va ri-
ety of d i f ferent ways in wh i ch pro teins can misfo l d ,” she ex p l a i n s .“ In
ad d i ti on , t h ere are different kinds of a ggrega te s .” To make matters
wors e ,“a ggrega ted pro teins are re a lly misera ble to work wi t h ,” she says .
“You can’t crys t a ll i ze som ething that’s an aggrega te , so you can’t use x-
ray crys t a ll ogra phy. You can’t use any of the typical tools for the stu dy
of pro tein stru ctu re , wh i ch requ i re the pro tein to be ei t h er in soluti on
or free . So we’re redu ced to using some fairly pri m i tive too l s , and wh en
you see a big bl ob inside a cell you can’t tell wh et h er it’s the same as
a n o t h er bl ob.Yet one bl ob might be toxic and the other not. One migh t
provi de a su rf ace for other pro teins to bind on , while others don’t .

“ It’s not even cl e a r,” she ad d s ,“ wh et h er it’s the aggrega te per se that’s
tox i c . Could it be some earl i er misfo l ded interm ed i a te? The large aggre-
ga tes might be the cell ’s way of s equ e s tering material to pro tect itsel f … .
This fundamental probl em has not been solved .”

At least in Hu n ti n g ton’s disease,wh i ch Lindquist has been stu dying in
yeast cell s , she bel i eves that the re a lly dangerous state is the small aggrega te s .
“ But we don’t know how mu ch that applies to other diseases,”she says .

The Influence of Pr i o n s
Yeast may in fact provi de the key to understanding not on ly amyl oid dis-
eases and CAG - repeat diseases, but also “s pon gi form en ceph a l op a t h i e s”
su ch as mad cow disease, wh i ch have been attri buted to pri on s . The very
i dea of pri ons makes many scien tists uneasy because it vi o l a tes the funda-
m ental principle that the pre s en ce of nu cl eic ac i d s , su ch as DNA , is essen-
tial both to inheri t a n ce and infecti on . Yet pri ons produ ce clumps in the
brain that are infectious even
t h o u gh no nu cl eic acid seems to be
i nvo lved . In ad d i ti on , pri ons can
pass their traits ac ross gen era ti on s .

L i n d quist came to pri ons by
acc i den t . “We just happen ed to be
working on a pro tein call ed Hsp104,
wh i ch is a heat-shock pro tei n — i t’s
very important for thermal to l er-
a n ce in ye a s t ,”she says .“Ot h er ch a p-

erones just bind to part ly fo l ded pro-
teins and keep them from get ti n g
i n to tro u bl e , but Hsp104 can actu-
a lly take a stru ctu re and ch a n ge it. It
can take apart newly form ed aggre-
ga tes that are caused by heat stre s s .
So I prefer to call it a rem odel i n g
f actor ra t h er than a ch a peron e .

“Th en we got a call from Yu ry
Ch ern of f ,” L i n d quist rec a ll s . Now
at Geor gia Tech , Ch ern of f was then
a scien tist in Susan Liebm a n’s lab
at the Un ivers i ty of Ill i n ois wh o
was stu dying [PSI], a gen etic tra i t
in yeast that seem ed to be dis-
obeying Men del ’s laws of i n h eri-

t a n ce .( Su ch traits used to be label ed “n on - Men del i a n ,”but now they are
i n d i c a ted by bracket s : [PSI].) “ He had been trying to cl one genes that
con trol [PSI]’s inheri t a n ce ,” L i n d quist rec a ll s , “and he said the on e
cl one that re a lly had a big ef fect was the gene for this pro tein we had been
working on , H s p 1 0 4 . We had n’t yet publ i s h ed mu ch on its molec u l a r
m ech a n i s m s .

“Susan Liebman had been working on [PSI] for a lon g, l ong ti m e .
So we co ll a bora ted with her and Yu ry, and we showed that you co u l d
c u re yeast cells of this trait just by tra n s i en t ly ch a n ging the level of
H s p 1 0 4 . The normal state was then passed on from one yeast gen era-
ti on to the nex t . This was a very strong argument that the trait was inher-
i ted thro u gh a pro tein stru ctu re”—in other word s ,t h ro u gh a pri on .

A little later, L i n d quist discovered that Hsp104 also con trols the
a ggrega ti on state of the hu n ti n g tin pro tei n , at least in ye a s t . “So now
we’re using Hsp104 in yeast to ch a n ge the aggrega ti on state of hu n ti n g ti n
and to test some models of h ow its tox i c i ty might ari s e ,” she says . Nex t ,
she plans to look for “a gents that might interfere with the tox i c i ty,” f i rs t
in ye a s t ,t h en in mammals.

L i n d quist bel i eves pri ons arise wh en certain normal pro teins acc i-
den t a lly produ ce folding interm ed i a tes that have a sti cky su rf ace .
“That su rf ace provi des a tem p l a te for other parti a lly unfo l ded pro tei n s ,
wh i ch bind with it and wind up get ting tra pped ,” she ex p l a i n s .“ L i t t l e
a ggrega tes of pro tein are then passed on from mother cell to daugh-
ter cell thro u gh the cytop l a s m , and wh en the daugh ter cell starts mak-
ing her own pro tei n s , these have the same capac i ty to get tra pped on

l a r ger aggrega te s .
“ It’s very heri t a bl e . It’s very

reprodu c i bl e ,” L i n d quist says . “ If
you cross a cell that has a pri on
trait with a cell that doe s n’t , t h e
pri on trait is alw ays dom i n a n t
because it’s got that sti cky su rf ace ,
and the other pro teins join up to it.
Th en all the cell ’s progeny wi ll have
that trait in them .”

To devel op approri a te te a t-
m en t s , i t’s essen tial to unders t a n d
the basic mechanisms of pro tei n
m i s fo l d i n g,as well as how misfo l d-
ing can perpetu a te itsel f , she says .

A rthur L. Horwich believes that

H u n t i n g to n’s dise a se and similar diso r-

d e rs might be reve rsible, if abnormal

p rotein pro d u ction could be shut down. H

s e p t e m b e r  2 0 0 1 1 3

M u scle cells in a worm's body wall show the effe ct of an excess of CAG re p e a ts ,

as occurs in Huntingto n’s dise a se. A normal C. elegans w h ose DNA contains no

m o re than 19 CAG re p e a ts produces protein that is dist r i b u ted eve n l y

t h roughout the muscle cells (left). With too many CAG re p e a ts, the prote i n

forms uneven clumps (right). 
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