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CO\IFCRMATI ONAL DI SEASES v FI ELD OF THE | NVENTI ON 5 The present invention 'g\]
rel ates tQygopBlelpd for the diagnosis or detection of confgarfaghHsass Qk
di seases by assaying for a narker (i.e. the pathogenic conforner) of such
di seases within a sanple, which nethod conprises a cyclic anplification
systemto increase the | evels of the pathogenic confornmer. In particular,
such conformati onal di seases nmay be prion encephal opathies. a |0
BACKGROUND OF THE | NVENTI ON Conformati onal di seases are a group of
di sorders apparently unrelated to each other, but sharing a striking

simlarity in cli ‘gﬁk’ mm m d nol ecul ar

" mechani sns of ini [}? Xr%ml$@§ ? T‘g&r) ?u %ﬁt ti ssue
deposition 15 and damage The structural interest is due to the fact that

t hese varied _d ; e froman aberrant conformational transition
I N an under=y aracteristically leading to protein aggregation

and tissue depomt {p%@ent'\ﬁdérﬁ@ 'aélatem% Prrﬁécﬁc‘?&%f Ql'ih qiagﬁcfsgse fag.ia&sw%?' onal

di seases reflects this nolecular mechanism wth ow and 20

i nsi di ous @nﬁmrmam dispases biaasseyingofer agnaskerufi.e.ithg patﬁognmonéqmqgr offech but a
mor e sudden 0ns ¢l f&:ﬁrﬁl %ﬁc%rrﬁethéld nptikad S‘P}CE blifRfior stem p”’te' n. Two
exanpl es o speC| al si'g Ficance of sudh con onal o urseasediaret he

Tr ansm ssithé tevelp of dhe eilogemic epifatmeralnpagticudun dsudh zchéonmuodai isedseemaypbeli sease
that threatens to,overwhel mhealth care systens in the devel oped world (for
a revi ew S¥wnEgceRhajopgries) 1997). 25 Transnissible spongiform

encephal opathies (TSE) al so known as prion di seases are a group of
neurodegenerative diseases that affect humans and ani mal s. Creut zf el dt
Jakob di sdaSehGRIPNLE ) ',:“- bRt r aussl er - Schei ker di sease (GSS) and

fatal famlial 4 i .

Spongi f orm enceotd H?e}"t éﬁ%”‘”mnﬁgﬁ%ﬁ’z Sielert BpBELAD, Gl 16 LR

( Prusi ner ,oth&9 bt shanngVDs 4stibilarity rPClifiGB@rdsarGitons Ahtthmﬂgm théie shardd seas es
| at h .th ' f the .

e - SR Ol Sl bl AR ald doPlof S

aut horist i emdalaghapdle scientific commni ty (Cousens et al. 1997 Br uce et

al ., 1997). These di seages are terléﬁghby an trerrel
i ncubat i on per i 68 USRI HRLeresy ¢ sShvared F"y‘e‘T’é‘P Pm\? %‘é‘al

di sease (Bppgqmt cﬁ&onﬂa%gga)l-m-ﬁﬁu&?'h? aﬂQmHQ‘B‘iﬁé)}ﬁrdtén, characteristically leading to

protein aggregation and tissue deposition. Medically, the presentation of these

conformational diseases reflects this molecular mechanism, with typically a slow and

20  insidious onset when the transition is occurring in a normal protein, but a more sudden
onset when it occurs in an unstable variant of the protein. Two examples of special
significance of such conformational diseases are the Transmissible Spongiform
Encephalopathies and Alzheimer dementia, a disease that threatens to overwhelm health
care systems in the developed world (for a review see Carrell et al,, 1997).

25 Transmissible spongiform encephalopathies (TSE) also known as prion diseases are
a group of neurodegenerative diseases that affect humans and animals. Creutzfeldt-Jakob
disease (CJD), kuru, Gerstmann-Straussler-Scheiker disease (GSS) and fatal familial
insomnia (FFI) in humans as well as scrapie and bovine spongiform encephalopathy (BSE)
in animals are some of the TSE diseases (Prusiner, 1991).
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avai | abl e. The key characteristic of the disease is the formation of an
abnormal |y shaped protein named Prl’ S, which is a post-translationally

modi fi ed %%/F‘B spf a nornal protein, termed PrPc (Cohen aperERiGd861
1998). Chem di fferences have not been detected to = 1 o distinguish

between PrP isoforns (Stahl et al., 1993) and the conversion seens to
i nvol ve a confornmati onal change whereby .the a-helical content of the nornal
protein dimnishes and the anount of f3-'sheet increases (Pan et al., 1993).
The structural changes are followed by alterations in the biochem cal
properties: PrPdlthoughothess diseases mmelatelnbrtmrcmhjum sk for thertRnsmissbility

i nsol ubl e; ase ile artially
os stant, FaSh 1 HBR' duloukh 365 il Bosh e BRRTR sl of e bl B
fragrrent krauthmmesdnEmlwmnuﬁcEedmimnntyf(Cowensetw%W ,Brberec alndogA usi ner, 1998),
., "PrP 27-30" (27-30 "PK-resi st ant tel nase K resi orm At

present thert(a |ﬁﬁ§f’t£§>ﬁseé&‘&f %ﬁﬂaﬁeab G%F’g f"&q@’ lﬂ%ﬂ%ﬂﬁy , Budka
et al., s1999.a biiebaid ifVvaribly fard Urfidal dbkke eﬁz@ thr9p TeRIas: diitﬁgﬂaﬁ}sfs' c test

for pr| on di seases are 20 hanpered by t apparent | ack of an 1'mune
response td@v » The clinical diagnosis of CIDis currently based upon the

conbi nati on of t S

nyocl onus, and Snﬁ?@o%&ﬁ%ﬂ%l?o ogl Cﬂﬁ%@é fthen(@:'%rﬁ%ﬁ& taags%’(r)lm a?%spﬁped

char act er i proteinpremed B> eilech rscnepmsep'hmlaugndbnmm’é)i verddn bieposrinal ﬂaﬂﬂﬁn Weber
I e R NERE TR
abnor nabi t idetinfiBiiebetwedn| Prtisolbrms (SRABIE) al., @293 \uad deccohbarsios seeha ey ifbolveldl ni cal
di agnosi s i sEFr ound, 60% f or D an eﬂéﬁghl y var| able for. other

prion-rel at@ angeghesehyithe ait §°ﬁ’ﬁ?1é’r@félél.dﬁam§h€ﬁrﬁﬂ§i at

the late-s e ar, haye devel 0

al., 1997). I (F ogggaﬁ%%l@grfassesu@ﬁé"? u* 81’ (%?9%5 d%@actr%%f s Fﬁﬁ@f v{egﬁayp“ on
di seases, lahéraﬁdsmam}&cbmmpmmlqnb @ﬁésyPrPS%safubIehﬁ naﬁda&mfhskg tgeag) P> S
useful onl Y Io cl gg.ot condi Li ons of @ﬁgg/ 0a95..1 PCT/ GBA /0258 4 3
v rapidly psr’é‘@? ;ié} B dégeﬁfﬁée ¥ Bro8p ey | asPBHly gpsistans msrlng
(Veber 18t g the foP@4don JMENLE réd ReEndi khawwgpﬂfrest' f(BalMl et aby

conput ed tono %raphy (CT) and magnetic resonance imaging (M~ depend nainly

on the stad@%1Cahrranl Bassiser, 1998),i“Brih2rc3P"1 (€430 kbrkon RReresisant” {protainage Khase
no atrophy, Es?stﬂ@tfé%.ed in 80% of the cases (Galvez and Cartier, s 1983).
MRl ~hyperintense signals have been detected in the basal ganglia besides
atrophy (Onof rj iAtgiresaht, theted9adt axLadcmﬁehbagubmwfgmﬁ‘SEd%i@eRiemyt, 0P8, Bhdlse

| t t t dent d |
neuronal - 25 Ehdeoh MEbeRE G 1920 el st Sevite SitePRl B i MoRd RS R oy
cbi qui i n %‘%‘?ﬁ"@‘?@* Z’a‘ﬁ‘&“’““i‘;ﬁ%?d‘“’w. ; f“s““c‘éf‘iﬁfﬁiﬂ.’hﬁ%}‘“??ub g"%ﬂ n
the early 18 cyyre PRp SR AESUPATEEAHOBYSE w3 Jespthap gy se
of the ill Tﬁ@egﬁb%n&t axﬂim\ﬂuf&glzﬁeurcﬁb%ial anfurﬁﬁox{‘%kp&%ﬁ vAA thardchafstkd - 3- 3

protein, proposed as peC|f sensitive test for sporadic

CJD (Hsich p@noehr: electtapnegphalagme, GEG) (WHO Report, 12980 W ebesret aldl 997)abloweyes, of
vCID, and 0 3 in
may be- pr e Lt GIES (EPRE hdef of e fediP Bt ARG and W LA S RS 1
not recSmreasts domoet hiwd@he FE4 glmmmlines (Stemimth 4.01996) IDraamtrage theeemelme}d to
confirmthe cl.nic di.agnosi s [t 9938) . . onb n|n ni cal
Gata it h i Reenpua i famak e ton L pid el barishle Foreor Besbreid

T 20 the Eir omean aurval ) I onee ol e my f‘i"é“%f‘?%ﬁ?i?‘f‘f‘?a?s"t’%ﬁ | shed
‘only by ne MP@@L% Je&&%é%b@ﬁténé tection of PrPs’ either by

| mmunohi st ochem @hioke a4 oHhakfPlor S UREHbshl Hinker VR BRSn Blseidds bOREse Budka

et al., 1995). Formation P~ 1s not only t kel'y tause of the
di sease30 bueptesent onlu[18% of ﬁh;e cbeestNkwgmagmnslwcﬁll @éxmxcbde otherpopditionnof
tissues and cells correlates widely with the disease 25 and with the
presence of TSE infectivity, and treatnents that inactivate or elimnate
TSE




infectivity also elimnate PrP~ (Prusiner, 1991). The identification of
PrP~" in human or aninmal tissues is considered key for TSE di agnosis (WHO
Report, 1QQPd206%ye inportant limtation to this approach igtidiBo1/02584
sensitivity, since the amounts of PrP~ are high (enough for detection with
conventional nethods) only in the CNS at the | ate stages of the disease. 30
However, it has been denonstrated that gt earlier stages of the disease
there is a generalized distribution of PrP~ {in |ow anounts), especially
in the | ynphoreticul ar system (Aguzrl, VWO 021 04954 PCT/ GB111/ 02584 4
1997) . | ndeeully pregregsivesismentinmuepp ptructpraklesions ot the)braina(Websr gredl a1997k The

ol Togy) PAAREORAEDY Ry SRR ISR Ky QAR SRl (T e

tonsi || ar wsormppere miagingh(MRE ydepend chaindy os able istages 6f Ehed Hrepsa STF ,is intuchdessbeen

shown that_in.sheep genetqdcally suyscepti bl oS ie S d. be 5
detect e | FRETCRT a HEB bAaiE R YRR Bhre i B it (Palemeflhietbac i on
period S:C-IOWE‘)BG)HIVIRI B?ﬁerh&dilsdﬁﬁsigrzdhehd%ﬁi_é&@déteded ih ngg&;a)ealt ' x el‘&sia&l :itﬁfph.?fn_ any
cases of sporadic washi,ma et a : e normal protein is
expressed ‘%‘H ?tég)gggij @I the @‘P@e-“p‘i’l&?‘é@ib& %;fn esealfeeatiope atetbyino meansi p| e
that sone LQleg@d cells may contain PrP~" in affected individuals

(Aguzzi, 1997). This i0 raises the possibility of a blood test for CID, but
this woul d r equRessntadata sisveyidentified sevard meuronalt astrodpisrand gl profednist et arp t han
t hose curr Vi e PY I ' I | heskzed to occur, when
PrP~" in tﬁg‘}a#e\r@f glctémg(?ﬁggu "ufn?’()lzii?gl#éa ‘{%gé“ggélgﬁ’f Féég% yssgvﬁl%ﬁﬁlsﬁ Be

cat al yri ngubitsitin erevsgmfiently inctdasedpatthe garebrospimd fuidf (G ipthetaily phésehdn et

al ., 1994).. This.process takes from manﬁl nmont hs .t.0 iﬁgaf .toe%ga(i% AS
concent r at fiSRSOMItBdecreasing onfentrations; Qyge Fheyqrmrse of the eséjﬂh"b‘f ”

infective paiker 6f nddkdiml d&EE fMFe M%-B%r@tgih?’lm% IBe&H propsdad Ak b IPETHIC dnd SbdsitREUr €,
whi ch converts the nornmal protein #Lntegratl_ng it into the grow ng

aggr egat e Yerti fgtisporagic Gffk rabi &796hddowrven itvs ot peaful; ﬂwtbqgqugry‘ afi xi ng
purified P{,@D 1 3 I 0 19 : tuur, r-p~"
{Koci sko et al’%%&ﬁﬁlﬁi%ﬁ%8 %P%h%\ﬁéﬁégegg%\lféjr\g%ﬁmsﬁg? Jéarérselgglgh?cb?ip g%alﬁslg far
have | tw ethei GSenf patieptsnwish toddeey coadjtiomse thentesxis ews raonPadaded by WHR aehor e

are not useful ;for di agnpstic purposes becausg they .cannot. it ar

Cindet ect abEEehaTHPBeIPr ETR i Hehrviie PaRE fher e lingls (PRI Remry 1
that the nuosiger of PrPs” oligoners (converting units) renmains fixed

t hroughout the gourse. of the say. , The copverting,unit row sequentially
by the ends andbhEoRbiRg, sliticeh e bisbohe bisbemedanatie e ek ghoeroese. | n
nunber ( Fi gigsiblis dEebol IER-DESGRIPERE B PkaubMYRRERGIN Werdiy & hRVf ound

a nmethod for the diagnosis or det'ecti on of a conformational 30" di sease,

wher ei # t hthediBwepsan | Sunillaneet of | &8, (Hefinitive ndiagnesis émn astablidhad i enlgn byt an

under | yi ng i : DO i . hﬂﬂﬁiﬂ] : r, by

assayi ng an{zrﬁa%aglrl&%ﬁ&s g?%%édéa&da%é : Qﬁ%ﬁ ”%fchgﬁg?g{ep\%k i'ch e ?ﬁgogﬂ%%ﬁi ses:

WO 02/ 0495histiebibt CB®tstara St (Webér)et algf%% Budig esali, d9%9npl e with an anmount of

Lhe non- palt hooep ¢ canleonB i 0 Ll .SR09TRHPLLR0 ARY (REEL RSP AR VAl 1Y
best known marker. Detection of PrP* in tissues and cells correlates widely with the disease

25  and with the presence of TSE infectivity, and treatments that inactivate or eliminate TSE
infectivity also eliminate PrP% (Prusiner, 1991). The identification of PrP* in human or
animal tissues is considered key for TSE diagnosis (WHO Report, 1998). One important
limitation to this approach is the sensitivity, since the amounts of PrP* are high (enough for
detection with conventional methods) only in the CNS at the late stages of the disease.

30  However, it has been demonstrated that at earlier stages of the disease there is a generalized
distribution of PrP* (in low amounts), especially in the lymphoreticular system (Aguzz,



(i1i1) determning the presence and/or anobunt of said pathogenic conforner
within the sanple. 5 Generally, the pathogenic confornmer will be the marker
for the p fhedsLf the said disease. Preferably, step (i)pE9gBétoess step
(ia) incubating said sanpl e/ non-pat hogeni c conforner. According to a
preferred enbodi nent of the invention, steps (ia) and (it~ forma lo cycle
which is repeated at |least tw ce before carrying out step (iii). Mre
preferably, the cycles are repeated frohs to 40 times, and nost preferably

5-20 times. The conformational diseases to be detected or diagnosed are
t hose t hat 1267 htdattda(thepreseml:etgf RrP¥olmhs drepm repomatl. inrpabsing itomillbf tissne and

der | t | whi ch bl
 of "adopt 1 naPRERHB el fem g MR AP0 Rl o ARRGRB A ¢ B eRrRat s on.
One exanpl doaf esglidh dhe pliRheRi ébdrﬁ: ttdna]l@rdxorpgaﬁ&kebl sy Rioklld Be fugéd menrcmarrpl e

of such a protein.is the rot vol ved, Alzhe r's dise e. the
[3 anyl oi d s i has bepp shewn flst irnthesin Bociicals ssgepts 1p SCTAPISY 2 calg be

detected a as TSE
(2 def | nogoeasEEoaily ““@Iré BBl AP SO i QA igArRe BEFTED 1o
and accor dPnE; @snptd:eem elieete ernﬂmwms sof far ineanyraassstaf oporadic<Clhok &5Sof t he
di sease as 1g%hogen| c conforner is Prl'~, whereas the

non- pat hogenl C conaf orrfe f the protein of interest is PrPc. The anount of

t he non- pat hogerI‘he nonndl provein i¢ dxptesied inrwhitk blaood tallp afd plat(ehmchndphérefbal 1ty in

ste b ener al,l known .a al t e ot be the
chen U1 7)) pbsible BT e G ?@*ﬂrﬁféﬁ%@e@iﬁ@g aacit2d” TRt e
pat hogagi C r5ee ki {9&511;11&@1*@61@6& Yest {07 € TR Bt this erouIthEq) ROSREY Fite @ phRher
that is used in step (i) .(and opronally step (ib)) will be an excess

in
anount . Geséqaerd‘;greqqféerrsmvr%han '?SSGWH‘IMGY%Iaﬂﬁogem c conforner to
pat hogeni ¢ conf PLOR ﬁlga“é“‘%f gq.%g ;;zemg o%éﬁﬂvﬁé psd mb&le%é 100: 1,

preferably greater t nost prefera y greater t 000: 1.
WD 02/ 0495&1t6ra&€?¢®11y0@68host RrBS md}mh!gntspom‘emmﬂatbﬂp@ ogesic omflo the

i nvention, g nf or ner ste resent in.a brain
hom)genatepfﬁ e’ﬁn@g’é? ry8 %?@Cﬁﬁ]érﬁﬁ?%?s md aé’d')"%%s 2 T %)? }éraryr ng
out stap (lc&»ncehﬁad&ﬂﬂdfmh%ellodgh@dsﬁ{ggéxeheélhﬁdhyﬁpfmﬁwnogenate contai ning a
(preferably know@e%écess of t ﬁﬁnon- pat hogg C %Elgf rmer. i s added dcgrr ng
step (i). 5 Pref gveund of BrPn oMy ST Mo e s
fromthe SaBRveRERE ASrrhdl Provsh rshu&égeuﬁgmhe&e@@wﬁgaggﬁ@e cmgﬁé 1)ter1ﬁ
human brai n hompgenate for human sarrpl eto bgﬁ (gp’g%ze ra
2 iy

honpgenat e conyasiombashepmmimickedya vitrmbymixing pu r excess
non- pat hog%@#)gwﬁ)%gg%@[maf;ﬂpr Qidko &AL 4954 ecr fic fractr on of the brain
honogenat e, for ex I'n the

I p1d- ra’fts pom brai n honogenate. The
pr epar @i on of s'lihehnfutmcctqnwmonesyrstd:!ns tesclzedr soefir dave aw efficienyyt, sings they

descri bed in Sar wcorr&lg\% Elée% . Thus ge dlnventr on fur{)her [ Iat es
to a et hod Birealskss FELE AR 0T REekvldpT disgnosticiposss becdiess

f L action i samstiesorditr hh@etétmbldoﬂhmﬁeaﬁ the @oifiep r'nl?er reasmnsfbeg:e(lbw egﬁati?tp ls?bl 2
the tissue rain, ti nogepnate.qr frac erjve erefrom
froma healtt“rhﬁE ‘H}‘E@'t"ﬁ‘r' ‘% trﬁﬁ’é’é‘ﬁhedcﬁbfﬁ% the courss
present). ;og éas%zsﬂp@&ﬂv&ﬁﬁgﬁﬁx% é%%@dﬁ%yﬁé ends%8d hs 4 ARl 15 Become

gl ycosyl at Pr P~ r~e pref enti‘al’ly converted to the PrPs’
form 125 pdarger: bitato nopprureassinkmbers(Fi goeeelled Wit h phosphati dyl i nosi t ol

speci fic phospholi pase C was routinel y nore efficiently converted to the
pat hogeni c > UN/ gl ycosylated PrP~. A
further ens el ates to a met hod or assay

25 herein descrig 320 ¥ r,eﬂ'gath&gg?or BE'I0A5H & ER0L8E TP hifoRhRioatl" ©

30  disease, wherein the dlsease is characterized by a conformational transition of an underlying

protein between a non-pathogenic and a pathogenic conformer, by assaying a marker of

said disease within a sample, which method comprises:



(in particular N-linked glycosylation) in conparison with the wild-type

PrP~. Preferably, the PrP~ has been treated to renove sone, all or a

significarboasmyess of the glycosylation prior to its use asct8801A 2884

pat hogeni ¢ confornmer in the nmethods and assays descri bed herein; and nore

preferably, the non-pathogenic conformer is PrPc which is essentially

ungl ycosyl ated. 25 In the case of diagnosis of TSE, if aggregates of the

pat hogenic formare present within the 5sarrpl e, during step (i) they wll

i nduce the PrPc-3 PrPs’ transition and during step (ii) such aggregates

will. be Hiebntecingend sample vathmhlastoust dfithe nori-pathogenicuennfosmergach of which is

~still capabl e of inducing the conversion of,other PxP~, This kind of nethod
i s herei n@aﬁfagﬁeg%'%lai%%ﬁﬁgﬁe? ?V(?ﬁ‘?“ia]@'r#gnﬁ qr’élgrs'éaﬁr(é;s"é‘ﬂt ed in Figure 2.
Thi s syst gffi) rdetedthintngl thedprestfice ¥ithoe Ainoaht bﬁﬁdi&?‘éﬂlo'géhié bénformeitlih e P~

eventual ly pregsent in the sanple that can easily WO 02/ 04954 7

PCT/ GBOL/ 2%8%- be detected. According to a further preferred enbodi nent of

the i nkention, d&dqebdyt : ' Ps”

i1 APty prosenreliry e PRAKRIORGRRIwllbe T, GHIE, for M DraBEU S8 i

det er mi ni rigseadge anount of PrPs’ present within the sanple at the end of
on

t he assay and nsi deri e _nunpber_ of ~gyel erfofrned. | f, t.he
contrary, no Pﬁ%gf%ra glft rw;sco%1 %‘ﬁgosFe%i ggt ﬁ"ecue%(‘)x?lﬁ] i 5%@1%}§§P?§5h°5§mf)resent
in the samphformen PrPc nol ecule will be converted into PrPs and at the end
of the assay the marker will. be c | et el bsent . (no pat.hogeni.c.conf or mer
detected in t he \Carites amf%@ @@gﬁiﬂg%\m% thy R, FPEGO, Od fare ®f

PrPs” oS aytldvwiidels r@%&&doit'l_gﬁﬂ?vﬁce B@fbféhcﬁﬁalﬁcc%\éf‘e?t ﬁui)hﬁloﬂé)?fé?éraﬁl’f, qhei n by
integrating it into the grow ng aggregate, ere it 10 acquires the
proper t i escyelssase repeased fontd 1o timmscandramost prefarghly 2@ timss.r esi st ance and

i nsol ubi lity) r - L anss e bom s , g:zw@g e LA ter

i ncubation of the ?‘\B/\%fo’fqgr&r?éao@g%%%, tot Eg % |ge§m%ri C sggeégi aerga‘%hﬁ%rgeigageagé\i ts

si ze by r edhamatterised byna confarsitionali trapsiEioPof ol weailpsg prdteis. Fhoc basletidsg | ow
efficiency, sipce it depepds.on a.fixed nunber of poligoner r.ow ng, by the
ends.  The BTRISGS BPTEERERER fucals of FLORRBE & rrrpemfioas™e, fopforiaon a8l €2 of
the regct i pathosbEd chhfoymaidny ©ae ex@nglebfgich d protéin dstherpibnt hiateir, PrB. L oCcess
is what happens in the animal qr human hody after infectiqn, a_ process
known to thkBersrample of sueh e proses isrthe prasen givolved amAdzheimee s disease, he thederi be a
procedure tokpreaog .Jown the oligoners to a snaller ones, each of which is

t hen capabﬁnéY d‘f‘pc AVerti ng PrPc. Therefore, the system has direct

appl i cations t dTheeodicigiatioiab difeastonforatdispnated? @rdideeasd sare apdfdrably

particul ar transpj ssiple confarmational ,di.sea , ysuch_as TSE by anplifying
ot her wi se ‘iﬁﬂ’d’é‘fsé'g]teézﬁp DAY Segies s ~"§ﬂ$§f aﬁ}egr‘ﬁ i g‘f% u"grsg%’iogﬁpgi cal

f 1 ui dszg The syshmefe ¥Bsé ofl didtodi 6f "ESE ladd adidihg t¢ @ ipréferraf elibsddhéntasf the sk of
devel opi ng, TSE an 'so be very useful fo follow biochemcally the

I d
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L0 2 Pr o bk i SRt Gk Btk PR bPRrdrlieisdapm © L0 be anal ysed I

0 a st ep, I C

subj ect ed pre=treat nent as the purpose of "selectively

concentrating" The anheuns afiiie@onipethpgeniompafirmer that is usaskin sten (i) {and optiprally

detected. In_th ase of ISE bath PrPc and,PrPs ;have; be eported to be
| ocated i rﬂnaftefp@fgﬁfg%’ﬁfaﬁ#ESFq?’ﬁgnw alr%g?%?‘ath’é n\/‘\a/ﬁcll ¢ I:elgesﬁlre ecgslesi?éjﬁ% to
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o 1996 . TheRe b th et RonRRoREe GoTlp R kit s in b () (e

det er gent - aRallyAfl <i2BHRAAP beDEMbxcals amMHORIAATMY (Be REHAGRAI /A28 1
caveol ae-l1'ke domai ns ( ) and are rich ipn signaling proteins, receptors
" and GPI ancpashegénisrcontqrmsr to/pathegeaicconformen(it presant 1mdhe wmpte) pill b gatarn i s

attached tg,.} Bhs 1,%preferably greater than 1000:1 and most preferably greater than 1000000:1.




fraction, which contains <2%of the total proteins (see Exanple 6 and
Figure 7). Thus, the sinple step of lipid-raft isolation fromthe sanple
allows a @/gmlsbgy enrichnment in PrPc. s Sinmilar results waicq/@sfiabsgd by
the Applicant in the isolation of lipid-rafts fromscrapie brain
honogenate, in which PrPS was recovered in the rafts. Thus one enbodi nent
of the invention includes a step wherei,n the sanple to be analysed is
subjected to a pre-treatnent step for selectively concentrating the
pathogenlc confornmer in the sanple. ~'referably, the pathogenic conforner

is PrPs’ and tfe afu@hqsrpe@ cm@imdmdlm@t ofthedmention, ithmndn-pathagesic samfpteerof  a

fraction r Ste are
' pref erabl %’tgﬁlﬁ)&r#e%% th nok%'ﬁ%cala &maﬁ%“b ?6& I}’?yat??paéi&%fﬁﬂ’é’ and
ionic str éB@)t‘él):am)nﬂg oﬁt)mep p(x);eineth&sbd:aye, thereford She |b|?ehm ﬂiombgamwebrﬁe&mﬁ gents
are al so ded,to,the solutio The copditions will osen so asto
al | ow any?liféw b KPEWR)S EXSESS BF Haer nog- P“B‘P%’E’én‘fo’if?imceﬁes 4 é oSteddert the

non pashogestkably om%mhomeg&a@%tf ARARAkIE SBREQIIRS floltihe kOAMPAbeStom |
aggregat e ?'\M ol i goner of eni c conf orners. Appropriate physiological

condi t i ondhigh th erseaalielt9 bsémdw ICORIES cS brpee beky horaegensre forchuman. sampls | engt h
of the 'nwtaéahmewd baﬁ Hoa{o @mt:a {)Ibeg:ﬁ:h s @felrab o

si gni ficant portion of the nof pat en|c or nmer Brver
pat hogeni aogpatogémc neniorraezs:a rpresglttm at spthﬁc £tacqﬁneofcnhn tbamm $osogmaafdrogeni ¢

f T d ble b kil ed h
o bt vk T ot B e PR e 50 R 8 .
pr ef erabl m@dmt%&eﬁa:ﬁlﬂeasdmﬂbedM@bmkaﬁﬂL ygq3r.ef erabl y appr oxi mately

60 m nut es. ation step.(i.a) y al so conprise t her ep(lb)
whi ch conpri se(s:H'{“H thexnventign ffg?e&t‘?ﬁ %ﬁi?ﬁ)h%s‘gf “{l’?é‘iuh
confor mer an’!ﬁ{e‘&@ﬁsdﬁd&&&?xs%&dbd*%?tﬂé%ﬁ aﬂfog EHic aasaRt 88 @h?re?&%lggat es

during step (11~ of the nmethod o resent 1 nvention. ey Inc
treat ment the tissusisibrain tissug, e thomogenetianiradintedeyivedsthetefrom, frammderlthys ul f oxi de,

acetonitri {l@ﬁag(“ea%%ﬂ&eaﬂééa?hog%ﬁ&Ir&ng&%tg’cgsp?o@ﬁ}e’s | ut ed t_r| flur oac_etl C

acid, dilu ffor nuc "aci of % he cheni cal - physi cal so
char acttser i st i cdt bds licbe repotvad (I@cmskoled”al a]§9p)—thattlemgbrw&yhted forinordf PrRE arengt h,

?i?LﬁféH%ﬁe SRR chg ety g TR o i patieiel x&%%d%%a“%@w&ée? 02584 9

aut ocl ave phaggHagdyladsitdl ksHaifio phASHHE aseS(Clwfaﬁdﬂﬁnel f&bﬂ\%hb@ib ot her
ki nds of i rad at| A etc é&onlc tlon Ifl B prefeFj %t hqd according to
the inven 450 meage heasly gyqosylesed Br Tch

di saggr ega dﬁﬂéﬁ% of ﬂle m%u@n &fe&?dré ke Adleo BMdch R brUsa %Q&e@aﬂ Hé‘s&%éﬁs whi ch
have forne ur|ng step ( 'S not necessary

aggr et e svherein edl@a]g!@mgga@ e@hfolrmtawyPrB whigh hagayreduced leyel thgb'posylaﬁom his way,

th nb

The i sag PR ine Bbly b if DSREBRE widl 0 Sld GhERB BARKIAR Bl P,

td he art arfdP hasr’myndeﬁeahgb mmotr?mmmﬂhmh m?%mmymmgaﬁ&mglymﬁmoﬂrm‘rerg:ol y5
| Sa regation is arril e out or secagn t nuxe. e ra

econds T 3b 8 fuhebonnghosmicopiogprys e e B brnl anrp i et 0 7
m nut es. |rﬁoz@'p$éf&ﬂb@%% Lef ht%ogeﬁfcrcbﬁﬂ)rﬁékhs PYPS@hiCia biseritially aiyl,eaéglaeaal i's

preferably for seconds to 5 mnputes, and m)sg preferably fo to 30

second. Soni calpltbﬁ cagofishagnosiseldT$h REETqEakes O §he;mthogsmc§@vemprﬂssfthods to

fy PriR. I but
"t hat nevarii e Afyde T ied 0 B85 o ke e AP b N BEBI B URRE G
use of a }sfepo(u) mhaggxegdﬁ@:vaﬂ be bfbﬁcxsddswmatmcmdhpaﬂlaﬁfemmmhk emhfafrwkhdndlhl ng
many sa es S sucn as a ure. There
“ar eyon {Tﬁés Gl ffo‘gl‘g‘ng £ othe copyessien H?Bﬁgbﬁgl% &s’ﬁﬁf'%dam% G ovi de
soni cat i one,fiQ] abyclié RpiBéatidnaland R repadiBnckd HE Fiditk Qaqhﬂesy&eagfemeﬁ hor

autonmati c operaton. hese soni cators can be easily
) 30  exponential increase in the amount of PrP* eventually present 1n the sample that can easily



20 adapted to be used in the diagnostic nethod of the present invention.
Thus one enbodi nent of the invention relates to the use, in step {ii), of a
muf ti - wel 'wéﬁﬂbﬁgi or. The detection of the newly convertedyPpEBOGAREELC
confornmer, e.g r Ps {iu~ after the cyclic anplification procedure
described in steps {i) to (ii) could be carried out according to 25 any of
t he known net hods. Specific detection o7f PrPs” is usually (but not always,
see below) done by a first step of separation of the two PrP isoforns
(normal protein and pathogenic protein). Separation is done on the basis of
t he pecul ibgrdesiceedhAnsarding po o festher peefesfedrnthodimén of dhesipvention,shisithertfooen nost

of the norpal i Q A L PrPs. ntially £esistant to
" protease #%é?l%ﬁkagﬁ%eiqée %‘ﬂg%'i%qulxaerpevenm&r?rgsﬁgt 1|f)1rtle1§8ncpele 8?“]%;#?{8&5? <u ant
30 det er gdmbwm aftvrnebOPPC} dueerfriinisg the taepuaf dfePrPfheesanpivictiih elod samplenstahedur e
is usually the ,renoval ,or sgparation,of PrPc in. the sanple, either by
{1 eat ment SR Okt 5ta 4ad ConsideRps e Rmbet f A elePertorsh ) 0495, 1 10

PCT/ GBGL/ 02584 If,QriSth @bsitkdy, P PO ldithkeas(sUei or {nf REFdhEof sRbMDY) & ABldRs )
protein. Thereafter, detection of PrPs’ can be done by any of "the follow ng

met hods, iththersample, ngaPrl Smelaenls will s gows mgrlgm.atnhﬁ@dioft@m@yttm ough a

routine pr, durg t}ﬂg& ) Ly d using sone
of the rnaﬁgé&gorn'rel3 \é\?gth) E&%ﬁnggqo gﬁ# E%‘rfél%éﬁtdf egcgl(}1 [ebgt.hg%m@i sa assay.
Sol i d phase detlebas lbmen chowiehatitesnfestiveiuniterf PxPS syl shers siely oligomehyiveltich he
by st ng ARG ERE et AGRRR iR By oA AR 1Y HOTHG SETEPCRIEF ke |
whi ch fohe apinites the piopsities Qadoeidkedhi Wit ahie aabibrrzd Floant {Jeewiset Relbras@phsd €S
Gcond antPsCE U THBRRT, JF %6 CHIEhSRA b 1875 e mrabRiom afibe
second antt* n ; af n
| abel | ed ( ! f P SRfeE | i Qe 1543, o ) ha t&%‘f'rﬁﬂﬂé es to
further i r@?ggg?%{}lgf%é%ﬁﬂﬁéﬁetﬁé of tﬁl_ecmgﬁ.edgtsil%% r&‘)ﬂ'&%%%‘gcti vdl’ty ssays.
Nor mal Pr RsPysedecules.aThkis psacesst ks flow effintengypsirice iic depiends e o fixdd momben obe
radi oacti vgy b 3 C - Qr: rfl . 15
procedureogiﬁ%mg[?téé%?‘gegyrgg%\g}gﬁ' Tg?%%%bjeﬁgﬁp%%%\%n e glféra ?:%&Fé%s{égd%{llﬁ%i ty of
new y 1sonwentsedf treRsactionuthen they gulgrbecdnat leger. Tiis asspmed theiuithés procesisavhat
Asanys. - NIPREFISAR S CEA crduho OdY P dnieoom AR FA e e BPBBLGtr o can
be | abel | effeikdvard yeuey, 88 Baninvaiioh s dBédbea [baiduretd Bk dowacRe bligorais af ter
20 the renoval @Qf hon-c nvert%d Pr Pc, Jﬁu rescence 8% the newly converted
¢

PrP~" coult@ aseafiersmes easheaf whigh s thep 6apaplsiof comerimgial™.| uorescence assay
mght not 1 equiTigrbe, RN, Rl BRBCHMEIIRL FHIe diaftstR T ohfifmation
o'PrPc and PrP~ mght b

. al
fl uorescence properties e different due to the

di stimdt cbseasss,ramdiin paritulartreanswissible sonformationyl disgases guehi as Eslyeapaplifying i s

wel I known - Pr s nd n Is . f . f ' nyl oi d
fibrils or()tfrl‘g'gl-1 e;‘b‘g&gﬁtébg%g‘ﬁ?%‘gﬁ quﬁ'g?é‘? %j?éé}e ‘é{l%%%%grl\)%g?é r%“sSlds' g%g}’%&gg done
by using tiagy slktwhtaseatlp édbntificacjomaiof people heridosindeviloping fT'SEhamlecauiddsmbe
aggregates, incl.udi ng.el ectron.m,cr,0s t.alni,ng wi th specific, dyes
(Congo r ed’eTHIEH W °§el?;fﬂﬁ‘e‘7‘,1 the gfﬁ%"ﬁ?rﬁfﬁf}?‘f*i‘mﬂ? ¢ Sgrgﬁw.ds ®gation

assays do dualcalitgalyli re the step of separation of the two isoforns, because
is known that normal PrPC dges rigt .aggregate. 30 F) Stryctural assays. The
most i #portant Aedordipgtecapusterind embedimentoetithe myseranthe pammletpdha awalypad i 5

their secanfarsyang«balidakershih Ghith s thbpRRREOLE:scRRNEY Lindehdlrh QW t he

the sample the pathogenic conformer that is to be detected. In the case of TSE both PrP®

and PrP* have been reported to be located in a special region of the plasma membrane
which is resistant to mild detergent treatment (such as ice-cold Triton X-100) due to the
30  relatively high content of cholesterol and glycosphingolipids (M. Vey et al., 1996). These

membrane domains are named lipid-rafts or detergent-resistant membranes (DRM) or



WO 02/ 0954 11 PCT/ GB01/ 02584 structural evaluation of proteins can be used,
including NMR, Circular dichroism Fouriertransforrned infrared

Spect r 0SCQPY g/RRRN spectroscopy, intrinsic fluorescence, MREERIPRLEON,

etc. The nost wdely used PrP nonoclonal antibody is "3F4" (Kascsak et al.,
1987), 5 which is a nonoclonal antibody derived froma nouse i mmunized with
hanster 263K PrPres (the protease-resis{ant conformer). This antibody is

al so able to recogni ze t he nonpat hogeni c conforner from hansters and

humans, but bovi n e, ra sheep. or rapbit brains;, it _is also
able to b.%@%&%ﬁ%@ﬂ%@é&%@ s weﬁlgm@ag Rsflelpsafecentorg et GPIt i on of
. the proteifchdled gréeﬁb W@%a‘%’@b:%ﬁé&%h&eldoﬁp%k PP & BlalPW mépzedd% @ﬁé' on of

the marker. For [e tinme-resol ved fl uorescence neasur ement

eur opi um | mebmdvlaﬁmmmsb@zw ohthe tb@bpro@mc{sdgﬁ:@mpb tsaddigure 7)s T(}Bafthe et

ai ., 1998) Th bgoue- Cs i ect | used t he
det ection (lﬁlp ISt% H &\ﬁlﬂ(g%gt lﬁ?ﬁ(}foglofrgﬁ%r m*a?asng)]EE 1? “ésx%%%fnawﬁrgl%ﬂ{ %g form
of (3- any|Simiarreatheiwere obtathed bg .thd Applicant irxethaa¢olamen e;frﬁpﬂwafwfrohh&m ie

non- pat hoceru conf or mer ﬁdlé 8,4 N excess p%#lﬁéaﬁtsl abel ed and det ect abI e so
that the &8 “%5’56’{%“’% g T CETERR Ve at the end of the assay
will allowa dermsr&leeﬁlbeain@ﬁtdfhse avRieh ittudess e Rkein@RaaipllL Heni ti al |y
present in the s 20 According to a further "alterpatjve enbodi nent,

the pat hog@éalyaedd%gﬁmﬁo ¢ Drectrastnent step Eer pelgctiyely epneeptrang abe pashegenigi t h an
ant i body diheghes H@Eé@%ge}%efe*ﬁf?n@?%‘bgén%é&ﬁ&ﬂe@@ﬂ?oﬁdtﬁ£’6| ing moi ety

\

may be ad e pat Ic C e non- pat ni ¢ confor nmer
or to lan getréaudentagthe estractioefrom thésmpdaéior irstion whish isdhsopbimintoild ki nd of
assay that,;is performed. 25 Another object of the invention is an assay for
a marker odfe formati onal di sease which is characterized by a

confor mati onal SceRn(® iahd () 0d pr%férdbl}%i’foﬁhm V\gl@lsiﬂldgﬁﬂ\&eﬁdﬁumsr@m pat hogeni ¢
and a pathogenic cg’rér orer, n a sa @' ich say ggprl ses the

f ol | owi ng EPppraturg 18%?‘6% mfe 95\“12;’8’!’ \BrQLeps H’iﬁﬁ%{fﬁp flefgeats are

non- pat hO%a‘&dE&’iUtﬂE E’Eﬁﬁuon( e cghzﬁﬁ&wvﬁﬂﬁé bﬁ&e@Was%gglcﬁQ%%fp% gé‘xﬂ gually

f or med durlr;? step ( d (it WO 02/04954 12 PCT/ B
det er niiSni ey qrmepufefymemah@lsamp mmmwer@themmaé@gﬂmmomw mer within

or esonce. i AR Blne 5 BRLAERF et Bigfoler b b infiBRES O (1°

i ncubat i ngAgatﬂnaapWsﬁddymLmdhogewﬂl@ez&iylbmpmemmthnse@klﬂedm the)am preferred
enbodi ment of t elnv i,on, S and (4. rma c WhIChIS
repeated at ‘| ea ﬁ@k W‘@}’ﬁﬁ"f %Y@%"Wﬂaﬁ%"y ‘R% Pt&ferably,

the cycl ess@ﬁﬁcaﬁ@;s&a&@af the aahéa&agem dohfRmer @Hé cBBVErtedtChLhckehy S5 to 20
times. A further object %a:ti_lhe present invention is a.diagngstic kit for

use i 2% het T, SERNRG arATele easfaing soms pathogeRi pRafsmer nEnatBRe Bk hogeni ¢
conformer, e&%b%meee%ﬁﬁtlxb}mo@@mﬂewale'm PrefBribli edchidcibiioptvll BEd 2

mul ti -wel | icator. Using the nethod the invention, it IS possible to
detect 1 therwerngl minuperoHdipurs, mosipéferahlyr3Oiminutestol hhqur.and particwlady sanpl e,

which is e 102m)les The sanple will generally be a
bi ol ogi cal&gfae}rlryfa%m’?ma lﬁ%O n"ge any such biol ogical sanple or tissue can
be assayed wit hInTciﬂsanﬁﬁtsfpr(m())fmiyhésopcrom;&mé thenfuethtri siep (ibnwhick compeissfthe 15
tissue, the asﬂd%@Ia met hod (% t he esent%ventl on may be carried out on

honogettat Addgio < AgRuUEhO PR PALIRE PG cO “fret hods and assays wil |

general Iy be cavihsd xﬂéthodgrba%eaxsed)forldis grégaﬁn€ 2 gat&r&fr&gasbép?/ )bge
ynp ne or, mlk; brain

| | fl d, h
tS ?ggug, ! : &WW | Cﬁﬁ@ qunlrj;wnttsq%gih%tegm%pﬁsmﬁwmﬂvs@ ents fsugh aptodger i ved
f bl
rom Oog%r ag?h ggl foﬂﬁ@%htc&o&h?lp %»ﬁgglgaarear@m%&uhm dfted

‘plasma ne ’re ardtion suc det ergent resi stant

merbr anes wiflucavei] aadJ idudd niirmes: adid,e eﬁé;’rph@hﬁaagm ofl ther mhenmdl-ghytx@la

conposj.tion comrisSi cul arl v a i ydecive om a
‘hugn §o°r amw gghe §(ﬁ‘étgp &ﬁ] Mo eﬁ%‘“’g’ym ¢ R @és‘%%e‘%“ﬁoag?g ’such
as pitui tair;dlﬂly&td%eth&!dpﬁcﬁﬁﬁfﬁﬂa&oﬁ,dﬁmmﬂmm ﬁ’e@d’iﬁg/ﬂﬁwmgnFﬁﬁdnptees;i W t h

a pat hogeni ¢ conforner.




25 The sanple m ght also conprise a food product or drink, or a portion of
a food product or drink (either destined for human consunption or aninal

consunpt i %05/{?}99{‘1” to establish the presence or absencep@fcRfildisaeni c
conformer 1 n that product or drink. Preferably, the non-pathogenic

conformer added in step (i} will be fromthe sane species as the sanple. It
may, for exanple, be derived froma heglthy (i.e. non-pathogenic) 30 form
(e.g. tissue) of the biological sanple to be tested Alternatively, the

non- pat hogeni.c conf pr frer y be produced synihetically or recopbinantly,
usi ng meaREoRAE\INGRAtoRe high presswgg, Gmgawﬂfv mogenizasiong Athes kindyyiof] be

. under st 00gadileBR Vetd. Sohibaion ifi8e PRIGRAMARSI Ucto B Ot AveagEA NOt be in pure

or even substantially pure form, In npst cases, the non-pathogenic
conformer wi | | Dieggregatine nrap barastiedoutifosatimp wiish disageegaies some,aloi an t her eof

. whi ch con{.aj; I ' K10 exanpl es
el ude. br et 8o oFUR N ABRRYANGRE fork W0 IREey (L P B UG ReBIARP G
rafts.s Pr édraaflai kly, aglegarssanble disaggodgared ihanyromea disaggregaiori sepe dinfthis may, thé | | be
of human ori in%gor froma.donmestic aniﬂ;al. e.g.. a cow, sheep, goat or cat.
Anot her oB}“é‘gfr FCORYREVifE WS FritiGreAs e 1 AT (iep5EeB®Be a net hod for
idgntifyi ng a :maalal gxﬁﬂxﬁtﬁnmmtk@ﬁlyb?ﬁ&emﬁﬁm_ @Eyl(”ji’.hbée%lltﬂﬁdiﬂme&&tah@?t of an
under | ying protein et ween .a non- pat hogeni a pat hogeni c confor ner,
conpri si ngaydependeait %Wf&éﬁgz digaaBtAgRHiQsruse Jfﬁgﬁig'adﬁ%&sﬁ@fb@%F twith
an amount ggf 1tsg&nﬂ)6%g@ﬂﬁﬂhﬁes?ﬁfgspgf§&aﬁlfl st Je@orms%%cma% ?g #ﬂﬁaﬂé}ryence of

sai d conpound, (11 I saggr egati ng any ‘aggregates event ormed“duri ng
step (9), ptaférablydbtsecandmitnglQ menwesourdt disaggrésstiom i oareind cout dryf somication,n t he

presence and _i.n t.h 5 senge i d= compound .l f desifre t iy May
conpri se ?%f)au()flalf %@?ﬁ@&*ﬁﬁé %eg‘lgrgﬁgtgn%I“gf"gtg#-aﬁgtr%gepr{le%mgg'nfo&efngg ,3)Oand a
cycl e cargéceddout between steps (ia) and (ii) as described above for the
met hods and assays of .,the inveption, s dis. Lf the anoynt of . pathogenic
conf or mer msas@f"é‘ﬂa@ﬁ l'laﬁg‘_*eﬁ'r‘égg He eWt%B%Bﬁﬁ%’Gﬁg“@gBH%t%Pb‘F&}rﬁﬁ‘gﬁ t hat
measured ige g&w ARRGELRg solubiBABE ldrfPloctddtte; WP QURE Acve@bEACHQEMMI BN
"catal yzes" tThe conformational transSition; if such anount is |ower, it

means 13 haemphify 7edipenmversios ofPtBict or whi ch i nhibits such transition.

Tean "soreeni nate R o SOFaav etk foge? ey T HOLRR, 1 BRI ¢ 1©

mean "screening a serres o

moi et y" newyanpeamplys sionipneowlyesaoh ey e diagostic weeanll réquive.JBteecare ng the parbeei n.
The | abel bel, i i_et . t hed. t.he. t Qi i I ani
Coval ent PSR G ARTPBE oG aru it Prvide dobidgon S ol e YR ah 88, ©
i nter cal akirgOtumXadpirebe Froghataidfonndomaditedgeratign.Theed scpticators bande, eakiyt ar e

not limted to, fluorescent dye conj tes, biotin, digoxigenin,
r adi oRficl égﬁﬂtﬂﬂe@,beéﬁ I ﬁ%@me@g@e@ﬁe&‘é?mmﬂ)m 30 and receptors,

such that det ectyu@Bndémbdimbid e theSHvenBbR kebitdd cb theiée,lih 4Rp EHCOMNCAulti-well
conj ugation to WO 02/ 04954 14 PCT/ GBOLl/ 02584 streptavi dén and/ or avidin,

quanti t at isemcaspr.r adi oacti vity or chem | um nescence, catalytic ( and/or

i d- C Obni (i L1
phasphor escant THEREEbR R penty Eftbl dohdeeli i ER PR, (@ aflrche
group of dydioradplificasion pravedire descabedrin sepst(l) un(ipéoukhbedrenedmir acronding teat i onal

i Soud dodnert PRk meien sBeah idiriaR SOPRE & Panlhlbel S fag e =1

done by a first step of separation of the two PrP isoforms (normal protein and pathogenic

protein). Separation is done on the basis of the peculiar biochemical properties of PrP* that
distinguish it from most of the normal proteins of the body, namely: PrP* is partially
resistant to protease treatment and is insoluble even in the presence of non-denaturant
30  detergents. Therefore the first step after the amplification procedure is usually the removal
or separation of PrP° in the sample, either by treatment with proteases or by centrifugation



i nduced conformati onal change, propagated from a pathogenic conforner to
its normal or non-pathogenic confornmer and in this case they are called

herein "t r‘@t%f;h@gj bl e conformational diseases". Exanples ofcpeghdekgds of
di seases are the prion encephal opathi es, including the bovine spongiform

encephal opathy (BSE) and its human s 1 o equival ent Creutzfeld Jakob (C, JD)
di sease, in which the underlying proteijg is the PrP. The term "sporadic
CID' abbreviated as "sCfD'" refers to the nost comon nanifestation of

Creut zfel dt Jakob Di sease CQ}DB Thi s dj sease occurs spont aneously in

i ndi vi dualte sgparste gh ublfaé}ﬁ;l’o remhe sasehblel (PrRS) paotein. Tgcreafmr, detgstion pf | | i on

per year i\hbey @g” T tm "l aterogenic CID'
" abbrevi at elg@agwy%@@%aﬁzrag&{ggo I segrsngalrgceiséu %d%g from accidental infection
of peopl e with Aumemugblaing aftdi8DHBAGEGhids dona ninoeglo ramink progeduewell
acci dental, i nfecti,on of,chil.dren with human pri.ons from cont agi na
prepar at i c}ﬂlé)w&%ﬁﬁlf?éﬁv@q‘o%f“‘rf“ﬁﬁf A S UHiRe S?@Er‘# %Ea’i’?ia’i’}f 'é‘?m@ﬁ'iﬁ‘“ﬁ;f %‘F’é‘?ﬁg"to a
f orm ofs Clpu-PaRiagtibstigurs rarely in famlies 20 and is inevitably caused by
i sease results from.an

mut ati ons of t yman prj rotei n,gene. The [

aut osomal domi ﬁﬁn@ma REEY- (§9ﬁ‘§] Pgﬁﬁidﬁ?c‘i‘ﬁ!hﬁér@ ‘{;&ﬂ% EY Aifer jarsipple assat mewiaehs
succunb t gh&ddh t LI s§, ﬁyﬁg S BP & -
abbrevi ated as plééf%?éqaﬁ?%?%;@l%&a fof%dg?&i%rﬁ??i t&ée%§t umaenaﬁlgﬁﬁg}gsaggse. The

di sease oddBrasubodies armere poeferably by using sandwizh Flisasiorwhach thegplecd i fine wbaed who

i nherit the ne.s nh. 1.0 e "RELon” sshal.l Ny.a
transm sswgﬁ?glee bﬁmﬁl 1§ aé%ggg?flﬁé:?@u%% orgﬁ'é%s P& sﬂ?l%l%’ls Y

conf or at | densteddbiysesiiges second agi-Peit antibode Buah 6gradsiof dljsa cim bsorbe asedngich
animals. The . term. prion",is a conptraction the, wards “protein" and

Mt ect ] onabelbd Pkl fupiesCente Rcsp oL BT PR o BRLEKEFRRr dBt y of
PrPs” ol eehii@fty ofehddcttlsn.ar e distinct frombacteria, viruses and viroids.

Known prions include those which_infect aninmals to cause scrapie, a
transm ssibl e, QeBadiescuviy assayss MosmabPrRhused s o sibstranpriop 2he amplificason
PCT/ GBA / . | [ PN
encephal o%%téﬁeﬁigr}y ?@g% qjé?ﬁ%lgggg\}% cl}lg(gg%%’qucr:f\é@fs élllaglébeg oﬁg? og%%é he"
encephtl oparbbideee afid cdtes thé-gemoyal | afnthdi semsmyertero BPT, cradibdativity lofinmendy ar e

(1) kuru, (Z zf el Jakob Dy sgase D 3) .

Gor st mann- SEVerEaAPE ol e s el TR Hieces Pl o R g s dpfe ngF s ommi
(FFn. As usethe ned ofi antibgdiéson 5 i ncludes all forns of prions causing all or
any of these diseases or others _in a imgls used and.in partjcular in
humar 4s and inﬁb%?sé%%&sﬁaﬁrﬁ%lm%g“%ﬁést%ﬁ‘%mﬁ r Jlsh @mpligationyy i on
protein geﬁl%éedﬁfeecaﬂ%%%lbéﬂw&%%&?é@ény pnﬁfeﬁb&o&%&aﬁgm olRfeldnd JiRE eri al
whi ch expresses the prion proteins and pol ynorphi sns and nut ati ons such as

t hose 20 sttbd remewdl of oansenvered FuBhdgrasesnceeat thegremibe covveried BrR® eowldl be
Pol ynor phi : : i i i BN nogost "
and "test ,,@éﬁgﬁgﬁ?ﬁﬁ@é@%@ﬁﬁ%@{%ﬁe%ﬁ%@g%@’ ‘5‘%& gﬁﬁ%’féyﬂngkép% sns né)ﬁd
mut at i ons ¢dneweresdf PrPCt beoaisa ghe fomgseeace propeates tolf @rPe ambsPiPcinighebeo differens uc h
PrP genes that .ar et tQ be .disggvered. ,The term"PrP gene" refers
general | y T4 QRF %%ﬁ’é‘%?n?%fﬁgi‘“gﬁéﬁ‘sgwwt%m&ncodes any formof a PrP anino
aci d sequences E)&fgietiation adsyyspk isovelllinotaithat PESNand aor®rPP)is kblowugglegdte P
sequences %g;é%escg,gggéi n Gapriel et al, 1?92, which js ;cnc&ré%(gr t ed
her ei n2by 1oSPEREHT! s OF e /P8 fueaes rThses %’Eéﬁemr%gs.m P&t i ons
used herei By i1 the nechdds us& 1o GiRhif thd RInhlith SPtREsBHpe of aggregates, including
electron microscopy, staining with specific dyes (Congo red, Thioflavin S and T, etc), and

O

turbidimetric assays. Aggregation assays do not require the step of separation of the two
isoforms, because is known that normal PrPC does not aggregate.

30 F) Structural assays. The most important difference between the normal and the
pathogenic PrP is their secondary and tertiary structures. Therefore, methods that allow the
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pat hogeni ¢ nutations in the human PrP gene Further, there are known
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i ndi vi duals iS referred to as the wld- type Pr P sequence This Wl d-type
sequence | F sthbjtereingdt sealscanble & Singrihe hurmes padopeti rerptme, butronly afters. | n
the case of ol ynor phi ¢ am no acids occur at residues 129
(Met/Val) gﬁlgh%{gth'?t u? Sheep PrP has two ami no aci dﬂﬁol ynor phi sns at
resi duds 171 an&udﬂﬁ),ubmﬂmé majobvlabeled)td%llhwseam devetion iof theam: Forepemple of an

ei ght amn Cl f _sequence in g f,the mature
b fon pr ot PR e AosREEE HofatrBmb pB SRr R TaRR % pBihotly beBech

pat hogeni cusddtmoﬁ,a@aaﬁustsc(smét@j I11993)ce prion diseases. Distinct fromthese
nor mal variatio of th g pri,on , WO 02/ 04 34 PCT/ GBO / O ﬁ4 17

pr ot ei ns, certa e goever eé‘ﬂ'ﬁ’e %MFFCWDP TREhRE Y8 t;ectéqnt

specific a gﬁ},ﬁ)g i5. Daygs been

I denti fi ed%\ﬁgﬁﬂ&sg%#glgggge%r%%ﬁgﬁﬁen PLtg%g%g%%r%ﬁq I'se ’I n order to
provi tde f wetdds, meaning to the above chart dem)nstratl ng the

In an alternative embodiment the non-pathogenic conformer added in excess may
be labeled and detectable so that the amount of the non-aggregated conformer at the end of
the assay will allow a determination of the amount of pathogenic conformer initially present
in the sample.

20 According to a further alternative embodiment, the pathogenic conformer (the

: marker) could be directly detected with an antibody directed against it.

In broader terms a label or labeling moiety may be added to the pathogenic
conformer, to the non-pathogenic conformer or to an antibody against one of the
conformers depending on the kind of assay that is performed.

25 Another object of the invention is an assay for a marker of a conformational disease
which is characterized by a conformational transition of an underlying protein between a
non-pathogenic and a pathogenic conformer, within a sample, which assay comprises the
following steps: (i) contacting said sample with an amount of the non-pathogenic

conformer, (i) disaggregating any aggregates eventually formed during step () and (i)



s nutations and pol ynorphi sns, one can refer to the published sequences of
PrP genes. For exanple, a chicken, bovine, sheep, rat and nouse PrP gene

are discl %ﬁqy@@gh published within Gabriel et alL, 1992. The-Heas6Hss f or

the Syrian hanster is published in Baslet et all1986. The PrP gene of sheep
i s published by Gol dmann et al., 1990. The PrP gene sequence for bovine is
published in Goldmann et al., 1991. Thgysequence for chicken PrP to gene is
published in Harris et al., 1991. The PrP gene sequence for mnk is

publ i shed in Kretzgchmar et .,1992. The hupan PrP gene sequence i s
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protein within Mertggrﬁhm oA the presrat yieniam mdlamsmmglt iforvesstin she psawi des a
met hod fordi: I : it tier AR aTo o ] anpl e
fromthe psgtg el:lgéngt"l pérhg?ogrl@%ﬁ%? a)ﬁ‘ab{&%@cﬁf&?@&o&’%&g@%&?& r;?{’o )’ %{)Q&I}%ﬂﬁé t he
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Ip; E:? }s %r% 8 i/ %ﬁﬁz;ghﬁmy ptbfsed?lixf’séamqld, hhi&hﬁd‘é_qg&alam 8.3 to 3%102’;%51&954. .

e. I nyenti a%opr_owe a et hod for tecting the
presence of a p wg’eiwﬁﬂev bﬁS-&lﬂﬂ@ﬁnﬁf“tﬂr&sw RS M%‘%’P
(pr ef er abl ymplctrReheQhn BE 2dsiyed kB methBBE 1R ipRGent(hvenf QN IAGH! &6 b sanpl e
wi th an anpunt of non-pathogenic (3-anyloid protein; s (ia) incubating the

sanpl elﬁworﬁ?eﬁ thegesay end setheyliodrhe poessridhvention may b¢ cagest e anihagogenptes
e and e e A EP e e dS BREL o S8l Bl S8 001

tines; 11 m nin presefdce & anou hogeni c
~i - anyl oi dupooizaiive samples.nPtefeealdyg thel semple & abiblogicl dluide sdrhdis biend, lafiphi, he

i nventi on provide net hod f.or di;agnosi ng Al zhei ngr'.s di seasge ,J n
bat i ent . CUMBEF Sk braLHssieysain cory P 9F FRPOTK HSE AFAPBIESPTvedanp! ¢)
from the plRéh®dod suth asKlbsdedlighgsts &l?q&?@it@r%}iaﬁﬁoﬁﬁ of i Pldstha Bkmbrane

ia) incu

non- pat hogeni ¢ (3-anyl Qi d, pr.otein; ting the .

sanpl e?%o@rﬁﬁ?ﬁm%as(ci@‘k scffeterpanbreastant membranegs qgicaveglae-likedamainsany
aggregat e QLR i : 1 ), hig b A (ol or nore
times; angﬂt; hen %_‘iﬂl{é&é%%{%Elgna%i&ngé&mh%ﬁgrggggﬁgnﬁgiﬁ?%&%Sl!#ilﬂc_)f ggt hogeni ¢
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apparat us Jﬂacti‘&%h L0 pﬂ?aw%&d $udfs sCa.HpR:ec%mposition might be contaminated with a

pathogenic conformer.

25 The sample might also comprise a food product or drink, or a portion of a food
product or drink (either destined for human consumption or animal consumption) in order
to establish the presence or absence of pathogenic conformer in that product or drink.

Preferably, the non-pathogenic conformer added in step (i) will be from the same
species as the sample. It may, for example, be derived from a healthy (i.e. non-pathogenic)

30 form (e.g. tissue) of the biological sample to be tested. Alternatively, the non-pathogenic

conformer may be produced synthetically or recombinantly, using means known in the art.



20 above, particularly apparatus conprising a mcrotitre plate, nmulti-well
soni cator and an anount of a non-pathogenic conforner. A further enbodi nent

of the in\(,g(%%/&@&provi des a nethod for the diagnostic detegdteBoAf2s84
conf or mati ona I sease, characterized by a conformational transition of an

under | yi ng protein between a non-pat hogenic and a pat hogeni c conforner, by
assaying a 25 marker of said disease wijthin a sanple, which nethod
conprises (i) contacting said sanple with a known anount of the

non- pat hogeni.c, conf or ner i regati ng.t he .aqgregat es, event ual |
Formad dusl Rt Sperobehoreres st SRR HORGIE FHo L B COL B GRS bunt of
. sai d pat hogemkshseatillppies fosn! M Moitlteses ahPhdh-pith@leficabhfbrmér vl be fntheand (i)
forma cﬁe \g?l ch is repeated at |east tfwﬁ@pbe Qre carrying out step
(iii) , mdormpsf afissugBppogenafe-or aitiactonthetepf whigh pensainghe yelevant noggr ch i s
repeated f : 1 Ll t : 02/ 0954 19
. rep %g@@?lﬁ gﬁrgtgﬁggﬁﬁf%gé’dgﬁﬁnﬁ@sr ﬁéﬂhgé?bx%’l ho%oggr;/a%s'aha fractio

PCT/ GBO 1/02 nt SO provides an as or a marker of a
conf or rfat i denized diesbmey e.g. lipheftact eri zed by a conformational transition of

an underlyin of e et ween a,no at hogeni ¢_and a pat i ¢ _conforner,
AR Lo, el B o o of Bl Rette ittt Rl RS RO | o0
Zai d Sarfphﬁ'_igihibﬂ”fﬁc&nlﬁnbmsm,e@?t:dihle,lshéhfﬁr,Q@dtgf)gw.n! c5 ;:onf Er;rer,d(i(i _)_)
| Sa regatin e, a regate, event ua orne rmn Ssi,e . 111
deter i nigng tﬁe&rpcrtég%ﬁ%ggfﬁaﬁwremmJ{fnt@ %&Pd’ﬂpvaé’%g%moei o5 iA<SHITEIE %4 ¢ hi
the sampl onRicah8  FhtY X mbdadd SRS chifbrAlBndll thndtRHTbR 28Y Ghderiil Ghotein

repeated at l'east tw ce before carrying out step (iii). The invention
furthel® prhsiwetas nonmpathnganit end 4 prshagenis corformeroeapenrisigihi ch i 1 o nodul at es

the conf Or(rﬁf‘“ O&%’tacﬁ%g?ﬁia}riogﬂt 8f t@%dﬁ{-ﬁaﬁi&g%&@%ﬁfo%@ﬂ iR ShGEhnf of the
nonpat hogeYii ¢ and a ogeni ¢ conformer, “conprising: (1) contacting a
known anount of patligenio vefatthadgethe preaant andrir theibdence df sadoompoundl of t he

pat hogeni c,..confarnmer in the presence aag' in édﬁ[a\ absen of said conpound,
05 (1) di @hoqr SERreRsinBADY EReRa B Ay Arns SUB SERGH dur ing stop (i),
(iii) detegigi ni digerhiiingBiRiholdt of e pahdpesievofifoe@er i i présBndeh@dHh ekence

and in the abse&ge of %ﬁd conpqund @2& present invention has been

descri Bed wit h 3bsence ofsad EUMBQYE peci fic enbodi nents, but the content of
the descriptiong | $85 (@ nlay BRHphLE ALY ARSinBRSkiRS s Bahilt HohPathopetiBi Ch
can be brought nltn;%ﬁgpe{odér sgr@s.ayquaeg |kn t%gﬁglrrft vvit‘%%g)ut exl% endiﬁjga lg’gglond t he
neani ng anebnfermensadof cycleccatiedi ous betFiren stapsefia)i wd @) 45 dasevbe ebdestorithed by

means of the,follown | es: wWhi d not be construed as in airy

way IthiIﬁlﬁthP em%%ag%&%%%gﬁ%}oghﬂ%e anples will refer to the Figures

speci fi ed her e Hehosmnount dOpitRégeaRTénfdAmEtrheRhied irfile PresdridE oDERA\ADNMBSund

PCT/ GBOL/ 02584 Figure 1. Schematic representation of the conyersion PrPc

TS s 15 Bipber THRE A pieatiird Ighe Bspate f BieAns ACHE SpmPORH 1 F ARy Bl oh

converts Prigalybys”i iheC@nfdrhidflonal thafdiGor; HE s@dlOWnBant is lower, it means that the
compound is a factor which inhibits such transition.

According to the above method, “identifying” should also be interpreted to mean

“screening” of a series of compounds.

25 A "label" or "labelling moiety" may be any compound employed as a means for
detecting a protein. The label or labelling moiety may be attached to the protein via ionic or
covalent interactions, hydrogen bonding, electrostatic interactions or intercalation.
Examples of labels and labelling moieties include, but are not limited to fluorescent dye
conjugates, biotin, digoxigenin, radionucleotides, chemiluminescent substances, enzymes

30  and receptors, such that detection of the labelled protein is by fluorescence, conjugation to



5 aggregate, where it acquires the properties associated with PrPs’. Figure
2. D agramratl c represent ation of the cyclic anplification procedure. The
systemis cycl es of incubation of PrP~" in the prsegsf @issexcess
of PrPc fo y cycl es of sonication. During the incubation periods,
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ai mof multiplying the converting uni ts Tn the figure, two cycles of

soni cation/incubation are shown. Figure 3. Amplification of PrPs by

soni cat i orftrepieviden apdAareavidin ettt ek radiactivay somchemilhesinsspences @atalytic ai ni ng
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w th heal thy hapster brain ho en te W Jhaqut sonication cycles.
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(lane 1), 2009 (lang 2), A00 I an 800 (lLane 4 00 ad3200
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to 0, 5, Hpmanerg @W&?es and the PrPres signal eval uated by i mmunobl ot.
to Figure 6. Avpld {dnatphQMliOETT Reers tda RbRPEE SATPVRiEh oblPPfatdl AEMmilRs bl 0od
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si gnal evaduuahﬁbltd)@]IDmmnobl ot. Figure 7: Prion protein is present in

lipid-rafts. d- r af, al s det e entr i st.an fractlon
or DRIVI) wer e agienpetye M%ér%%gh 533 E‘ifsy FfBé?ra
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(Boehr?ﬁﬁge‘ihim’ 518 EQIF}@YWG@ ¢ro g dfest emtﬁltzewp%r @ ough 22G syringe
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i mmuno® ot "to d ’E‘@’éstarF’ ‘ﬁaff%‘l‘ enai’éf”‘r“@?rﬁ‘%‘g Wiy ﬁ%
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)



WO 02/ 0954 22 PCT/ GB01/0258.1 Figure 8: The factors needed for
anplification are present in lipid-rafts. Lipid-rafts were isolated from
heal t hy hg‘&{)ﬁi rain as describe in Figure 2 and nm xed Wgdy/dBfizchsdsd
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anplification. Figure 9: Presynptomatic detection of PrPSc in hanster
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{control dysem)oishesy mﬁi gral-as grell agjhowinespengiformeenpsphalapashisn RSE s maler v,

- and homogenr; epe R HB oY e ik hUIB GRS AT O R R PN BT
gnd ;he otaffect Inghdns swk (1§ &tumg t(2) aﬁragi?felyicymb g‘.nsaasec(mjﬁb a(ahﬁgmm_xramt-ﬂtmfsle(rbl ?ck f
ars r ea Wi i_nmun e e intensi 0
" the bands %ﬁggg&feﬁﬁﬁs@g{%§ ﬁ @ cgfﬁglt "’9’1@’2 ?&e[g ‘é% Hid P‘T’f&ma%‘?%geyof
sanpl es f rigehdesadli fiBhs of Pliordet@ddd ANoMas Shese\didaded of BiheR int 49 aaBRAlS O
brains ~ either wthout or Wthﬂ&%“flcatl n and, these results 1 s are not

shown in twed mdinmerticiagin dpregiseted fae fa“ﬁ%ﬂlﬁan PrPSc. The studies
wer e done usi QTS @i P'%E:Ft? aﬁa E%%orgia{?téfﬂ e GRskd A IASGBIy He e?rpﬁc( adi
i a wh

CfD, as well as 5 from gemat ched controls

i ncl uded plesdrthet genati¢ ewtaridl wcbtmresmmmgmcauot@nssmddgclsmomm 2ul was

osulte ofufidhrilh 5ot ik eRR probcft FENIBHR PRuoGRR RERNE BT,

3) areos hd%’lymdi‘phhﬁlsFl'ﬂierI&P gehg e bd fronDah}eﬁnnﬁlrnndﬁdJRg Iﬂﬁc"hdst"bdndo'tiesa'f ter

preparation, o Ioo | 1.s osts hosts fr of . heparini zed
bl ood comangndls + Shacriesd bt @3? 2 and o mplyBombiste i B greah, fignger
prepared %cdéﬂ&fé& Hﬁ@i?ae'téhﬂsfﬁ%lda%&her Hi’dhfPrPfgeﬁé%ha‘é%%ﬂ% baRlisBovepdd, subj ect ed
to anplification and the other half were m xed wi nor mal hanster brain

hormogenat e and 'Ehﬁb‘]eéé B@memwnﬂbc@twrse@w@a@gspweswb&m@yiwye t hen

treated w P m&m r i ment

i s shown |Fﬁﬁﬁ?§ ure g&&‘%‘ g%nrcé 8%595&?%50 %%@%%ﬁ%@% ter

sar kospl dkﬂ’rmquems afk, Besmﬂbedf inhGpbiel ret zbd 19829 owvhicho i mgorppmmdhhabmhlyy (O
and scrapi e; affectgijtz hams‘#g lge zél_gwas subj ected to sarkosyl WO 02/ 0495: 1
PCT/ GBO1/ 558 P diiloss apd descule SHER PRI | 1n the text. Half of the sanpl es
wer e not spbbreghishs usedsiEpdin nkladd:1 on and the other half were mxed with

nor mal hangter bral honogenat e and subjected to 20 anplification cycles.
All sanpl € aneﬁoewéfanw th PK and anal yzed by i mmunobl ots. One
represent aggygor%megpg}{ fg&qgﬁ& h&gﬂﬂ@ls and two for scrapie-affected
animals i s sh ﬁ(la gure igure 13: Detection of PrPSc in blood
after 20 plﬂlDéﬁn@ew@feldt-ﬂ%@blﬂmaseLl pid-rafts were extracted as described in
the text f [ ni zed bl ood comng fromhealthy (C) and
scrapi e- af?%@[oggéalharrs%ler s% Hal f of the sanples were not subjected to
alo anplGSSﬁmG&scmnﬂ-StrbmlenSdhemkthfsemre m xed with nonral hanster brain
honogenat e?lﬁ,n su?lJaect ed to 20 anplification cycles. Al sanples were then
treated ’é’ﬁ%‘F’yzed by imunobl ots. One representative sanple of

control anpip&lfsr the dofridd, oflpathobéid eondbrinee bEPPRNI mal s is shown in the
Figure. 1s Fl%bre 14. Detectlon of PrPSc in blood after preparation of

buf fy 2s0atBeP" Hoe thespdthogeniator “sorapie”i isofouh of PaB dwhiels issdypatha reatkéyfor prion
centrifug $1I on {romO0.5 m of heparinized blood comng fromhealthy (C and
scrapi e- af hansters (Sc). Half of the sanples were not subjected to
anplifi catpﬁho@g;_rhﬁteu@tsh@dpﬂ@ m m xed with nornmal hamster brain

honogenat e, and subj ected_ {o 20 npl i fication,cycles sa [e t hen
' eared i TRE greaduibe 2h SRR R PGSR Fethe R Lt et rartep She
exper | mntmhgaﬁgayhﬁrﬁm&%mmmw&a%mm MrehE 1 Anplification of

PK resistant PrP ~cxclic in vitro conversion t brain hom)genate
“ext racied Thefallowingds enor-hmising listof mrgumsandmlmowﬁms the signal of
PrP~" was barely detected by i munobl ot after treatnment with proteinase K
(PK) (Figure 3B, lane 1). PK treatnent is done routinely in the field to
di stingui sh between 30 the normal and abnormal forns of PrP, which differ
in their sensitivity to protease degradation (PrPs’ is partially resistant
and PrPc is degraded) (Prusiner, 1991). The form of
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brai n honogenate and kept at -20C until needed. 15 ~I of sonicated and
control sanples were digested with proteinase K, separated by SDS-PAGE and
anal yzed Qy W &'n blotting and PrPs was detected as di s@@s§hiiodsdshe

"Met hods"” "section. The results are reported in Figure 6. These results show
a clear increase in the 20 detection of the protein after the anplification
procedure, which is especially evidentj;at the | ower concentration of PrPs’
(for exanple at the 1280 dilution). If we conpare such results with those

obtai ned on i.nfected brajn ti.ssu ave oanrmatlo t hat the
anpl i fi caPFSeing CEEUR SfRIas of the ﬁamﬂyvf"wl’ngeep d@vac% 93 exbsavplael &5 qmigy aci
_thr Oughpu}esld%HseoPPﬂﬂ&l el mphbe? %f%éﬁéﬁs Qhvebeah '?&Hnﬁﬁ&[ %fchtJe atté Qr"lﬁ'

soni cator i nposes a problem for handling many sanples sinult ous as a
di agnost i inhested human priegdiseages. e have adapted the cyclic anpli f| cat| on

temt 96 OkHz), 3
' \?\%?cﬁmprgv?desh!ﬁdr#i%a?g g’%‘{l gpﬁpo%%(?ﬁgggﬁbg%%%s}gﬁ%e oljrl%aa d&ca% beo
pr ogr asme éftarions aﬂ&}:cﬂ;&b&phﬁﬁw,lorié&a@@éféx@&hd ﬂﬂﬁ&kd&ﬂqmslof PoB QeErs, |Em Thi's
[ t but f
rter | al RHBRPL GpHHE Pt AisParad PR bcbent s SO NG, s

el i m nat egyithidGebridher &, 1199 TH| dé?feh cdfoR e S)ﬂiaﬁllﬁhﬁdér isqmbhsﬁba nsmkteet The
latter is essential to handle infect mnimze fal se

posi tive PH28M.{Lhe Hﬁﬁemﬁ? ofytheer I%Pubﬂqﬁéisb;%:@ﬁgf B4 1189 dThsyPdogeneat i on
pul ses of g eﬁ@ecfoPBoﬁQ bﬂﬁﬁé& t19§’1”ﬁ|h'efskcﬁ.@gée0f3r ik B, pS

n
Si gnal SI [ ar revi OUS y O ser veg using a t 1t ona soni cat or.
EXAVPLE GgEmsfpabhsdmé imBlpersssearal, 1994. EhcpPrH ganatsequence brlmmh is published in

det er gent - eS| nt fract n_ The s I at.i ons where
the Prp e Bhant A IP2 s B b2 pe A8udEisTNBBRL 1 Rhors B30 L.
ascert ai neldzlzé FiheP e g, erfldflwrc];hexﬁé Hor mbdsegf)ﬁsbhsmlv:ﬁ Ibﬁhlnetl’zd?.pdﬂ%emhé PrIbgedegc ated
in a special regjon of the S rane e5| tant to m

det er gent S‘Equé%‘ierrtﬂ*iﬁhd% 1y B“ﬁﬁg CFZ‘F ﬁﬁ?@’l@{/ eﬁ\gg'h%{b&nt llffﬂﬂ"ésﬁr% and
gl ycosphi Raolddphes hérMB)byStfefince told@istfose il ARt Ith@PrP e%g%ﬁa PrP iRm8 a@ﬁnbr ane

domai ns are amed I|p|d rafts or 15 detergent-re5|stant menbr anes (DRM and
are riléh isequehegnal i ng prot eins, receptors and CGPl -anchored proteins.

C\ﬁyghcggm ;Pﬁg %ﬂve?xﬁ?xﬁ%ﬂ{;gf&?&sa e| nsﬁglﬁbﬁﬁﬁ?%ﬁ tgyig&h@%ﬁ#e step

of |i pi dr &btm oﬁprﬁcatprmnadvitkum samlie @rafhrab yerhlootdrmm:l sampbe) Rompfsing:| ar

—-

resuItSV\zeobtal d |n |solat|0£1 h?o rafts fromscraple brain

honpbgenat &% “PHKIRE FRQSY 1 Bop-PARDBREC BHOP BFPES - 1o eval uat e

whet her t lg) ﬂ‘naﬁﬁaaﬁgha%adpld/ﬁ&x-?a%m glehiy Héfp@tdﬁl contained in lipid-rafts, we
ﬁ ani s and added m nute quantities

purified t fromthe brain o
of hi @hly ( 'BLF[P g@PWﬁ%%@@@F&%é‘H@SB‘F& ’of si ck ani mal s.

Amplification i, lg__pegﬂ“;gsggﬂ %%opﬂgfe\fﬂe@%dmnt hat obtained with total

brain extract (Figure ce the anount of PrPres 25 produced after

anpl i fi cat(iiddeermgniog the msemf: 4ndt or aoemat of pathogenipipron protain withigteat es t hat

all el enerl&é feqw red for PrP conversion and anplification (including the
so-cal | ed *FB¢& or X'; (Telling et al., 1995)) are contained in this

speci al i zed e nbfuather etnhmdxment‘ﬁieheehmnapnpmmdhsdmdmd(for diaghosispCHDi on of the

factors needed for PrP conver |on sh b 0S$SI r (Separation
of prdPei MEHR HRTUERR CPTBTYE X Otfjnf?ﬂ“fﬁ?gﬁtbmf ﬁ’é'eff g@tﬁ%‘?‘f% th’l'a“gycl ic 30
anplifi catsLqule) In addition, lipi d rafts constitute a possible replacenent

for the use of tota
% contactglg e sample with an amount of PrPC protein;

(ia) incubating the sample/PrPC protein;
(i1) disaggregating any aggregates formed during step (ia);
30 repeatir;g steps (ia)-(i1) two or more times; and then
(iif) determining the presence and/or amount of PrP* within the sample.



WO 02/ 04954 27 PCT/ GBA /02584 brain honogenate in the cyclic anplification
procedure as a source of PrPc substrate and ot her endogenous factors

i npl i cat eqmi)m/&@a conversion. EX. AM'LE 7 5 Pre-synptomatigcfcaeinsss | n
experinmental aninmals To study the pre-synptonatic di agnosis of hansters
experinmentally infected wth scrapie, we screened 88 brain sanples at
different stages during the preclinicalg phase, half of which were

non-i nfected controls. Brain was taken every week (4 per each group) and
subj ected to 2Q,cycles of, anplificatipn, .The results showed that the nethod
is able to det 31"? nysntioR 2lse pae aﬁPﬁ?‘%‘i fpri cﬁtch@g theapreseaceenf apathpgenicecond

9y Wt hott ey PR ey SUAe o B GRERAT CRAHY ST L2

W thout cycli I cation, wa cted 1n week
Si X post - icompndmgn, only 4 weeks before the appearance of the clinical

~di sease. anpl.ificatio s detected in any of the contraql aninmals that
wer e not mF%n?Cé‘Bg thesample, @%@E&&m&@%ﬂm Prasuyiid praseimicy ¢l i ¢

anpl i f caty : S } e the application of the
cycli ckan{g?flﬁf%gﬁ%ﬁggﬁ@guPe&Q%AgE%ﬁgr?Lg’g)%ﬁJgg&?’r om brain of people

( cadaver s i) ishgeégtindanyGets gésefoﬁhedl(ﬁigﬁgs@' gigpse (CGID), we incubated 20
brai n honogenat es of sevzirﬁ)q,_ACJD patients gr nonnal controls) with healthy

human brai n hofRGEPESEPS e erdmergtmesand fhani ¢ anplification procedure.
The resul Q-Y:\.iiﬁiﬂgﬁh | b L ' J es of
spor adi c t(@)D@?)r arn ng}ﬂ;gg% e\é@\g/{?n non'!e&?ghtoggemélb'fég%ﬁdo? H&gég{‘np es (Fi gure

10). I ntenssplengly, anplification was obtained only in the sanples that had

shown to be infectjous ,a t hus .able t.o convert non-nutated .PrPc, while it
Gid ndd2n wor P b s dment ths yestion Piovidet mabar fer dagnesiger i the wil d

type prot eltheinld?® dReddd irPa PAHRAG tbm t%ggoncl usion that the nmethod works in
human sanples sim|arly as show) before for ani mal sanples. WO 02/ 04954

28 EXAMPL kingy samplsdpeeteraply p Slogd gy brajnsamplel fromithe patiensn  PCT/ GBOL/ 02584

I nfectivitg ' . i |. aninmals PrPs
O A RE MO Bt b Al E YT 2 T PP
perform t i) @b@ﬁgnggggﬁh%@m&tpa%@@ﬁgpﬁm&d/ otén;anpl i fication, we

preferred first to selectively concentrate the sanple in the protein to be
det ectléd #ndlisaggregating argt aggrepaesforkedduring step &findant bl ood proteins, such as

al bumn or he | gbi n .0l | owi ng four di,fferent protocols have been
shown effecti Cg%egt}ngtsﬁ?p?f&{ﬁg%vg%gr grefmeﬁ,r Sﬁl?eglti on of blood cells ghosts
Hepar i ni z ¢gl) deperiiiting tHeqRebe @ and AdtakrichtigsihathogehiSBAniyid protedCwidlii ehed! asma

and cellular fraction were separated and frozen at -80C until needed 0.5 m
of bl ood ewnple.

The invention furthermore provides apparatus for use in the methods described

20  above, particularly apparatus comprising a microtitre plate, multi-well sonicator and an
J amount of a non-pathogenic conformer.

A further embodiment of the invention provides a method for the diagnostic
detection of a conformational disease, characterized by a conformational transition of an
underlying protein between a non-pathogenic and a pathogenic conformer, by assaying a

25  marker of said disease within a sample, which method comprises (i) contacting said sample
with a known amount of the non-pathogenic conformer, (i) disaggregating the aggregates
eventually formed during step (i) and (iii) determining the presence and/or amount of said
pathogenic conformer within the sample. Preferably, steps (i) and (ii) form a cyde which is
repeated at least twice before carrying out step (iii) , most preferably steps (1) and (i) form a

30  cycle, which is repeated from 5 to 40 times before carrying out step (iii).



package was washed 3 tinmes in 12-15 vol of Fresh cold PBS, pH 7.6. The
cells were resuspended in 12-15 vol of 20 n0sM sodi um phosphate buffer pH
7.6 and swdgﬁqgg‘ently 15 for 20 min on ice, then centrif uygadsed1/03§84000 rpm
for 10 mn at 4C. The supernatant was di scarded, the pellet was washed 3
times in 20 nOsM sodi um phosphate buffer. The fi nal pel l et was resuspended
in PBS containing 0.5 Triton X-100, 03€6% SDS and protease inhibitors. 15

~ 1 of this suspensi on was mxed v/iv with 10% healthy hanst er brain

honogenat e and,sub. jetted,to 20..cycles o |ncu soni cat,i 0

soni cated and 2’@1«3 cBRERLeR %Sé’nﬁ"l%’éle%/\é‘i &55gl ?‘H‘? %‘@Tlélse%‘é’par at ed
. by SDS- PAGRaafigriAB oy 3 CnbmBSiaP tiandMdi b aﬁ @ﬂ&lﬁsﬁmmaae%&q §6n2S

di sclosed in the "Mthods" section. The results show the detection of the
PrPs’ af t ¢ethogeniaspdi % pedkogesic mxtf@@@ﬂ&r withig ¢ h@nﬂp,owbxcbaaswe@mpmm thef ect ed

. ani mal s ('?blﬁ%ﬁ ér}}:san(g h Cé}i’% lvf‘tﬁ [ Hord of B@ﬂo@?hﬁﬁé :{jhere

is no S|gna OU arrp IC&tIOﬂIS no le to

det ect 5t h@opfoasnemc(e) di‘sagﬁegﬁm@the(dgg@gats dstb)ltua]br fcBoned alwyihg etepr(a)cand) (m)

Heparini z aIs centri 500 ,r pm at.,4C, of

bl bod el 1SRRI TG PEesGhee FAR P COPUR 94748 polionfic SOOIy it fbe femeor 30
n nut es. m}efeﬁb fﬁsﬁé@s(@&&%ﬁfdﬂnf g whithBefdeeametl lUdeOwidetbefive birfyidgiged at
85,000 rpmfor 2.,hrs at 4C e 02/ 04954 29 PCT/ GBOL/ 02584 pel |l et was
washed an®uf &€p8Pended in PBS containing 0.5% Triton X-100, 0.5% SDS and
protease i nhi bifir frvlmicd fgthet [}Jr&w&é&sé"?ﬂeﬂl&&‘ f&@ﬂeﬁh%g é’/clﬁm‘ﬁbﬁxm Iieheal thy
hanst er brai n honbgenate and bjected to 20 cyc es’o

i ncubaloi onnecbﬂat@athmrconmom} trpsiiien tof dama nuiderlying: proteinnpétweennar eoni gest ed

with prote; nd anal yzed by s western blotting
and PrPs’ V\g%%g%( (fggﬁfl%g\ g?{fc?se% ?‘%ﬁﬁl "Met hods" section. The results
show t he @t ectdoatactidg &hlendwnPamonritt &ff thehﬂor&pq:thogenmatam&smm oaitd ur]mdvcm t he

bl ood sanpl es fromln%ﬁ&:ed ani.mal s iqjgrﬁ 12 . he.bl pod sa ds from
none i nf 6t ed RS Of ftk GAOREEH CoRigrar 15 e Presagt AP Eoie AToenes o e
anplification |c§n{yghn@055| ble to detect the presence of PrPs” (Figure 12).
10 3. Lipid raft extraction Heparinized hanmster blood was centrifuged at
2,500 ¥pm(@} 4clisaggrsgating she aggrsartescaenuglly éarmed dpeag B s ed (v/v) in PBS with

1% Tri t onX;;400 m.unm“?@ HE{H nﬁ%z éa frin thl Pres @R hid Wage di | Ut ed
1:2 in SUZ‘.(Ii' se (%u % and’ pl ace thg%on? oémé gent ?lreﬁuge 15 tu%e
of sucrose 35%abemeepfmcbcbmpcmﬂully over the sarrpl e. 1.5 m of sucrose 15%

ro e o S PR AR R, 6, ol 0 EGELT 1 B g o0 O
cent ri f ugednisidiraént§) e rhencontemn @f | the alescﬁfu‘uoﬂ' Iaexnpﬂdels etll V\msdnﬁaai&ﬁd st
resuspended, i n PBS containin 5% Triton X-10Q, ,0.5 and pr ot ease

i nhi bi 3%r subggutions ,syhieh,; ang L??§ %é‘?‘l'@i’ rb}’\,@gerﬁ?g(gaﬂe\;l/ & ta? 1‘3@‘7‘5 hy
hamst er Ond\PERIARM %n& &ébif%l‘ié&éim&o 20 cycles of

i ncubat i OH&ZOI’II catjon. % P soni cated and c r es wer el'égl gested
with protei naselle i mgetmna @E@Pﬁ@é Facagh 8 M ples; BT i ng

and PrPs’ t C ults
how t he dipAdHEREE B f‘ﬂ&d%*séﬁhﬂfﬁ%ﬁtﬁg%en%@@%%ﬂ?ﬁt EP%?&@*E?ES% he

bl ood sanplefes td therfigurésspeafieddreraleday.(Fi gure 13). In the bl ood sanpl es 25
fromnon-infected animals there is no signal after anplification. Wthout
anplification is not possible to detect the presence of PrP~ (Figure 13).
4. Buffy coat preparation. Heparinized hanster bl ood was centrifuged at
1,500 rpmat 4C for 10 mn. The 30 buffy coat was carefully recovered using
standard procedures and kept at -80C until
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di scl osed in the "Methods" section. The results show the detection of the
PrPs” aft plification procedure in the blood sanples frominfected
ani mal s ( N OF e DRAWING I es from non-infected animals there
~is no signal after anplification. Wthout anplification is not possible to
detect the presence of PrPs” (Figure 14). |10 METHODS Preparation of brain
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honpgeni z eggregutdBhenitaqquivésahs propertiesdsiariated with/PrPE0% Det ergents (0. 5%
Triton X-100, 0.05% SDS) were added and clarified with | ow speed

centrifugation (10,000rpm for 1 mn. 20 Preparation of the sanples and

cxcli ¢ anmBighteCAt DRigramiftiatid| reficbetith@6 oPithd BPCIRCAMPIiRcAIA ProdedRgeTate were
made directly in the healthy brain hgomgenate. 30 pl of these dilutions
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| ses of : | Ay | G - W d
pu bk SRs SRGBNCHRR, BRfBe o BB BefB80 FighRLicbir NGIARAdL 0. 25

i mrersed i sanpl e.. /cl es"were ‘T epeated several
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37C. The neaction was stopped with .PVBF 50mM. Sanpl.es re separat ed. by
SDS. PAGE (e i P AR, AT T AR AR P B By cvcles of
ni t rocel | ybasgicnzaltion are shéW® or tris-glycine transfer 30 buffer with 10%

met hanol during 45 mn at 400mA. Reversible total protein staining was WO
02/ 04954 31 PCT/ GBA /02584 perfornmed before bl ocking of the nmenbrane with

5% non- f atFigi#ég. ARBLBSH IR of Iirge b?%&éi&ﬂ%n"t?ﬂeé.%]gﬁgl Slodof %Hﬁv%ilré“g}iht he

monocl| onal tibody” 3F4 (1:50,000 our washes o mn eac
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nor ser adi s per 8438k LWak 805 ARRAHR A TbinoJRHAEARY BA%Y, T BRPY Tor
sample was divided in two groups one of which was subjected to five cycdes of
incubation/sonication (lane 3). Half of the above samples were loaded directly in a gel and
stained for total protein with Coomasie (panel A). The other half were treated with PK and

20  immunoblotted using the anti-PrP antibody 3F4 (panel B). Panel C shows some controls in

which healthy brain homogenate was incubated alone (lanes 1 and 2) or in the presence of
diluted scrapie brain homogenate (lanes 3 and 4). Half of the samples (lanes 2 and 4) were
subjected to 5 cycles of sonication/incubation. Lanes 2, 3 and 4 were treated with
proteinase K.

25
Figure 4. Sensitivity of the cyclic amplification system. The minimum concentration of

PrP* that can be used for detection after amplification was studied by serially diluting the
scrapie brain homogenate and incubating with healthy hamster brain homogenate with or
without sonication cycles. Panel A shows the control experiment in which scrapie hamster
30  brain was diluted serially in rat brain homogenate. Panel B corresponds to the experiment in
which the serial dilutions of scrapie hamster brain were incubated with healthy hamster
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Figure 7: Prion protein is present in lipid-rafts. Lipid-rafts (also called detergent-
resistant membrane fraction or DRM) were isolated using a modification of previouly
described protocols. One-hundred mg of brain tissue was homogenized in 1 ml of PBS
20  containing 1% triton X-100 and 1x complete cocktail of protease inhibitors (Boehringer).
Tissue was homogenized with 10 passages through 22G syringe needle and incubated for 30
minutes at 4°C on a rotary shaker. The sample was diluted 1:2 in sucrose 60% and placed in
the bottom of a centrifuge tube. 7ml of sucrose 35% were place carefully over the sample.
1.5ml of sucrose 15% was layered in the top of the gradient. The tube was centrifuged at
25 150,000g for 18hrs at 4°C. The lipid rafts float to the 15%-35% sucrose interface (panel A).
Different fractions were collected and analyzed by total protein staining with silver nitrate
(panel B) and immunoblot to detect PrP (panel C). To remove sucrose from the sample,
lipid raft fraction was recovered washed in PBS and centrifuged at 28,000 rpm during 1hr at
4°C. The pellet was washed and resuspended in PBS containing 0.5% Triton X-100, 0.5%
30 SDS and protease inhibitors. All PrPC was located in this fraction (panel D).
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Figure 11: Detection of PrPSc in blood after preparation of blood cells ghosts. Cell
ghosts from 0.5 ml of heparinized blood coming from healthy (C) and scrapie-affected
25  hamsters (Sc) were prepared as described in the text. Half of the samples were not
subjected to amplification and the other half were mixed with normal hamster brain
homogenate and subjected to 20 amplification cycles. All samples were then treated with

PK and analyzed by immunoblots. One representative experiment is shown in the Figure.

30  Figure 12: Detection of PrPSc in blood after sarkosyl extraction. 0.5 ml of heparinized
blood coming from healthy (C) and scrapie-affected hamsters (Sc) was subjected to sarkosyl
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1. Aneth B § %mqbﬁ%rﬁ 'g or detection of a conformational disease
which is characterized By a conformational transition of an underlying
protein between a non 5 pathogenic and a pat hogeni c conforner, by assaying
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(tii). 20 5. The nmethod o arty one of the preceding clainms, wherein step
(1) is carried out under physiological conditions.

EXAMPLES

25 EXAMPLE 1

Amplification of PK resistant PrP by cydlic in vitro conversion.

Hamster brain homogenate extracted from scrapie affected animals was diluted until

the signal of PrP* was barely detected by immunoblot after treatment with proteinase K

(PK) (Figure 3B, lane 1). PK treatment is done routinely in the field to distinguish between

30 the normal and abnormal forms of PrP, which differ in their sensitivity to protease
degradation (PP* is partially resistant and PrP° is degraded) (Prusiner, 1991). The form of



6. The nethod of any one of the preceding clains wherein the amount of the
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of any ong‘E 244§ Preceding clains, wherein the conformatighggpdiesgase is a
transm ssibl e conf ormati onal disease. WO 02/ 0954 PCT/ GBA /0258~ 37 8. The
met hod of any one of the preceding clains, wherein the sanple to be

anal ysed is subjected to a pre-treatnmenj for sel ectively concentrating the
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15 is not detected by the antibody used for the immunoblot.

EXAMPLE 2

Sensitivity of detection by cyclic amplification.

To evaluate the minimum concentration of PrP% that can be used for detection

20  after amplification, the scrapie brain homogenate was serially diluted directly in healthy

hamster brain homogenate. Without incubation, the signal of PrPres diminishes

progressively until it was completely undetectable at 800-fold dilution (Figure 4A,0). In

contrast when the same dilution was incubated with healthy hamster brain homogenate and

subjected to 5 cycles of incubation/sonication, the limit of PrPres detection was decreased

25  dramatically. Indeed, clear signal was easily detected even at a 3200-fold dilution (Figure
4B,C).

EXAMPLE 3

Exponential increase in PrPres with number of cycles
30 To study whether the intensity of the PrPres signal after cyclic amplification

depends on the number of cydes of incubation/sonication performed, diluted scrapie brain



(11) disaggregating any aggregates eventually forned during step (i); and 5
(ii1) determning the anmount of the pathogenic confornmer (a) in the
presence Qfoedbfdssonmpound and (b) in the absence of said cprpegifesdd. The
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pellet. 10 pl of plasma were mixed in 50 pl of healthy hamster brain homogenate containing

- U
2120 AL

the PrP® substrate for the conversion reaction. Samples were subjected to 11 cydles of
15 incubation-sonication. As a control same samples were mixed in 50 pl of healthy hamster
brain homogenate and kept at -20°C until needed. 15 pl of sonicated and control samples
were digested with proteinase K, separated by SDS-PAGE and analyzed by western blotting
and PrP* was detected as disclosed in the “Methods” section.
The results are reported in Figure 6. These results show a clear increase in the
20  detection of the protein after the amplification procedure, which is especially evident at the
lower concentration of PrP* (for example at the 1280 dilution). If we compare such results
with those obtained on infected brain tissues, we have the confirmation that the
amplification process works similarly in blood.

25 EXAMPLE 5
High throughput cyclic amplification
The use of a single-probe traditional sonicator imposes a problem for handling
many samples simultaneously, as a diagnostic test will require, We have adapted the cyclic
amplification system to a 96-well format microplate sonicator (Misonix 431MP- 20kHz),
30  which provides sonication to all of the wells at the same time and can be programmed for
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cajcajca y aamgenesm is not yet ascertained. However, both PrP€ and PrP* have been reported to be

located in a special region of the plasma membrane which is resistant to mild detergent
treatment due to the relatively high content of cholesterol and glycosphingolipids (Vey et
al, 1996; Harmey et al, 1995). These membrane domains are named lipid-rafts or
15  detergent-resistant membranes (DRM) and are rich in signaling proteins, receptors and
GPl-anchored proteins. We have confirmed that 100% of PrPC in brain is attached to this
fraction, which contains <2% of the total proteins (Figure 7). Thus, the simple step of lipid-
raft isolation allows a dramatic enrichment in PrPC, Similar results were obtained in the
isolation of lipid-rafts from scrapie brain homogenate, in which PrP* was recovered in the
20 rafts.

To evaluate whether the factors needed to amplify PrP are contained in lipid-rafts,
we purified them from the brain of healthy animals and added minute quantities of highly
pure PrP% extracted from the brain of sick animals. Amplification in lipid-rafts was
equivalent to that obtained with total brain extract (Figure 8), since the amount of PrPres

25  produced after amplification was similar in both conditions. This result indicates that all
elements required for PrP conversion and amplification (including the so-called “Factor X”;
(Telling et al, 1995)) are contained in this specialized membrane domain. Therefore,
identification and isolation of the factors needed for PrP conversion should be possible by
further separation of proteins from the lipid-rafts and monitoring their activity by cyclic

30  amplification. In addition, lipid-rafts constitute a possible replacement for the use of total
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To analyze the application of the cyclic amplification procedure to human samples

from brain of people (cadavers) affected by Creutzfeldt-Jakob disease (CJD), we incubated

20  brain homogenates of several CJD patients (or normal controls) with healthy human brain
homogenate and carried out the cyclic amplification procedure. The results show that there

was significant amplification in samples of sporadic CJD brain analyzed and in none of the

4 control samples (Figure 10). Interestingly, amplification was obtained only in the samples

that had shown to be infectious and thus able to convert non-mutated PrPC€, while it did not

25  work when the mutant protein is not capable to convert the wild type protein. These data

support the conclusion that the method works in human samples similarly as shown before

for animal samples.
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Infectivity studies suggested that at least in experimental animals PrP* is present in
blood in late-stage animals (Brown et al., 2001). In order to perform the blood detection of
5  PrP* by cyclic amplification, we preferred first to selectively concentrate the sample in the
protein to be detected and to eliminate the bulk of very abundant blood proteins, such as
albumin or hemoglobin. The following four different protocols have been shown effective
for this purpose.
10 1. Preparation of blood cells ghosts
Heparinized hamster blood was centrifuged at 2,500 rpm at 4°C. The plasma and
cellular fraction were separated and frozen at -80°C until needed. 0.5 ml of blood cell
package was washed 3 times in 12-15 vol of fresh cold PBS, pH 7.6. The cells were
resuspended in 12-15 vol of 20 mOsM sodium phosphate buffer pH 7.6 and stirred gently
15 for 20 min on ice, then centrifuged at 30,000 rpm for 10 min at 4°C., The supernatant was
discarded, the pellet was washed 3 times in 20 mOsM sodium phosphate buffer. The final
pellet was resuspended in PBS containing 0.5% Triton X-100, 0.5% SDS and protease
inhibitors. 15 pl of this suspension was mixed v/v with 10% healthy hamster brain
homogenate and subjected to 20 cycles of incubation-sonication. 20 pl of sonicated and
20 control samples were digested with proteinase K, separated by SDS-PAGE and analyzed by
western blotting and PrP* was detected as disclosed in the “Methods” section. The results
show the detection of the PrP* after the amplification procedure in the blood samples from
infected animals (Figure 11). In the blood samples from non-infected animals there is no
signal after amplification. Without amplification is not possible to detect the presence of
25  PrP* (Figure 11).

2. Sarkosyl extraction
Heparinized hamster blood was centrifuged at 2,500 rpm at 4°C. 0.5 ml of blood
cell package was diluted (v/v) in 20% sarkosyl and incubated for 30 minutes. The sample
30  was centrifuged in Beckman TL100 ultracentrifuged at 85,000 rpm for 2 hrs at 4°C. The
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Heparinized hamster blood was centrifuged at 2,500 rpm at 4°C. 0.5 ml of blood
cell package was diluted (v/v) in PBS with 1% TtitonX-100 and incubated for 30 minutes at
4°C. The sample was diluted 1:2 in sucrose 60% and placed in the bottom of a centrifuge

15  tube. 7 ml of sucrose 35% were placed carefully over the sample. 1.5 ml of sucrose 15%
was layered in the top of the gradient. The tube was centrifuged at 150,000 rpm for 18 hrs
at 4°C. The lipid rafts were recovered washed in PBS and centrifuged at 28,000 rpm during
1hr at 4°C. The pellet was washed and resuspended in PBS containing 0.5% Triton X-100,
0.5% SDS and protease inhibitors. 15 pl of this suspension was mixed v/v with 10%

20  healthy hamster brain homogenate and subjected to 20 cycles of incubation-sonication. 20
ul of sonicated and control samples were digested with proteinase K, separated by SDS-
PAGE and analyzed by western blotting and PrP* was detected as disclosed in the
“Methods” section. The results show the detection of the PrP* after the amplification
procedure in the blood samples from infected animals (Figure 13). In the blood samples

25  from non-infected animals there is no signal after amplification. Without amplification is

not possible to detect the presence of PrP* (Figure 13).

4. Buffy coat preparation.
Heparinized hamster blood was centrifuged at 1,500 rpm at 4°C for 10 min, The
30 buffy coat was carefully recovered using standard procedures and kept at ~80°C until
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U& () - 10% %59 $ps 18d J}Q‘LM ] iifhibiers S BL of this suspension was mixed v/v with 10%
healthy hamster brain homogenate and subjected to 20 cycles of incubation-sonication. 20
pl of sonicated and control samples were digested with proteinase K, separated by SDS-

5 PAGE and analyzed by western blotting and PrP% was detected as disclosed in the
“Methods” section. The results show the detection of the PrP* after the amplification
procedure in the blood samples from infected animals (Figure 14). In the blood samples
from non-infected animals there is no signal after amplification. Without amplification is
not possible to detect the presence of PrP* (Figure 14).

10
METHODS

Preparation of brain homogenates.
Brains from Syrian golden hamsters healthy or infected with the adapted scrapie

15 strain 263 K were obtained after decapitation and immediately frozen in dry ice and kept at
-80°C until used. Brains were homogenized in PBS and protease inhibitors (w/v) 10%.
Detergents (0.5% Triton X-100, 0.05% SDS) were added and clarified with low speed
centrifugation (10,000rpm) for 1 min.

20  Preparation of the samples and cyclic amplification.
Serial dilutions of the scrapie brain homogenate were made directly in the healthy

brain homogenate. 30 pl of these dilutions were incubated at 37°C with agitation. Each
hour a cycle of sonication (5 pulses of 1 sec each) was done using a microsonicator with the
needle immersed in the sample. These cycles were repeated several times (5-20).

25
PrP% detection.

The samples were digested with PK 100 pg/ml. for 90 min at 37°C. The reaction
was stopped with PMSF 50mM. Samples were separated by SDS-PAGE (under denaturing
conditions) and electroblotted into nitrocellulose membrane in CAPS or tris-glycine transfer

30  buffer with 10% methanol during 45 min at 400mA. Reversible total protein staining was
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the horseradish peromdase labelled secondary anti-mouse antibody (1:5000) for 1hr. After

5  washing, the reactivity in the membrane was developed with ECL chemiluminescence Kit

(Amersham) according to manufacturer’s instructions.
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4. The method of claim 3, wherein the cycle is repeated from 5 to 40 times before
carrying out step (iii).

20
5. The method of any one of the preceding claims, wherein step (i) is carried out under

physiological conditions.

6. The method of any one of the preceding claims wherein the amount of the non-

25  pathogenic conformer in step (j) is an excess amount.

7. ‘The method of any one of the preceding claims, wherein the conformational disease

is a transmissible conformational disease.
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1s subjected to a pre-treatment for selectively concentrating the pathogenic conformer in the

sample .

5 9, The method of claim 8, wherein the pathogenic conformer is PrPSc and the pre-
treatment is the extraction from the sample of a fraction which is insoluble in mild

detergents.

10.  An assay for a marker of a conformational disease which is characterized by a
10  conformational transition' of an underlying protein between a non-pathogenic and a

pathogenic conformer, within a sample, which assay comprises the following steps:

(i) contacting said sample with an amount of the non-pathogenic conformer;

(ii) disaggregating any aggregates eventually formed during step (1); and

(iii) determining the presence and/or amount of said pathogenic conformer within the

15  sample, the pathogenic conformer being a marker for the presence of said disease.

11.  The assay of claim 10, wherein step (i) comprises step (ia) incubating said

sample/non-pathogenic conformer.

20 12,  The assay according to claim 11, wherein steps (ia) and (i) form a cycle which is
repeated at least twice before carrying out step (iii).

13. A diagnostic kit for use in the assay of any one of claims 10 to 12 which comprises a
known amount of the non-pathogenic conformer.

25
14. A diagnostic kit as claimed in claim 13, which additionally comprises a multi-well

microtitre plate and a multi-well sonicator.

15, A method for identifying a compound which modulates the conformational
30  transition of an underlying protein between a non-pathogenic and a pathogenic conformer,

comprising:
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(ii) disaggregating any aggregates formed during step (ia);
repeating steps (ia)-(ii) two or more times; and then
(iii) determining the presence and/or amount of pathogenic prion protein within the
sample.
20
18. A method for diagnosing CJD within a patient, comprising:
taking a sample from the patient;
(i) contacting the sample with an amount of PrP° protein;
(ia) incubating the sample/PrP° protein;
25 (i) disaggregating any aggregates formed during step (1a);
repeating steps (ia)-(ii) two or more times; and then
(iii) determining the presence and/or amount of PrP* within the sample.

19. A method for detecting the presence of a pathogenic form of B-amyloid protein

30  within a sample, comprising;
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repeating steps (i2)-(ii) two or more times; and then

5  (iti) determining the presence and/or amount of pathogenic B-amyloid protein within the

sample.

20. A method for diagnosing Alzheimer’s disease in a patient, comprising:
taking a sample from the patient;
10 (i) contacting the sample with an amount of non-pathogenic B-amyloid protein;
(ia) incubating the sample/non-pathogenic B-amyloid protein;
(ii) disaggregating any aggregates formed during step (fa);
repeating steps (ia)-{ii) two or more times; and then
(ii) determining the presence and/or amount of pathogenic B-amyloid protein within the

15 sample.

21.  Apparatus for use in the method of any one of claims 1 to 9 or 15 or the assay of

any one of claims 10 to 12.

20 22.  Apparatus for use in the method of any one of claims 1 to 9 or 15 or the assay of
any one of claims 10 to 12, comprising a microtitre plate, multi-well sonicator and an

amount of a non-pathogenic conformer.



