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| NVENTI ON The present invention relates to a nethod for the diagnosis or
detection of conformational diseases by assaying for a marker g MG 200e
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molecular mechanisms of initiation and self-association, with consequent tissue deposition
and damage.

The structural interest is due to the fact that these varied diseases each arise from an
aberrant conformational transition in an underlying protein, characteristically leading to
protein aggregation and tissue deposiion. Medically, the presentation of these
conformational diseases reflects this molecular mechanism, with typically a slow and
insidious onset when the transition is occurring in 2 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). _

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 familia
insomnia (FFI) in humans as well as scrapie and bovine spongiform encephalopathy (BSE)

in animals are some of the TSE diseases (Prusiner, 1991).



Al t hough these diseases are relatively rare in humans, the risk for the
transmssibility of BSE to humans through the chain food has taken the
attention of the public health authorities and the scientific Z0iWEN200Y

(Cousens et al., 1997, Bruce et al., 1997). These di seases are
characterized by an extrenely | ong i ncubation period, followed by a brief
and invariably fatal clinical disease (Roos et al., 1973). To date no
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et al.,, 1995, Weber et al., 1997). Attempts to develop a diagnostic test for prion diseases are
hampered by the apparent lack of an immune response to PrP%. "The clinical diagnosis of
CJD is currently based upon the combination of subacute progressive dementia (less than 2
years), myoclonus, and muttifocal neurological dysfunction, associated with a characteristic
periodic electroencephalogram (EEG) (WHO Report, 1998, Weber et al., 1997). However,
variant CJD (vCJD), most of the iatrogenic forms of CJI and up to 40% of the sporadic
cases do not have the EEG abnormalities (Steinhoff et al., 1996). On average the accuracy
of dlinical diagnosis is around 60% for CJD and highly variable for. other prion-relared
diseases. The clinical diagnosis is more accurate only at the late-stage of the disease when
clear symptoms have developed (Weber et al., 1997).
Genetic analysis is useful for the diagnosis of inherited prion diseases, but these
represent only 15% of the cases. Neuroimaging is useful only to exclude other conditions of




20 AUG 2004 3 rapidly progressive denentia due to structural |esions of the
brain (Wber et at., 1997). The findings obtained by inmaging of the brain
by conputed tonography (CT) and magnetic resonance inaging (

mainly on the stage of the disease. CT is nuch less sensitive and in early -

phase no atrophy is detected in 80% of the cases (Galvez and Cartier,
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By combining clinical data with the biochemical markers a higher success in the
diagnosis is achieved. However, according to the operational diagnosis currently in use in
the European Surveillance of CJD," definitive diagnosis is established only by
neuropathological examination and detection of PrP* either by imamunchistochemistry,
histoblot or western blot (Weber et al., 1997, Budka et al., 1995).
Formation of PrP* is not only the most likely cause of the disease, but itis also the

best known marker. Detection of PrP* in tissues and cells correlates widely with the disease

and with the presence of TSE infectivity, and treatments that mactivate 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
limjtation 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.
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,



detection with conventional nethods) only in the CNS at the | ate stages of
the di sease. However, it has been denonstrated that at earlier stages of
the disease there is a generalized distribution of PrPs” (in | o? & ﬁr%),
especially in the lynphoreticular system (Aguzzi, 2 0 AUG 2004 4 1997).

| ndeed, the presence of PrPs’ has been 4eported in palatine tonsillar
tissue and appendix obtained frompatients with v&D (Kill et al., 1997).
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by the ends and as a result they eco arge crease in
number ( Fgveres the normal protein by integrating it into the growing aggregate (Figure 1). The

conversion has been mimicked in vitro by mixing purified PrP with 2 50-fold molar excess
of previously denatured PrP* (Kocisko et al., 1994).

The # vitwo conversion systems described so far have low efficiency, since they
require an excess of PrP* and therefore are not useful for diagnostic purposes because they
cannot monitor undetectable amounts of the marker. The reason for the low efficiency is
that the number of PrP* oligomers (converting units) remains fixed throughout the course

of the assay. The converting units grow sequentiafly by the ends and as a result they become
larger, but do not increase in number (Figure 1).

DETAILED DESCRIPTION OF THE INVENTION

We have now found a method for the diagnosis or detection of a conformational
disease, wherein the disease 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:
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Pr PC. characterised by a conformational transition of an underlying protein. This "underlying
protein” is a protein which is capable of adopting a non-pathogenic conformation and a -
pathogenic conformation. One example of such a protein is the prion protem, PrP. A
further example of such a protein is the protein involved in Alzheimer's disease, L.e. the B-
amyloid protein.
The conformational diseases to be diagnosed or detected are preferably
transmissible conformational diseases, such as TSE (as defined in the Background section).
In the case of diagnosis of TSE and according to a preferred embodiment of the
invention, the marker of the disease as well as the pathogenic conformer is PrP*, whereas
the non-pathogenic conformer of the protein of interest is PrPC.
The amount of the non-pathogenic conformer that is used in step (i) (and optionally
in step (ib)) will generally be a known amount, although this need not be the case if one
merely wishes to establish the presence or absence of the pathogenic conformer.
Preferably, the amount of non-pathogenic conformer that is used in step (i) (and
optionally in step (ib)) will be an excess amount. Generally, the initial ratio of non-
pathogenic conformer to pathogenic conformer (if present in the sample) will be greater

than 100:1, preferably greater than 1000:1 and most preferably greater than 1000000:1.
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conmpari sgp. [Wtﬁd%eﬁila Sorth Lﬂn%ﬂeogong)ﬁlg G mEL g evifljrbgll}ycb ted PrPC. A further
embodiment of the invention therefore relates to a method or assay as herein described
wherein the non-pathogenic conformer is PrP which has a reduced level of glycosylation
(1n particular N-linked glycosylation) in comparison with the wild-type PrPC. Preferably, the
PrPC has been treated to remove some, all or 2 significant amount of the glycosylation prior
to its use as the non-pathogenic conformer in the methods and assays described herein; and
more preferably, the non-pathogenic conformer is PrP® which is essentially unglycosylared.
In the case of diagnosis of TSE, if aggregates of the pathogenic form are present
within the sample,.duﬁng step (1) they will induce the PrP°— PrP* trapsition and during
step (1) such aggregates will be broken down into smaller still infective units, each of which
is still capable of inducing the conversion of other PrPC. This kind of method is herein
called “cyclic amplification” and is represented in Figure 2. This system results in an

exponential increase in the amount of PrP* eventually present in the sample that can easily



PrPC has been treated to renove sone, all or a significant anmount of the
gl ycosylation prior to its use as the non-pathogenic confornmer in the
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Therefore, the system has direct applications to the diagnosis of conformational

diseases, and in particular transmissible conformational diseases, such as TSE by amplifying
otherwise undetectable amounts of PrP* in different tissues or biological fluids. The system
may allow the early identification of people at risk of developing TSE and could also be
very useful to follow biochemically the efficacy of TSE therapeutic compounds during
clinical trials.

According to a preferred embodiment of the invention the sample to be analysed is
subjected to a “pre-treatment” step, which has the purpose of “selectively concentrating” in
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 1s resistant to mild detergent treatment (such as ice-cold Triton X-100) due to the
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
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The length of the incubation will be for a time which will allow some, all or a
sigatficant portion of the non-pathogenic conformer to be converted to pathogenic
conformer, assuming that the sample contains some pathogenic conformer. The time will
readily be determinable by those skilled in the art. Preferably, each incubation will be
between 1 minute to 4 hours, most preferably 30 mitutes to 1 hour, and particularly
preferably approximately 60 minutes.

Incubation step (ia) may also comprise the further step (ib) which comprises the
addition of a further amount of non-pathogenic conformer.

~ Various methods can be used for disaggregating the aggregates during step (i) of
the method of the present invention. They include: treatment with solvents (such as sodium
dodecyl sulfate, dimethylsulfoxide, acetonitrile, guanidine, urea, triflucroethanol, diluted
triflurcacetic acid, diluted formic acid, etc), modification of the chemical-physical
characteristics of the solution such as pH, temperature, jonic strength, dielectric constant,
and physical methods; such as sonication, laser irradiation, freezing/thawing, French press,
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many samples simultaneously, such as a diagnostic test will require. There are on the marlket
some 96-well format microplate sonicators, which provide sonication to all the wells at the
same time and can be programmed for automatic operation. These sonicators can be easily
adapted to be used in the diagnostic method of the present invention.

Thus one embodiment of the invention relates to the use, in step (i), of a multt-well
sonicator.

The detection of the newly converted pathogenic conformer, e.g. PrP¥, (i) after the
cyclic amplification procedure described in steps (i) to (if) could be carried out according to
any of the known methods. Specific detection of PrP* is usually (but not atways, see below)
done by a first step of separation of the two PrP isoforms (normal protein and pathogenic
protetn). 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 trearment and is insoluble even in the presence of non-denaturant
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
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can al so be used with
on the use of antibodies.

D) Fluorescence assays.. Normal PrP® used as a substrate for the amplification
procedure can be labelled with fluorescent probes before starting the procedure and after
the removal of nop-converted PrPC, fludrescence of the newly converted PrP* could be
quantitated. It is possible that the fluorescence assay might not require the removal of non-
converted PrPC, because the fluorescence properties of PrPC and PrP* might be different
due to the distinct conformation of the two isoforms,

E) Aggregation assays. It is well known that PrP* (and not PrPC) is able to aggregate
forming amyloid fibrils or rod-type structures. Therefore detection of PP* could be done
by using the methods used to quantify the formation of these type of aggregates, including
electron microscopy, staining with specific dyes (Congo red, Thioflavin $ and T, etc), and
turbidirpetric assays. Aggregation assays do not require the step of separation of the two
1soforms, because is known that normal PsPC does not aggregate. '

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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confornmer )}l s antibody is also able to recogni ze the non- pathogenic

conforner from hansters_and hupmans, but not from bovine, rmouse, rat, sheep
an alterpative 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.

- According 10 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.

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 (i) and (it)
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the tissue, the assay and method of the present invention may be carried out on homogenates
or directly on ex vizo samples. The methods and assays will generally be carried out on ex
v or #nviro samples. Preferably, the sample is a biological fluid, such as blood, lymph,
urine or milk; brain tissue, spinal cord, tonsillar tissue or appendix tissue; a sample derived
from blood such as blood cell ghosts or buffy coat preparations; or a plasma membrane
preﬁaratiog such as lipid-rafts, detergent resistant membranes or caveolae-like domains.
The sample might alternatively be a composition comprising a compound: (particularly a
protein) derived from a human or animal source, such as growth hormone, or a tissue
extract, such as pituitary extract. Such a sample composition might be contaminated with a
pathogenic conformer.

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
10 establish the presence or absence of pathogenic conformer in that product or drink. -

Préférably, the non-pathogenic conformer added in step (t) will be from the same
species as the sample. Tt may, for example, be derived from a healthy (i.e. non-pathogenic)
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.
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or even subst i.al,l e form In no casgs, the nonj;pat hogenic

con or mer ot 1 QN 8 O Fosyomiorst PR Sk SRR RO AR ORI PT REEPAS her eof

whi ch conbaldimet, hadredyeleadinied Wt between steps (ia) and (i1) as described above for the
methods and assays of the invention, nutatis mustardis.

If the amount of pathogenic conformer measured in the presence of the compound
1s higher than that measured in the absence, it means that the compound is a factor which
“catalyzes” the conformational transition; if such amount is lower, it means that the
compound 1s a factor which inhibits such transition.

According to the above method, “identifying” should also be interpreted to mean
“screening” of a series of compounds.

A "label" or "labelling moiety” may be any compound employed as a means for
detecting 2 protein. The label or labelling moiety may be attached to the protein via lonic 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

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



pat hogeni ¢ conforner. Preferred exanpl es include brain honogenates and

fractions derived therefrom e.g. lipid rafts. Preferably, the sanple
and/ or the non-pathogeni c conforner mﬁll be of human origin om §nem A0
donestic aninmal, e.g. a cow, sheep, g% or cat. Another object of the

pr esent i nvention is to provide a method for identifying a conpound which

nodul at es the conformational transition of an underlying protein between a
non- pat h&gerteademand/ oAby equaotivuinh cofnexdioacivigrdrsihegiludines@aed, agtalyig an

anount o eni c..con n anmount of the pat ho eni c
conf or rreén({{)r%ﬁt p?%E (rglce eé?lcgoﬁfpo?‘fg%gb’s‘éﬁc% Bt Pr @@ gl
di saggr egat i ng’ﬂ&rtyrrﬁdgﬁﬂaﬁiaﬁSnﬂ‘t@éhéé@' Feferk & ﬂﬁgﬁgﬁﬁ bf‘&sﬁr‘d@ﬂ a£1|51}1 fr(o L)

determ ning the an?unt of the pat hogenl c confor resence and in
the absBif8EJO%at an éB‘?‘r’f?GBﬁ oymatns] rasitient efpar m}dedmlg poopin; kadingep (a)

i ncubat i pghr&ial bELP9 QLNEr . a cycl e. cg rried out
bet ween st eps | a)” and (| FBS g@hﬁbe@ﬁ{; ?/aéqesf%ru ?rj??e r?é” al?ﬁ:la%tssays
of the i Mg onm eapnhpegacéd fiohea pMUgﬁudﬁonﬂiﬁdapﬂ:ﬁﬂd Roa@A ber Mer
measur ed S e of th ound i.s higher n that neasured in
t he absen%lgpsﬁ't%g?%gn E&ﬂ%’i‘ Tt 8RS sthey agt Sqﬂeé\h ransmisstds " t he.

conf or rratonfnahatidrahSdi‘séaﬁés“ IEME#I& agPURICh] JadddWE » dlstasBER

t .t
conmpound i s cfo \Aghéﬁgl nhji bits such transition. Accordl ng f? P?Ee above
met hod, ®49G iFfJ%’r@ theap %‘meéPmaf@Hprﬂ@lt@abpathpéBﬁE)smdemhmgan of a
series of &@m@g@@g‘&ﬁ n | corrpound
enpl oyed Us a reans feglr &?@ngﬁaﬁgaﬂg\%&ﬁm ﬁ%‘%ﬁ’éﬁ’%& rlng noi ety
maybe att acheahﬁdeﬂhe Spomd:eﬂﬁ]m abbmmatbdoas "Il Rfths bk ithE @6dst Wdgamély dr ogen

bondi ng, nt i, ercal ation. Exanpl es of | abel s
and | abemdl ncglalr;m e{% g'ge | r ﬁ‘uﬁg bﬁé}f fll}'srrﬁ%f@éF PEFuFY sipntaneently dy e
conj ugat mgvy tvith 4ingani genifna raﬁhg lsgolti dege fNE S
substancllnal aﬁymas and recept oP}Pfs sucE:%ﬁt hat deteectloﬁh{)? tlahg ﬁ?%[};e@ﬁ ed
protein Vb‘s“ . conjugation to 2 0 AUG 2004 14 streptaviden
and/ or avi di N e vna@}ageﬁc@w%bp&mavast KOS AR HILICRSARSE from

catal ytic
accidental infection of people with human prions. The most noted example of such is the

accidental infection of children with human prions from contaminated preparations of

human growth hormone. ,

The term "Familial CJD" refers to a form of CJD, which occurs rarely in familtes
and is inevitably caused by mutations of the human prion protein gene. The disease results
from an autosomal dominant disorder. Family members who inherit the mutations
succumb to CJD. .

The term "Gerstmann-Strassler-Scheinker Disease" abbreviated as "GSS” refers to a
form of inherited human prion disease. The disease occurs from an autosomal dominant
disorder. Family members who inherit the mutant gene succumb to GSS.

The term "prion” shall mean a transmissible particle known to cause a group of

| such transmissible conformational diseases (spongiform encephalopathies) in humans and
animals. The term "prion” is a contraction of the words "protein” and "infection” and the
particles are comprised largely if not exclustvely of PrP* molecules,

Priops are distinct from bacteria, viruses and viroids. Known prons include those

which infect animals to cause scrapie, a transmissible, degenerative disease of the nervous



and/ or ligand-receptor interactions. Preferably it is a fluorescent or a
phosphorescent |abel. The term "conformational diseases" refers to that
group of disorders arising froma propagation of an aberrant 9
conformational transition of an underlying protein, |leading to DpIABFean
aggregation and tissue deposition. Such_di seases can al so be transmtted by
an induced conformational change, prob gated from a pat hogeni ¢ conforner
to its nornmal or non-pathogenic conforner and in this case they are called
her ei n " tsysmenokshdgp and goatf as mell ias hakindispegiontt endephalppatsesofBSE) oh nkdnds  of

e Al e AR o AL B B
di sease, dffecivhighand hte (%rl%ﬁ'hﬁ,l @) G&uﬁtfﬂﬂfl]aﬂoﬁ) Pidele 115, (HhCerk@hdh-SeRaladi C
By

CID' abbreyiated_as "s ref ersﬁqﬁq?1 e. mpst conmon mani festation of

Cr eut zf el el BIsRsE b)) sl staglish ssemaiac i) Asontednbeseis| priom

i ndi vi du it oxJ .t gl : of 1 per _mllion
per year %ﬁﬁgésv@dﬁoﬁ %gé)?l ggss e%"‘ﬁ%egaglr%gh@ etM Etlsg(ra#%}sfs:?lre%gres At can%%ﬂm A

abbr evi atwed asd in @itrularéf bursarsand irsdasesticealfath aginfalsom  acci dent al

i nfection of e W, hunpn priors. The npst noted exanpl f such is
the accident gfﬁ‘?métf’@ngeaf lewrﬂ%g%ﬁnﬁﬁuﬁﬁdi%ﬁrci’?%@ﬁ 5 Wat ed
pr epar at i desgitel gerdtdgBnaretid Wiich ekpraes tid @ribe ghvieldindi gdlyhdiBhishRf flds to a
formof CID, which occuyrs rarely in f mﬁg es, and is inevitably caused by
mut at i ongMYRteResYlaE ey listed, pereim wo : subheadings Reshogenis dYwationsrand an
aut osomnal cﬂ!ﬁﬂb €] | Sa“m@.mmﬁ?} tr tal QIS
succunb tPo (O3] B Th.es' tzgémﬁﬁiéﬁdgf%nyne-%tgﬁﬁl er-Schein Erhe[)l"ggsétgqéﬁel& heat?

abbr evi atastinas dee8bed hereimr and: anyaandf adk polphorphisms iapd dndtations thereafnitdiesmase.

The di seagse og¢cyrs from an gutosonal , nant , disordey. [Fam |y nmenbers who
i nherit t'Re ARE &aentgmésdg@ﬁ‘?ﬁf)tgﬁr sﬁg@gﬁsﬁeémf AT y%?? é‘ﬁdls%oﬁ’gf mean a
transm ssi bl e Ty teiml"Brikgeanrdf@s gansalyao ginpghne of anysdpetied whick shededdify

conf or matfi onal &;ﬁi,eases &3pongifonﬁ'§g§e hal ppat hi es), i n humans .and

ani mal s. 9B of@ "R A% PRIUENES A § YH RFIOnt e CRo PAE8e W@E’ﬂm‘wﬁd
"infecti qrp QQHeddd€ ard@bSchHbdR S THriCOEPL, S8Y2) JMRRIIY ihdorpRhre@Nfkdiniyel v of
PrP& nol ecul es. Priogns are distinct frombacteria, viruses and viroirds. .
Known pr irefsEencats disdoseisnd desciibg siehisequspeesani mal s t o cause scrapie, a

transm ssiyl e degenerative flijggease of the nervous
CNS for central nervous system;
BSE for bovine spongiform encephalopathy;
CJD for Creutzfeldi-Jakob Disease; '
- FFI for fatal familial insomnia;
GSS for Gerstmann-Strassler-Scheinker Disease;
PrP for prion protein;
PrP* for the normal, non-pathogenic conformer of PrP;
PrP™ for the pathogenic or “scrapie” isoform of PrP (which is also the marker for prion
diseases).
Pathogenic mutations and Polymorphisms
There are a number of known pathogenic mutations in the human PrP gene. Further, there
are known polymorphisms in the human, sheep and bovine PrP genes.

The following is 2 non-limiting list of such mutations and polymorphisms:
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encephal opat hies (BSE) or
encephal opat hi es of cats.

(1) kur

Schei nker

herei n

u, (2) Creutzfe

prion includes

D sease (GSS),

mad

Jakob Di seag
and (4) fat aI
al |

| dt

sheep and goats as wel |

cow di sease and feline spongiform
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(3) Gerstmann- St I?assler-
insomia (FFl).

Four prion diseases known to

(AD,
fam i al

forns of 5r|ons causi ng all

di seases or others in any ani

af f ect

as bovi ne spongi form

As used

or any of these
partl cular in humans and in

donest ijcadad gERic Thaftag e terms— ene—and— i or—protetrn—gene”
are used int erchangeaaol H;lherel nto describe genetic na&%vr‘f] whi ch
expresceyutaﬂpqgrl on pr(melymorphltnms)l erDpollynﬁjﬂ‘phﬂﬂﬁ mtrﬂﬂyﬁﬂﬁp}ﬁgﬁg as |t hose
i sted n_under—the "'*“hi'"‘: rg—Pa pic Mit atigns
Pol ynor p% ‘%Fﬁf?ea THEpr rﬁé% n be fr aﬁ%lﬂm mal i nd Qroﬁ ng the "hogt"
and "t @t octar@péaipdseredes 54 her ein ahdmE($and al | paicrarepeptsi sns  andl
mutati dns thereof, it B E‘; cogni zed 13he terng include other $uch
Pr P gere%o?tﬁéPeaaﬂEeWet sdi scover edAlH¥alt erm "PrP [gene" refers
gener alll o dcBe e ¢f any species which encodes any formof a PrP|am no
aci d sequence |' I:lC udi mg any prion profein. Sonme commnly known PrP
sequengesocirepaiessentbed in Gabriel et pl., 1992, which is incorporatedg
her ei n t%;y reference t¢ disclose and describe such sequences. Abbreviations
used har’e?HENEF Tt Y for central jnervous system [BSE for bovine
spongi flar hakgpa hy, CJD for eut zf el dt - Jakolp Di sease; FFX for
fatal fla cfﬁcl ial _insomiq; GSS for Gerstjmann-Strassl er-$chei nker D seasg;
PrP for F8e2en; | PrPC for the normal, non-pat hogeni c conforner of"
PrP; PriRsg }-H‘bStIiPSLB@t hogeni ¢ or "scrapie” isoformof (PrP (which is also
t he mank prion diseases). Pathdgenic nutationsjand Pol ynorphi srs
There ar(éxb)nrillﬁwéa-Ve]‘ nown pat hogenic nutations in tITe human PrP geng.
Furt her ’Cocp)n 195 Stop

Codon 178 Asp-Asn

Codon 180 Val-lle

Codon 198 Phe-Ser

Codon 200 Glu-Lys

Codon 210 Val-Tle

Codon 217 Asn-Arg

Codon 232 Met-Ala

"The normal amino acid sequence, which occurs in the vast majority of individuals, is

referred to as the wild-type PrP sequence. This wild-type sequence is subject to certain

characteristic polymorphic variations. In the case of human PtP, two polymorphic amino
acids occur at residues 129 (Met/Val) and 219 (Glu/Lys). Sheep PP has two amino acid
polymorphisms at residues 171 and 136, while bovine PrP has either five or six repeats of

an eight amino acid motif sequence in the amino terminal region of the mature prion

protein. While none of these polymorphisms are of themselves pathogenic, they appear to

influence prion diseases. Distinct from these normal variations of the wild-type prion



are known pol ynor phi sns in the human, sheep and bovine PrP genes. The
followng is a non-limting list of such nutations and pol ynorphisns: 2 0
AUG 2004 16 MJTATI ON TABLE Pat hogeni ¢ human] HumanSheepBovi ne 2 0 AUG 2004
mut at i onspol ynor phi snspol ynor phi snspol ynor phi sns 2 oct arepeat insert Codon
129Codon 1715 or 6 4 octarepeat insertivet/Val Arg/ @ uoctarepeats Codon
219Codon 136 5 octarepeat insertd u/LysAla/Val 6 octarepeat insert 7

oct arepe i.nse p iinser t oct arepeat l.nsert Codon 102 Pro-Leu
Codon 10??’?6%-% L‘rééﬁt%%g{ﬁaél%&%hg-wm&g&@if Cgtagﬁr EGoPerPs WP A9 Codon
180 Val - Iread@sddPrR 98 tRheutiber 6Ddanrep@Odhie Ueby BlefilanyBith s\abstd ipodon

217 Asn- ’ﬁ}ﬁ . Cpdon 232 I\é[let Ala The nornmal am no acid sequence,” whi ch occurs
in the vas ST EPH 955 dual s, is referred to as the wild-type PrP

sequence. Thi 9nWbiddr tey PSro$dE URRGEr I8 ] €Cthet ST LRl ﬁxﬁ%%%%er' stic
pol ynor phi c variations. In the case of Human PrP, two po yrmrp|% I NO
aci ds oc AN 2pe ppimesphiew, onecanvsfer tarhe Rblishédbagttne) of BifogmePF3rhas t wo

am no ac iegample, a chicken, bovine, sheep, rat and mouse PrP gene are disclosed and published
within Gabriel et al,, 1992. The sequence for the Syrian hamster is published in Baslet et
al1986. The PrP gene of sheep is published by Goldmann et al, 1990. The PrP gene
sequence for bovine is published in Goldmann et al,, 1991. The sequence for chicken PP
gene is published in Harris et al., 1991. The PrP gene sequence for mink is published in
Kretzschmar et al., 1992. The human PrP gene sequence is published in Kretzschmar et al.,
1986. The PP gene sequence for mouse is published in Locht et al., 1986, The PP gene
sequence for sheep is published in Westaway et al, 1994. These publications are all
incorporated herein by reference to disclose and describe the PrP gene and PrP amino acid
sequence.

The invention also provides a method for detecting the presence of a pathogenic
form of prion protein within a sample (preferably a blood or brain sample) compnsing:

() contacting the sample with an amount of non-pathogenic prion protein;
(1a) incubating the sample/non-pathogenic prion protein;
(it) disaggregaring any aggregates formed during step (ia);

repeating steps (ia)-(ii) two or more times; and then
(1il} determining the presence and/or amount of pathogenic prion protein within the
sample.

A further embodiment of the invention provides a method for diagnosing CJD
within a patient, comprising; taking a sarple from the patient (preferably a blood or brain
sample);

(1) contacting the sample with an amount of PrP€ protein;

(ta) incubating the sample/PrPC protein;

(i) disaggregating any aggregates formed during step (ia);
repeating steps (1a)-(ii) two or more times; and then

(it1) determining the presence and/or amount of PrP* within the sample.



pol ynor phi sns at residues 171 and 136, while bovine PrP has either five or
six repeats of an eight amno acid notif sequence in the amno term nal
region of the mature prion protein. Wiile none of these pol y2o} pHESI® are
of thensel ves pat hogeni c, they appear to i nfluence prion diseases.

Di stinct fromthese normal variations Bf the wild type prion 2 0 AUG 2004
17 proteins, certain mutations of the human PrP gene which alter either
speci fic am ngh%@i‘@ﬂﬂ¢@918d@e@ww Prerhod fbhdemcurkgetrh qiresendeasioppahsy éﬁt\/e been
identifi ate.w t.hh. i nherl on di seases. In_order
to provi e furcﬁfl %écﬁ Ryt o™t %15‘6@'8 gHF#rT%E’ lopdt Pt Framesamplg)at i ons
and pol yggging™s, one can refer to the published sequences of PrP genes.
For exanple, a chicken, bovine, sheep, rat and nouse PrP gene are

di scl ose@ (@n’@cmg)thesh@pleWEMamGahrdfebn@taﬂ:@gemc o;dl' t@gquence for the
Syrian 2@ ublished in Baslet et a11986 rP gene of sheep is
publ i s & srrapleZpon-pathogenicfhemplerd pyetcis; sequence for bovine is

bl 91, ,Th tor chi cken Prp
Ul | < ﬁ).ng%?%@m‘ﬁ%‘%i‘gf@ PRad A B S ctoence Tor ok 1o '

publ i shed i n refeaing sepmin)-@) ~vad or mbRHRnesT el dheiran Pr P gene sequence is

publ i Shjgl i,n Kretzschmar et al 1986. The PrP gene sequence for nouse is
publ i ) dererprais the pagsence podéor amprmnppfpashesnicdeauppiderowin Wb the s

publis E% Westaway et al., 1994. These publications are all :

i ncor porat herein by reference to disclose and describe the PrP gene and
PrP ami no amﬁﬁmhimmhbdim&hefthamﬁdueﬁpadﬁdbsﬁﬁﬂéth&ﬁﬁr&aﬁéﬁ&%d for

detectin ence of a pathogenic formof prion protein within a
sanpl e ( 35 15 ey ‘EC‘B‘PBFﬁ“%arrpI e) conpri SI ng (i) contacting the
sanpl e whltifiy a&ﬁiﬂe@f@f&mﬁ@meabhe%ma&ﬂé)'fmmﬂ{ (ia) incubating the
sanpl e/ ngn- pat hogeni c pr| on protein; (11°) “disaggre ng any aggregates

f or med dﬂﬁpn@ﬁm@beémemth@mMMQf s@mp&:h@gm)cﬁam)doid/prom nmore times; and
then (ii erm pre en nd/ qQr. .anount of pathogenic prion

prot ei n (\R}'f“ﬁ\l OEZQaFSQﬂgFW%%'@Ng%diPﬁ%ﬁP; of the invention provides

a net hodgy cﬁfaggeee&ne%wg&é@tes formed during step (ia);

repeating steps (ia)-(ii) two or more times; and then
(iii) determining the presence and/or amount of pathogenic $-amyloid protein within the
sample.

The invention furthermore provides apparatus for use in the methods described
above, particularly apparatus comprising a microtitre plate, multi-well sonicator and an
amount of a non-pathogenic conformer.

A further embodiment of the invention prevides 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 _
marker of said disease within a sample, which method comprises (i} contacting said sample
with 2 known amount of the non-pathogenic conformer, (ii) dimggregatmg 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 (iif) , most preferably steps (1) and (1) form a
cycle, which is repeated from 5 to 40 times before carrying out step (i).



within a patient, conprising: taking a sanple fromthe patient (preferably
a blood or brain sanple); (i) contacting the sanple with an am)unt of Pr Pc
protein; (ia) incubating the sanple/PrPc protein; (ii) di saggr?e@) n?jﬂ'any
aggregates forned during step (ia); repeating steps (ia)-(ii) two or nore
times; and then (iii) determ ning the psesence and/or anmount of PrP& within
the sanple. 20 AUG 2004 18 The inventi on al so provi des a nethod for
detecting the Egesence of . a pat.hogenic form of 1i- id protein within a
sanpl e (pref er 2Bf YOETHPR GO ITOBAS 11 assmp Fr)a maé-‘t?ﬁﬁf |as‘i m{“?“”éé‘ﬁ?%&ti ng
the sanpl ghavictehizad 5D UBhfRhaiRAr RALNQGEDE Gn Qi groPern?tb% n & hés-

i ncubating the sanpl e/ non-pathogenic Ji-anyloid tein; (i

di saggr egﬁ%@Fliilcl"‘ia’gm&n§*11 dgp¥hegeas ¢apformtr.dmithing sue@e,(whl): assayeqwmsesgt}&t eps

1% t d/
fﬁtlrrg?mgl 'O]Z‘fogéé\&t?ﬁxg %&E?L&bﬁ@ﬁ%ﬁﬁér%&yngﬁht )h}fnr? ey i nléﬁgﬂé spence and/or
enbod: neronbtiichet) riiogrieguing b iaggregatesnalc el fokrall g ls&? »ﬁDBr s

di sease ip _a patient klng rrple( referably, ,a bl god or

brai n sar%feéﬁrﬂf‘? ﬁi‘ Plré n‘?%ﬁ?“‘ﬂ")‘“ E@%@“E‘%\'WF@ the s#mpleount  of

non- pat hageftbly} al@ﬁkﬂ)ﬁ)%ﬁr@tfgfd@a c%rélé %)uch"tcﬂépé&édrbg 128 wice before cartyin

sanpl e/ non- patz enic O-anyloid protein; di saggregati ng any &r egat es
!ﬂl

formed dutit HgP p ca); repeating steps (|a) (i) two or nore tines; and

then (iii) det R eSS nd/ u ath echa | oi d
protein wthi nﬁéeﬁlnéﬂééagmt‘l [} E I nve%tl on urot h@gnrﬁﬁmegpr 05138%‘%1 B?S'écgt us
for use modd@esrmhhodmfmimbndbedansahmvef gnahdeelyingr pryeip plastadens aCHSHPT | Si Ng

a mcroti t{he QI .at €4 thtl - wel Infsonl cator..and an anount of a non-pat hogenic
conf or ITEI’ C and a pa OZEIIC CONIOLmET, COMPpIisimng: : .

@ contacting a known amount of the non-pathogenic conformer with a known-

amount of the pathogenic conformer in the presence and in the absence of said
compound,

(i)  disaggregating the aggregates eventually formed during step (1),

(i)  determining the amount of the pathogenic conformer in the presence and in the
absence of said compound.

The present invention has been described with reference to the specific
embodiments, but the content of the description comprises all modifications and
substitutions , which can be brought by a person skilled in the art without extending
beyond the meaning and purpose of the claims.

The invention will now be described by means of the following Examples, which
should not be construed as in any way limiting the present invention. The Examples will
refer to the Figures specified here below.



A further enbodi ment of the invention provides a nmethod for the diagnostic
detection of a conformational disease, characterized by a conformationa
transition of an wunderlying protein between a non-pathogenic ?md ﬁ%

pat hogeni ¢ confornmer, by assaying a marker of said disease w THhi 2004
sanpl e, which nethod conprises (i) comdacting said sanple wth a known
anount of the non-pathogenic conforner, (ii) disaggregating the aggregates

event ual DESCRMPIICING tBRAGIINGd (iii) determ ning the presence and/ or
anount of sal pat hogeni ¢ con within the sanple. Preferably, steps
(i) and (1i) forma cycle which is repeated at |least tw ce before carrying
out step refera st k) form cle, whichis
r epeat edl:ﬁﬂ'1J Sfﬂai%tl?r%gs gaft%’rue fgﬁ? Fép{‘@' @&tﬂri’teﬁf'(‘})l 1’%’ ‘2'}(@“75&]@12004 19
The i nvenf PeP* &l 5 B-shesv vicH eigaerpohnh dbaterss PEIC L@%m AnE P B8R glt%

ng

di sease, characterized by conformational transitTon of an un

protei n PRGN el VEheRh ac ﬁ%fgaempem&wsaagta d o RPE conformer, within a
sanpl e, which assay conprises the followng steps: (i) cont act i ng said
sanple with a known amount of the non-pathogenic conformer, (ii)

di saggr eE&W‘ng’l tlﬁeaggynmgatmpreemuunldfytbﬁwwhd m;ﬁliﬂtgu&hq&oéédurand'hél i )
determn gencs Qﬁd/ 0{) Id path genl C gonfc\?\iﬁ)ﬂer W thin
t he sarrpij er a%F{/ SOhEUPRRE ‘#q}r a}?Rrstmfed? Freese gEPe @‘Fied s

r epeat edbﬁtcyd:lwsf sbiticnD Ehemng thaiddibitibn Petiod! gﬁkgﬁehb)mpihg hl&lfeﬂ

further &\owdes thod*for I.denti fying acorrp nd which no tes the

conf or ma t‘WG'rF 6?%“&%&3% wiple duting sonication oe asgregates are
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anount of the non-pat hogem c co Known

pat hogen$@1@anﬂ6mmbatlpnatersbowesence and I n the absence of said conpound,
(ii) disaggregating the aggregates eventually formed during step (i), (iii)
determ ning the amount of the pathogenic conforner in the presence and in

the absFimredt Aﬂﬁplﬁﬂmhmmm&P*“TJ?esom@mt cycleseAthill AhRBnPSERr45S prdbed
W th refﬁrence to the. spefg: ) n‘%odl ments, hut the content of the
descri pt POROE d;yqsllgg.t ated Wi, dhealthy rat brain homogenate (fane 1,

control expenment) or with healthy hamster brain homogenate (lane 2 and 3). The latter
sample was divided in two groups one of which was subjected to five cydes 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
immunoblotted using the anti-PrP antibody 3F4 (panel B). Panel C shows some comtrols 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.

Figure 4. Sensitivity of the cyclic amplification system. The minimum concentration of
PrP* that can be used for detection after amplification was studied by seﬁa]ly 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
brain was diluted serially in rat brain homogenare. Panel B corresponds to the experiment in
which the serial dilutions of scrapie hamster brain were incubated with healthy hamster



substitutions , which can be brought by a person skilled in the art w thout
extendi ng beyond the neaning and purpose of the clains. The invention wll
now be described by neans of the follow ng Exanples, which shoy symagybe
construed as in any way limting the present invention. The Exanples w |l
refer to the Figures specified here belnw. 2 0 AUG 2004 20 DESCRI PTI ON OF
THE DRAW NGS Figure 1. Schematic representation of the conversion PrPC -->

PrPs . The i:nfeqtd ' PreRPc” i A--sheet..rich oligoner, i ¢h
converts %rr AI%% a%gﬁi%éwﬁ iég‘ﬁistorfi% (%)_ afﬁ?;?ﬁgﬂ;id; “éﬁﬂf‘stgét gﬁwﬁ;&“@%

acqui res tinenymo oscshatnad e .ditufdng Ue SiHi MRtk C
representation of t.he C)écli C ngl i mle i on procedure. E‘:I' gn systlem I sEl based
on cycl es SW&]’E’&WE&%% B Wﬂgﬁ reithe ?‘ﬁ%’“’ﬁ}ﬁég%@@eé;: 7@9&2‘@9 2h40Pr{fae bl | owed
by cycl es gof aaﬂéu;)gﬁdo%e %ﬁggo@ @&eig}cubati on periods, oligoneric PrPc” is
enlarged by incorporating PrPc into the grow ng aggregate, while during

soni cation the agl({gregat es are broken down with the aimof nmultiplying the
conver t i ndigewers Relationship bgwieen thadrPyes| signabfand sbenoattieo of ianmplifiation ar e

shown. Fi . |iflcatiqn of PrPc’ by .sonication cycl.es., A snall
amount of gg(g?%{g?%égar)%ﬁm 1 OO GENEE R R 8t %ﬁ%&@%&%#ﬁﬁﬂ@t}@w th
heal thy r btaibhainogharoGeidisared aitfeded to@PRLINNI0 Q40K HERMHA)hE Privet efgal t hy
hanst er brain hcgl?noﬁat% |l ane 2 and 3). The latter” sanple was diVvided in
two gr oup&YaTAEechHPY e s subjected to five cycles of o

i ncubation/sonication (lane 3). Half of the above sanples were | oaded
directly i 2| i I ei i.e (panel A).
The ot hor TR Sngy EPHticatioR g1 tpy Ol bRICH! soBlhs el 2 REBARY o BRRY. o p
ant i body %ith ScapirehanByer bram bbmGzaiwens sachen Sodtlihalos dfil0:Ahshnieat why br ai n
honbgenat i te I (Lanes . nd 2) or in,t resence af :
i uted speiBed f6h Al LICRaI0L A0 TRl e wie mter Yot Rl s
(lanes 2 heprijredeat dloodL$ngdds ebré cutfectedabds cpfes 90 hicGRitoaRbhdsiAdddahe Lanes
2, 3 andnﬁly\ere tﬁie%}ed \é\)/ith prqtei nase K. Figure 4. Sensitivity of the .
cyclic anplitfy vef eruated b spmyReblat ni num concentration of PrPc’ that can
be used for detection after anplification was studied by serially diluting
t he

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
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
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 centnifuged 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. All PrPC was located in this fraction {panel D).



scrapi e brain honobgenate and i ncubating with healthy hanster brain
honogenate with or w thout sonication cycles. Panel A shows the control
experinment in which scrapie hanster brain was diluted serialdg AUG poBk
brai n honogenate. Panel B corresponds_to the experinent in which the
serial dilutions of scrapie hanster bfain were incubated with healthy
hanmster 2 0 AUG 2004 21 brain and subjected to 5 cycles of

i ncubat Faguredhi The ifactorsDasedied dophriptifeutibh aire pReseht ifhHpid-FAdNPRiPESsi N A

mat or | aPBOBee DR PE ks ol deAatbe S0 5 e A6nd rixelonil Fahold) - 400"
(l'ane 3¥ilue8 PIP$E BBl Punfit® Bl s@i5e BAmIRH bRZP G.Saﬁnh%? %(E‘P% eithie ﬁ%%& @Pe :
e anplitrcatl on

Rel ati onshi p between 'the PrPres si'gnal and the nu ro

cycl es. 30p1 goplefiastion gl (ive 4). Ainrs ioapeidateprasers: theswizagreckduies buausigxweds of
healthybgﬁgmﬁgge}{*)a%@fog hg}ﬂﬁ){g&g&te. Sanmpl es were subjected to O, 5, 10, 20
clesan e Pr

or 40 cy es signal evaluated by inanmunoblot . Figure 6.
Amplification of PrP& in bl ood sanples. Heparinized rat bl ood was spi ked

wth SctaﬁiFe %g?ter brai n, hgnogenate. to_reach a final dilution of 10:1.
Thi s i Xt&HE resympigaatis defecten of PEPSqym hamster brajay iHamssers twérons wer e

o 11y ea O nte co oy 19 sAPalbg ceaal fond) (i IOCRITHINEL Sl 071y

to 11 cycles of incubati‘on-Sonicatio eva ed by
i rnmuno bomiaggpase.7Every jwask pf bemsisters perpgempnwerk nsatrifiried -and flirsins lwqre d- r af t

(also c t t-. r'esi menby ane fracti.on qr .were,isol at ed
usi ng a%agﬁfiﬁ%ﬂ %ﬁggﬁm 3@3@%@% Sm&@&ﬁ P bed© d{“(‘i'tﬁg{%%?’é ng of
brain tdmnhen/bm%fi > simb}mgémd: 2@0ycles oIiﬂ&:bgiorPBﬁ]i%a@ieﬂKIﬁhcﬁtiB&ﬂ?.l% $aipl@Rwefe 100 and
1x conpl et e,cocktail of .protegse |nhjbi.tors (Boehringer). Ti ssue was
hormgen‘fr?‘gﬁdvﬁ’ﬁ 1%’6 b“éé@@&%ﬂ?ﬁ%gﬂ?%ewm RE ! ﬁehéﬂﬁ_% Ve ceviavetedabed f or
30, M naémtomiu 5o Br FGraki 50 dikhee W&g@o&xgﬁﬁg MoSfbocksin blls SUCT OS€

60% and gl aced 1n the bottom of n sucr ose 35% were

pl ace cabsriadily agyef thmngahbrla@.s'eit!netsmh@tc os wathoweplifisftonamdithsse rexidts n t he

top of &Y ]?éih? 3 ube was centrifuged at 150,000g -for 18hrs at 4C
The |i pi ra%ts P%tgfﬁ%r{"he 15% 35% sucrose interface (panel A).

Different fractions were coll ected and anal yzed by total protein staining

Mrove Eiirs 3b' ARiRifickA0R 5t ke VIS HIRudles e 0656 Sing broin Sples o 1
11 different confirmed cases of sporadic CJD, as well as 5 from familial GJD and 4 age-
matched controls, which indluded patients affected by other neurological disorders. Brain

was homogenized and subjected to 20 amplification samples. Representative results of a
control (A) and three different sporadic CJD (B) cases (1, 2, 3) are shown in the Figure.

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
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.

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



lipid raft fraction was recovered washed in PBS and centrifuged at 28, 000
rpmduring 1hr at 4C. The pellet was washed and resuspended in PBS
containing 0.5% Triton X--100, 0.5% SDS and protease inhibi ?q]" QUG% Pr PC

was |ocated in this fraction (panel D). 2 0 AUG 2004 22 Fi guie 3: -
factors needed for anplification are pnresent in lipid-rafts. Lipid-rafts
were isolated fromhealthy hanster brain as describe in Figure 2 and m xed

with 700-fold dilute c_hi i dfromscrapl hansf.er _brain.
Sarpl o5 FEFEUBP R dPor LB 1oth Bl Ge S Fi-edor Siests T FPRISAon L1 nes 1
and 2 r eaﬁ@smmammwnﬁi@%@mﬁ@ﬁnmmw BdintlRhi¥lpendpd ﬁicrvsulajeeaaa%‘m@ e for
anplification. Figure 9: Presynptonatic detection of PrPSc in hanster

brain. Hamplieasiopgydes. Allsemplas werei then arca,teqlmshm and(anelyyedyivt imneusioblots.
(control g! | [ % Every,
week 4 hadrirHWlste?t)ﬂS'(Ql%'ltweEELIHLP]I Qggrogl@gcr Fﬁ %?Bgaél?lggﬁ %/\Cger(g g %?‘E%I and
honogeni nedlefh?.irf: of the sanples were frozen i mredi ately (V\/m te bars) and
the other half subjected to 20 cycles of incubation/sonication (black
bars). Al sanmples were treated with PK and i nmmunobl otted. The intensity

of the b@Figisrevids Ifét‘éi:ltiéﬁtcﬂ'q)rPSc Al H1sdd affEt hyid rEﬁ§BuHﬁEathﬁP 8rifrd P&e aver age
of sanples from4 aninmals. No detection was observed in any of the control

brai ns ef¥stedids drserbedin vhe textabipm ¢.5 ealtq (ﬁ??ﬁﬁ@ft‘-’rbécw qoming from hgabthynot
shown in | udi es
wer e don )Bgfl%g alganf@ggﬁpﬁaéésge?WI ﬁhﬁa# eren CPOI’lfI Fv %Ecggb g-cte‘éedf 1Q5(Sspor adi c
CID, as wapliiasiod aﬁdmhn bthek halébveﬁ]ﬁuaddvxm agewl hahetretandnimagesste whd ch

i ncl uded i ent ted b roIo cal di sor Brain

horpgan SEaE Rt ds: AT srRpEt Rer hed S K S Sl b

resul ts ghmanolslent Oﬁle répyseanfivd bingsle A cbir@NhinsPOosRbive fol RehBlk-ofeges (1, 2,
3) are shawn, i.n the Fi gure Figure 11: Detection of PrPSc in blood after

pr epar at prypalstis shogedn 1g‘"@\hosts Cell ghosts from.0.5 nl of heparinized
bl ood coming fromhealthy (C) and scrapie-affected hamsters (Sc) were

prepared as described in the text. Half of the sanples were not subjected
to anpl i fHigard bh RetectioneohPilic mbtoodeafaermrxmamm of huffmsbatsha"hs butly br ai n

nomogenat sy AsN B BT QeR0a 8 LLARLA0, S0l 65 pagsmlepgsr e Chen

treated a P epr eseht a | ve exper i ment
i s showncomirgheorfrihgalde.(C) and scraplc-affected hamsters (Sc). 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.

EXAMPT ES

EXAMPLE1 -

Amplification of PK resistant PrP by cydlic in vitro conversion.

Harnster brain homogenate extracted from scrapie affected animals was dituted 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
the normal and abnormal forms of PrP, which differ in their sensitivity to protease
degradation (PrP* is partially resistant and PrP€ is degraded) (Prusiner, 1991). The form of



Figure 12: Detection of PrPSc in blood after sarkosyl extraction. 0.5 m of
heparinized blood comng fromhealthy (C) and scrapie-affected hansters
(Sc) was subjected to sarkosyl 2 0 AU G 2004 23 extraction as 2esxUf bgg i n
the text. Half of the sanples were not subjected to anplification and the
other half were nmixed with nornmal hanms®#ér brain honogenate and subjected to
20 anplification cycles. Al sanples were then treated with PK and

anal yzed ¥ thﬂimsrleh&cﬂit&o PEOReathRRf QIEN ﬁ&dmé’c?fréﬁrﬁﬂv@ oR PrBRR @%bﬁgﬁgf’" s and

two for scra e-affected anlrral is showmn in Figure. Figure
Det ect i orr2¥ cPPI% ufed Ssrapisdbrain Bpmiogesiate witht & hpalwyfhwasterobranhqundgemtfet S

were ext %ﬁg xt _from zed bl ood

com ng fr({)O% heaPt % ‘§P nd réscgz}lrt%(jllﬁ]e&lgﬁcré%feeﬁ&%f“é?agqggp %EBI-EP‘? bf the

sanpl es were n&nswggeentthat the inartptibd |ocfghe Wga:lilﬂnt]ﬂfﬁl SHehfEs F@Jlﬂfedeﬂrﬁem xed

w th normal ._hanst te a su a [ |cat|on

cycles. APV ‘%rsP r?chéﬁ’ElJ& e%&g WE‘P%Jl éteghlaa‘ifz%ﬁ Sg}l?e con thﬂS

| rnrrunobllﬁcssutgm@ed Qarﬁs@n;s,ggg W ﬁ@gmt@npgonmﬁ O{b'ga%%ﬁhgﬁ get : f
ec |on o]

scrapi e- aclsfecte animals is shown in the Flgure ure 1
PrPSc in Wﬂft@?r“ﬁ‘édﬁmﬁ 3B, bmnebl)l Bensarneric 'Elnelybufdfytheaonnuﬂobhn:t i on

of bl ood f. arlnlzed bl ood
comi ng frﬁé\% tea %?8) ﬁ%ﬁ#%&é 94“ 4‘%%5’5@?3‘%’&[& %?‘FP%TSO? he
sarrﬁl es vvatlethnl : d?rfrswigpdqireeh;]&d)mnhpld:lﬁﬂeda&mpd Bbaaﬁldhdi:h eqah&%gran@agl ffWEFte m xed
with norma er _brain ‘hompgenate and sub 0 anpl i fication
cycles. Al sahpf & ﬁféPé“ﬁ’]?ﬁH&%é&?H%che @rgn@naﬁap}’z%@wys obsmyedbl ot s.

One repr adent did VRMAAIPBAMEBN brdis BOAYRnhie A€ ifdBE] - JEXANBHES LE 1
Amplificatiqn of PK re |stant PrP by Cyclic in vitro conversion. nst er

brai n hof6BeHane ctber madierithovhsanication Figire 36 hdeé)'nTmluka avagrtifadesofetle unt i |

b ot e ﬁQStm%n(;’j’ a%?%ﬁéf‘éedqﬁ‘tﬁ@%%%%ﬂ HEP etecf (il 5 Buchaiie y |
the fiel dathyaig mmt sto thethleted scrupie smplmbkuﬂgmﬂvabuagd ofdhe vt ot 6t PRP P,

par t1 al 1 TeBeei /s St Yeedfor ety ea@?as?ﬁgﬁ *001). The form of
EXAMPLE 2
Sensitivity of detection by cydlic amplification. _
To evaluate the minimum concentration. of PrP* that can be used for detection
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,C). In
contrast when the same dilution was incubated with healthy hamster brain homogenate and

subjected vo 5 cydles of incubation/sonication, the limit of PrPres detection was decreased

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

EXAMPLE 3

Exponeptial increase in PrPres with number of cycles

To study whether the intensity of the PrPres signal after cydlic amplification

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



2 0 AUG 2004 24 PrP that is resistant to PK treatment will be nanmed from
now on PrPres. Incubation of a sanple of diluted scrapie brain honbgenate
with a healthy hanster brain honbgenate containing an excesssy ﬁﬁ)‘?’%’"
resulted in the increase in PrPres signal (Figure 3B, |ane 2)

suggests that the incubation of the twy brain honbgenates resulted in the
conversion of PrPc to PrPs’ . Wen the sarrpl es were incubated under the sane
conditiops but S‘lojcgéw ed ive cycl | ncubat i on/ soni cation, the

amount offOBPEIAE Wasncihag Wéamey&%e é%féﬂ RIRFEL l@mdwmdgamaee :§)mples
Densi t oM sabpBRHMS 05 5010, tzb%r '40%%% Alehe Pﬂ%cs?gnéfalafﬁ%ed P<§1beis si gnal
|

was increased 84-fold by cyc i C cation i conpari s0h
Pr Pres sffbﬁéqve‘pr@sBFRfedmcr‘ﬁasddeexpoludmwysmttaﬂlemtmt&r of hm:mibgﬁma&dmdah@rﬁle ).

The conv nde t. of the presence of PrP. i nge no, PrPres was
obser vedgﬁgﬁg{‘ﬁe hor e ‘ﬁlﬁﬁﬁg«%ﬁ” Bﬁﬁl%cfﬁé%gﬁmtegv@ CiYﬁ Cgmebne
under t hémsmsbedetearivdi liiels ei ther with or w thout sonication (Figure 3C,

| ane 2). To rule out artifacts of the. transfer, the total protein | oaded
in the gel was mai ntained constant (Figure 3A) by adding rat brain
honmogenagEatpItig dil uted scrapie sanple, taking advantage of the fact that

rat PrP _is not detected b the antlbod used for the i mmunobl ot. EXAVPLE 2
Sensi ti vRQRKCAHPN ERNPGS y jp B To eval uate the m ni num

concentrati or n can ! for .det ee after anplification,
the scrapie ngé;::ﬁﬁogtteﬁgg(%% &TLFB{SE—‘& nlé‘d?‘l’%?nttﬁt thay
hanst er fishdiudonns mmsmmﬂasmam&ﬂtfbpmnﬁqur gnal of PrPres

di m ni shes y. unti | s, conpl etely undetectable at 800-fol d
dilution (Fi g{ﬂfgicﬁ f’e;/&iqﬂﬁﬂswétﬁm%éﬁm%\thémat anial usinigeheptariniaed oa blvcs. ﬁfhphbat ed

w th he ﬁ!iﬁi?ﬁ:fn e, k ubjected to 5

i ncubat ?‘%)f%a%[hom cat i on, c@#ﬁﬁk@ﬁ%ﬁ%@é %@%?ﬁ%ﬁ%g P&@@éﬁ%

dr amat i qadlery10 Mﬁqﬂﬁnﬁe&m&dﬂa@b M@Sh@tﬁ hymégetn6ih $dnRY@Rebon@ing0- f ol d
di lution (F| EXAMPLE 3 Exponentl al increase’in PrPres wWith

nunber gﬁdﬁe \WREYSrERN trepstipmt Samplesywest subjectdt By 8 cyilenaf af ter
cyclic m%ﬁdfﬁi&ﬁon. 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 ble_tting
and PrP* was detected as disclosed in the “Methods” section. |

The results are reported in Figure 6. These results show a dear increase in the
detection of the protein after the amplification procedure, which is especia]l);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.

EXAMPLE 5
High throughput cyclic amplification

The use of a single-probe traditional sonicator imposee a problem for handling
many samples simultaneously, as a diagnostic test will require. We have adapted the cydlic
amplification’ system to a 96-well format microplate sonicator (Misonix 431MP- 20kHz),

which provides sonication to all of the wells at the same time and can be programmed for



depends on the nunber of cycles of incubation/sonication perforned, diluted
scrapie brain 2 0 AUG 2004 25 honobgenate was i ncubated with an excess of
heal t hy hanster brain honbgenate. Sanples were subjected to 0, 5, 10, 20
or 40 cycles and the PrPres signal evaluated by i munoblot. Thé AUfvgls of
PrPres increased exponentially with the nunber of incubation/sonication
cycles (Figure 5). ThIS result suggests that increasing the number of

cycl es et ection hi EXANVPLE 4 .Soni cat

exper i neca%%srﬂ?t;l&l%k’ i Ey SpikiMg Q \ﬂll @ecif’f’aﬁﬁs P%ﬁséﬂgnpﬁ’éd f’iSBI ood

was spi keavemits hJSSOf aqmtemhwhm esmpuared o haﬁg)geﬁxgleéprtlﬁe r@@wcﬁmmﬂln%d??‘H 4
or m n_ at 0

di | utiongsof. 10; s .m xture S J ncubat ed
seri al hfrﬂ??tﬁq‘l% re 5 48 dyectiprphe IREPEPR o thy ssgipiee S ke latier sesseatialsb ood 50
L of edahdd kifeddons WaEBIce oH nfkiffeh lsc?pB00 PéBthPrT'ngm:gog’deEl&qu vas

separated fraom pel I'et were m xed of "hé&al t hy
hanst er %@%haﬁo%%@'éor@wamﬂsngo lfh‘ec Iér%scngasuagmﬁtm atipbfieoy er si on

t g I f bat t As
o cont r ol Feog Bt RRR UM LSRG oble sl St iy RRePE: brain

honobgenat e and kept at -20C until needed 15 1 of sonicated and control

sanpl es Wgested with proteinase K, separated by SDS-PAGE and
anal yze(]E rn blotting and PrP was detected as disclosed in the

- Vet hodsthefaabisOibcestito fglifitai@hGrd SRt DedSl Al EEnbrank 1838, Ul LS Show
a clear increase 1n ection arte I fication
procedure, whilh spkcel glpte&,qcanlqry whered tet Pl qoheermbmvmcunsodmmgt tlat deeasof PrPc’
(for ex [ | f I results h t hose
obt ai neg on |en 1eS(:1%1lgd ’ a| ALl sslﬁ[n%ev b%g@%ﬁgﬁr]ﬂ%%?‘lfﬁép fie
arrp: i fi dtamltcmifﬂmpa epm_lr_agimi(ef Ehe][plhsadid ma{:ﬁrﬁh@gﬂch EX;AM ® fild et @yghput
cyclic i fication e,of a S|ng robe, t itio soni ca
i rrposes%g%?%l% phe FFiaﬁ'HaY Bplesere] B‘}hPl‘#stfYEt
di agnostal.c 109§t Haithty eeali 1995) V\q'héﬁvﬁleﬁﬂfi‘ﬁeegoﬁ]glﬁs Cal‘é; ldaﬁwd lipid-rafts or

detergent-resistant membranes (DRM) and are rich in signaling proteins, receptors and
GPlI-anchored proteins. We have confirmed that 100% of PrPC in brain is attached to this
frac;ion, which contains <2% of the total proteins (Figure 7). Thus, the simple step of Tipid-
raft isolation allows a dramatic enrichment in PrP. Similar results were -obrained in the

isolation of lipid-rafts from scrapie brain homogenate, in which PrP% was recovered in the

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
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
amplification. In addition, lipid-rafts constitute a possible replacement for the use of total



anplification systemto a 96-well format m croplate sonicator (M soniXx
431MP- 20kHz), whi ch provides sonication to all of the wells at the sane
time and can be programed for 2 0 AUG 2004 26 automatic operg

i nprovenent not only decreases processing time, but also prebents Ioss of
mat eri al when conpared to using a singke probe. Cross contam nation is
elininated since there is no direct probe intrusion into the sanple. The

| atter essentia ct.ious s |l es and m gigd ze fal se

bost £ ve: PRELPEoRRslsp R RS BRSO PRocEBAY pom 7By 812" 95¢6M 28 on
pul ses of oitler eidbgeriow Pactsrs irgglicered irthg @bdvetstsid anplification of PrPres
signal, simlar to that previously observed using a traditional sonicator.
EXAMPLE 6 The factors necessary for anplification are in a

det er gent piegiipt gt menbrane fraction The subcel lul ar [ocation where the
PrP conversion occurs during the disease pathogenesis is not yet
ascertalanaﬂﬂﬂmamﬂm )ﬁm@ﬂsﬁi@@JﬂpﬂEﬂﬂ@ﬂEﬁ&VG been reported to be |ocated

in a special r t he rane ich is resistiant to,m.l.d

ot or gont ¢ r eABrERY e e R SoORF o WD PRI CREFRIEHD) and
gl ycosphi sgai¢, Metktreciddest lﬁ‘hm sahples ak Wsrertvatagaadanaf thalprecioRE) hagaﬂﬁﬂﬁof

menbr ane d ins are .n meg |d rafts or eterge‘lg_tk resi st P@ﬁnes
(1RV) g W?fEquﬂrFlg‘F@ AonHglspBrime s taler cussy gresk {h per ey afﬁe

proteins. %&m‘sz@ ésr&%g%?mahoﬁﬁﬁémﬂﬁ&ed@hﬁm Iaeﬂhad?stébfeqta%&écp this

fraction, ch contal ns f the total proteins (Figure 7). Thus, the

si npl e st e abhotmalipdoteinan thej ls'eﬂna:wmt tht besned week afrenticsuletion, d darrhehareithe Pr Pc.

Simlar resulis re obt ai ned ol ation ofi.di fro craple
brain hom)geﬁlté deyr\eqo%an%sy’@}?tﬁlﬁw r e‘:':;l"ovgrc’y lffh t[i) g}rrﬁt uat e
whet her thﬂh&&@h@hﬁwﬁéﬁdﬁ@oﬁﬁnﬁ&ﬁh bﬂyﬂrﬁem éaefb%’lﬂﬁlap ehrarite |df|DE1€dclﬁﬁrfal S, we

purified hem omthe hrain i ml s and added m nute quatltles
oF i ghl yd PRb S AP R A b e ST G e ot it
Anpl i fi caﬁtg@ %el ipid-rafts was equivalent to that obtained with total
brain extract (Figure 8), since the ambunt of PrPres produced after °
anplification was simlar in both conditions. This result indicates that
all elenp £fgired for PrP conversion and anplification (including the
so-cal | ed actor X'; (TeI | i ng et al., 1995)) are contained in this

: ; : ] ag brain samples

To analyze the application of the cydlic amplification procedure to human samples
from brain of people (cadavers) affected by Creutzfeldt-Jakob disease (CJD), we incubated
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
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.



I dentification and isolation of the factors needed for PrP conversion
shoul d be possible by further separation of proteins fromthe lipid rafts
and nonitoring their activity by cyclic anplification. In ad 6 %
lipid-rafts constitute a possible replacenent for the use of t A GZZQG'IAUG
2004 27 brain honogenate in the cyclic2&anplification procedure as a source
of PrPc substrate and other endogenous factors inplicated in the
conver Si TXAMPNPPRE 7 Pre-synpt omat ic diagnosis in experi nmental animals To
study th pre Syl ntorratlc_ d| agnosi s of hansters experinentally infected
e gRippucationsanpl es at di fferent stages during the

preclinical %‘g f \@;{eaﬁbz\)&eﬁﬁ 015 mfﬁ_{e{z)%:l co térﬁl%gfﬁ%gétrfnwas

taken every me 4 “per eac gro

anpl i fi chldodnn lihetagemxhhls (Brioexed aI. hzoo1). e d?&érh@ gez'fénﬁﬁie%lécﬂ &E?é&@h of the

abnor nal 81559 ein tﬁgbraln ev gc& thes cond " week after 1 noculattion,
far befofi $: 954 %lf‘ﬁ QDo prefpry §¥FE>FQ) C@F‘?}ng@emewqmemyhélc
anpl i f i cphdegiR, toRsddetech@sandab @Rk, i x Bost -1 nf ecti on,
only 4 we algks bgfgl e the appear ancéeg%&ﬂg Fr?rqu gllt‘daﬁglgié‘e)g a7 such oS

amplific e@éﬂ@'@l@e q follamngpfout Heffeomn prabednhave et Haswiveffeiaot
i nf ect edg, g f apie. EXAVPLE 8 Application of cyclic anplification to
human bral n's es To anal yze the application of the cyclic anplification

procedure to human sanpl es, from brain of people (cadavers) affected by

Creutzfeiﬂ% Jakob dj ﬁg@%@%éﬁ we i ncubated brain honbgenates of several

CJD pati rgpirﬁ?o’ﬁB ¥S) with healthy human brain honpgenate and

carried out t hangedr Hlb schls show that there
Mepllishd aQ@etF:ﬁR\%Qf?H{ £.500 sin WP IHE RS TiOME]

was SIQH@duf &aarrpllflcatlonln sa spor a ed and
in none CYOR GFFIE éﬂPﬁgémbimﬁs OEelgtat e8Q%) unﬂ:lrﬁmd@btamgﬂmf Ealfml icéll cati on

was obt h ha tioys and thus
able to ton ér)?clagng{rrlﬁlr]r%dt gt lémvoﬁ é’?a{?esg W&’ﬁ-”g Rg' k%mﬁg‘ﬁ CIEH% YHR ant
protein fesuspetderhmald 15 tob of Q@l‘nﬁbﬂ/ﬂshdmm pkbsblife bpffat (17,6 éﬂﬂiﬁiﬁﬁr&%elé?

support concl u5|o t hat . od works in human_sanpl es si rly as
Shgﬁ,n be#%?g glgﬁ."ﬁﬂggéat .%61000 rpm% rIOmPnatdrC Thrzpsupematantwas Y

discarded, the pellet was washed 3 times in 20 mOsM sodinm 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
hom_ogenate and subjected to 20 cydles of incubation-sonication. 20 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
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
PP (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
was centrifuged in Beckman TL100 ultracentrifuged at 85,000 rpm for 2 hrs at 4°C. The



20 AUG 2004 28 EXAMPLE 9 Diagnosis in blood by cyclic anplification
Infectivity studies suggested that at |east in experinental animals PrP& is
present in blood in |late-stage animals (Brown et al., 2001).2 DrAUS &% to

performthe bl ood detection of PrPs by cyclic anplification, we preferred --

first to selectively concentrate the s%,r’rple in the protein to be detected
and to elimnate the bul k of very abundant bl ood proteins, such as albumn
or henogl obin. The follow ng four different protocols have been shown
ef f ect | vevelletorastwisheurdresespendedpindis eqnitaiming £.5% ‘Tagn el 0& WYHo SDS and

hnh col AR RS S at el B SRPEter B R rh T th I g et it o
m of bl gpgheehde 2RAGKGERES zw@za@sdoﬁm it{,zﬁén_kéhiéaaa&%égi 55@%&3%3()' d
Y

PBS, pH 7.6. “The cells "were resUspende n 12-15 vol um
phosphat eochublfsemplesi werédigesdedswich prueigaai], yepafacd bE2GDE-PAGE ircleynalipedrb

centrifuged at, 30,000 ,r for 10 m,n at 4C.,.The rngt ant di.scar ded,
the pell esmbl%&gmdﬁ i ﬁ@é#ﬁ%ﬁ&’ﬂé&e&d{@?ﬁ MBBodia cetiony 18 ==ffe 1 nd
pel | et VRBow BslERERAR Gf Lk PrBS.afeniRiafipliAcitior Probédur O the bR sBnpleé 8w and
protease  inhibitors, 15 tl of this suspension was m xed v/v with 10%

heal t hy Hrirgedenigaly Eiguse A3y &m sheeblend szuplpetompongnirged poiraals diere is no
at b Mt Pl ghils f % P qested
wth pr ot aatiet ifee, Wilous ARREEAEth B SRATE B0 B B O O g

and Pr P&PaFiglet @2t ed as disclosed in the "Methods" section. The results
show the detection of the PrP after the anplification procedure in the
bl ood sanples from infected animals (Figure 11). In the bl ood sanples from

non-i nf egt ERlidmiBRhacddrere is no signal after anplification. Wthout
2 Sar Kooyl  oHPABRFEIARERET bapd st KANGAERS Bl 5 s o6 8510 Al b, 500
0 i B et e Ao Ol o e 02,
ul t r acentPCs Thpeshrapile 835 dib@ed b ih oncr2se$®e and plasedihahe bottom of a centrifuge

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 150,0(50 rpm for 18 hrs

at 4°C. The lipid rafts were recovered washed in PBS and centrifuged at 28,000 rpm during

1ht 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%

healthy hamster brain homogenate and sﬁbjected to 20 cydles of incubation-sonication. 20

ul of sonicated and control samples were digested with proteinase K, separated by SDS-

PAGE and analyzed by westemn blotting and PrP* was detected as disdlosed 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

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

buffy coat was carefully recovered using standard procedures and kept at ~80°C until



2 0 AUG 2004 29 pellet was washed and resuspended in PBS containing 0.5%
Triton X-100, 0.5% SDS and protease inhibitors. 15 | of this suspension
was m xed v/v with 10% heal t hy hanmster brain honogenate and suybj atlGemps o
20 cycl es of incubation-sonication. 20 | of sonicated and control sanples
were digested with proteinase K, separafed by SDS- PAGE and anal yzed by
western blotting and PrP was detected as disclosed in the "Methods"

sect i on. nebded: gl frezendinfly ¢dae veetreqisp@idedin PBS ddnRdaiag 0% Heon X-100

anpl i f| cwe/o{}frg%oc dure in the blood sa Ies from infécted aninals (Figure
12) . g Rrpieass ﬁoﬂ i ot suspenINs wah ariked v/ nwithslWmal

after a atlo ssiple to detect the
presencgm 8?1 H3{2& lEli%ure ?;{{P Eucbd %Eq?tgf%% %@f"? gﬁ’ﬂ% tﬁ%ﬁ&?‘ic?ﬂ%éo

hamst er Il @cﬁckona:stedeaﬁ&rcbﬁuﬂgle eszwée%% bl ithdSrotethase B, séHar:R&cPBﬁ' g‘ el |
package was diluted (v/v) PBS with 1% TritonX-100 and incubat®e or 30

nmi nut es & GhEcn ﬁ@al}‘;?&dfrb}@“msmil lartag) 20d PrPh wsa;cdcrsceecba%chsﬂbs@d agedlei n t he

bot t om of« br cr-ose e ed carefully
over the ggeﬁrﬁp@ gf&ymﬂ%%%rsggg %?‘??elé%%lg I:gfg rf'f't%ﬁzﬁ‘? @ﬁ
gr adi ent pradeduteuivetheddocdeninpldsugas iafectbBAnROds i o4). 18 dhs slooatsaﬁhgles The

Iipidrats were recqvere shed in PBS and c trlfu ed at 28, OOOrpm
during Zlé ?ﬁ i r‘?/\)és“%vél dﬁﬁhﬂnﬂ%ﬁ%‘ﬁérﬁ mrpEScatigntiai ni ng
0.5% Tri tn@fl &sm&od@eé%e%e ibitors. 15 I of this

suspensi on was m xed v/v With 10% heal hy I@za]mster brai n honogenat e and
subjected to 20 cycles of incubation-sonication. 20 | of sonicated and
cont rol Wre digested with proteinase K, separated by SDS- PACGE and
anal yzed rn blotting and PrP was detected as di sdosed in the

"Met hods" section. The results show the detection of the PrPs’ after the

anplification rg eduhe in the blood sanples frominfected animals (Figure
13). In m% non-infected animals there is no si gnal

after arrpllfumiair@rfmﬂvsmﬁu 1aéﬁ)hmteatneelﬂgi§rm?&£edp@&ﬁitné é the
presence of, Pr Ps (Figure : Buffy coat pre aration. r| n
hamst er Bira8dordSs weer mpltgm ratedigElyt @zemnnhmcemkemmfy :

coat vas_geics il Mseaeﬁpamr\%&e%dr&ggeﬁﬁéi‘ﬂﬁi)ﬂs R GRS & Sin B ok o/ 109.30C
Detergents {0.5% Triton X-100, 0.05% SDS) were added and darified with low speed
centrifugation (10,000rpm) for 1 min.

Preparation of the samples and cyclic amplification.

Serial dilutions of the scrapie brain homogenate were made directly in the healthy
brain homogenate. 30 ! of these dilutions were incubated at 37°C with agjtation. 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).

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

buffer with 10% methanol during 45 min at 400mA. Reversible total protein staining was



2 0 AUG 2004 30 needed. The frozen bully coat was resuspended in PBS
containing 0.5% Triton X-100, 0.5% SDS and protease inhibitors. 15 | of
this suspension was mxed v/iv with 10% healthy hamster brain formgenge
and subjected to 20 cycles of incubation-sonication. 20 | of sonicated and
control sanples were digested with proggei nase K, separated by SDS- PAGE and
anal yzed by western blotting and PrP° was detected as disclosed in the

" Met hods™ cti The,fesults om1t e det ctlon of  the, Pr fter the
anmpl i fi caP‘F‘g‘?fmeg B‘“c‘(QEFurb&) f“ﬁ‘gt‘#e St Sonifag é‘H]g*eﬁ‘ﬁWﬁlg grs theri gur e
14). In t heoaedwaamlBsted ffBPthnQﬂh' ﬂﬁE %&ﬂm&u MRl dy h@ae(éls@ 0‘7‘?9%&“6"

after anplification. Wthout arrpllflcatlon is not possib tect the

presence ®Bstes RS RN gashewears perfomRdoris RBSeQéP/aTWmZ@bebmihq lmbﬁg:arva

Brains fr int ted
scrapi e }%ﬁér%gﬂ-ﬂ% rgﬁaasgq glgfngeﬁg cﬁb} 8%13& 8%2(1%%@ ‘gtﬁ y
frozen i nwdsimg,de-; mactwtngph tl@et memBH€e st dévelm@ecﬂmtﬁrmm%hmhﬁmh&ﬂ@ge%ﬁ ed in
PBS and p oteaéar%)l nhi bitors (Wf 10% Detergents (0.5% Triton X-100,

0. 05% SDS %H’rg& aF‘?“é"tﬁS\‘/HSP'H‘IPBW speed centrifugation ,
(10,000rpm for 1 mn. Preparation of the sanples and cyclic anplification.
Serial dilutions of the scrapie brain honbgenate were nmade directly in the
heal t hy brain honogenate. 30 | of these dilutions were incubated at 37C
with agitation. Each hour a cycle of sonication (5 pulses of 1 sec each)
was done using a microsonicator wwth the. needle imersed in the sanple.
These cycles were repeated several tines (5-20). PrPs  detection. The
sanpl es were digested with PK 100 ug/nmiL for 90 mn at 37C. The reaction
was stopped with PVMSF 50nM  Sanpl es were separated by SDS-PAGE (under
denaturing conditions) and electroblotted into nitrocellul ose nenbrane in
CAPS or tris-glycine transfer buffer with 10% net hanol during 45 mn at
400mA. Reversible total protein staining was 2 0 A U G 2004 31



performed before blocking of the menbrane with 5% non-fat mills..
Thereafter, the nenbrane was incubated for 2hr with the nonocl onal

anti body 3F4 (1:50,000). Four washes of 5 mn each were perlfz gﬁg i.th
PBS, 0.3% Tween20 before the incubati on with the horseradis O(L ase

| abel | ed secondary anti-nouse anti body 81:5000) for 1hr. After washing,
the reactivity in the nmenbrane was devel oped with ECL chem | um nescence Kit
(Amer sham according to manufacturer's instructions. 2 0 AUG 2004 32
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carrying out step (iii). 3. The nethod of any one of the preceding clains,
wherein step (i) is carried out under physiological conditions. 4. The
met hod of any one of the preceding clains wherein the anmount ﬁé h@g3gon-
pat hogenic confornmer in step (i) is an excess anount. 5. The { W*any
one of the preceding clains, wherein the conformational disease is a
transm ssi bl e confornati onal disease. 6. The nethod of any one of the
precedi ng clains, wherein the sanple to be analysed is subjected to a
pre-treatnent for selectively concentrating the pathogenic confornmer in the
sanple. 2 0 AUG 2104 37 7. The method of 3gl ai m 6, wherein the pathogenic
confornmer is PrPSc and the pre- treatnent is the extraction fromthe sanple
of a fraction which is insoluble in mld detergents. 8 An assay for a

mar ker of a conformational disease which is characterized by a

conf or mat i ransition of an underlying protein between a non-pathogenic
and a patﬁgggﬁéc confornmer, within a sanple, which assay conprises the
following steps: (i) contacting said sanple with an anount of the

non- pat hogeni ¢ conforner; (ii) disaggregating any aggregates eventually
formed during step (i); and (iii) determ ning the presence and/or anount of

sai d pat hogeni c AcRgthed FR tha\libGhdsis &Qjete%ﬁsﬁ) bfa cérh@rrrﬁ)a’-ileélgﬁéEaQe GARhY Mer
being a marker for the presence of said disease; wherein step

conpri ses Stasgctenzes byacaniarmayoral transitioneiantaisepips Bipsin betwssn @gﬂ?)ér and
steps (i a)pahégdriid and #path gwq 3gENE bénfdves oy &saﬁﬁgatn%ik@rtof ls8Risca¥é GRhiRaf or e

carrying out ste il 9. A diagnostic kit use in the assay of claim
8 whi ch cofffPplehi QFAISES:of  t he non- pat hogeni ¢ conformer, a

nul ti - wel | (ingohraating 6&id RhapR WifttaramBlidtiof WR! donSRIMhERhR confiddme NEL hod for
identifyin oynd whi ch nodul ates the conformational transition of an

under | yi ngg'ﬁ)aﬁf‘%q 'ROFDG\REY Rogregaies RYeRygbrrenethdrringsiembkand ¢ conf or mer

conpri si {lg(lt]!)(q[e%]ermﬁmg’:\mblﬁﬁ@seﬁee aABdNamelintlon 8aid PAHBAEME 86MTbfmsrAth tABr Wi th
an anmount o

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

wherein step (i) comprises step (ia) incubating said sample/non-pathogenic conformer and

steps (ia) and (ii) form a cycle which is repeated at least twice before carrying out step (iii).

2. The method of claim 1, wherein the cycle is repeated from 5 to 40 times before
carrying out step (iii).

3. The method of any one of the preceding claims, wherein step (i) is carried out under
physiological conditions.

4. The method of any one of the preceding claims wherein the amount of the non-
pathogenic conformer in step (i) is an excess amount.

5. The method of any one of the preceding claims, wherein the conformational
disease is a transmissible conformational disease.

6. The method of any one of the preceding claims, wherein the sample to be analysed
is subjected to a pre-treatment for selectively concentrating the pathogenic conformer in the
sample.



pat hogeni ¢ confornmer (a) in the presence of said conpound and (b) in the
absence of said conpound; (ii) disaggregating any aggregates eventually
formed during step (i); and (iii) determ ning the anmount of the pathogenic
conformer (a) in the presence of said conpound and (b) in the)aiteppe of
sai d conmpound; wherein step (i) conprises step (ia) incubating said

sanpl e/ non- pat hogeni ¢ confornmer and steps (ia) and (ii) forma cycle which
is repeated at | east twice before carrying out step (iii). 2 0 AUG 2004 38
11. The method of any one of clains 1 to 7 or 10 or the assay of claimS8,
wherein the pathogenic conforner is PrPgy the non-pathogenic conforner is
PrPc and the underlying proteinis the Prion Protein. 12. A nethod for
detecting the presence of a pathogenic formof prion protein within a

sanpl e, coppri sifhg: me(th&d SR, W’I‘Bréutﬂﬁ]esﬁdfm niﬁ"cbﬂfoﬁ'ﬂeﬁf@}ﬁ%c Sd the pre;

non- pat hogenic prion protein, (ia) incubati'ng the sanple/non-pathogenic
prion prot SeAment |S)th%1ﬁ>§le?g§9'éﬁamlthgsemplea@grf@gmr@ghwrmrsmlm !nngll%t ep (ia);
repeating gb@Rfentd. @} (ii) two or nore tinmes; and then (iii) determning the
presence and/or amount of pathogenic prion protein within the sanple. 13. A
met hod for detecting the presence of a pathogenic formof R-anmyloid protein

within a sgnpl eAn“é%'”s“H*fo?'arlﬂarkél'éfaCéH?l? ki&Whl 4 @aéeaxmbﬁ.s\'&naﬁc?é?.zéa@yat of

non- pat hogenic | -a roteln incu a ing t
sanpl e/ non%’éff’ﬂ'@ﬁj@ﬁ?'éraﬂsﬂw PB@WUW%W\QM oteiny t)et\m@e@g@reg@thog@lcaam %lggr egat es
formed dur paGo§éMe céifénmer, WiRRE S shABle %Qﬁ a(shﬁuﬁﬁro Irowrm? ?te& and

then (iii) determnin the presence and pat hogeni c arryl oid
protei n w {hFentagivg saigsample with a'ABfS@H&‘théhQ pen-patbogania ¢pafar@eriod of any one

of clainms (ij)ldRadgbatily 4y ddafedtssdNentuall Eagunrgﬁlw bApg a mcrotitre

plate, nultj - ?? so@catyoérglaars\% an anoun 0?1?1 a non- {ﬁo eni ¢ confornmer.
iii) determlmng the presence and/or amount of said pathogenlc confonner within the
sample, the pathogenic conformer being a marker for the presence of said disease;
wherein step (i) comprises step (ia) incubating said sample/non-pathogenic conformer and

steps (ia) and (i) form a cycle which is repeated at least twice before carrying out step (iii).

9. A diagnostic kit for use in the assay of claim 8 which comprises a known amount of
the non-pathogenic conformer, a multi-well microtitre plate and a multi-well sonicator.

10. A method for identifying a compound which modulates the conformational transition

of an underlying protein between a nen-pathogenic and a pathogenic conformer,

comprising:

(i contacting an amount of the non-pathogenic conformer with an amount of the

pathogenic conformer (a) in the presence of said compound and (b) in the absence of said

compound;

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

iii) determining the amount of the pathogenic conformer (a) in the presence of said
compound and (b) in the absence of said compound;

wherein step (i) comprises step (ia) incubating said sample/non-pathogenic conformer and

steps (ia) and (ii) form a cycle which is repeated at least twice before carrying out step (jii).
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11. The method of any one of claims 1 to 7 or 10 or the assay of claim 8, wherein the
pathogenic conformer is PrP®, the non-pathogenic conformer is PrP® and the underlying
protein is the Prion Protein.

12. A method for detecting the presence of a pathogenic form of prion protein within a
sample, comprising:
(i) contacting the sample with an amount of non-pathogenic prion protein;
(ia) incubating the sample/non-pathogenic prion protein;
(if) disaggregating any aggregates formed during step (ia);
repeating steps (ia)-(ii) two or more times; and then

(i) determining the presence and/or amount of pathogenic prion protein within the sample.

13. A method for detecting the presence of a pathogenic form of R-amyloid protein
within a sample, comprising:
(i) contacting the sample with an amount of non-pathogenic R-amyloid protein;
(ia) incubating the sample/non-pathogenic R-amyloid protein;
(i) 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 R-amyloid protein within the
sample.

14. Apparatus for use in the method of any one of claims 1 to 7 or 10 or the assay of
claim 8, comprising a microtitre plate, multi-well sonicator and an amount of a non-
pathogenic conformer.



