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DETECTMNOI$013d)v| O DOGENI C PROTEI NS FI ELD OF THE | NVENTI BRIHSR03368s ent
- invention relates to nethods for evaluating aggregated forns of anyloid

pol ypeptides. The invention further relates to methods for

potential inhibitors of anyloidosis in vitro or in vivo i ﬁ“@%lﬂ@'%‘"mﬂ{vel op
new t herapi es for diseases or disorders associated with a , such
as 1o Al zheimer's di sease. BACKGROUND OF THE | NVENTI ON Al zhei nB!%€" di sease
is characterized by the presence of cerebral anyloid plaques deposited
around nerve c | 0 15 t he normal
processes of tﬁ&%ﬂgﬁégﬁ@%ﬁﬁéﬁﬁtt&wgggﬁ@m aques is
the aggregated formof the 39 to 43 residue isoforns of the ~i-anyloid
protein (A~3). The primary pathogenic event in Al zheiner's disease is the
formatign of these fibrillar DAOOE NTIQNe brain parenchyma and

vascul ature. Deposition of fibrillar aggregates of these anyloid
pol ypepti des has 20 bdbp pasenirinyentioa relates toomethedssfor evaluatingageregatedne

pol ypepti des int . L ar [UCt Uk es. consi st i of, a, cr 0ss- ( 3- sheet
conf or mat i Jﬁmﬁﬁ?éﬂ@ foégggijﬁg&f%s'cﬁh ﬁ}%gﬁu%mlﬁrarfﬁieéﬁgge%o‘&;% of treating
Al zhei mer’ Ste#hﬁg?ﬁaémizﬂ inlibitérs V€ Biny RHsRAA VArd &1 iR ofdidt6 dededo
therapeutically admnister an inhibitor of aggregate formation 2)5 after the
di sease hasndvetherapiesfon disgases ar disorslerstassaciaest with amyloidosis; seéf a&ct s of the
protein, Ag S. t..bl ock the formati on of macronvol ecul ar aggregates can
t hus poloentggﬁl?@%gtdlgggﬁ'nhi bit cytotoxicity and are of pharmaceuti cal
i nt erest because they can potentially act as anti-Al zheinmer's drugs. Anong
the several small nolecul es reported to be aggregation inhibitors, Congo
red, a biphenyl diazo 30Bf il ND i 3 :
1())

neur opr ot ecti ve conpo oI,I h -t- ., u i

197: 211-214; Lorenzo M‘?’Ff%ﬁs@?e P‘?"%&Eé‘?j{. SS@F resepce qfeerebral
91:12243-12 " r &  nerniEdd {1%?4, : ). PCT
Applicati on%@?} %g%g/ 06‘%?7‘ lﬁdﬁdtémﬁid&?? apgﬁ’sg@t% gvnqp) g eé‘??%ag@g‘%%ggﬁse of
1 JUN 2004 th®©ndtmbliredessesofiiing bradr 6Dl @imary prateinaomponentafaactaceut i cal |y

acceptabl e salts,, qr derivatiyves ereof , for _treating anyl oi dogenic
di seases, aﬁ’éﬂ‘éest‘ﬁg?ﬁ%gﬁgé‘F prma °§ e3§§8.43€59r’|% 1?‘%8“?%%@9&1&9)’#0& erferes

wi th anyl oi I: %?ﬁnhﬁzﬁaﬁ f.or, . | 0l ryuctures. These
properties g’%@éﬁl@@%dgﬁ SIS “f'or @ﬁéﬁ'ae }3{“}@6‘%&@ io&r?léq[qggif cate 5

adm ni st r at fgmatibn Gbgse fibrlldramylsidalagues inthe bathdrewshynasa@ci ated with the
deposition' of anyl ojdogenic ﬁﬁ’)tei n in plagues. Congo red, as a

t her apeut i cvasgalgture..Reposationiof fabrdlaz aggreggtes of these amyigidipolyneptidesdisi ty t o
interfe \ | ' I | ' . destabilization of
anyl oi dﬁgl %%%yﬁwzgg?qﬁﬁtﬁheégﬁggﬁﬁgy%B%P?lgg{p;fdﬁg (s;nl y binds anyloid

pl aques, buinacmadtcutartstructutesizionsistiregg efaxrosstfrtheeticoariformngtion] dbéshris c pr ot ei n.
Congo red's value and effectjveness as a possible treatnent for

Al zhei ner' steRse, qigrFon Eﬁﬂ;her exam nati on because Congo red cannot
Cross

A goal of treating Alzheimer's disease is to prevent aggregate

formation and/or to therapeutically administer an inhibitor of aggregate formation

25  after the disease has been diagnosed, in order to reverse the toxic effects of the
protein. Agents that block the formation of macromolecular aggregates can thus
potentially act to inhibit cytotoxicity and are of pharmaceutical interest because
they can potentially act as anti-Alzheimer's drugs. Among the several small
molecules reported to be aggregation inhibitors, Congo red, a biphenyl diazo

30  sulphonated dye, is reported to be a neuroprotective compound (Pollack et al.,
Neurosci. Lett., 1995, 197:211-214; Lorenzo et al., Proc. Natl. Acad. Sci. USA,
1994, 91:12243-12247; and Burgevin ef al., NeuroReport, 1994, 5:2429-2432),
PCT Application PCT/US93/06637 (the ™637 application") describes the use of
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thre bl ood brain barrier. Derivatives, anal ogues, salts, etc. of Congo red
may have the same node of action on (3-anyloid peptides asBCapoomed, i.e.,
such 15 i 4334 ves may al so be neuroprotective. Current Wti body- based
met hods“gﬁgi/%/o?uor escence nethods using Thioflavin T are bei Sﬁ%’%’tﬁ#o
detect aggregated peptide for screening anti-Alzheinmer's agents. A
fluorescence correl ati on spectroscopy nethod has been used to determ ne

pol ymeri zat i@ e8fre@Ad R fhaPSREAR NV ] Lo 20 Chemisiry &

Bi ol ogy, 1999, 8. 53 b2). ﬁ’hHowever : dﬁ’ﬁ%@éﬂ?@é%ﬁ%ﬁgé‘*’&@%?{%% TEelefnti at e
vari ous conftmating amybdiddgenicslisshsasganenathest AlehsarRpt HﬁeaseAICéﬁ%{a%df or
detecting al ternza; einfq(iﬁg or‘;’rig%i onfl, forms, of _aggregated anyl oid pol ypepti de
is not di scl"BREWIN TEWith agyloidesisas dgsgabilizespireadnfompedampidised t o
rapi dly assqgaciiR anhgiesshd @%@5 . iide. ~5 especially in

t he presence of i nhi bi t or sﬁgﬁ&%l r.lﬁ‘gfé’é%%g"@% ¥§3§f’1’1%°ﬁ8?'ét9§d§°md in the
art for fet ladusniswatiq afiiango aed/ fovitbatment afwbnditiongiassoplafdues ghpi ch in turn
addresses t need .t stu%\t/) t he process, by whi ch anyl oi dogeni c proteins
cause Al zhei 951@0159&;3%181_ e Pratein in plagyese Conge red, ae a therapeaticel op assays
i nvol ving biapfiymiag 8k adMshifBial Y4 bHd' i [acteryze the

conf ormat i or?gan)(; aggfegati on s%{'tét”@gé?%g?g%%%gggg?q@%{fﬁﬁw ol ypepti de and
to discri n ratyboidegenid protein formative ot thaldestabiliRitions of aéfyldmaladosi S,
specificall ¥, [ nq@l@r%gjager' sp‘giﬁ‘easg]iy Since very little is kno about the
nat ure of 2'orm ngR TEETERASEely b only bindsamy]eidalagues, but cahalvei ner ' s
di sease gnd jfiiBit ERGRMEIAIN of 2hVRE : se aggregates in the brain, a
conbi nati on of assays are negessg[r%ydoggmgg’f&te%iﬁi ne if potential inhibitors
are producing the desiCongoeddevdlue and éffectiveness 854 pS¥MIEHBatndiifys are al so
needed to detgﬁm' ne t.he effect of test conpounds on confornmation of anyloid
pol ypept i de M eggaliqli}sqa'smqgglrg fanthes exgninatien bacapes Congsl red sianadt drbssi d.
SUMVARY CF 15OV 6D I Sert [ vifes nmethods to detect various
aggregat ed forns of arrg;/%}lglgd I?o%rf‘%lgg%’fagée]?&e g’rgagg’aer%log&ﬁgf’ fgd may have

anyl oi d- spedhd samedyede ofustion 68 P-amyleid geptidesas0engs kel i 4 ehaged anal ogs, or
fl uorophore-| abel ed anyl oid peptides, The nethods are useful in determning
the aggfegadsavalives maymlsobe ngutopseigetivée as wel | as to test nodul ators of
aggregation in in vitio nodel s .. The, netho an a used in determning the
stage at which inter vg’(r?f't'l uﬁf’ia%npﬂ@ B?Sgéé%egm ag gjr“é‘&'é?‘?rﬁ‘ﬁ methodses toxicity,
e.9., A3 pesing ThidlavireDeniteingaleito adise S3piehada pepieto? dligntiged 15 10
determ ne the effects of inhibitor or anti-Azheiner"s agen r

t her apeut i c aB-AlzhsHREN’H @gents.t AdlHoressencefcomalation dpesittoscapyanbod het at ed

di seases. TBUS, usb@MPlReRR esent .l.avent.i.op.provi des a nethod for
det er m ni ng gén]ugggf' e%l‘g%l onggéjle'%?%aﬁtﬁnon ag}ylcgﬁ pgﬁb?%ﬁigrﬂ&ﬂgp@ﬂ-i de. This

net hod 2onpChembtyd Bésdlagy,1999, GBGRY.0FHowever, BiesP tdchifiglbs do P! €x of an 20

anyl oi d-spegific spectroscopi c probe, such as a sul phonated di azo dye or
f 1 uor ophor eg'léfbeé?‘ ,VWP%??!&%@){%}%@ fosms atasgaegatedipalyeepsidgl oi d pol ypept i de

under condi ti ons. that ANGroP@REGAR ARl cotSmRlonR LISy Wi th @

pr edet er m ned
aggregated amyloid polypeptide is not disclosed in the prior art. Such assays

D}

optimally can be used to rapidly assess the aggregation state of the polypeptide,
25  especially in the presence of inhibitors of fibrillogenesis.

Thus, there is a need in the art for methods for probing amyloidosis
and amyloid plaques, which in turn addresses the need to study the Process by
which amyloidogenic proteins cause Alzheimer’s disease. Specifically, there is a
need to develop assays involving biophysical and analytical methods to

30 characterize the conformation and aggregation state of aggregates of amyloid
polypeptide and to discriminate the effect of potential inhibitors of amyloidosis,

specifically in Alzheimer’s disease. Since very little is known about the nature of
2



spectroscopi c property of a conplex of the anyloid-specific probe with
aggregated anyl oi d pol ypepti de of known conformation. 2s Ig1 quNusber
aspect , wid@/sorpgent i on provides a nmethod for detecting an ect of a test
_conpound for inhibition, disruption, or disaggregation of 0412693
formation. This method conprises correlating spectroscopic properties of
(a) a conplex of an anyl oi d-specific spectroscopic probe, such as a

sul phonat edtkieZgereyfesin Azfdithers - I amy] oi eptide, contacted
with 30 an anyl oi d %ol ygeptic}e angﬂgfflst%eals@laf:\eorE gﬁﬂ%“’tﬂf&%&“ fithesas t hat

TP ity et C ey S
anyl oi d- spe 0 Qscopi robe contacted witt e anyl ol d pol ypeptide
under condi ﬁl’tg}r'l{sfal?‘ﬁ%gté“ ar%ﬁroggﬁn& cfﬂﬂ“‘(ﬂ ottt mynpim WSYSRARI3 perm t

aggr egat i onAgsaysaredlgo nebded sP@siérid i e contacied with the
sanmple prior_to agf&r)eggtion or, | ?ﬁf?eiegfegt;\&g%{/?%%&mdgﬁgfpmo&n&?@ after

aggr egatl on®f #mylokkpalFeeptide i bedily fiuidbsichas play of wmsﬂﬁagias@ pepti de,
it should be permtted to aggregate with the anyl oid pol ypepdde. The test
conmpound can be added prior to or after aggregation. A difference in the

spectroscopi c properties i%ﬂ?&mbﬂpound has an effect on
anyloid formati on. These and o 3 vention wll be better
under st ood by referenwsmmﬁenﬂ‘mﬂdﬁg&eth@tté‘ﬁét@&\Qﬁﬁ%:i Lof.g and the

Exanples. t.0 F CRI PTI ON OF THE DRAW NGS Fi gure ‘%’ ol'or). Effect of

BRLE
Congo red dRTRRET FBHIoK PRIYPeRti fopexample,o)singranyloif\épetifie dyes, sactpss conpl exes
of Cong@ r aCondotrdd PLI re red to far-WCD spectra
of co-aggre (ﬁggsrat g&gg?lgfr]%]%ée@%ﬁ%&%i ﬂ@%&ﬁ@@é&fa}%@éﬂ%wﬁm%@son of the
pept : ds agdﬂvga@tbgdmemfdl mnderaimirdibg dfe-apgfipega kit &ﬁm&ﬁ?gpg%%ﬁ%pgo red;
Co- agar ogar il &8 s R Pt acersaaionin v vice duodeisBieamethod dunby | of d
e gt G e A YL O 1P o
pep : 18151 e , /
orange/circle: aged pepgi de e?‘ﬁ gii Wﬂ&%né‘@n?‘gmaﬁ?%aﬁe?@sgrmwnw CcD
spectra of rahgotoxititycegp Afkpeptide tdnalfomil Q&I nﬁﬁﬁ&ﬂémeﬁsg(ﬁ’egﬁsn 8squar e)
and co-aggre tes. of egqr_gzl oi d .peptide (open circle). Figure 3. 3 rption W
spect r &> of ¢ %ﬁﬂ’%’?ﬁ@ eéb“rfbfdnhlgﬂowl’tqﬂnp‘?@h@mm’d agegy fentheppedipen Circle)
and co-agg i : i on tra were nmeasured agai nst
B Ao Y oido R BleP PR

aged peptide. 2s Figure 4 ere 15¢85fH| exes of Congo red
w th preformed aggr egAssinonpespeti, Ued fiksehPEvEMAHIOEREL & ndRRPR, STUar e) of

AP 1-40. The absorption spectra were neasured agal nst ngo red. DETAILED
DESCR PTI CREEPE 41\ (RERpHAERR Sontoraatiprcalanamyleid polypeptide CThibos assays ¢ hat
can be usehelipddoinises @Rt QR ALLESEIRGERy VAL oUS adar egat ed forms
of anyl oi d pol ypeptide. 4 %t O%Igg‘gﬁ%ﬁﬁl%i’gg@m 026(5’3 6@0132693
20 amyloid-specific spectroscopic probe, such as a sulphonated diazo dye or

fluorophore-labeled amyloid peptide contacted with the amyloid polypeptide

under conditions that permit aggregation of the polypeptide, with a predetermined

spectroscopic property of a complex of the amyloid-specific probe with

aggregated amyloid polypeptide of known conformation,

25 In a further aspect, the invention provides a method for detecting
an effect of a test compound for inhibition, disruption, or disaggregation of
amyloid formation. This method comprises correlating spectroscopic properties
of (a) a complex of an amyloid-specific spectroscopic probe, such as a
sulphonated diazo dye or a fluorophore-labeled amyloid peptide, contacted with

30 an amyloid polypeptide and a test compound under conditions that permit
aggregation of the polypeptide, and (b) a complex of the amyloid-specific

spectroscopic probe contacted with the amyloid polypeptide under conditions that
3



The invention is based, in part, on observations of the effect of Congo
red, a fluorescent anyl oi d-specific spectroscopic probe, or hgliNe@di on.
The ef f ewo918®3¢ determ ned by adding the Congo red to t | Qi d

pol ypeptide (A(3 peptide) solution at the start of aggr egnggoq/:}?‘s?}ne
experinment, and to preforned aggregates in another experinent. Congo red
was found to format |east two distinct conplexes with ~i-anmyloid in vitro.

Congo -, cammosgstidon bty PR 0BG, 01 05 AARESIEL O, 1 (e

peptide into ~i-sheets had different spec e conbi ned
Wi th the A~SABRISHINQE todggeegation wedf ilis apatyylofd): g;gamcaygpmﬁggﬁggﬁgg (the

-cal l ed fighE] tide)..Co d ted to 10 t ‘mat |
of f1brit1 art ik speioBaRic b s librapliore dbelaherpsiiagt shonldbeperhiting ¢
ef fects of tdwg@égawdﬁhWa%]wgggm##rg%‘%a%gﬁh i pg_conpl exes

of coaggregates and Congo red conpl'e B1ehown to
be dif f et ent0 #faftehageregationpAdtiferahgesinghe kpecho@&bﬂimbﬁétﬁeﬁndiéa%‘esgﬂéé c
[ . 15

effects of i reduced by t addi ti on of Congo re
Exper i ment alﬁﬁ%ésggpl{ng | r%ﬁaégapeeﬁé 90 ?’Hé‘oﬁﬂﬁ’é@&?‘a‘?‘ nmechani sns | eading to the
reduction in toxicityThée aiﬂ%ﬂiefriafﬁé&k'dﬂﬁé fr{v LK iy t t Wwo i nst ances.

't 6 ‘gllﬁb%

Application of these results faci ates determn rf’ﬂ‘éﬂ@'@aée at
whi ch i nt er befefsrence ta th&]@raygggsa@méibdEn’soﬁpﬁqsn,(mamxaynﬂlgguces t he
toxicity, e.g., to nerve cells. The methods can al so be 'used to identify
the various protein 20 conplexes that result fromdifferent polypeptides
conmbi nifgg wWith a prot oy 5 fnhi bt or ol e e __Assays which can be
used to rapidly asses atTof—sta avgPoi d pol ypeptide in
the presence of pot enFigare i (E016¥) TFecPbf Cbkd I¥adhSideser i bed.
A~i - pept i deA'E@r‘r(?ogn to nediate )t oxicity al?édd %ég%%gﬁfééllgar@%'%e&gS i nvol ved
in neuronal da&at-HV GDspeetes ofcomsplexesed Gongired withlaged BRI Bedd
t remendous Rtk i\ tid vi rotei ns_that nediate neurotoxicity of
A( 3- pept |deﬂeﬁfﬁée€’§n%ta°t¢?§“di§gegg@éfm}3’écﬁéps%ﬂf troagaregstesdo datermintecthe ze t he
interacti oﬁﬂmnﬁshmmﬂaﬁohbfﬁgﬁﬁg@%eg&éna} it.h the proteins and
ofpoun 'S “["W{‘iﬁ%“‘f’ :

to alsqg. determne if Potenti al test srup ‘eractions. The
é

appl i cdpi orforAssTsgates at HidmCongosted ppwplettpenaddart; odakgrepated it 51 ;,l]{i't o the
mol ecul ar j zhei ner' s di e Wiich is currently the basis
of drug di gﬁ‘\gg?‘i@gﬁ@{r’t“gﬁ %%‘a%%?ﬁggﬁmomﬁdﬂue/mmw 32693

neur odegendriatglonagedanstoidipssHde o £88arbe £RRR bl eyal e ot her

anyl oi d pol g‘ﬁgﬂgl des as WeIpI&p Thr.eﬂfgg_i f'f er ent tb@ﬁ'ﬁ%ﬁ&ﬁg\%@?m ement ed
as tools t& © cigle: aged peptide wigly2 gt Comgoedt he pol ypeptide, in the
presence and absencel@%“ i nhi bjtors have on the self

NOwY e effec
assenbl y of eq?’onyl oid po ypeﬁ?ﬁ%%?lgxgﬁﬁge%#&%ﬁt‘%ﬂ cmpplexes withcyt ot oxi city
was al 80 epeefommed aggregaies (opedy sqdineh) hed Sdlh 6 5:%&15 . i npl emrent ed
to identif (gl d differentiate the (bzlonf or n%%?g%spo tﬂéﬁpa‘?ﬁﬁu\éi?goﬁfé‘l ypepti de
t hat was aég ®n the presence or absence of Congo red. The nethod is based

upon changes 1o in . ption of | oi d | ypeptide in the far UV and
Congo red in the ne?‘%@%ﬁ%ﬁmmwmﬁcﬁgfiwl% of iGonge sed Withspect r a

of the aggprefarmedagrriate fop¥acircie) 2R €6-a . ra, were useful in
det er ni ni \rll\g?etgg secondary s%gr_ﬁuctﬁ?e of tﬁgﬁgﬁtcgg?p ﬁ?%%%p‘gpﬁ’@“%ar- W CD
spfact ‘reiag.. v §| ?&weweﬁweﬁd?mﬂg Congo rgddpgrrpl 1(_'axes. dArryl oid

pol ypepd i de al one in r re ngo red did not produce an

appr eci abl e CD absorg 5%%éil§#§reqcﬁ W%&%ﬁ%“%@f@ﬁﬂggwMﬂOOngo r ed
does not hpreformediapgrepites e ' at tral changes
i nduced upﬁzﬂ%bi nd:aﬁgr tgo tﬁgﬁgr(r:yl %?35%?%?3‘%’%&5%@3%3@%‘3 ?fggg’n{‘f‘f)yi ng
various fo ah?PrmWISmQﬂUgwmeampnsutedlagai.nstTttlengdlﬂu,ced CD absorption effects

are distinctly different for coaggregates of Congo red with 20 anyl oid
pol ypeptide and conpl exes of Congo red w th preforned-aggregates or

fibrillar form of o i Mo 11©ri 30 0. be_bound by any
particul ar theory, wﬁﬂ: PLION OF T

e O ER LN of Congo red are
beliewdd to be due tThe préseitiwventibn i j t n.binding to
ordered fibrillar, faor m]!é)lfd the prot e?ﬁ%&gT 829%{(;1%?- 'Egggopg%tf’?tum of
coaggr egatRLIrBAtigRdiffarences in parinusaggregateddonmns ofahylokpdl dbo be
significantly different than that of the preforned fibrillar conpl exes
contacted with Congo red. The observeq differences in the spectra of the
conpl exes was due to the formation of different conplexation states of
Congo red. The exciton coupled CD spectra of preforned




30 fibrils was indicative of conplexation of Congo red with an ordered
" ~-sheet conformation of peptide (i. e. , due to the f or mat@enyu 2000 st ed

( 3- sheewybmasgiqur es; Woody, R W, "The Circular Dichrois ,&}J %gggners",

Proc. F.ECS. Int. 6 WD 0I/50134 1'i JIIN 2(10g PCT/ 3 nf .
Crc. Dichroism 1987 (neeting date 1985), pp. 270-295), while the spectrum
of the coaggregates was consistent with conpl exation of Congo red with
i nt er medi at Thamgemitntis $asddr : t f. aggregated anyl oi d
pol ypepti de_was scanned?ﬁd’ \}Ma?%ﬁg"?%"gg? ?\f@gtegfgg?oogrcé’lnggéecgﬁe f ormati on
of t hi of | avflweresognt; %}'lﬁﬁbmniﬁcespedtmscqﬁcspmbé,i@Sag(g@ﬁ&ﬂam}ﬁwtg h the

tion. Fluorescence spectroscopy using

appear ance of ~3-sheet,.conf.or [
Thi of | avi n Vo EFtegmmed by ‘VJQ&“&E%@OPSP tdie thermpydoisinedypeptideréABon in the

pol ypept i depepfii®) doRfidned i . g thioflavia is specific for

anyl oi d (3-%elpelat€)ed.fi bri | sé, %?‘Sﬁé@gggéé{‘&e@F@ﬁ%@@qw @F&E’@Fér es or for

the sol ubl eaggriggtesnin anotherexperithenth €angb yqlewis nd & fodhSR RS RRFOPY Was used
red absorption spectra of the two conpl exes of

to different.iate the Congp

preformed f lf}f‘]c&‘“ﬁﬁ]ﬂx‘?ﬁo Peamylewd in vigro. Crnggaed combined stithahet i on. spectra
of Congo regpl C .ab ce ..of anyl oid paol ypeptide is

det er m'g ned, ‘Q%-? P%t?de%‘ﬁ;[rﬁié‘%g ﬁ%n%gg%gﬂ&f ﬁﬁtﬂg Rel?ng Hﬂ@;ﬁl‘shﬂlﬂsl hl%é ‘%ﬁﬁgﬁi r edI upon

bi ndi ng t o sgpedifal bt ie3 whéd ined®Hth Heh r for f

conpl eges. gg Fl B?&geggzgéeﬂc‘%d%%%py mﬁ%@éggﬁti%agﬁﬁe‘?’aéﬁég% conpl exes
of Congo r exggregated into fdsheetsdthetso-calied fibrithg gf:i:tli?dé)l Toago Y& dcté@brot ©

i nternedi at e @%gre%ate forns_of the anyloid polypeptide. The intrinsic 20
f I uor es'@endEe¥sht ths fomnation of dibsillgragaregatesiof thenkf ipeptidepasdalsd réducb@und to t he

aggr egat ed f C excitatian spectrum of Congo red in the
aggr egat e- btfcl)tﬂ{rcl)g1 cse}‘%? H c%fsm% s%a%péggrfﬁ?‘?‘ﬁ BeP 15\8§\Pé‘glﬂg’etrﬁ@1¥1¢%e form of the

pol ypept i deomplexageficdaggtdgates huwCOg%iﬁ;éﬂQoﬂc%ﬁggi %ﬁ%%l% v{reei-g are

dependent OB t he ag%%%%ttgd state he Cor erences in the

observed spRey?R i bedflg, ¥ Spetrepeapic amalysiseinchuth instanees; shetostiocconpl exes of

the fibrill i 1 L e to the differences in the

rel ative hﬁ%ﬁﬁ%ﬁ??@?@ﬂ%@dl&éﬁ%gr%ee%qcﬁtéoé]%0%9 e nunber of bound

Congo néd nol ecul es &p&heﬁ%&ﬂlﬁﬁdﬂﬁ&%d@ﬂ?&ﬁ%{?@ﬂl& lx%f:ﬂ:ﬁsrﬁ@d
as

coaggr egat ﬁ%@ In the Qr esent invention, Congo re een shown to pronote
the 30 for h@amgHo the rdustion ip toxicisy ars significantly diff@enttie e tvarihsmagdsi on when
coaggr egat e Wbdtidn FPHHG L Al.t hough ngo red binds preforned
fibrils as well as | nt%%?r%%lﬁg?%ﬁ%{ﬁgggg?%m?%?"ﬁﬂg? s%ﬁ’i/?b‘fvhmbol ypepti de,
there was muerventiberiohoiggregunion piasessSeptinatlySedhces Mk BGL/SPRL132693
interaction w tgltgl&é)olﬁ%gggti de in randomcoil state. Re5ufts show that
the fluor eSFEREES n ¢ usad Whidentily-the yadepstprdteisi t h t he anyl oi d
pol ypepd i deomplessinaaeshiei-omtdifre i e free form Prefornmed
fibrils have g[ so been shown to lg?tnﬁcfﬂg%ﬁ)gé&réeog?ﬁlg{ﬁgW’ﬁbapf‘ﬁ@iy@gcence
enhancemensme} inhihitor srgleaie.bAssapewhinhehn bewsed toyapidsy a9ess@aego red is only
enhanced tyo- d relative to the free fqrmof Congo red. Thus, using

fl uorescen\fqé)%r é%%hﬁflaﬁges?f%ﬁm}% gﬂ{ypggt eogwesancaof potentalr ed has a dual
node of inhﬁﬁlﬁwﬁddﬂﬁbﬁlldgeh&iﬁwld%&ib@apt ein 1-40. Since A~i3~3 isoforms
al so convert fromrandomcoil to ~i-sheet form interactions of Congo red

shoul d be sinilar foAPepdptidsis kiown ofmelide Radi¢itFiand & BElSRADH RS COPi C
resul t? descr#tfgéd i n thi [scﬁhlavetgti on have' shown that inhibitors such as
Congo fed PSPPSR peuranal cell death in Adzhepngrsidisease. viCutmently there is

tremendous interest in identifying proteins that mediate neurotoxicity of

AB-peptide. The methods described here can be used to characterize the

interactions of AB-peptide in its aggregated form(s) with the proteins and to also
determine if potential test compounds disrupt the interactions. The application of
30 the methods also provides additional insights into the molecular mechanisms of

Alzheimer's disease, which is currently the basis of drug discovery efforts in

5



anyl oi d pol ypeptides. Both the prefornmed fibrils and coaggregates have been
shown to formlarge nol ecul ar wei ght substances when bound ¢ Jganam red 15
(appr oxiw@udF8i360 kD or 'greater). Al though Congo red bi ngerisod3ngss

i nternedi ate aggregates of A/ 3 peptide, and therefore attenuates the
toxicity of the fibrillar peptide, formation of "insoluble" conplexes in

t he coaggregates can still occur, suggesting that test conpounds that
produce sucneuradegensrationa Jiesgydiscaverieeenh tieapplied ty ewitige ber kylot s of
their suitahikitv . .for therapeutic or prophylactic action 20 in Al zheinmer's
di sease. Ba&gbpgﬁtl??eagg@%eci fic observations, which are described in

robe, i+ e a sul phoraroatirent tthimet Wer ik BErts ool Banbomieo 0
Eept ib’de, - go-q’!ﬁ @ﬁenttdf@gggg?]ti}:gmﬁth?pélgpe%tﬁe, hﬁ;@ép@éﬁ& mﬂgg&,ﬁeg?l ypepti de
as been_di s¢overed. .25 I S.ana i cal tool provides a basis for various
screeni ng t?ﬁﬁ?ﬁf’d&gsﬁéﬂfﬁ@%mf %@Vf’cﬂn‘&*§§?1féﬁﬁ¢mblm§mn?lﬁidmi bi tt_or .
reverse anylpgiypeplide b gﬁgﬂéﬁg;@ e. ipvention are
di scussed hgrgel n. Thaen spegdiﬁfﬁic{? eadl nggﬁfg{é?ofaﬁﬁ%ésfﬂg‘fﬁgmﬁ sub- headi ngs
(bold, italic, underlilned) Gireulgrrdickrdisth @Y@@é&éﬁc@ﬁﬁ%ﬁ%"ﬁﬁﬁﬂﬁh@% of the
i nvention, C?‘Pe%g&e ggg) g’%giﬁtgttgggfgp;rgatge Iigmti ngl.g_ S | 9 JiﬁNﬂ;%r
011 50134 P r ang @ therasnyleidpolypepgide it was any| oi d
pl aque, " angdgefithe] 1Ry I { nsol.ubl r ot ei naceous
subst ances \_Mgeth par fégéjtlicgrdr%m@?%gfcgﬁ rlfate?t (Laﬂrﬁle éﬁ?‘%%éfsnl?ﬁffg_ aBgeSt i ne
conposi 19 onim€Dmbsoxptinn of amyidié polypestide! i shd faeUVaasd Corpe!rddin ifiegeaptst ance.

Ayl oi d i dent.j fied ' h t t : hi 'l
St ai i n. CRAREEH Pttt ks ¥:and therbat it pectmef Huimsgerastarompipeenr ance.
Protein or p,@gggcq&éaorm@wtg) E};ecﬁ'm&é f gag{e%ﬂ‘iﬂj@rﬁr}f%q%oi d

pol ypeptides," and include, but® are not T1m epti de

(A~i), i ncl stnatereof theramyloidyitgpeptide e BeanUVhGDt spettieweid wdefid §or 40, Or 42
ino 1 ' f.AL3, . . A~3( 1-28), A~3( 1-40), A(3( 1-42),
?(ransggct i Seﬁﬁﬁ%g?‘?\ﬁm %leg%“‘giﬁmﬁ‘%- %@&Qllééﬁﬂﬂﬁﬂ' ¢tll(3 b!(;ﬁ%md;ci ds
25-35 ofs A(ﬁveeCopgoredcﬂﬁﬁaﬁpréaﬁcéﬂ?q%&'ém%ﬁ£bs8 ' é{ ARl ion protein;
|gf‘1t chal sal“btrh

i mmunogl obul i n, including x or ~:-, or heav fragnents
thereof, preraEdEY regiomyy Sinoerongas ead daes anyhaviechnAntrinditnCDrspedtalnid the apoA 1,
gel solin; Cxad N %’bg%]pro cal.ccilto in; st .natururetic 15 factor; islet
anyl oi d pol ypept rye - st Papgepduced dpon pindingto theamyloid proteias argl . Pr oc.
Nat|. Acad.useil in ideAtififS varidifs fo8Rd : ; . Physi ol .,
1087, 127:414- 417, Cooper e.té?glf. , .P?%ylw@??ﬁ%%&gbﬁhwwef@,

84: 8628- 32; 2bsppHion efiectyjare distinmtly diffetent fs sdagglegates iF/ CorlgABd with 7763- 66;

i sl ot o ol tmeile pod SanBlexeC0f ol el Siih tiprbieiRacRpiongr |

i nduct i on, febriflar forrt bf polgpesiidel Wikile f&tiRch#iRg 3o bE BbuRehah pAgER tion. It
shoul d be npted ﬁtkg%&mglthough human anyl i n aggr egat es spon¥ neously in

vitro, rat QWi gen igytherneas UV 6 spesammanfilangoaed arebelinveinodri d

s Nt ur e BB bR B e S AR e o Bl pered ke ool ©
"anyl oi d" ithe pmteinherein to refer to substances that contain A(3.

"Anyl oi dosis" refers to the_in vivo deposition or aggregation of proteins
to fordranyl oi d pl aqubhe earJy G spectmim ofcoaggreggtes (af ssmeoid i ¢

spectr oScopy o | oid binding.d conmpound or

pepti de-fl Sig?}?ghggga%%ﬁﬁg (g tg?tw%‘gf ﬁ% gorg%fxgng%ag&lx ﬁ‘%ﬁﬂ?tég@[tgﬂ ¢for ns of
anyl oi d, anhe prefornedrftirifar dofbRixentomaaed WBITHgd r8d. OTRE bbgsveierendi ng on
t he confor:aaﬁi on of the aggregate. Naturally, as one of ordinary skill in
the art caftHeFEReesn thespeetra pEthe compleyies wrasdue ¢ the formatiomof differeat 9

complexation states of Congo red. The exciton coupled CD spectra of preformed

30  fibrils was indicative of complexation of Congo red with an ordered B-sheet

conformation of peptide (i.e., due to the formation of twisted B-sheet structures;

Woody, R.W., "The Circular Dichroism of Biopolymers", Proc. F.E.C.S. Int.
6



.0~ ,1uN 2nn4 WO 01/50134 PCT/ 115001 32693 as a chronophore, i.e., it wll
“ have a specific absorption spectrum Moreover, when constrgi ﬂ”lﬁﬁ

agglr egaweslomsgydqoi d, it will likely have an induced CD sp g e probe

.may, and preferably will, affect arnyloi dogenesis. Sul phg 43269, 0 dyes

and fl uorophore-I| abel ed anyl oid peptides are both exanpl es of
anyl oi d-speci fic spectroscopi c probes. A "fluoroghore-I|abel ed anyloid

ol d- pec pr obes. roghore-Isbel ed amyloid
W h 8 fluorophore- (1 mosny RAF CREHAE T8 SERD o asBbivaliivean’ bo i oi

pol ypept i deépecaumpith¢ craggtegates vias capisint with AAGALEHBF CadeMMdN any! oid
pol ypepti de t.c{ El l{_gro hore-IP(fbeI ed anyl oi d pepti des, howe%er, need not be
capabl e of %&B%ﬁﬁ?? e R Wei‘ixanpl es of fluorphores for |abelling
the anyl oid peptide ifg S Lmted.fo.fluorescein, Texas red,
rut heni um (3- pyri dyl coJF‘rpi efgs, an agﬁ%%# ?dnﬁgyl%ﬂtmm‘i’@f’é"’aélsﬁmdve usef ul
absor pt i%n #pedoustima points to\éorrelate the foredation M‘ﬂﬁoﬂhﬁﬂ-}ﬂqcﬁﬁ% spectra

ol

properties. Preferably, the 15 fluorophore-| abel ed any pepti de
represents Gf 0%694%@*@5993 (pseregptenwithibe\appéasarice bf Brsheet €ss, and nost

pref erably @hmaflod. Midfesk 8 sAleo bRl RERDHSH, HhspsampLe. L0 11

br oadest sense, "an anylold rRindingwasas a
propensi ty used tscomdirai §-shdet formmioR irfthe BoRpepRRd! Yr etiﬁ.(ﬁlchg}l.{ SesfSQ @ 20

fl uorophore . €., capable of fluorescence, under speci OLESEYIE8i t i ons.
For pur posediiede thinfavin ésspacific forarnyloid, B-pledted fibirile b&f sestFoPbth Jsﬂ%éiiosi s, the
a

par adi ti eis ul phonated di,azo dye, and nore particularly Congo
red (sg@fil é&b‘&?"%%ﬁﬁi?é%gﬁ&ﬁlgewve,mQfmhpmbmapgige/06637}. However ,

rel ated conpounds or £qui I ch .as chrysamne G which
is a carboxylate anal%g o@gsignég%#p?éggqg?gg%gﬁtéw&@ﬂ goechi n t he
scope of t liesdrphemspestra of the tabroontplexes of prefuithed T IsSdd ég%%}%gg@ e Gare
shown bel O\Ataeicga[gg\o 1150134 Cog?q%o 'RféSS 0 9 JUN 29p P D132693 /| ~ "~
OH N HN OH*3°°62n8® %ﬁﬁfigﬁf?ﬂ%“' fa of Cgngn raddn the presenpe and abseger egat i on
are pH, iorfemyloid tide hil, rably no, or at |east no

yloic pallyPep riPﬁétéﬁﬁ!ﬁay 4, 395rd AW chioel ?‘OH%F sy Sy &

det ect abl e, concentrations of an aotroprc o , such

that ans amfloggeirdomandiinding tafibribggnesfibbilarThel ghesdramte foralk @My 0i d
"seed" incrc&ﬁél%ﬁe he propensity of polypeptide to aggregate. 15 An

"aggregation tonpl'ex" refers to the conplex fornmed by interaction of an
anyl oi d-speci fic spegtrosEpgy cgﬁ&b%e I wW.th aggregat ed
anyl oi d pol ypeptide. This conrfe)i ex c ncf%é?%@mgﬂ{]eggﬁﬁ%@m%%ggregat ion, i.
e., where ePmplsxgs of Congoaed.f Congpeedibimisao preformiedfbrils aPwRReRtoW t h t he
anyl oi d polypent. Laor to induction af gregation, Alternatively, the
20 conpl exméan Pjgr ma%é at'=r é’?ﬁ‘ﬁf’%ﬁ"ﬂé@%‘%&@?xﬁn&- 'UPRJ;IUG%SIW th a pre-forned
any| oi 20 poflygregiencieofigogoared 6s sighifichfl n‘hgg&laa%i- .. l.S used herein
to refer to the structure or confor rra_tyim;on adopte 18{/}, t{%%émé 1 d pol ypepti de
inits agg?%% t@eﬂ?P@QmICESQIt&@grspgatmoﬂeangxafbdfiﬂrﬂﬁ a ~-sheet or
a twsted gorettbold dfite {51 red shifted relative to the free form of the

polypeptide. Changes in the fluorescence properties of Congo red are dependent

on the aggregated state of the Congo red. The differences in the observed spectral

25  characteristics of the coaggregates and complexes of the fibrillar polypeptide

with Congo red are due to the differences in the relative hydrophobicity of the

binding sites and to the number of bound Congo red molecules in the complexes

with preformed fibrils and coaggregates.

In the present invention, Congo red has been shown to promote the
30  formation of a stable intermediate in a p-sheet conformation when coaggregated
with amyloid polypeptide. Although Congo red binds preformed fibrils as well as

intermediate aggregate forms of amyloid polypeptide, there was no evidence of
7



WD 01/ 501 34 PCT/ USO0I 32693 practical matter, the secondary and quaternary '
(peptide-peptide) conformation is represented by differencegqijfuy

spect r ospopisopsoperties. In other words, w thout know ng t he
structure of the aggregated anyl oid pol ypeptide, by det ecfﬁ@g%%}r ences

in spectroscopic properties of either the polypeptide or the 5
anyl oi d-speci fic spectroscopi c probe, one can detect structural

di fferences. ﬂ&aa@mdﬁtﬁ@i@my?eﬂﬁge_ faﬂd&ﬁ@gg%ta?é’akﬂﬁhé‘lhwin‘ﬁt@geo or in vivo

for their effect on cellular"toxicity or anyl ol dosIs-assoc
pat hogeni ci t fluoreseence spactryt offoongocred aign egageregated wigpthe aafyfoidr efers to

| f [ i f | ide 1hat f ither fibrill
on- 11 bri 11 aPORBERESe i€ s P ERERIL efatye e res deummo Preormed ibois o |
neuronal cul haveadso Béenh6dn h@bﬁ!dra%dggged, %hﬂﬁé%ﬂﬁﬁ&c@%&eo%%@%%g&%%er efers

to the anount of radiation absorbe the aggregated ¢ rgy

radi at ed ¥ r ofPMBIEX hgyesy arefarmedfibrils and Conga relyis ohboentianesd ob-fofli ati on. In -

a specific e j cigcul di chroism (CD) ultraviolet (UV) spectra are

obt ai ned in {E%ie%wfgg %drf-rﬁ(?r%'r?gr%é’é?wg r%e‘&mg ﬁ“ﬁ'ﬁ?ﬁ?%ﬁecbﬂiﬂueﬁ,ﬂmt, w

absor ption speesdnt study hows tHaf€engd Fed)HAl a%u%&ﬂ@&fﬁ%gﬁloﬁﬁ%@ fluorescence
er enbod nent,

em ssion spectra _are obtained. In still a furt infrared (IR
spectra are Bigmyloid@roteianedQd Since dfswssimfomes s edrivest fiym FRMOH édiDiol he
difference b tiseegz the amoynt of light transmtted or absorbed at a given
wavel engt h i kS8 29701 dnteragtions pffeoneeded shoald be similar foratbiseforms fA$ a
referencg s igde. Fl uorescence spectra are obtained by detecting the
~strength of ‘em ssion at a given excitation |ight wavel ength. Fluorescence

excitation spectra canThesplirasddpit reyul® \dbitednd ﬂhﬁ%‘%hgglgg%%n%é&“s are

fluorescence as a. function of absorption wavel engt
wel | known ithatiRRibiters sushas Cengp reddamm ot leastdwsialistinee bompienghyish c al

Chem stry, : X Franci sco, 1980; Silverstein et

al ., Spect r%hﬁ? I 'de FIE% ?%‘?P%%‘?%‘&iﬁgﬁﬁﬂf&ﬁfﬁa%ﬁga%hth/bquy & Sons:

Mew Yor k, 198hpwnAo foraelasge molediapweizht hbsBHEACWAGEBowid 1 &J@b Lflosi s when
0X

anyl oi d depgsits .or anylqid plaques are found in or in pr mity to tissues
af f ect edgby PPPé%‘i“?é‘gzéP%b oygreaterh Altlioysh Conge redhbinds teethe ietemadiate

ol aques. oy "Bgers oFAPEPHal Ml hcteti Megiil S BTR0 i Biiarny “known or

unknown nec ipeptideyforntationlf ¢hsefubRMecbipftxeé AERSR8ad re not
limted to, s stem’g di seases, such gig (’:(hroni c ?%éﬁﬁgﬂgse%%ﬁyﬁgc 01/5D134

PCT/ US001326Y9886SHRg Qmpqungs that produce suqhl effacisdmagpregation agédfoul | nem a,

famlial a i R e) and cardi onyopat hy (Dani sh),
systenic sg!r?ib %ﬁgﬁ%%?%@aﬁ%ﬁls%&qgﬁﬁ%ﬁ ﬁ@bm"(% FRiC 2qtioRa) |
fam | i aR0 amjh Ailzheimer's(diseasé.sh) , Ger st mann- St r aussl er - Schei nker syndrone,

fam lial anyloid nephr opg‘a hy with urticaria and deafness (Mickle-Wells
syndrome), nedul | ary G#5ed ABthesespacifje ehservations,awhich aterdestritmdyihoi d, and

henodi al ysi $raafes deiafll A L5 ( . and.neur enerative di seases.
Type |1 di abet esgie%ﬂalgg%%lﬁ% Fg%lq\g/)ﬁﬁa’a&n%e&ﬁﬁ%&ﬁylofa&? gtinrabesf ¢ he
pancreas, i hepasulphabaied dinvo dgt 6f a Aablophéredhbsle@ duitoill PeptideNto Appd th the

anyloid to plagues af Al zhejmer's djsease, the anyloid plaques or fibrils
of Type I g}ea%gﬁgg on form of aggregated amyloid polypeptide has been discovered,

25  This analytical tool provides a basis for various screening techniques for the
ability of test compounds to inhibit or reverse amyloidosis.

Various embodiments and aspects of the invention are discussed
herein. The specific headings (bold, underlined) and sub-headings (bold, italic,
underlined) are provided to facilitate understanding of the invention, and are not

30  intended to be limiting.



_ priovoke pat hol ogical effects. In particular, concentrations of human anylin
© at ‘which fibrils formare toxic for human and rat pancrea@ic Jur! %

i nsul i R’V(%PIQMSJI ng ~i-cells (Lorenzo et al., 1994, Nature 368: 758-760).
~Accordingly, in a specific enbodi ment, the invention rePS5TESPE268ype | |

di abetic anyloidosis. 15 Chronic inflammatory illnesses, such as idiopathic
famlial Mediterranean fever, Mickle-Wlls syndronme, chronic nalari al

infection, and the like, can re i xpr.essi on of serumanyloid A an
acut e phase protein which may u%r'r%rge'ter;ll 'ﬁrf‘g?-ﬁgi processi ng and formanyloid

deposits and pl aques .THeaemes'ampti6id," "andylid plagse Void fmf&w(}*ﬁ" {_c’]rﬂ%rari a can
nin U

| ead to anyl oi d(isi s. of the 20 spleen and/or liver o Iviadual. The
resul ting &epemllY 9 inspluble protginaceans snistansegiwith partiaular phtsidal pl e myel ona i s

associ at ed .y j £ nogl opul | ns, i ch i nmunogl obul i ns or

fragnent s tcﬁﬁexﬁgtgﬁﬁgcgﬁﬁﬁgxﬁég%fgﬁeg Og@égg?{l gPEinf"}‘.ﬁ - { molectepthat or

ti ssuessi nacofound in the substirneec IAMYIbRY cahthe SHentiGRE bP?tEQﬁioE}SHBﬂs Qé—uétpﬁnﬁ hyretin
guese), fta

can result in fam.lial, anmy] oid pol yneuropathy 25 (Port mlial
anyl oi d caFH?‘B?R}?H%ﬁWW“’(gDﬁm§}n@%o@ymfg\lﬁrescmimmm)gmdﬁmj s.

Henodi al ysiaépégg}lggi %@&g%% ;@)oinéntg ongllﬁiqcati on ﬁﬁ;gng | ong-term
henodi al ysi & patlents, In C 0‘% e 8&"8 9 gfetamed ASrAR  prot ei n

const i t uentamfloidylypeptides)” ndinclude Bt 4Rt ikIRA 10,%-9&'1511 iﬁ,ﬁﬁ{d@oyt e Metab.
17:261-272; Ceyjo et al., 1985, Biochem Biophys. Res. 80 n. 129: 701- 706;
30 Gor evi c(AB), mcludingsmtheticdbAPs\eortesponding toSed first 58y Mo HDEmaws Shi rahama

et al., 1985, L 1 nv A3 £05-709). As noted above, in addition to
syst em® aﬁi}f*%i’ﬁg@'i‘ ;’ﬁé‘%ﬁe@é&'@h“\)ﬁ(b@mgssm‘ﬂyyas_wswlus 2p0

PCT/ USQOr 3 i i . t 1 cllar neur gdegener at i ve di seases
i nvol vi ng any éilc?éﬁgf‘éérpéﬁﬁéﬁ«{hg# ?ﬁﬂ!ﬁ%ﬁgﬁ%@#j{%ﬁ@@éem a3 SCIABICers to a

di sease or prbitcin prteursof oif préomerowdiSnfiloRBbulA ihé 1683 o d Bylog! N9 the

brai n, tha&mni@&ggts%wtops&graoterist|c gif %ralg or nerve

dysf unct i oh€avg cgains, o encof, g edbymiyeloyndspsege - GmyilsiHect s,
denentia, cognitign def i:_ts ogjr%gance. aed coord_ionati on .prog?’(grrsq%%nd

enot i onal %og}ghgm, 8?9;5 Relsoline fystatin Cproicaleitoninaatr 4maturaestioci at ed wi t h
anyl oi gosi fctoedisiet dhdb I kC. i brain tissue from
subj ect's who denonst?a@%@b’ﬁ%%%%ﬁ#mgﬁw%mﬁﬁ?%}que

f or mat i on.P1es. Mﬁtb;é’spﬁdsﬁmpugé\,f19é7n84:3£8|1785e§\|fmtd-mbﬂyetmnnm.lJ_r ain, aret o
obt ai ned wyt . @r hE V~fromliwvi bj ects or m ght not be

avail abl e atgﬁfa T ,Wéo-lf '? g?f“?ﬁ%lzsg%?eétefﬁlnﬂ(}gc'iyaéﬂyﬁﬁ?‘&rﬁ%ﬂ] nP&Fs of

neur odeger8h:s62832; dloperse abi PRocaNutIOASRE 53 US.3988, 077U d€ Adlcf! Ner t han
t he presence of Lol d_deposits, such as plaqdes or fibrils, Mfea bi opsy
sanmpl e. | rFaé‘CE‘pé%fr%/?’gl%%%‘épmﬂ,m%bb%rﬁnrmqsesMcﬁs&omré,nventi on the t

5 neurqde At i ' ' | oi dosis is, Al zhejnmer's

i Seach ( ASAOR polihepias Bafaidnls Boptnllel ATRENSH ¢’ rich acesdmed oh
di sease chmdactonditions that parmit apgregatidn. dt Qﬂoulﬂ%@ﬁét@d‘tﬂdﬂaﬁmﬂgﬂi ecursor
protein (APP). near the amno-ternjinus of the AP portion o K Levy et

al., 1990, a¥linpegregatss spontanaonsly An yitre. ratameyling whichsdiffers frem ddirtzaar y cer ebr al
henor r hagegn\y ' ks 0 -.Dut t Ro |l er et
al., 1993, gl S SBIKD ARSI | ; bpiloidepaif and ?@%%‘?ﬁﬁﬁgﬁli'? Bt Acad.
Sci. 640: 1%, borenZo etrady;, Natureal1994, 168:056-¥60)). da@ispetificlaspebi Fhefepmb; Haan et
aL, 19%0, Arch. Neurol. 47:965; 72. Xt her such diseases known in the art and
wi t hi Pt he 2YIRKE 18 psqdperpinde aefer fo snbstaness thatcontain ABut"Ammydoidosis! i ni ted t o,

sporadi ¢ Geffilb e A ' : [ reditary cerebral anyloid
angi opat hy, “Bown’ s srwy‘&]déérl%ﬁ.éﬁlogz?? ﬁgg%gga%ne%{?%gwg?)f%ﬁﬁnygﬂﬂép BSY el at ed
asynpt omator €ibslsy| oi d angi opat hy (see) e.g., Haaa and Roos, 1990, dip.
Neurol . Neurosurg. 92:305-310; d enner and Murphy, 1989, N. Neurol. Sci.

94: 1-28; Frangi one, gorm Jamylod:-specific $BTROschpigprebe " akfers tha2, Cin.

Ne . Ne : - ALl 8 . ., 1992 30, Bi 3l :10716-23;
Cor' & et S04 Bingike Ae'ccinpdh@ ¥ peBilad Auoronitte capiugate iimsrasts o

S0t i evitheagdregated fofms 6familol hétr8acdy ' )
ggrripg knlcnx./lwﬁl in, teﬁg art (see a%lgvdg\,aﬁg\r?gﬂ\?\v sni evvsilz?lfeg% gﬁﬁ;&?gdfggq:searrayvéary

011 50134 GIOPSTINS Seprnding on Bisrcopbprmation of the aggregate; NatRemily, Koot

179: 1247- i KA%4 thBhe? ' .. Res,.  Co n. .180: 152 [pﬁblished
erratuni; Pretti et the ) %%gge,adg'ggﬁ%'g at%szlﬁﬂwgg%e@l Wﬁ%‘ﬁ‘.?y 4¢t0: 301- 307;
Levy et al., 1990, Science 248:1124-26). in a further aspect, the

neur odegener ati ve di sease is a subacute 5 spongiform encephal opat hy, such

as but not limted to, scrapie, Creutzfeldt-Jakob disease,
Ger strnann- Straussl er di sease, kuru, chronic wasting di sease of nul e-deer




and el k, bovi ne spongi f orm encephal opathy of cattle, and m nk transm ssi bl e
encephal opathy. The instant invention contenpl ates eval uat 8rigJothe00s .
aggr egatwoini1/30194 f or m of an anyl oi dogeni ¢ pol ypepti de frorﬂéﬁﬁs@bﬂzﬁ@l , and
nore preferably, mammal, including humans, as well as mammal s such as dogs,
cats, horses, cows, pigs, guinea pigs, mce and rats. As used herein, the -
term "about" or "approxi mtely" neans within 50% of a given val ue,
preferably wistaihfordélorélRe€ ithkifiiaval)! = 1. byl % re 1 referably still
within S% and nost preferably vlvlﬁt ﬁlgl’sli‘elé{\ﬁ}o (Q)?éagl&t&ﬂvsgﬁ ug'.’é)rﬁ?‘(eér natively,
the term"a 'COP8 gregated atnyhad,ris wilhlikelg huod ateindaed @D Wi thin a
scientifical eptable error range _for th type of value, which wll
depend on hos\ti.\)/gc(?a]gl?'i ?@?P&?@e%ws%&hlyaﬁﬁ%écmﬂmMnmi | abl e tool s.
"About" or 'Sufphoxfeddizob\dyedmd MHfhd i r&%}” J ound, a,nean val ue,
rather 20 than a single ygl ue. | nduct Ir%héﬂgfeﬂ I%‘flg’r&p@é??‘aatrfmtq n general,
aggr egat ¥ on c¥amples afgmpyloid-srecifisspedtrimscopicprabescent rat i on and ti ne dependent .

event. The anyl oid polypgptide is dissolved in 25 an appropriate buffer,
preferably in a buffeXs@‘P%?&!?ﬁ ‘%ieﬁg"ﬂ%)ﬂﬁddwpéd@tlﬂ amgmylaidnparabl e to

physi ol ogi cabj leLd -puffered.saline (PBS), TRI S~
buf fer HEP(ﬂs#%bufe?gr%fipgéﬁ%%%}ﬁg%ﬁg%gﬁm a flgoroplorecd anyl oi d

pol ypept i de tmreucemanemcxuy).rmyloﬁwp%wda@d&ub@mal'@ ' bel ow. An
anyl oi d- bi ndi n% dﬁ%cgn be contacted with the a}r,r)?ll O%QQ%SF’%%H de prior
to aggr egat PEFORS thergo Fa%?@&r 4ggregating with amdoidpplypeptidess f orm The

anyl oi dygsperivol ' n.he proyided at about the sane
concentratioﬁ%ﬁagsﬁgéﬁégﬁﬁoggpén&%s ‘h"e""&rﬂ?F%P%Feb&ﬂ%@s de, or about an
15 VO O14gegioROTitheiSoaS ERRples d lusiph6RATH! MBARE S ShyRia | Oe
provi ded t hat ?@é{"@r spectroscaopic signal fromthe dye can %e detected on

avail abl e s Lut grenat dimited e flugeesceinBexas ratrithenidyep pergyexed with

t he pol ypeptd 95558 d ctabl e above the signal, from unconpl exed

dye. These ‘%6@?8?%’ are readi yﬁ]‘&%&fﬂ%@%@"’@( i @%@PP?P‘P%%gati on AB
After a corthei®iV,amidomayddpehaenisefud IR BSEdtADbreEriad Ij‘r@fe)lﬁ&qhgncubati ons,

sol ubl e prgf?ar at. o% OI synthetic AB slowy Tormfibrillar aggregates that

resenmbl’d naf¥frgphor &¢ amyloid peptide\rapresents abouts% nelesgmaore or
Thi of | in- f ti f.10 | ubl e AB
hecs | PreRARAFabo 1P SCRAL fod HBSH R8RSRy AP SR onIote SEtasahi o of

in these in vitro assays I's en
pr e- aggr egaeptidd B thagampld. "seed” material. In a specific enbodi ment,
A~i (1-40) dissolved in 100% hexaf | uoroi sopropanal at 200 or 400 pMis dried

under a nitrogen str S $688% | 8 pAYy drbindimg’t dyalib u cheviueplicre .
ool v i g RAR Gl AR Bl vl 11
brief 26ni diorephorefi.eabapdabld offudrescendd, YindérspBéific cafditions. For purposes

of the present invention, and in the study of amyloidosis, the paradigmatic dyeisa

sulphonated diazo dye, and more particularly Congo red (see, e.g., U.S. Patent

No. 5,276,059 and PCT/US93/06637). However, related compounds or

equivalents of Congo red, such as chrysamine G, which is a carboxylate analog of

25 Congo red, are contemplated as within the scope of the invention. The structure

of Congo red and chrysamine G are shown below:
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. brief vortexing, far five seconds or less. This solution is then aged to
permt aggregation. Alternatively, synthetic, HPLC purifi e@bdbuim
represewpioagofslie 20 first 28 (A(3 1-28) and the first 4Qp@ERsRaa0esds (AL3
. 1-40) of the 42 amno acid A'3 may be obtained from Bachem (Torrance, CA).
Aggregation of soluble A131-28 or A131-40 at different concentrations can
be initiated by addition of 0.1 Msodium acetate (NaOAc) at pH between 4.7
and 7.5. Quantitative aggregate formation with sub-m | linolar ALi
concentrations may be detected using the 25 procedure of LeVine (Protein
Sci ence, 1992, 2:404-410). Briefly, fluorescence of aggregates added to 10
pM Thi of l avin-T (Al drich)/50 mM pot assi um phosphate purfer, pH 6.0, are
measured upon excitation at 450f5 am and detecti X em ssion at 482A0 nm
on a Perkin El . i ' :

=en of Al13 at | ower
(physi ol ogi cal) hhe et hod of
b646- 54 S #oti c pr epar ations

Burdick et al ( ¢ Y.
of Al13 may be dil ut¥ b 5 nMfinal concentration, preferably in the
presence of "seeds./  After various incubation periods at 37C, 16 1 JUN
2~~ WO 011 50134 P¥T/1JS00/ 32693 aggregation reactions nmay be eval uat ed.
Aggregation of anmylin. After a con b3dgon- dependent [ag period during in
vitro incubations, soluble preparatioffs OP synthetic anylin slowy form
fibrillar aggregates that resenble natural amyloid (Lorenzo et al., Nature,
5 1994, 368:756-?760) and are neasurable by el ectron m croscopy or by Congo
Red birefringence under polarized light (Eraser et al., Biophys. J., 1991,
90: 1194 1201). Aggregation nylinin these in vitro assays is
anounts of pre-aggregated

synt hetic, HPLC-purified
\ H i slet anyloid
pol ypepti de or msse d peptide synthetic
met hods or frofma commercial source, such as BachemptIoyrance, CA) or:
Peninsu%a IAboNgt ories. Quantitative aggregate forffation with
sub-m I linolar anylin concentrations nay be detected using the procedure of
LeVine (Protein Science, 1992, 2:404-410). Briefly, 15 fluorescence of
aggregat es added to 10 ~M Thi of | aWGhnysamiué Gr i ch) / 50 mM pot assi um phosphat e
buffer, pH 6.0, can be neasured upon excitation at 450t5 nm and detection
of em ssion at 482t10 nmon a Perkin El nmer LS-50B spectrofluorineter.

Al ternggively, Congo dsdithy .:p@ﬂﬁ'? %ﬂﬁ) rized light can be used to
detect aggregation (Er asler né?&{a}l oY s&%‘g ) éﬁ%?#ﬁa%fnids?hg@’pre 20 formed
aggr egat es temperatne axtloenprefaally nohyr fideatse dettrablacconebnthitngay! i N and
aggregation initiated, .e.g., with 0.1 Msodium acetate. Soluble anylin (250

. g . . .
pM and 0. £nXFRA9HPRIG 5HBEeRic Eeagents.csuch that an amyleid pelpeptidetraned at 37C to
generat e phLgshohiethagcsaat s hed.ye.as lLin seed " After
i ncubat i on,agg%éo}{tei n cgncent roZ?Pgﬁff%lP geeegd l%ﬁgaﬁg%eipgor%e%g&’éoﬁeasur ed and
adj ust ed wipogpmﬁdleeto aggregate] 50 p, Mfinal concentration. Aggregation of
anylin _at lower (physjological) concentrations may be quantitated by the
met hod !df Burdi ck et Aft .28E%egatipn complexyyefens to thecomeplex fommed bysynt het i ¢

' he pr osaBticBf st loft- it 6 pecrhsdiit phie, SRS TehBo sl S0 20 2o
37C, aggr egggregated amyloidpalypeptidee Thissdanaplex! can form as a result of co-
aggregation, i.e., where the amyloid-specific spectroscopic probe is present with
the amyloid polypeptide prior to induction of aggregaﬁon. Alternatively, the
20  complex can form as a result of interaction of the dye with a pre-formed amyloid
polypeptide aggregate.
The term "aggregation form" is used herein to refer to the structure

or conformation adopted by the amyoid polypeptide in its aggregated state. For

pepti des t

example, aggregated AP can form a B-sheet or a twisted p-sheet form. Asa
11



WO 01/50134 PCT/ USCA 32693 Eval uati on of AEgregati on Form Once a conpl ex of
t he anyl oi d-specific spectroscopic probe with anyloid is foBieduN iggican be
eval uat WD 8psas4 ophot ometrical ly. The spectroscopic propg .I€§)08569 i t her

t he pol ypeptide or the dye can be anal yzed, although for the polypéptide,
the nost relevant information is found with far-Uv CD spectroscopy. Far-uWv
CD Spectroscopy The far-LTV CD spectra of free pol ypeptide and of conpl exes
of 10 the ampracvicdlmmest] the secoR8&Y ", ' | regat ed. pal ypepti de,
e.g., from gout 200 nlmto abou aggg nm %r%?gé% }’E&?tgnr%?}ﬁ?t%gmgﬂgh‘f t he

pgl ype{:)_t i de é?ﬁ?myl @ﬁ¢mpm@$ems®mmﬁprem.m_ éﬁ@oﬂk,&b{tﬁ)&? ' dat
absor ption . i de. er | revious experinental data
have denonst rg%vi]% é} Eé{%/quﬁe Sg?a‘S‘Bfes‘\"E%F ngfﬁé%ﬁé@a&\@aplypwprﬁeobnat i on when
aggr egat ed, detectingdifferensés inispectroScapié pRIPRARS Of Lth 3L ﬁtﬁ%&@tﬁ%ﬁﬁ ure

a

bet ween di fferfné aggregated fornms have been observed %val uat ed.
The fol Idwi AGY 1%°%$%m%6@scgmrobﬁr, oneraan detectIstrutturad diffsreidek on of

aggr egat ed ' ' o.red,.a typical sul phonated diazo dye, '
from far- w%i%ﬁ°§é§qﬁwgﬁcgg%m§8¢ I X¥re.sr & wive dordtheis effeetiamr mat i on f or

AB Spectr al cﬂlmmaom@ofmymidm.&waéa55&5@&&&@3“ive extremum at 200

nnrandom coi |l conformationred shifted negative eXtremum at 218 nntypi cal

j 3-sheet; co-aggregat ﬂbﬁtﬂm‘bomgﬁdeaggneg;m”ioré‘aggxb?geﬂfef&g tgegqs.nnt wi st ed
(3-sheetinc [ bution from random coll . conformati onCo-aggregation
wi th Congo ésggéiﬁggrii_ %ysd%upglyg@q{%% r‘?s"r&f’kﬁ?@éﬁf-q{nvn{ﬁbr&beﬁlmm, e.g.,
from abwut afidtorthoseahatiags foxiel Hhﬂﬁltoﬂi’éfiéﬂ&ﬁ%nélw t%’eg absor bence and can
therefore be used to evaluate different b 0134 PCTI US00/-32693

structures of a conpl As ussd heneingthe terntl"spegttostebic PopepgP iR tghigne, and
o Por e A8 B o RE R il o, ey e o
aggr egat es the aggrepateditornplek BRoitedb bsbiptBASE WRNG G Th') sphiaxi mum si gnal .
embodiment, circular dichroism (CD) ultraviolet (UV) spectra are obtained in the
15 far-UV and near-UV ranges. In another embodiment, UV absorption spectra are
obtained. In yet a further embodiment, fluorescence emission spectra are
obtained. In still a further embodiment, infrared (IR) spectra are obtained.
Generally, spectra are obtained by measuring the difference between the amount
of light transmitted or absorbed at a given wavelength in a sample containing the
20  aggregated complex versus a reference sample. Fluorescence spectra are obtained
by detecting the strength of emission at a given excitation light wavelength.
Fluorescence excitation spectra can be obtained by evaluating the strength of
fluorescence as a function of absorption wavelength. These concepts are well
known in the art (see, e.g., Cantor and Schimmel, Biophysical Chemistry, W H.
25  Freeman and Company: San Francisco, 1980; Silverstein et al., Spectrometric
Identification of Organic Compounds, John Wiley & Sons: New York, 1981).

A disease or disorder is associated with amyloidosis when amyloid
deposits or amyloid plaques are found in or in proximity to tissues affected by the
disease, or when the disease is characterized by overproduction of a protein that is

30 or can become insoluble. The amyloid plaques may provoke pathological effects
directly or indirectly by known or unknown mechanisms. Examples of amyloid
diseases include, but are not limited to, systemic diseases, such as chronic

12



. 5'The followng table, as well as Figure 2, illustrates so f the
conformati onal differences of aggregated A(3 conplexed wt to-‘(\’@‘ombd, a

t ypi cal woulyshisdat ed di azo dye, fromnear-WCD spectra: Tadhgsodazgohlear -t IV
CD Conformation Information for Al 3 10 Spectral PropertyConformatli onal
Characteristicsnegative absorption at 580 nnmCongo red conpl exed with

pr e-for medaggr egat eposi ti ve absorption maxima at S 16Congo red conpl exed

wi th pre-f onflenaratbrg Zinessea gonkiphd mPelsniag Hﬁclaémguﬁt%?ﬁiﬁrf%ﬂ)ﬂ% aag?oi@ontongo red
co-aggregated with A(3exciton coupled CD spectraconplexation ngo red

Wi‘ th a][\or ?mﬂn N @ﬁ_‘%@r%ﬂi%@nw@g@a?ishmmmi%d\t}ﬁm co;rpl ers
of pre-for A Bt at 1 G ect r.oscopv LJV spectra
anal ysi s can )gigfgl]bgfg’entl at e lyll]ogﬁ’gggrg% ?%ar%/}ééggg)r gmﬁﬁlaﬁ?}“bﬁfﬁﬁﬁ’éxes of the

dye with di(Fineish)GergrangitianssléreSirinkEosynarae FaniliePAAMoLEd has different
W absorption _an i ff. ence.sggﬁqrgs{capr gperties depending on whether it is

d r
conpl exad iSPROpAEY é’ﬂg’r‘g@%"@s H¥ieckde-Mells sypdrbmed; médataryl t i s
pref erabl e hafisiid 8% ay1,.0j ol.ypeptide.spectra fromthe
conpl exati on spectra ?%ﬁilgse"gi&?‘?g%ﬁ?ﬁﬁg’%é‘g{‘ﬁ%ﬁ%@@ﬁ‘gﬁswﬁ%g perties of the
dye. 20 Al tagwheidosie(HAAQYi anfleearudegdnethtive disehser bance spectra can be
obt ai ned by subtracti,ﬁ% rimal absorbance of the dye fromthe absorbance of
the dye conpl exed wit a@ﬁﬁggﬁﬁwaaww&ddwpbmpm titiels ondapesits pfi on spectra
can be obt ghdiehcf : 00. nm. preferably from about
250 nmto about c_?%ag’mﬁﬁmh%?%f@ Eﬁ 'I’éér?\lcsgﬁ)i}qg’hﬁiélgg H@git“r"aAE%@, FP@MF&d 4) of
conpl exes @laqGesofodlzbeimer's Hisamse] thic Gyt iptiRuas st ibras of Pype l\f@i%{ém 34
PCTI US00/ 32693kaga‘5}n{99t.f efi Cog‘go red show that conpl exes are hyperchromc,
with i ncr eREEE*EHAIP éffé[/e FStn'd Pasicwlan conseniratipas pbhurhan aghn att i on of free
form AbsorRidHObrHR €6t : Horelpel ngo. red bound to. preforned
aggregates and (l:o- aggre%g?%}g?%sﬁow neggﬁﬁﬁjeanag%gtg?ﬁh?&? [ CU0 nmin the

di fferenceBEcerémemnet'ﬁhelQM,glanueB68h68$BeptAéﬂordj},§1 eeNGRSifcS due to the
ored to its bound form theréfore producing a

conver si on OL Iee %Fn, for| )
bat hochr onf@°8 t,the inventiondgslatasite T ypp Hcdiabatic amydgidesis.on of spectra in

Figuregs3 and 4 al so ] absor ption_enhancenent between 500 nm
and 550 nmis greater In %ﬁfeﬂa%rg@%toxh{]iﬁ%s%s},é cheasjdiopaticfamilialyi t h pr ef or ned
aggr egat es Mediterramean fievee, Macige Sl emdonse, Chalcm AHA A6 6R A8 éﬁezd with

anyl oi d peptide reafjl.ts in a decrease in_light absorption aroun 80 nm
whi ch is di€e:©an Feseltin @Pression ofiserum amylnid dn dn acutel phase pnateinwehithi ncr ease in

| i ght abso i ek r e .0f 500 t 50 n whi ch is due
to conpl exgﬁgﬁ&g = ug Iéés}gseﬁn%&go%c r0SCo deﬁ?ﬁﬁt&a@g?ﬁ?‘ﬂ&’é& Issi on or

exci t at i onexapwpde, rim thef ThitdsWabyld, clirogic, m&larig arf Red t@l@ﬁid&ﬁ‘%ﬁttﬁé) probe the
aggregation, . formof .anyloid FlLuorescence spectra of conpl exes of Congo red
w th anyl ofP&eeﬁcﬁ‘V%é&v%%‘o %@dwﬁﬁ-eiﬁ? sulting jorgap fhibirgsan witineatelygt hs (r ed

hi IS : 4 20 Co d.
Em 9% on Spect 1B ot o B R M o BB o o wavel angt b

Em ssi on spectra_of Congo réd were recor

of 500 nm inEREReglehuling,Whithimmunpglobulins e fegnehtsGhager ¢adfoane cent ered at
about 605 1SS tra.of free Congo red and, Congo red in the
presence o lPe;qm"f’g%‘Psypég’?%’éstf}rBﬁ%ﬂ%?ﬁ gss %p'f‘icé]%‘)ac'i vith ghe dreadateryound 620
nm The exsysteni. i Déposioatof dradlthifein{cak festfidn BRN; ngo sed are

al so 25 '"sjgnificantly_ di fferezt . . The exci ta?ilﬁgig] %&@rﬁuﬁélg&'{rﬁ%a%und form
of Cordjo r@grtuguese), familial amyloid cardiomyopathy (Danish), or systemic senile

amyloidosis. Hemodialysis-associated amyloidosis is a complication among

long-term hemodialysis patients, in which B2-microglobulin is a major protein
constituent of the amyloid fibrils (Driieke, 1991, Miner. Electroyte Metab.
17:261-272; Geyjo et al., 1985, Biochem. Biophys. Res. Commun. 129:701-706;

30  Gorevic et al., 1986, Proc. Natl. Acad. Sci. USA 83:7908-12; Shirahama et al.,
1985, Lab. Invest. 53:705-709).

As noted above, in addition to systemic amyloidosis, the present
13



in both the coaggregates and in the conpl exes of preforned aggregates is
centered around 525 nm These spectra are therefore signifi @nuby agnd
shifted WOOINE to the free formof Congo red. The differle(_nﬁ6$ooi,3?6%ge,
fl uorescence spectra are due to changes in the m croenvironnmeni 0O ngo
red upon binding to 30 anyloid pol ypeptide. In addition to the . :
i ntensity-based ryeasclirements, ot her fluorescence techniques, such as (i)

f | uor escence invention relates partibulddy t@fshréddokndr i WO 011 50134
PGT/ LJS00I 32693, .| uor cence"eniyssi on m%g%r?%%eﬁséﬁ%%&%ég%fy and resol ve
decay tines BPYIIARMS- e term  peurpdegersrativadiseasehrefore so alise@seaft P RPddres and

prefornmed agef @edePfoudl itgmbﬁarﬂ Jdndifferentiating anyloid structures.

s Fl uorescence Ani strop§ ‘l\/ei 0 a@%‘ﬁ@%&)i@ﬂﬂ&éﬁ%@ﬂﬁl uor ophores

occur due t oSYmRfomscharagteriati inGr neRe dysﬂﬁbﬁaﬂ%ﬁa%ﬁ-{'t _\{%?lgr?%?sor ption and
endent  up

em ssion of light., The anqular displacenment is dep MErate and
ext ent ofPr o{eﬁﬁi“@?{ﬁ?fﬁ?ﬁf??gidﬁf?caudm@qaheogmﬁm defectsfbaldireangi t ed state of
t he fl uor phoggordi hiobl Lneiples of  FJ yorescence

Spect roscopy, Pl enu‘mcgr eseg?s ’ &%ve[#%tr??(& é?fgé&‘“ﬂﬁgl ‘Eﬁd"ﬁ&'ﬂe@esndl diseasesr e
dependent orfre éssspeiat aviﬁnunploiadosishw};e@mst@mg, the rrent
application lpe.i s%ggf)le(gig’?s{’)ﬁ%mgﬂvlo I d

change i n nol ecul ar size and
protein. Flu g%é'f'ﬁ: O&ﬁ@tﬁcpso\ﬁl}o demnonstratermugh Spmpieds wouldetwalhmgldide
i ncrease in wRedu idy. Z ' r.otein dye to protein-protein
iR Totmatticil. %8s Sroply anfids Hbf BB, Solaially proshhenare | cot

I nteractions upon 1 s aggregation I'n

conmpound®. abtained withigreas difficultyhfromdiving sitié PR : ased on
t he principl el(lzlltj*eg are gl S(J)tdraﬂoi c'; htsﬂg{a‘l?%l,%gﬁgﬁﬁf reely

mel . mo
rotate in so S[’?%érﬁﬁvﬂghmlﬂ 3 SURRIOB R sYmptoras o odegenerativedigeazkecul e, the

rotation andvithamyloidbsisayY 8aRAteh Rit&i hereby repderjng the em ssion
ani sot r opi c. V\henyaut of | uorescognt sn%+tﬁ%e£ﬁ§%§°8 anyloidideposits.obes,

t he eni ssi oﬁu@TaStMéqmloeé'M,ﬁmsb'mmy $qmoplar i zed" (Lee, Y.C., J. Biochem,
1997, 121(5):818-825) ;upon hi.nding to a macronol ecul e. The changes in
f1 uorescent properti edB@Replic embadiment,ascording tolthe peseritiineéntiog hEagES | N

fl uor esgencaeddd BRI SBs es_sucgh .as ngo red may be used to
det er mi ne i E@{lﬁ:‘r?ggecufgésem zegoc(?éfﬁghm l§9§§ ‘%&)zthﬁﬁneﬁS digeasei n ar e
different. . ewerdborditients, tha diseaietmBPbey BNk irectly

| abel ed wi tw‘%ﬁ%rhg,re t@ldWrm thqaprrpl ecul gﬁ?‘gg’sa%fgtehe protein in
the two diffErapeidsdy g double t nytgtion ixamyloid precymsorprotedi paPPyENt |,

f 1 uor escencpeap HerdmbdlieARindl d be npasured in the
absence of anyloid protein. %ﬁgﬁ?&&?ﬁ%‘r&é’égw V¥ 6t foplPPabeienest t he

bound f or m #48: ¥ edindthertsnch disaaliees(liae&ftar&%re%%lﬁgﬁfoméfadtﬂf test
conmpoungs rﬁl H%.tmf w)r can then be used to eStimnate the

di ff erences |ﬂ Si glég( Wéz‘ﬁﬁg @%@hm@mMullesetmm&mm_gl 01 JUN
2004 WO 01!'PHthcl414%:T4448 e m ffects of test conpounds on
pol ypept i de_aggr egat i on.w}’lllg&tﬁﬁéd?é%%ﬂd@%é#ﬁ'c&?“ﬁ&*éﬂpaéﬁ&%-I abel ed

anyl oi d peptiFBeTs ghabl 999cNeumsdi Léterld8io3ie; Hurd aat £5od, Arllf duldof e
presence ohﬁ%_ﬁ)r@&# g‘gﬁl‘o‘ﬁ t estkncorrp,ou d. Fl uorophores such as rutheni um
bi pyri dyl CORpParss: UEFeS known 1n the art and within the scope of the :
present invention include, but are not limited to, sporadic cerebral amyloid
25  angiopathy, hereditary cerebral amyloid angiopathy, Down's syndrome,
Parkinson-dementia of Guam, and age-related asymptomatic amyloid angiopathy
(see, e.g., Haan and Roos, 1990, Clin. Neurol. Neurosurg. 92:305-310; Glenner
and Murphy, 1989, N. Neurol. Sci. 94:1-28; Frangione, 1989, Ann. Med. 21:69-
- 72; Haan er al., 1992, Clin. Neuro. Neurosurg. 94:317-8; Fraser et al., 1992
30  Biochem. 31:10716-23; Coria et al., 1988, Lab. Invest. 58:454-8). The actual
amino acid composition and size of the BAP involved in each of these diseases
may vary, as is known in the art (see above, and Wisniewski et al., 1991,
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. s'and rhodam ne are useful probes in anisotropy assays. The ruthenium

| i gand conpl exes are especially suited for differentiati ng@tthgyNmgggcul ar

si ze ofwoametdsol ecul ar wei ght proteins. Rutheni um bi pyriciygsooasgges exes have
. long decay tines, on the order of 400ns, conpared to other fluorophores
such as fluorescein or rhodam ne groups whose fluorescence lifetines are
normally on the order of 10 1 o nanoseconds. The |onger decay tinmes of

rut heni um ogtieax Blorys. Resl Cofinfurl 79:0000546hd I ITBLREU BNt of | ar ger
protein rmég(s:u es that tunble at a much slower tine scale | ol ution.

Fl uor ophor - K028 Jpublished erratnm];Rreldire! hintD90a Béochemt ul i n

and i 76 corVRESoRR; Cepln, 70387 1y G5 1980, Shbaelhg® B e 1 e
test conpound or Con@ﬂalﬁﬁdlﬁab@e@ﬂ@ﬁ@ﬂﬁﬁ'&ﬁgéﬂbr&md?ie‘?a&eﬁ%%ugéctﬁéwl oi d

protein. A%%Fgﬁgtide can be conjugated to fluorophores such as fluorescein,
r hodani he, PR ERG BRthY, sich as Butcnot limited ey scrapie, Sreurzfeldt-daladbi ni mi dy|
esters andgj f t i label ed peptide naci nski et
o B ophaisehey GastARl SrHisgn st ik cronf Sy g R St i drehy -t ho
steady st anad elh) bovinexpongifortil endepRelofathpb LA fnd hifleh&iHRGHe The

ani sotropy val ue of the I abel ed pepti de woul d be smal ue to rapid

tunbl i ng rﬁﬁﬁeﬁhgqﬁﬁhx+ua mol ecul es. Aging of the fluorescent peptide in the

presence of anyloid otern would increase the anjsojropy val ue of the
f1 uor ophore, due to G}Dﬁtﬁn &?&n?wmt%eﬂﬁfa?eﬁlm&eewﬁwmn shape of

t he 2si1@nyfeintoflan@isisidogenié ol tidéliﬁin?%ypﬁﬁﬁ:hﬂ%nﬁi @d?ggfé'f%rab‘l ed as a

fluorescence prohe, its concentration woul'd typically about’ 10-fold to

about 1000mapieal, iscluding humans.cas yalbasmammalsisuch asdogspcats, hordegjdows| N a

second EXpﬁgH??ﬁﬁeapﬁ en{iéé@{cﬁ%&ence ani sotropy val ue of the |abel ed peptide
Hranyl

cont act ed ny d protein and test conpound during aging is 30

determined. The incragsused Kerdifi G@ 4P Bboi® di'uﬁgﬁrgxﬁfhtélg‘eﬁﬁaﬁsem‘ﬂ'nt he
y, the 1 ncrease I n anisotropy

mol ecul ar size of the protein. Alternativel
val ues can®e of agiveny prefsrably twithin 20%, oford prefiexably witlfin h0Yh atoreo! ecul ar

wei ght,ag I d.f 2 1. J 2004 1/ 50134 PCTNSOOIl 32693
the ef F'gc ?éég?éb?g g‘é%’%@%ﬁdég??wr?@?g%gﬁgﬁ ]:%)ngtgé‘fﬁ‘:‘é’aﬂ% orescence
decay ki neAltermatively, theotefrRabES” of 4tbrémaRNImEA thit A Vifud dGhfSCent

| abel ed pg&{d ,d%r‘&desgri bed in the fluorescence anisotropy nethod), can be
used to i d¥Ruip@scientifieally: acceptablsemror sange forabataype efvalue winemwilli t h any! oi d

pr ot ei ns. i uhBta ise that th | uoy escence
lifetinme iasgﬁgﬂgfelgwg‘pon E?%ggﬁgg‘f%gg?tg{agi@ﬁsgaf@ 83‘%?@;? 008 the radiative
and non- r dtibout\er "depreyimaitlys maly defiee distthtion dreefl 4 Messvalle, et Nhi bi tor .
The 1 fluorescence.lifetinme of Congo red can be neasured using a
frequency- Flng%rvagxe“ me-domai n i nstrunment. For exanple, a paraneter,
mean lifetinme, of Congo red or the fluorescent |abel ed peptides can be
estimated. The nean lifetinme is a function of lifetinmes and concentrations
of the bound and free forrhdn&ﬁbﬁefﬂgﬂbm(#lﬁaﬁcﬁlternati vely, the

lifeti me-based approach can also be applied to | ive neuronal cultures. A
di stribution of |ifdRigeneralyigeregation ofan amylpist pdlypeptidads zonpl exed forns of

Congo red s : ' of~ the cell ., This, nethod of K two

di mensi onaﬁéﬁf’éﬁ%&%ﬂé%{m%ﬁ e%g%‘g%}fen %a.r[nyl?)éci W%i’ﬁé‘f“ﬂ?’ﬁ{/}“des a
di st ri2sut i anrappfopEiategmifee,chreferably &l 4 biifferclitioddvingah bR Yt through a
| aser beam usi n% a phase fl ow cytonmeter. The secreted and extracel | ul ar

forms of XOMALY: e Ryysiolagical canditians, such asmhesphate-huffernd salineMPBS)hod. The
FLI M ™ i 2 i ud protei ted into th
appr %“ﬁwbﬁ%’ﬁl@%%@mw ugr"delé’régisq%cr ed into the

mediumin cell cu Spect r oscopy
25 | n&sr echnntieidpolyipeptidpis deteetedibyaroutioe dleﬂfoﬁﬁ,@.%, hssdeRcB&S blowoo! to
determ ne the structure of .anyloid protein in the aggregates when conpl exed
with test conpounds 45t awylaid-bindin becpostaciedowith the amyldid | band,

18 cay
represgnti chi ipbration of the peptide bond, is
sensi fa iﬁve Iita %@ﬁ?ﬁrﬁ{ﬁgﬁ ?é%g%%%&enpﬂ %%rég%?%%t}?@ 0fy ,alt“??‘?eg:)g@g’tﬂag?nt he secondary
st ruct ur e fofm.3%h pettfi %&Uog R drobeédh iat SRR kRSt ruct ures
absorb at 1620 tﬂ%ﬁ??]i 1c and wea Iyﬂrgt a h?fg%rg?ﬂfggauencghezf 1680 to

1695 cni ~.SaPR SARfEBtration (molaneansentsation) ag theamyloidpqlypeptidps ordbouten t he
poypeptide is aggregated in the 23 15A\D 011 50134




PCT/ USOOL32693 absence and presence of test conpounds or suwhméﬁlg dyes
can be interpreted on the basis of differences in the am de”l tion
band. NWROI/S8134i | arly useful in obtaining structural infecymish@ihe t-he
protei n when aggregated in the absence and presence of test conpounds or
Congo red. The structure of anyloid pol ypeptide nmay be el uci dated using
chem cal shifts, preferably of protons or other nuclei such as 13C or 13N.
The cheni calordsiof magnitpdagreater arlowen) peovidedhal (4) teaPedtscopit E%‘le e
- sheet

assignnents.g | as bee | | docunented in the literature t

regi gns sho&ogi)#quyglc&ngﬁﬁg?gte&@af’?iga&’?%ﬂe@%@ﬁaﬁ@eﬂndmb) thasthersiggiabns on t he
ot her hand $haytHedve?h p‘fé)(le i f _la t et _contai ni ng 5000
am de protons and 'yl?l sﬁli fts?ﬁﬁe@nggﬁﬁe@mgggﬁe%%és a%‘e%@ﬁ‘ie@éeveaﬁa sheet s .
differ by neignplfromgmepmplexeddyeerThese factoes araehdily RériRE t he two

distributio &W&%‘ﬂ& in Enzynol ogy, vol. 23 9, Part C. pp. 3 63-3 92 {
1994)). Thi s™“gener ‘rend holds true for the am de protons as well and

t herefore the -sheet f ] i fi i.de protons at the

N-term nus of helices Atyega”cf 15”?%Aggﬁérﬁc§ c%%f‘f’?’é’?ﬂ“t‘@ﬁb‘éﬁé’&“?@ t hose at

the C ter mi during @udtrodhenbatios, sdluble preparations of SinBietic PNBIRER AN be

therefore uggduto assiaféﬁtﬁ%ruc%@ al differences of polypeptide in nononers
'

and aggr ega R &35 ahamyploidandare afeasarabledyrpounds) 20
Anal yti cal $ddirhestefién | hAR-T. 1 on with the spectroscopic

met h)c/)ds, anal yti cal 6%?%?%22%‘?%]; E%Sgta?’gg&%ﬁ%g.d?hgpée 8§@$ Feationpt; gr ni ni ng
the sol Wt i oselwhie Adliinghesadn yitto mmaystivertmaneatby AbtiEHT6LEn A1 wBBGS HE 2T

honogenei ty_of o] ol ptide. The sedinentation nethods can be used
to rapidly %fgtaé%g‘dﬁ‘g‘%%g‘g alenigk anyl oi d pol ypeptide exist in
solution and if the a g&@ ' [Si irreversible in nature.
There are essenti all y&tgarl s%%éﬁ@]{%*?%th%f’ﬁ%@“‘gw Bd0% i on vel oci ty and
sedi ment at i hexafiuoroisoprapancl 4t 200 bF 460 VBl PR d QY agﬁ;&oé&?;&e ans for

the

estimating Siz shape, and, nol ecul ar wei ght of aggr egated pol ypepti de.
The latter *i@iaﬁﬁ‘afql nreRang} injtipllyconverts-tonformiatios of theqyepride b4 eedbay  Wei gh

of pol ygeptd h i i av e I | ar wei ght of -
pol ypei;ltgi dedogggt;artée:gg?g étﬁfcffﬂga gggkgélggd%gégggggg@gﬁfh@e%ﬁmgonpounds may be
det er m ned coséantratiouiofi60 LM wdth brief seritatioRNf Sstuk ivbtd condd dng’ N 200 VO
01150134 PCTI hJSO /326%3 Het hods. Application of these thods “ha ps in

di f f er ent i AEChYCHFHDR, IOEIKESecaRds prdess; Thigsolutiorcis thercagedo persie f or ned in

t he presengg%ﬁgamp_go red or other test conpounds, and also to eval uate
ef fi cacy of tTest canpounds in arresting aggregation of polypeptide at the

nucl eation step or fuAlttraativelyysgnitetic, HPIEC pReEed Eptides Repr Qﬂﬁnk Rfor mat i on
c

conpl egent .t t ur i nf ornation obtained %y spectroscop et hods.
Assaysg&e%tssftmg';b?@WB?’%@M%@@W 648 dp1®) of et i, acipABonal |y in
conj unct i Oadi Belbbtained i i que such as. u acentrifugation,
can be used dtd’Mo det er m ﬁgﬁfﬁﬁe&gﬁ@%ﬁgééwé%gmrﬁs@@hﬁé@& or its
ab}l i t,yt_toomﬁilbﬂ@abdnffemne::mean-;msdﬁroemmateuwd dimmf bﬁiw ffmbi Pi ?ﬁ

i nformatiop_ f§. s of nore than qQne, an referably all, o e
spect rosco%?%@?@%%%@i@%@s%lp Fen ‘f’-ﬁi@da?pff)IQB%nﬂQ@iwe aggregald be possi bl e
to det ermmmbhvﬁmbdﬁnﬂhioléi‘%é&cﬁﬁﬁtﬁin@ %f@e"#&%‘ﬁ%e“ onpound

[

affects anyloid formation. These data have ver PSRN cati ons for
screenthg Biegedwrsof ¢ Ving (ProteincSrictce; 1992; 2a104c4 1992 Befef19! NGbre RSy S
associ at ed_w ,dOSkL S rtjcularly A zheiner's di sease. As used
her ei n, thﬁ%&%“%ﬂgﬁiﬁw M%%éﬁ%ﬂﬁw/égﬂ potassbmp phosphatenor e t han
one 1ol ecubeffér] H@D,feesh&aﬁmw Lhtati 29 slnvent i on
cont enpl at es, s_c?eens for synthetl cétsén%flg@rsrtoﬁ%%%@%@cu@h i cal
conmpounds, TBIFEIRA&@E H8EEHHMm 0nx Pexkinn Elater £.5:56B epdctrofubiidetsds Screens for
natural products, sugh as plant .extracts or materials obtained from
fermentation broths. AR oL A at lower{physiplogisal) ¢oncentiatidns map et he
screeng of qudntitatetl/ By teifethhd b ' Li ragnents,  peptides,
nucl ei c ac? ds  and g?i gqn%cl eot Pg“édswp&%r@ B Chetn., ?895’ 2%9.@32_5354).

Synthetic preparations of A8 may be diluted to 5 nM final concentration,

preferably in the presence of "seeds." After various incubation periods at 37°C,
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_ 2s carbohydrates, phospholipids and other |ipid derivatives, steroids and
"~ steroid derivatives, prostaglandins and rel ated ar achadoniﬂ:‘i altiNd 2004
deri'vat iw@®1/s5@B4£. | n one enbodi ment, the test conpound i%é&‘ﬂﬁd?f?‘%ﬁ:ﬁ W th
.the sol ubl e anyl oi d pol ypepti de under conditions which | ead t0 aggregation,
I. e., anmyloid formati on or anyloidosis. The resulting material, which may
or may not 30 be an aggregate, is then contacted with the anyl oi d-specific
spect r 0scogygtegatioh ecactidid mMcbOEvalited, spect ra obtained. In a further
enbodi ment, the test conpound is renoved fromthe pol ypeptide prior to
adding the dye. 25 Ageregatian of amyln./ S8ecsicdnCTitaGORIdRgERRnt pganot her

enbodi ment .j S D Nk Wt e test. conpound and the soluble form
of the amA% 5%0 g%[')’](;ﬁ}é gf)ﬁe%mg dlgé%?fl%?s’ f@ui’ﬁtﬂﬁ‘éﬂ%‘%@ Ygghetisamylin sjawlyanot her

embodi mentfona fibiidlaf sroEdtea ARt @ERhb1O hatdf bl g Lt 4F NSpls €ated with a
test compound to defg:arm' ne what effec?, i?ﬂgg);/%)afoﬁgrﬁge{tgg’tﬁﬁtgﬁpound has on

the agdr egid: 368i736-14%) and areameasurablebyeleettorhmicrascbpy bi BYCbhigo Rer €gat e

ith th ' . Is Lth t t t d. | till th
orrbodi moniPreEm ke Liek BRRHRE tigne etader A1 | RN OTP IO ogiot ¢ T
spect r oscd20t). pAgiregationaf s6luBleanylil RGHLR i) *%]53@2% Heﬁ’ta%?g ;1)r eferabl y

fl uor ophori ¢, prgpert,i_es. Thus, the test conpoun e use 0 probe
t he aggr egfﬂg@“"r:g ¥additigp pf small amountsof pre-aggregatidimylirseedignegasle form The

W and fl uorescence L.escopi ¢. techni ques n be readily adapted to high

t hr oughput screens, %E%ﬁ%ﬂ °F’I’?§9&5’éﬂ‘?’l§é{n - HidC-purified pepsides singl e

read- qot frepredeiting thatyy Mminb abidtiman YrhiBiet aﬁ%llomygpﬁdgg)r %{1& all of the
| 0

t echni ques across the entire rel evant spectru pos identify
nmore 15 sEpayke gstandard peptidecsynthetio methods.or from dlcahsheidiali dent i fyi ng

A 1
prom si ng ctA candidate test conmpounds. Although
t he assayg&ggze)’%g%%su%@gh %ﬁ%¢§%§§fﬁgw pragriespiQuagtitatiyei s, it is
possi bl e tggregate fommrivh Kith m&ﬂ%biﬁ%ﬂﬁ%ﬁ%ﬁﬁéwa%Be %tectﬁé‘t ural or
a urd, I'C

synthetic pol ypeptides. For exanple, cerebrospin may contain
20 A~i, cHnngheposedyre ofLoine RroteinSoitnee 092, 12:4046410)e Brteflypr pl asm,

whi ch ] ' L.0i.d tides. be test ed.

! Sy faGRGnRe BN Gagtéaaldiaalivd (PTGl FROARVE POABBERSERY oo of heos

sources cpotaksiumphbsphetd bafifdr, dE 607 cabenfehansPigbnRkitson z?ciﬁﬂﬁ%? body fluids,
1 0

such as CSEF and.bl o.odﬂ(%r bl pod products, may interfere w ai ni ng cl ear

spectra. B8 asd\peqtienpl emissionat 48241 am oma Rertkin BlndrdiS-50B under st ood by
r ef er encespeRtrbfISoriAdthOViA Réin )| Ehgo ¥l %ﬂe%@e&c@ou\ﬁdgre gol%ze\:’fﬂgh?f

illustration and not by way of 17 mtation.
can be used to detect aggregation (Fraser et al., supra). Small amounts of pre-
20  formed aggregates or "nucleation seeds" may be added to the soluble amylin and

aggregation initiated, e.g., with 0.1 M sodium acetate. Soluble amylin (250 pM)

and 0.2 M sodium phosphate buffer, pH 7.5, may be incubated at 37°C to

generate pre-formed aggregates referred to as "amylin seed." After incubation,
protein concentrations of seed preparations are measured and adjusted with buffer
25  to 150 pM final concentration.

Aggregation of amylin at lower (physiological) concentrations may
be quantitated by the method of Burdick et al. (J. Biol. Chem. 267:546-554,
1992). Synthetic preparations of amylin is diluted to 5 nM final concentration,
preferably in the presence of various "seeds." After various incubation periods at

30  37°C, aggregation reactions can be evaluated.
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EXAMPLE 1: Characterization of Fibrillogenesis of Anyloid Peptide There is
continuing interest to deternine the effect of small 26 @1 JUNMBOO WO
01/ 50134wB@1/508Q0/ 32693 nol ecul e inhibitors on the self a§é’fﬁi§'o¥/3ﬂgp .
anyl oi dogeni c peptides and the coincident effect on cytotoXicity. Towards
this goal, quantitative fluorescence and CD nethods were inplenented to
determ ne the extent of fibrillization of peptide, in the presence and

absence of Congo red. This Mhﬂﬁ&p&p?é% E&% fbpy! t aneous assessnent of
the formation of (3-%eate shee ng changes in the
f1 uorescence of Thio rwcimcoTnlﬂa:domeimrdid-@gﬁﬂﬂé'spe(:{rbﬁco?l‘h:prsﬂé gg‘t&n of medi um

on the rate_ of . egati.on of peptide;, (iii) toxicity o ggregated peptide
to hi ppocaﬁﬂ%’lflolagﬁgfmgﬁﬁs’tlhf%bﬂ%‘i tedespeetphotomattically. &Fhei specteascopic and (i V) -

the inter agkdreRi’fof SRRGSH ' | .nithe presence of thioflavin. 10
Met hods Fl godrﬁeég::égr?ge Spec% ?g??%%&yae%?ﬁ?éo@%##eﬂ?ﬁ&ei#ﬁwé forthe 1s to

i nduce & cpelypeptide; theimost yelevarit infointatfonuo femaavigefasiv icpp n t he spectrum
(LeVi ne, Js din. Invest., 2:1-6, 1995}. The induced fluorescence due
to thiof | alRFPEOPE specific for anyloid ~i-pleated fibrils, but not for

ot her (3-sheet structures or for the soluble oligoneric forns of the
peptide. Free thioflavin is a weak fluorophore with an excitation nmaxi mum
at 330 nm Upon binding to thev‘@%m&gc%@hgy the fluorescence of
thioflavin is enhanced with a red shift 1nt excitation spectrum by 100
nm relative to the The&rfGVikDspedirawd fres polypeptideaidetcdnpleldsedr escence zo

i nt i-haL i Ssi | engt hs of 440 d 485
| oenacld v e afiffoitiAbl Al LBRARE Sons BHE aRatreaird olypeptides gidfromni nod ¢ hat
t he i nducesbdut OO amae abeutal60tith Qrbvive ihfbﬁnﬂiéﬂf%!agﬁhg@gwp%é&nt ly in the

| |

presence of%,gongo, red. In these experinents, t conpl exed with
aggr egat edCpdQragany fndeed, this speetmum oreasurehidizbrainabseastionpfap@unt s of Congo

d. Th k- js A i ity.is d t
{ranster JOTRENRP, HOGEEES Gl pr SRR Rl 0 Pave derooniroteddat
Ther ef or e, ABadapts a Bisheetrsetondary Eiﬂfﬁﬁﬁa%ibh&vlﬁh%?r fd i the/sisDggner at e

T 0SC

fal se posiﬁ{j_’ ves in primary assays, while spec opi c assays scribed in
this inverfliffewneasn a2ersaafeistyicurrbatween difforant aggregatid Fortrsiavebeen

anyl oi dog } j ¥ chr oi sm Spectroscopy. Confornmational change
of the peg{lﬁgﬂgﬁﬁncﬁge&&éﬁh%éﬁ'coil to the ~i-sheet form during aging, was
noni tored 27 Q 1 Jrhe falowintaBlel prEvid é%gy usi ng changes to

t he nol ar elgl‘i ti.city of the peptipge atésg’(g)%{%l t%rﬁ%gg%t nm This assay was
al so used P tonpirgaregated ABicamplexed with{eor@o repactypicabailphicmited
concurrenuﬁ&o\gyg,hﬁg,gqagty@@ﬁ?egﬁ.he fl uorescence spectra of thioflavin.
The CD spectrum of the peptideé was scanned at various tine points to
correRate the 5 formati on of thioflavin-binding macronol ecul ar assenblies
wi th the appear anﬁ,e of ~3-sheet conformation. Spectroscopic Assays To
determine the ext dablegk - Kggd) & Gonformationt mfofmatien f@pABde were renoved
at various tine intervals (up to nine hours), 1 o and diluted into PB S

buf fer-dontain' § ectial Ergpe TTaviny  The ¢l Tkl ' trat%eﬁg—e-f—peﬁ. tide
and t hi dilavin ipn the fl uoirq'ggcence assay %’irigklfaﬁgk/lthmc‘f’m Fescenke
i nt ensi t|inegatdve extrenapet 200 i of | av| rndempbiconfrmaliBRSUr €0 ar excrfation

and em SSLPG S.nm-respectively, after the

reacti or] had equrTebr s cEycmym & i¢ab@-sheetaraggregationsvithp Eohgal | scans
were naddsing 435 15 nm excitatioffe8nd 485 nm eni ssi on wavel engt hs usi ng
a SPEXTNIDegatsiesxggmam at 225 nm twisted B-sheet

incfreased contribution from random | Co-aggregation with Congo red
coil conformation :

Near-UV CD Spectroscopy
25 The near-UV CD spectra, e.g., from about 300 nm to about 700

nm, measures the dye absorbence and can therefore be used to evaluate different
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_ spectrofluoronmeter (Instruments S. A, Jobin Yvon-Spex, Edison, New Jersey).
" For the Congo red experinments, peptide-thioflavin conplex wh$ JUN eBdted with
i ncr easiw@opspisent rati ons of Congo red fromO0.1 to 3.5 njgronol ar
.concentrations. The fluorescence intensity changes were §PARP6%} the 20
above-nenti oned spectral wavel engths. Wen fl uorescence intensities were
nmeasured in a plate reader, the peptide was diluted into PB S

buf f er - congtaichirBgofldc of 10

spectra were recor ded%égb%écgﬁg%%@ ?’6%0?&}&?%?8@8& PPEOS (Jasco
Eust on, Malied] dmagt moduce@mapmpabbtmexgnal ifi the deal P gL it reares ! | -
Typically &gﬁe e sa Ies re aljquoted at various tine intervals for
fiuorescente af ﬁé’ EPIE fdye ard polypaptide pggregates areewidentig sol ut i on.

The CD spebt imtesi tah@“gqg@h o i in the far-UV between 190-2b0
nm The spectral results are expressg'% aéﬁgeg cnB. dnof 1. 30 Neurotoxicity

Assay. SPeptide was abjwrfolatving tablepasivelyas Pighhe, ‘i‘lﬂh‘i&uﬁ&k% ﬁ%rn‘i ned in the
CD and fl uorescence gfséql%y and appl ied to primry neuron cultures to

assess cytSnRImEnpgal €84 ?@%@@ﬁﬁwm@mdh\emngo\t&l @l/ 50134 B 1 JUN
2004 PC T/ /saﬁﬁh f rmnl tor cell viability in

t he preser:%:’@g%f 3§gﬁ‘gh%.?§]g%9r%dépﬁﬁ?(?¥[@g)qu icity was assessed using

ei ght day-in-vitro (DV) rat fetal (E 18) hippocanpal cultures. The cells
were cultured in 48-well dishes 5 previously coated with 500 ~l/well of 0.1
ng/ M of poly- L-|'§%blﬁ3-@mﬂ@m(f)opfmmmhﬂeﬂneﬁummth 100p1/ wel | of
5 p.g/MM of nouse lam nin. The cells were seeded at a density of 92,300

cells/wef T Tn a gﬁglmm—mm—mmwm ai ni ng
Spe | Ractivat éd andCqoartnenal Gharacteristies, o s¢rum 0.5

| XB27 s

mM gl ut griegativesabsoyptibn pS8CLamhl i n,  ar coag@&dcom/gmtea\wxai @Wa“d wer e
initiallly placed in humdified S% ngrag@br fter twenty-tour h(j:rs, t he

medi um sitielab, 10M fBxTlEAt 3 1 NS e+tn—stredt onycin,
and fet \cﬂ?ﬁagvolﬁgf(ggtr um and the cul tug hg&Pide tfﬂ?’@gfvi’l&p"ﬁé‘f’ﬁ%ﬂ ned|in air

cont ai nift 99602 ¢ ach Yas..subhstjituted into _each well on
day fi vd. 8(10#?%&‘15%\9 ﬁfcﬂato%a?% Vi t nsmedrmcnggmgm widlpAficed 15 i th

'_l

ant i oxi J@Rtitor erapld CD epgvmanent ed

streptornycin, and fetal bovine seru rT] I Ci y & an; n|t| aled on
the ei ng Ay -e—by—Substitu A‘R’ ¢8bch wel | 500 ~1 of the medium
used on|{day Tas the control t Wﬁgéte%wemr&ap@pmabfso ution

prepared_with the final (control) npPiedformehaggregapes witleGConago fedl uti pn was
tested on cultures 20 contained in five well s Toxicity was—assessed on the
el eventh day in vitro using the lactic acid dehydrogenase (LDH, Signa

340-LJV) assay. Aggregated pept gges, ofigpyt €d five-fold to a final
foxﬁ&ry“ggl Cl

concentration of 10 uM for the says. Conpl exes of Congo red
wi th preforned aggrgéfaﬁpestraimﬂalybxsmnﬂfffmﬁhat@ﬂﬁ% ﬁ&gﬁﬁe‘%ﬁ re tested in
IC

the cgllu W, I re ated epldeln 25 ‘ve e controls.
Preparﬁatlé)(ﬁﬁ%%%%]#ﬁf ‘%lﬂlid fa@?’g%ﬂ hieeexampenQuigeped ( San Jose,
Cal i form]&)gdamemt[gvcab 66h atdBiffeYe erse phase HPLC,
ESI - M5 and protein seqﬁ%ﬂrzm ng neth c}i@@%ﬁ&ﬁ‘[gh@ﬁ rﬁgsz‘g‘% B@Bgf’ﬂe 30 was

d:c ssol ;/eawhqﬂ‘ﬁék’éfcpm@h#d G\Eﬁxmlafaggrdghreb By c?-agglggatteg of 56 Cglpélgﬁdgl ﬁfiggl‘ egation
of pepti SO stored at - rior to use,
peptide ggffeﬁ%gén{o%glgﬁ?‘ﬁgﬁ% %‘h l@F‘f/BW eépmrfmmdhmnder a stream
of ni t r ogmplé¥ation spectra to speclﬁcally probe the absorption properties of the dye.

20 Alternatively, differential dye UV absorbance spectra can be
obtained by subtracting normal absorbance of the dye from the absorbance of the
dye complexed with aggregated amyloid polypeptide.

UV absorption spectra can be obtained from about 200 nm to about
700 nm; preferably from about 250 nm to about 700 nm. The difference in

25  spectra (see, Figure 4) of complexes of Congo red with amyloid peptide acquired
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WO 01150134 A 1 JUN 2004 PCT/ USO0I 32693 The peptide was di ssolved in buf f er
to obtain a concentration of 50 ~, M sonicated approxi mat el ¥ £ WBRI Mok ©

forty sepo@fisoisgnd then vortexed briefly, approximtely f conds or
| ess, to aid dissolution of peptide. To determ ne the efft%f@%g?ml%i a on

the rates of aggregation, peptide was dissolved in one of the following 5 -
buffers: PBS, 50 mM HEPES~ or in NEUROBASAL' ~' ~ nmedi um Peptide sol utions
wer e di speagsfistiffdeCC oA od SEAT tHa LRal, concentyation of 45 p.Min
100 pL. Agggegat i on vvag? initiat eki@%ryﬁ/ﬁgﬁ%ﬁ(l ﬁé&g‘?fgﬁ"@?"é’o‘ﬁﬂ; REEHSEY in a
rotary shaRbsorbensyReand:550Tine, relatieatosthe absirpfisti of ﬂr@e\/foﬁmbiAlSQo&ﬁ%o%t ructures

o)

i's concurr tu\gﬁ' l"guoglnhe f Qr mat jon of ﬁ?ge -sheet conformation t he
pepti de. Hghef °§ ??q“gﬁfeé’ Q?’F&%ﬁi‘ ngréf%@gﬁegmegms ofid pept i de (Table.
3). Tabl e Go-aghrehares, shbwhidhitive a%@ﬂ?g@?h}b%{ucen g\ggg@gla{nﬁ%ﬁ dffferBggy e9ation of

A~i (1-40) Percent AggregationPerce / !
Ti e, i @ggmgm%r{&wr@apf ﬂxcmpemmmwesmmw conversion of free

HEPES~Medi 0 b5104100100++ 15 Fach value is an average of three

det er ni nat ?g}qngo. ‘%38?ﬁh&?@’%é&@a&mﬁm&ab@m@leromc shifitindtsant i t at ed

because engbspfptivh speetnin! a&irdh é’@cru% . ko was cal.cul at ed

relative to f?juorescence })%sﬁt hi of Ifz;s I n 2@%‘1@?9%?%%‘%4 sr?rs.ugﬁFéﬂi?épt | de was

agi tated i ¥hegbsasption eehrarementtbetwesne566 nnf arsdH50 ik Breabirin AR GXPBFI NENt .
ery sensitive to the speed of

*Th | at | f ti
agi te a{ iGO(rj\l. éoﬁn%}%)gélsgo%pgo&glgg%{ g’ﬁ‘iﬁ’bogl’%‘gﬁvﬁeﬂm ighe comggragatean al t er ed

(3-shemt cOomplexBlioof O i | ' 0 The altered
conformati gn ﬁae,s a CD ag‘gobrlgtgivggl ﬁ%ﬁe{pﬁag?%%%gl#gécﬁwygﬁh emum at 225
30 WO 018bserptign-aroundd39mm whirhNsdoé &othe Freerforrt b€ tHeadnsttunkicaldGP spect rum

Is likely . r. et § of twsted -sheet_ structures. The

f1uor escen%g%é}gé?%ﬁ;sgfﬁﬁ*’g%sgmuﬁh“ﬁ%&gfh&chﬁlg'ﬁﬂg(r e65@0tp by nanonol ar
concent r at550nsn,ovhich igdud 8Eom gyhent of quenching leveled off 5 at

m cronol ar concentrations of ngo red, therefore indicating that an

initial site on the peptide is saturated. The fluorescence of peptide-bound

t hi of{kgvi n was quenched by greater than one order of magnitude by Congo

red, ile the quenching effm%mwme case of free

thioflavin. The obserpatds@hct Baksstdd blorescence intensity is quenched by

Congo red i s consistent V\n&tﬁﬁ (Q:gﬁsfyalocgca Zat ﬁcﬁo%ﬁﬁe’r%&’ B8P hi of | avi n

on aggr egaed¢apbpuseibio [EobgtheraggregatioteforANSRnAbidY FlhdreS&nke gwchgr es
an

exposed t g A=i .. Con red c l.exed with prefornmed aggregate in
co- aggr egg)lf ggmg{e}gﬁggggggo red with amyloid polypeptide are Shlﬁe(? to slightly longer

wavelengths (red shift) compared to the emission spectra of the free form of

20  Congo red. Emission spectra of Congo red were recorded using an excitation
wavelength of 500 nm. Emission maximum of the complexes of Congo red are
centered at about 605 nm. Emission spectra of free Congo red and Congo red in
the presence of fresh polypeptide (monomeric peptide) is centered around
620 nm. The excitation spectra of the free and bound forms of Congo red are also

25  significantly different. The excitation maximum of the bound form of Congo red
in both the coaggregates and in the complexes of preformed aggregates is
centered around 525 nm. These spectra are therefore significantly red shifted
relative to the free form of Congo red. The differences in the fluorescence spectra
are due to changes in the microenvironment of Congo red upon binding to

30  amyloid polypeptide.

In addition to the intensity-based measurements, other fluorescence

techniques, such as (i) fluorescence anisotropy methods, and (ii) time resolved
20



the toxicity of A~i. Aggregated peptide (sanples aged for _four hours) is
" toxic to neuronal cultures, while fresh peptide is non-toQi"cxjuﬁ| R00%2 hour
toxi ci twoemsesd. 15 Di scussion This Exanpl e has shown t hatr/gspasgdesi on of
~randomcoil to (3-sheet conformation occurs concurrently with the formation
of thioflavin-binding oligoneric structures of the peptide. Congo red and
thioflavin bind 20 non-conpetitively with aggregated peptide. EXAVPLE 2:
Soect r oscoflidresoente hission aleararents eidbmtityaind réomge! &wystirﬁ@ylépi d peptide
(A~i) was aged in.the absence and presence of Congo réd as descri bed bei ow
A~i  ( 1- 40) Copgo wgd inthe\nsesence afromplexep ef es-rggregitesomdapefiouhed o produce a

final conc | rs (e i.d di.ssol yti on of peptide, the
sol ution m%%&%%%%8§¥@%b%g§% Hg?ﬂ%%gﬁg@g P“Pﬁvésgwﬁwﬁ s. An appropriate
vol ume of the peptide solution was transferred to an anber vial and the
sol vent was evaporated under a stream of nitrogen. The peptide filmwas
di ssol ved in PBS buffer, pHEé sced pisotxbpycMethodt r at i on of 50pM The
pepti de 30 solution secqnds and then vortexed for

S.son
about five seconds. ‘TY3FAN0H O AUSATONY A AHUOTORROTEs AcEhr e ip @R go red, the
dye was adgigsladetheRot the fludrophoft HetwdY A0t i 1 32693 at a
final conceﬁ??ati on of 1(l).1 35/?&, e20 pg/ nﬁﬁél}ré\fp%g&gg%sn@ﬂ#ﬁgﬂs?@é sol utions
of the pepangular displacendentiisidependent apow titerrate and@xteapof wetiohalsdifasign r ed) ,
were aliquoted jnto.nucrotiter plates.at a final volume of 100 ~L per well.
Aggr egat i oﬁ'“W&éher W%@W%‘ﬁ‘iﬂa@f %ﬂ@gmh?regbék‘ﬂ?ﬁ?: JRT0 determne the
ext entyoof Priiplbd f28horeSbend'SRchBYpy OPleh}d HRER! § Wi t hdr awn
and diluted fi_I%/e-fo'I d i nte:)l P cbu?%:ry’ cgn?lgli ni n’gNF&%ﬁgﬁ%?%V\?ﬁ%orophore,

t hi of | avi ndiffusivémotipnsidre dopensentront severabpanaseters) ¢hd mostlimperaantions fues 10M
The fluoregcence em.ssi.on,specitra aof free thiofl gvin and peptideThi ofl avin
conpl exes @EFW%&W‘}&C& 16 géﬂ%ﬁd?&?‘ﬂ!?%’r‘?’ Si4% an isga r&t‘h&%‘@y@lq 0o SPEXT"'

f I uor oret eprotelh FlidrescRa6Canisotidpy MARSRNRSy BE udedi tehlst%&'zﬁxeﬁaé‘ﬁac?ék xci tation
wavel engt h of 450nm (emi ssion nonochrornator at 485nn) 1 ndicated the

f or mat i on iBmaleqylarisizgof thenmyleid prptein dug tomspigin-profiininterattimsapeher was al so

used i3 sq | h tent of, fibrillizatjon. In these
experilgent ; %@%ﬁ%%@sghg W% 3%/?&&%%89%%52 chéﬁ: NTM Pl at e
f1 uor onet ethe pélafiZation MmddsSrement. are biged andhe prihcipie teat Baall mo¥ealI&s £ar ol | na)

using an excitation filter of 440 nmand an emssion filter of 490 nm CD

spect r oscopptRpis” thatds.itheyiiealy mtate in selutione Whenithey @t bagnd eyjati on in the
presence : S . tide frama random coi l
formin tﬁ%mﬁ%ggﬁﬁﬁfgggfé g’s@gpo\e@tﬁo? %{a~| - sbilggtt&s%m Pfre %ngbed state. 24
Agi ng of phatbylenleingthaemissivmcanisondpite (Waer atofilibet@dt émalsheet spectrum

perhaps due to.the formation of tw.sted ~-sheet structures. To prepare
conpl Kes ‘B‘?le@s?%emwpﬁﬂbeﬁré‘?&wq phthe molecle becomes i"H@a\'A@ﬁe conbi ned

wi th Congqre€dy.at, Jf BitdheriQ199711122E9) WS- pgl m. and 30 ~g/niL.
25 CD Analq;II“Si S Far-WCDespecha logtst)?g%cgg%l%g?(lgg{ng*ngé%go red wwth pre

aggr egat edngrepmolgenlen The chrangeeincfhenygscegtproperties can scwsed énl thetvagen 200 nmto
In the first, changes in fluorescence anisotropy of small molecules such as Congo

=

red may be used to determine if the molecular sizes of the complexes of the

25  protein are different. In the second method, amyloid polypeptide can be directly
labeled with fluorophore to determine the molecular sizes of the protein in the two
different instances.

In the first case, in a typical experiment, fluorescence polarization

of free Congo red would be measured in the absence of amyloid protein. The

30  increasein anisotropy value of the bound form of Congo red in the complexes of
the co-aggregates of test compounds relative to its free form, can then be used to

estimate the differences in size and shape of amyloid protein, as a means to
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260 nm (Figure 1 ). The negative extrenmum at 200 nmindi cates a random coil

30 conformation of the fresh peptide. Aging induced a conf ti onal change °
to a ~i -‘53?% herm The CD 32 ~ , 1 uN 2ao~ WO 01150134 pCT! J48BP693
spectrum o0 the peptide aged in the absence of Congo red BERUSeVRE9Df a

negative extrenum at 225 nmand a positive extrenmum at 205nm This :
red-shifted negative absorption at 225 nmis likely due to the fornation of

twi sted ~3d&hffinethd SRty &S ' -shi fited .CD spect rum of the preformed
aggregat es of the peptde mgsgzﬁg@ogﬂ?%eoﬁl@c?lwpgg%ﬁg&f&ﬁ% with Congo red.

In contrast to the Clhthesetondinsnd, &b t,,ﬁ,zd : spect rum of
t he pepti (Cj%g‘%?d ih.the presence of @nggeb?gaﬁgl(ggglgggr g%@gggt@eo isted of a
negati ve dP&Eﬁ%ﬁntmeggpgﬁmfomd mrthe peesemcef ofl the Qongs rdd'& tegpt i de .

into a typg - ion. .The .CD.spectrum al so provided 1 o

evi dence f%@%@éaéegbgkgﬁﬁ %ﬁ%é‘ﬁ@“ﬁ%ﬁ%‘m@@ﬁp gxes,dluor¢seeinhe

coaggr egat @l rhoamink arecusefig ge6bdsif ahidst Oﬁy%sf,gg rm%hﬁphfn?ﬁgefr‘gﬁs sl oved
I'n the

0 :
down in the presence of Congo _red. The di'fferences ectra of the
two forns méﬁsiaﬂ%%?léllﬂé@@%foadlﬂ”ﬂnmtEaBg themoleodiarsiee of lakgg m i n t he

coaggr egat . fion of.altered aggregation states of the

pepti de. 11:%81‘?%%]%12’%@&}%&)&2p%‘g{hrg@h@fob?mdygé:ﬁﬂp&é‘% gﬁ’fﬁ %@g\dé%}’ scanned

bet ween 700ne)oOn thx order of M’mmﬁfw@fdﬂeriﬂﬁofugﬁ)%s%ﬁuaﬁ% h{}gﬁew?e Congo red
go red did no

conpl exes. Peptide alone in buffer and free Co produce an
appr eci abl®F lﬂﬁgT"“Pﬁ“’:hﬁée ﬁgaqesq_eme hifegimes arenhernuillyforr thaogferiofi 1o he CD
spect rig of yTatie) . orned a egates were evident in

t he intensnia%lgkgo anﬁggﬁ%ﬁfg@ngﬁﬁs gﬁﬁhﬁﬂ fier sc’?g%ﬁeéﬁ%mhlﬁ@@ spect rum
of the cogyobingtheanoleaamweight of hegerphsteinbhsloaftd tt f?:h;ﬂl@ﬁt zP@g:sf;or med

aggr egat eslﬂg‘fi ure 2- see, Table 2). The CD spectrum of pre- egat ed
conpl exes § eﬁg‘ﬁ‘?q seale dn salugignq Slvarephosessuch asiflubresenintonthe alieer pt i on at 580
nm and a § L FPHed Q0 1 5 nm The intensity of the CD bands
was pr opo%na ﬁstegat%ﬁgﬁ?org%éﬁ égsfl?%lﬁréﬁgwrfﬂ s‘@d?ﬁﬂ"éﬁé‘g. impe CD spectrum
of coaggr Ggﬂtmﬂaromightahddizefco@resptﬁidiﬂg/@%m&ﬁﬂgyEd at ~4~ nm The
differences in the spectra of the conplexes. are due to the formation of

di f fel®nt conpl exat ilBA taRigalexperiment: e testdompbands£ Congo feaups ed CD spectra

are indicgg . xat i of ngo.red with an ordered ~3-sheet

conf or mat ?%%ggﬁt&%glp Fgléeﬁe% ‘?5'3"%8@?9‘31"%;1&!3 Psptida can bavopjugatedaoal ysi s was

used to dffibephores sich dsTRioANEelm or ¥fthetturn stk standat® =~
p -

PCT/ US00/ 32693 sEectra of the t.\7vo conpl éxes 0 pepti de and
coaggr egat@Plipgc eristiy of isuerinimnidyl estes abissthidtyagitt LRSRRES ob@isPect ra of

conpl exes r wi L h pol ypept i de asured agai nst aged peptide,
wher ei n tﬁgélgo e QIzi.'ra%m 'gati'hgpc}pﬂf' ' -ah%%aégéggﬂé’@&tksamf anyl oi d
pept i 2e winitial @eperimernthe Bbady Btatd niSRRY SFHRSEANEE roﬁﬁ{ﬁ%o red conpl exed
with a preforned pgl ypepti de aggregate.” Since the tota ¢dncentration of
Congo re stmyiped. SEhEANISPtAPOTY th tabeledipeptidd tveukd teesmalNd@hBor pt i on

i ntensitigs; | ex with_ a prefornmed aggregate is
hyperchromﬁlc re| g?éve §0EP}E|§E1:%§%§P%§SB§F@I%‘¢? fuerescent peptideringheli f f er ence
i n spect rpreseince hfampluid prosein sfould igeease the a@x‘i’s‘oﬁ‘&??%ﬂﬁfe%f@@d pr ef or med _
aggr egat e, neasur ed, agai ngt an equi val ent concenttation of free Congo red is
cent er ed THOSRRRPTOSlRe Pran Hpreasedn aclesdar sizeand changeinashapdef thenpl exed for s
are siyi f toeh168 srbledt $iticd! ths. .The negajive absorption peak in
Fi gure 4&;%nt¢ ed e&?o%%‘?%ﬁ)%#@é%@&ﬁ%%ﬁ@_ ﬁB‘_’rGé‘-i&Fl@Qi on of free
Congo r ecréks; its sencehtrationivogld typiuaily e dbogt DOPRM F@@oou%'lﬁbé—%lh%\g%
absorptl%ﬁ?ﬁ ak center.ed roug{j 530 nm especially 1n the case Congo red
conpl ex %F@P‘Eﬁ%ﬂ%g@i’@y id proteingue to a change in the absorption
property of Congo r exation. This conplex has an absorption
maxi mum cent er ed atﬁ%:*)%gﬁr% "é%e ﬁﬂgﬁﬁws sotropy value of the

labeled peptide contacted with amyloid protein and test compound during aging is

positive

-

30 determined. The increase in anisostropy is due to an increase in the molecular
size of the protein. Alternatively, the increase in anisotropy values can be used to

determine the rate of formation of higher molecular weight aggregates to identify
22



. 20 maxi num of the coaggregate reaches a maxi numat 530 nmand retains the
absorption property beyond 530 nm The absorption spectra of{tjjg A
coaggr egpbeidedst he prefornmed conpl exes therefore differ e t%ﬂg

dntrinsic absorption properties of Congo red in the coag%&%&’@@%d t he
preformed conpl exes fromthe free state. The differences in the absorption

spectra are due to changes in the 25 environnent of the peptide-bound state
of Congo I’Qﬁbéfféc&tdﬂ@stbgmkgﬁlﬁ_ncom| exed state. Such spectral changes in

Congo red are likely induced by changes in the electronic state or
properties of Congo red. Fluorescence Analysis 30 The fluorescence em ssion

spectra of conpl exes of Congo_ red were obtained after diluting the peptide

fivefold into a buffered sol dineResalvadfJuoratcange added to freshly diluted

fibrillar peptide an yoyescence s trum 34 | i JUN 2004 WO

01/ 50134 PCT/ US00/ 32%é@?gﬁg‘csec&&ﬁ%ﬁnﬂcsﬁﬁcuﬁaqﬁe&%c% s Conge rsd 010 pM of
tides Thie fiuoneseatlstie e i iy fl

pepti rlﬂidleéhge&ﬁiie PRREASE | 'ﬂsfeﬁr‘ﬁ{e} F{,%%QQOE;H?@J escence

assay were 10 p. M and 8. respectively. nce
f I uor escentd besed 40 ideptifyand differsntiate compleienafitast compbled ®&ROgr egat es and

pr ef or med ~compl.exes. were due o the relative differences in the
hydr ophobi %9?{??%?%'%%{“&3“&‘? égseﬂr?nt %P@Wcﬁseitﬁ%‘t‘hﬁgggiesﬂﬂ%ussi on The
spect r oscolifetinteds ultéred dpeit binBRG tb PrdtbinIubISERInG e SHANE rfﬁ%fnfveml oi d

i sti ngfexes wth any

i nhibitors such,as Congo red formdistinct co oi d peptide.

Wi | e t hesBOREANNG decayirates ghithe howad aad free Sormsiof yheoinhibiter.pElg i de, t he

medi cajy US | to be gssessed according to the

di seasie0 st g‘éée}?:sc%'%l?fgsu t% tsf%%glgé F %%%%?ﬂ%aswg\ﬁﬁmg CquSAgydemnr nds and

t her ef or e atimenioatais instrement i Rorlexarfiple} @ﬁaxﬁﬁﬁfe?,gﬁéeﬁﬂifggﬁki Gec Wil e Congo
red does no c&r‘r;p etel y inhibjt conversion of the random corT & orm of

pepti de tof@S8r ressenh labeled peptides eanchesestimated. Aouredndifetimbésn t hat Congo

red stabily § O i d.form of .amyl oi d pepti de.
I nhi bitor sfufl atfgrl%%%g%C@g?lﬁg%{o§§€§a bt"Bn%]%n‘igFg%EF’ﬂ?fﬁys essed for in
vitro act ifhiargphone. AAitbrmatively sthel liftinsebased @psrohéh %ﬁﬁé&‘ﬁé’ﬁ#ﬁ]@d gch

proprny

subst gces]. can Zgaﬁ&'adn‘i nj é%eted, for therapeutic or actic action.
The sé ct r 0SB RS gibution of difefimesmaebeiestimated fotdretiahy and

di f f er ent | hidldxed FOMsBIT ' ' .10 determne.the nol ecul ar
mechani sm o?ﬁ’acti on of anﬁg?gg%@ggwgﬁg?érﬁfgﬁg%% ofﬁ’ﬁtcewo be advanced
as anti - Almethodeftwo digrensionalimaging (FEIM oo (FhotbscRAGOL i TEne Bfia ) as other

tential | iy hi t ., 0f. 25_.anyl oi i fibrill i ted with
o her s A8 4 iRt B BB isd S aestlc by-pelbbesyons they pass ot || it o4l i 1
scope by thier ba@eudihg a PRa A ciRRicteraBEe st RERd NGE %ktg%ceilgﬁaggogmgﬁ” ous

nodi fications of the invention In addition to those desc ein wll
becomg® ap FE&E Proseing sarebe identifier hsing the ELIM frretrod! WeheRITM @pggachescr i pti on

and the ac (W] . sSuch 35 W) Q1!5013d ~, 9 JUN 200
PCTI USOOJggg%g rmgl éld(('?éic agémgfoégipﬁé‘é'ﬁ(f&fefeg‘mé?l e fedivmpin eall scope of the
appended chhmresor inttissse Sanigléser t o be understood that all base sizes or

am no acid sizes, and all nol ecul ar weight or nol ecul ar nass val ues, are
approxi mate, and are

Infrared and NMR Spectroscopy

25 Infrared absorption spectra of amyloid protein is a useful tool to
determine the structure of amyloid protein in the aggregates when complexed
with test compounds or Congo red. The frequency of the amide I band,
representing the carbony! stretching vibration of the peptide bond, is sensitive to
conformation of peptide backbone and, therefore, the secondary structure of

30 polypeptide. The amide I band of the B-sheet structures absorb at 1620 to 1640
cm! and weakly at a higher frequency of 1680 to 1695 cm™'. Changes in the

conformation of amyloid polypeptide when the poypeptide is aggregated in the
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provi ded for description. 5 All patents, patent applications, publications,
and other materials cited herein are hereby i ncor porated bygq ejlmrm e in
their enybootkess. 36 D 1 JUN 200 wo oiisoi34 WHAT IS CLAIMED | S

PGT/ US00I 32693 1. A nethod for determining an aggregati onPEBHEBVIEN on of
an anyl oi d pol ypepti de, which nethod conprises conparing: (a) a
spectroscopi c property of an anyloid- speC|f|c spectroscopi ¢ probe conplexed

th d t
Confor ot 1 cpurce iy BRREACE (A bR Bl 37 Sp ROk GT e i e tgrmosted he
arriyl oi d- smetbc bagis sfpdifferemsenipi the pnided a6S3FPLSK BahdM th an anyl oi d

pol ypepti de of known aggregation conformation, wherein the aggregation

conformation of the ¥S§WMQOMWMM%QH@ I on
conf or mat i b WS oI5 r| son The net hod according to
claimi1-~, m&ﬁeli n tqg%%&gﬁé t@%%béf’ ;?é%‘FPE%%@S?‘G%&P@B@dS or Gongo
anyl oi d5bi metl. n’@mmcn&e OTEQyIHideﬁpﬁﬁﬁel’ y"ﬁéélﬁclﬁkt@&ﬁhﬁ cn%%{r n the

nat e

anyl oi d bi ng@rﬁl sul pho di azo dye_or an ANg reof. 4. The
met hod accé lﬁY &f protonsgrothdrauclpisuchias et BN. dihezbeshicl bifCongo

Spect roscout E'%E‘?%%é@?‘?%a‘f’#'ﬁ&o?@ s 8 shyeiietSimeas. Toaswenvthod
accor di ng docuniante in thedissrature haep. g fy%%{ﬁ%m%&%unﬁgh SN iy (A3)

peptide 7. The method according to clal erel pi c
properti es@?@é@aﬂ?h%‘dem%ﬁgn ﬂmrothﬂrtham!/shxbvehpﬁéﬁl‘ﬂufgl O basts G 0 SM

bar) Ul 5088 S Rbntiinihl S0 beniet poPiok o SHEshiftonthe mearstipositions in
SpeCtrOSCOHélfce@éﬂpﬁ{eEtsQﬁﬂ@fﬁyﬁé’zﬁi 5@?‘?@29@%“” Q;?&S%l '9—?/) o The

circular dichroism (CD) spectros

met hod ac cevcudxﬁglbubom @Yimhmds mﬁmmldgyevélp 289, rmp@glw: 3?% ?ﬁg éi 99‘;@ are

eval uat ed asi t.r avi,o ect roscopy. yrding to
claimi1, gglﬁéé%'lhtée &{fsr gé%ﬁ%"ﬁép ¥pide pratrasaswell andithersfers thei ng
fl uorescen h@pﬁﬁﬁw tifed. T, d‘gﬁﬁr ng.t o m 1, wherein the
anyl oi d poﬁpe ide is agglrlegat e'gﬁlln aQ@q%gf@Fﬁ?@mséféxehwe%t hod .
hifleshdo
accor disSng todes downfield eompariad tethpteoitdhe C-terminus. Such chemical
shifts in the proton resonances can be therefore used to assign structural

differences of polypeptide in monomers and aggregated states in the absence and
presence of test compounds.

20 Analytical Ultracentrifugation
In conjunction with the spectroscopic methods, analytical

ultracentrifugation methods are useful in determining the solution molecular
weight and to assess the degree of molecular homogeneity of amyloid
polypeptide. The sedimentation methods can be used to rapidly determine if

25  aggregates of amyloid polypeptide exist in solution and if the aggregate is
reversible or irreversible in nature. There are essentially two sedimentation
methods: sedimentation velocity and sedimentation equilibrium. The first
method provides rapid means for estimating size, shape, and molecular weight of
the aggregated polypeptide. The latter method is useful in determining the

30 buoyant molecular weight of polypeptide. The difference in the average
molecular weight of polypeptide aggregated in the absence and presence of test

compounds may be determined using sedimentation velocity and equilibrium
24
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speci fic spect roscopiéfrgpr obe ig .a t“ uoy ophor e-| ahel ed peptide. 20. The
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As used herein, the term "compound” refers to any molecule or

complex of more than one molecule that affects amyloidosis. The present

20  invention contemplates screens for synthetic small molecule agents, chemical
compounds, chemical complexes, and salts thereof as well as screens for natural
products, such as plant extracts or materials obtained from fermentation broths.
Other molecules that can be identified using the screens of the invention include
proteins and peptide fragments, peptides, nucleic acids and oijgonucleotides,

25  carbohydrates, phospholipids and other lipid derivatives, steroids and steroid
derivatives, prostaglandins and related arachadonic acid derivatives, etc.

In one embodiment, the test compound is incubated with the

soluble amyloid polypeptide under conditions which lead to aggregation, i. e,
amyloid formation or amyloidosis. The resulting material, which may or may not

30  be an aggregate, is then contacted with the amyloid-specific spectroscopic probe,
and one or more spectra obtained. In a.further embodiment, the test compound is

removed from the polypeptide prior to adding the dye.
25
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Fluorescence Spectroscopy. Thioflavin binds amyloid fibrils to
induce a characteristic hyperchromic fluorescence shift in the spectrum (LeVine,
J. Exp. Clin. Invest., 2:1-6, 1995). The induced fluorescence due to thioflavin is
15  specific for amyloid B-pleated fibrils, but not for other B-sheet structures or for
the soluble oligomeric forms of the peptide. Free thioflavin is a weak fluorophore
with an excitation maximum at 330 nm. Upon binding to the amyloid fibrils, the
fluorescence of thioflavin is enhanced with a red shift in the excitation spectrum
by 100 nm, relative to the free form. We have used the increase in fluorescence
20 intensity at excitation and emission wavelengths of 440 nm and 485 nm,
respectively, to characterize the aggregation event.
It was determined that the induced fluorescence of thioflavin is
quenched significantly in the presence of Congo red. In these experiments,
thioflavin was complexed with aggregated peptide prior to titration with
25  increasing amounts of Congo red. The resulting decrease in fluorescence
intensity is due to energy transfer of the fluorescence emission of thioflavin to
Congo red. Therefore, assays that rely on thioflavin alone are likely to generate
false positives in primary assays, while spectroscopic assays described in this
invention would identify the more promising inhibitors of amyloidogenesis.
30
Circular Dichroism Spectroscopy. Conformational change of the

peptide from the random coil to the B-sheet form, during aging, was monitored
27
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Spectroscopic Assays. To determine the extent of aggregation,
aliquots of the peptide were removed at various time intervals (up to nine hours),
10 and diluted into PBS buffer-containing 10 pM thioflavin. The final concentrations
of peptide and thioflavin in the fluorescence assay were 10 uM. The fluorescence
intensities of the peptide-thioflavin complex were measured at excitation and
emission wavelengths of 435 and 485 nm, respectively, after the reaction had
equilibrated for five minutes. - Fluorescence spectral scans were made using 435
15 nm excitation and 485 nm emission wavelengths using a SPEX™ fluorolog-2
spectrofluorometer (Instruments S.A.®, Jobin Yvon-Spex, Edison, New Jersey).
For the Congo red experiments, peptide-thioflavin complex was titrated with
increasing concentrations of Congo red from 0.1 to 3.5 micromolar
concentrations. The fluorescence intensity changes were measured at the
20  above-mentioned spectral wavelengths. When fluorescence intensities were
measured in a plate reader, the peptide was diluted into PBS buffer-containing 10
uM thioflavin, to a final volume of 100 uL.
CD spectra were recorded on a JASCO™ spectropolarimeter
model J715 (Jasco, Easton, Maryland) at room temperature in a 0.1 cm pathlength
25  cell. Typically, the peptide samples were aliquoted at various time intervals for
fluorescence and the CD spectra were scanned using the remaining solution. The
CD spectra of the peptide were recorded in the far-UV between 190-260 nm. The
spectral results are expressed as deg.cm®.dmol™.

30 Neurotoxicity Assay. Peptide was aggregated according to the end
points determined in the CD and fluorescence assay and applied to primary

neuronal cell cultures to assess cytotoxicity of the aggregated peptide. The
28
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fetal (E18) hippocampal cultures. The cells were cultured in 48-well dishes
5  previously coated with 500 pl/well of 0.1 mg/ml of poly-L-lysine (100 pl/well)
and, subsequently, with 100ul/well of 5 pg/ml of mouse laminin. The cells were
seeded at a density of 92,300 cells/well in a total volume of 500 pl of
NEUROBASAL™ medium containing 1XB27 supplement, 5% heat inactivated
and qualified fetal bovine serum, 0.5 mM glutamine, 50 p/ml penicillin, and 0.05
10 mg/ml streptomycin, and were initially placed in humidified 5% CO, in air. After
twenty-four hours, the medium was replaced with fresh medium lacking the
penicillin, streptomycin, and fetal bovine serum and the cultures were thereafter
maintained in air containing 5% CO, and 9% O,. Fresh medium was substituted
into each well on day five. On the seventh day in vitro, the medium was replaced
15  with antioxidant free B27 supplemented medium lacking the penicillin,
streptomycin, and fetal bovine serum. The toxicity test was initiated on the eighth
day in vitro by substituting into each well 500 ul of the medium used on day
seven (as the control treatment) or an experimental solution prepared with the
final (control) medium. Each experimental solution was tested on cultures
20  contained in five wells. Toxicity was assessed on the eleventh day in vifro using
the lactic acid dehydrogenase (LDH; Sigma 340-UV) assay. Aggregated peptide
was diluted five-fold to a final concentration of 10 uM, for the toxicity assays.
Complexes of Congo red with preformed aggregates and those formed in
co-aggregates were tested in the cellular assays along with aggregated peptide in

25  vehicle controls.

Preparation of Amyloid Peptide. AB(1-40) was purchased from
Anaspec (San Jose, California) and its chemical purity was verified using reverse
phase HPLC, ESI-MS and protein sequencing methods. The lyophilized peptide
30  was dissolved in hexaﬂuoroisopropanol' (HFIP) solvent to aid in disaggregation of
peptide. Peptide in HFIP solvent, was stored at -80°C. Prior to use, peptide

solution was thawed and the solvent was evaporated under a stream of nitrogen.
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5 uffers: PBS, 50 mM HEPES™ or in NEUROBASAL™ medium. Peptide
solutions were dispensed into microtiter plates at a final concentration of 45 uM

in 100 pL. Aggregation was initiated by shaking plates continuously in a rotary
shaker.

10 Results
The appearance of thioflavin-binding structures is concurrent with
the formation of the B-sheet conformation of the peptide. Higher pH and ionic
strength promote aggregation of peptide (Table 3).
Table 3 - Effect of buffer and medium on the rate of aggregation of AB(1-40)

Percent
Aggregation Percent Percent
Aggregation Time, in Aggregation Aggregation
hr NEUROBASAL™ in PBS* in HEPES™
Medium
0 0 0 0
1 0 0
2 76 51 0
4 100 100 ++
15

20

Each value is an average of three determinations. ++ indicates aggregates were

formed but not quantitated because end point was not reached. Percent

aggregation was calculated relative to fluorescence of thioflavin/AP at 0 and 4 hr.
The peptide was agitated in a rotary shaker at a speed of 500 rpm in this

experiment. *The relative rates of aggregation are very sensitive to the speed of

agitation.

Amyloid peptide changes from a random coil form to an altered

B-sheet conformation upon aging in PBS for nine hours. The altered

conformation has a CD absorption band with a broad negative extremum at 225
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The fluorescence emission of thioflavin is quenched significantly
by nanomolar concentrations of Congo red. The extent of quenching leveled off
5  atmicromolar concentrations of Congo red, therefore indicating that an initial site
on the peptide is saturated. The fluorescence of peptide-bound thioflavin was
quenched by greater than one order of magnitude by Congo red, while the
quenching effect was only 50% in the case of free thioflavin. The observation
that the fluorescence intensity is quenched by Congo red is consistent with co-
10  localization of Congo red and thioflavin on aggregated peptide.
Congo red is neuroprotective to cell cultures exposed to Ap.
Congo red complexed with preformed aggregates and in co-aggregates attenuates
the toxicity of AB. Aggregated peptide (samples aged for four hours) is toxic to
neuronal cultures, while fresh peptide is non-toxic, in 72 hour toxicity assays.
15
Discussion
This Example has shown that conversion of random coil to B-sheet
conformation occurs concurrently with the formation of thioflavin-binding
oligomeric structures of the peptide. Congo red and thioflavin bind
20 non-competitively with aggregated pepﬁ&e.

EXAMPLE 2: Spectroscopic Evaluation of Congo red-Amyloid Complexes
Amyloid peptide (A) was aged in the absence and presence of

Congo red as described below: Ap (1-40) was dissolved in 100%
25  hexafluoroisopropanol to produce a final concentration of 200 or 400uM. To aid
dissolution of peptide, the solution was sonicated briefly, for about five seconds.
An appropriate volume of the peptide solution was transferred to an amber vial
and the solvent was evaporated under a stream of nitrogen. The peptide film was
dissolved in PBS buffer, pH7.4, to a final concentration of 50uM. The peptide
30  solution was sonicated for 20 seconds and then vortexed for about five seconds.

To prepare coaggregates of peptide with Congo red, the dye was added to peptide
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5 To determine the extent of fibrillization, an aliquot of the peptide
samples was withdrawn and diluted five-fold into PBS buffer containing 10uM of
the fluorophore, thioflavin T. The final concentration of peptide in the samples
was 10uM. The fluorescence emission spectra of free thioflavin and peptide-
Thioflavin complexes were scanned using a fluorometer, in this instance a
10 SPEX™ fluorometer. The increase in fluorescence of thioflavin T at an excitation
wavelength of 450nm (emission monochromator at 485nm) indicated the
formation of fibrillar peptide. Alternatively, a plate fluorometer was also used in
some experiments to measure the extent of fibrillization. In these experiments,
fluorescence of thioflavin T was measured in a TECANT™ Plate fluorometer
15 (Tecan U.S. Inc., Research Triangle Park, North Carolina) using an excitation
filter of 440 nm and an emission filter of 490 nm.
CD spectroscopy was used to determine the time course of
aggregation in the presence of Congo red and the conversion of the peptide from a
random coil form in the freshly prepared state to a B-sheet form in the aged state.
20  Aging of peptide for nine hours produced a red shifted B-sheet spectrum, perhaps
due to the formation of twisted B-sheet structures.
To prepare complexes of Congo red with preformed fibrils, aged
peptide was combined with Congo red at final concentrations of 10 pg/mL, 20
pg/mL and 30 pg/mL.
25
CD Analysis
Far-UV CD spectra of the complexes of Congo red with pre-
aggregated peptide and peptide coaggregates, were scanned between 200 nm to
260 nm (Figure 1). The negative extremum at 200 nm indicates a random coil

30 conformation of the fresh peptide.

Aging induced a conformational change to a B-sheet form. The CD
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structures. This red-shifted CD spectrum of the preformed aggregates of the
5  peptide was not altered by complexation with Congo red.

In contrast to the CD spectrum of preformed aggregates, the CD
spectrum of the peptide aged in the presence of Congo red (coaggregates)
consisted of a negative CD absorption band around 218 nm due to folding of the
peptide into a typical B-sheet conformation. The CD spectrum also provided

10  evidence for increased contributions from random coil form in the coaggregates,
therefore suggesting that the aggregation rate was slowed down in the presence of
Congo red. The differences in the CD spectra of the two forms of peptide were
due to an increase in random coil form in the coaggregates and also to the
formation of altered aggregation states of the peptide.

15 The near-UV CD spectra of the pepfide samples were scanned
between 700-300 nm. This region is useful in differentiating the Congo red
complexes. Peptide alone in buffer and free Congo red did not produce an
appreciable CD signal in thé near-UV region. The differences in the CD spectra
of the coaggregates and the preformed aggregates were evident in the intensity

20  and the wavelength of maximum absorption; the CD spectrum of the coaggregates
was weaker than the CD spectrum of the pre-formed aggregates (Figure 2; see,
Table 2). The CD spectrum of pre-aggregated complexes of peptide with Congo
red consisted of negative absorption at 580 nm and a positive absorption band at
516 nm. The intensity of the CD bands was proportional to the concentration of

25  the complexes. The CD spectrum of coaggregates consisted of a positive band
centered at 545 nm. The differences in the spectra of the complexes are due to the
formation of different complexation states of Congo red. The exciton coupled CD
spectra are indicative of complexation of Congo red with an ordered B-sheet
conformation of peptide.

30

UV Spectral Analysis

UV spectral analysis was used to differentiate the absorption
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Figure 3 shows the difference in spectra of complexes of Congo

red with polypeptide measured against aged peptide, wherein the complexes are in

5  the first instance coaggregates of amyloid peptide with Congo red and, in the
second instance, Congo red complexed with a preformed polypeptide aggregate.
Since the total concentration of Congo red is the same in both complexes, the
differences in absorption intensities would suggest that the complex with a
preformed aggregate is hyperchromic relative to the coaggregate.

10 Figure 4 shows the difference in spectra of the complexes of
Congo red, co-aggregate, and preformed aggregate measured against an
equivalent concentration of free Congo red is centered around 480 nm, while the
absorption maxima of the complexed forms are shifted to slightly higher
wavelengths. The negative absorption peak in Figure 4 centered around 480 nm

15 is therefore due to depletion of free Congo red because of binding to amyloid
polypeptide. Similarly, a positive absorption peak centered around 530 nm,
especially in the case of Congo red complex with preformed aggregate, is due to a
change in the absorption property of Congo red upon complexation. This
complex has an absorption maximum centered at 530 nm, while the absorption

20  maximum of the coaggregate reaches a maximum at 530 nm and retains the
absorption property beyond 530 nm. The absorption spectra of the coaggregate
and the preformed complexes therefore differentiate the intrinsic absorption
properties of Congo red in the coaggregates and the preformed complexes from
the free state. The differences in the absorption spectra are due to changes in the

25  environment of the peptide-bound state of Congo red relative to the uncomplexed
state. Such spectral changes in Congo red are likely induced by changes in the

electronic state or properties of Congo red.

Fluorescence Analysis
30 The fluorescence emission spectra of complexes of Congo red

were obtained after diluting the peptide fivefold into a buffered solution. Congo

red was added to freshly diluted fibrillar peptide and the fluorescence spectrum
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medical use of these substances needs to be assessed according to the disease
stage. The results described have shown that Congo red binds and therefore
attenuates the toxicity of the aggregated peptide.

15 While Congo red does not completely inhibit conversion of the
random coil form of peptide to B-sheet form, the results described above have
shown that Congo red stabilizes an intermediate aggregated form of amyloid
peptide. Inhibitors that produce such effects need to be carefully assessed for in
vitro activity in Alzheimer’s disease models to determine if such substances can

20  be administered for therapeutic or prophylactic action. The spectroscopic
methods described here can be used to identify and differentiate inhibitors of
amyloidogenesis and to determine the molecular mechanism of action of
anti-aggregation inhibitors that would be advanced as anti-Alzheimer’s agents in
drug development programs, as well as other potential inhibitors of

25  amyloidogenic fibrillogenesis associated with other diseases or disorders.

The present invention is not to be limited in scope by the specific
30 embodiments described herein. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art

from the foregoing description and the accompanying figures. Such
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wherein the aggregation conformation of the amyloid polypeptide having the unknown

aggregation conformation is determined by said comparison.
2. The method according to claim 1, wherein the amyloid-

specific spectroscopic ﬁrobe is an amyloid-binding dye.

3. The méthod according to claim 2, wherein the amyloid-

binding dye.is a sﬁlphonated diazo dye or an analog thereof.

4. The method according to claim 3, wherein the sulphonated -

diazo dye is Congo red.

5. The mefhod according to claim 1, wherein the amyloid-.

specific spectroscopic probe is a fluorophore-labeled peptide.

6. The method according to claim 1, wherein the amyloid

polypeptide is B-amyloid (AB) peptide

7. The method according to claim 1, wherein the
spectroscopic properties are evaluated using far-ultraviolet (UV) circular
dichroism (CD) spectroscopy of the amyloid polypeptide.
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12. The method according to claim 1, wherein the amyloid
polypeptide is co-aggregated with the amyloid-specific spectroscopic probe.

13. A method for detecting an effect of a test compound on
amyloid inhibition, disruption, or disaggregation, which method comprises
correlating a spectroscopic property of (a) a complex of an amyloid-specific
spectroscopic probe and an aggregated amyloid polypeptide contacted with a test
compound and (b) with a predetermined spectroscopic property of a complex of
the amyloid-specific spectroscopic probe in the absence of test compound,
wherein a difference in the spectroscopic properties indicates that the test
compound has an effect on amyloid formation or stability,

14.  The method according to claim 13 wherein the amyloid-
specific spectroscopic probe is contacted with a preformed amyloid polypeptide
aggregate.
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19.  The method according to claim 15, wherein the amyloid-

specific spectroscopic probe is a fluorophore-labeled peptide.

20.  The method according to claim 10, wherein the amyloid

polypeptide is B-amyloid (AB) peptide.

21. The method according to claim 13, wherein the
spectroscopic properties are evaluated using far-ultraviolet (UV) circular
dichroism (CD) spectroscopy of the amyloid polypeptide.

22.  The method according to claim 13, wherein the
spectroscopic properties are evaluated using near-ultraviolet (UV) circular
dichroism (CD) spectroscopy of the sulphonated diazo dye.

23.  The method according to claim 13, wherein the

spectroscopic properties are evaluated using ultraviolet (UV) spectroscopy.
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