WD 01/ 50134 PCT/ USOQ 32693 METHODS OF DETECTI ON OF AMYLO DOGENI C PROTEI NS
5 FIELD OF THE | NVENTI ON The present invention relates to nethods for

eval uati w aggrdgat ed fornms of amyl oi d pol ypepti des. ThePCHLeaes2e83 f urt her
relates to nmethods for testing potential inhibitors of amyloidosis in
vitro or in vivo in order to develop new therapies for diseases or

di sorders associated with anyl oidosis, such as 10 Al zhei ner's di sease.
BACKGROUND OF THE | NVENTI ON Al zhei nmer' s di sease is characterized by the
presence of cerebral anyloid plaques deposited around nerve cells, which
eventual |y erode and destroy 15 the normal processes of the brain. The
primary protein_conponent of such plaques is the a relgated formof the 39
to 43 residue | YD SOk RETECE N%EWV&Q‘W&?@U C PROTEING y

pat hogenic event in Al zheinmer's disease is the formation of these
fibrillar amyloid plaques in the brain parenchyma and vascul ature.
Deposition of fibrillar aggr cppIe Of THESRVENTION pol ypepti des has 20
been shown to be due to the self assenbly of the pol ypeptides into

macr onol ecul ar st r uct ulhe prssensiisventign oflatas tr msthod Sfos leeatatindgpremitddon,
which is toxic t@ cultured neuron cells. oal .of treating. Al zheiner's
di sease is t 0”6’?888‘??‘?’ 10&%8&%5%%§65-f ilb‘?rﬁ‘tv%thorh SIireEaéeSttﬂéP%FE‘é‘&fPEal ly

admi ni ster agsiintpdiehtRdl idfibied9bLAAYRIdRISTAVIANor 891 therddrhE délgnse has
been di agnosed, 1n order to reverse the toxic effects of the protein.
Agents that Bwéieramcs odiseasenar difordersrassasiatelivith amytridoms, ssclcan t hus

pot ent i al“iy ﬁ?ﬁleﬁﬁeris%@egiet cytotoxicity and are of pharmaceutical interest

because hey ‘Can potentially act as anti-Al zheinmer's drugs. Anmong the
several small nolecules reported to be aggregation inhibitors, Congo red,
a bi phenyl diazo 30 sul phonated dye, is reported to be a neuroprotective
conpound (Pol |l ack et al., BAGKGROUND OFt THEJNGENTION11-214; Lorenzo et

R P ST ) T
"' 637 appli cahi RN Plagies Gepfiied ifind SRR ce MO WHIER edtudy Erd RO B RIS,

15 the normal processes of the brain. The primary protein component of such
plaques is the aggregated form of the 39 to 43 residue isoforms of the B-amyloid
protein (AB). The primary pathogenic event in Alzheimer's disease is the
formation of these fibrillar amyloid plaques in the brain parenchyma and
vasculature. Deposition of fibrillar aggregates of these amyloid polypeptides has

20  been shown to be due to the self assembly of the polypeptides into
macromolecular structures consisting of a cross-p-sheet conformation, which is
toxic to cultured neuronal cells.

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 et al., NeuroReport, 1994, 5:2429-2432).
PCT Application PCT/US93/06637 (the "'637 application") describes the use of



Congo red and its pharmaceutically acceptable salts, or derivatives
thereof, for treating anyl oi dogenic di seases, anong them Al zheiner's

di sease.wQ@ongtd¢ed reportedly interferes with anyl oi dosi BRCHUS@&R6%bi | i zes
al ready formed anyloid structures. These properties establish a basis for
the '637 application to advocate 5 adm nistration of Congo red for
treatment of conditions associated with the deposition of anyloi dogenic
protein in pCergrersd amditgphararhceutically aersptaplasaits, oralgeivativesdlerbef, fotmi ni st er ed

in vivo in sufficient. ntity to interf.ere w,th amyl oi dogenic protein
f or mati on ortr?%lggtgglgﬁ%g?%&zca 1?"(60&‘ eso?‘“&ﬂ%h%?f‘b‘“ﬁ%%&%ff%"&?% OngATEE, congo
red report edieponedly Gibrferbé With agiWdiabdls & Egtabized blreddy Torh&Parky®id Nhi bit the
accurrul ati on of anyl oi dogenic, protein. Congo red' s val ue and effectiveness

as a possi bl gruckuses neiese prapertiss stablighra basigitordis 63 Tcapplieatian totawpcate

exam nation 2l . prain.barrier.
Derivati vgs, Qgﬁlgl%%gtﬁég?gg% gt% gr,eg Z%?éaé’ﬁé‘@ci’zé%ﬁ@gﬁgn%ggﬁ%%\?g“”Ehh‘ge sane node of
action on fidepoyitioh of paploidtgeniepréleiiga pleges.i Céngo Rdcis dfhefpeutiat i ves may
al so be neuroprotective. Currently, antibody-based nethqods and fl uorescence

met hods  usi #REPEFRATRCATHteRdI gy sulficdent quaity do Indgéareyathed pepti de for
screeni ng L1e I o1 TOOSH- i spect roscopy
met hod has a%g%lﬁ Sggkg&gga 12 gtfer m fr?g’ Oﬁgiﬁﬁ%g%ﬁgﬁgg gfr%% %ll}%f(agepti de

(Tj ernberg eformbd., TRG, Copgo stdrrgp&tediyohagnly Bidd9am§lddphghes, boveaveatso t hese
techni ques do,not. different iqagt@?q ar.ious conformational forns of aggregated

pol ypept 1%e.! ‘tﬁggﬁﬁf“f’ﬁﬁlatﬂ)é‘t . y‘b‘d%etngl-frlf’fafeén'confornati onal forns of

aggr egated anyl oi d pol yBRy iefls vafueth cfHbARASE dslabosIBicRIda Bty SUCh
assays optimally can be Used to rapidly assess the aggregation state of

t he pol ypept AtibeinkS's dspaseiraduiye furthehexapriegendecafse iGunigbirddemnof cross
fibrillogenesi Thus, .there_is a.need n the art for _nethods for probing
amyl oi dosi s tiﬁ%&’"&ﬂ"ﬂ‘ﬁibarrlﬁraa)ﬁé‘é’?n‘(ﬁﬁi %ﬁiqgﬁe%awﬁ, SH’dPég%@ FREFRAYCt 0 st udy
the process fpy hfole %L Dciﬂ?fl@fd HaS £ [ s di sease.
Speci fically, tS ere ig a nélcei(gg?o evelcbtc?g lassays |8%ﬁ¥\??ﬁgﬁ§} ophysi cal and
anal yticed naddrivatigestmay3dlse hanacopotezavé.he conf or mati on and aggregati on

state of aggregates of anyloid _polypeptide and to discrimnate the effect
of potenti glg i %hi bi t Orgugngntgrﬁﬁp@?%é?%ggd methods and fluorescence methods

using Thioflavin T are being used to detect aggregated peptide for screening

anti-Alzheimer’s agents. A fluorescence correlation spectroscopy method has
been used to determine polymerization of amyloid peptide (Tjernberg et al.,

20 Chemistry & Biology, 1999, 6:53-62). However, these techniques do not
differentiate various conformational forms of aggregated polypeptide.

An assay for detecting alternate conformational forms of
aggregated amyloid polypeptide is not disclosed in the prior art. Such assays
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



specifically in Al zheinmer's disease. Since very little is known about the
nature of 2 WD 01/50134 PCTI USOQ' 32693 toxic aggregates in Al zheiner's

di sease wWOIESMB4nechani sm of formati on of these aggregat BETAUSIKI2E9Drai n, a
conbi nati on of assays are necessary to determne if potential inhibitors
are producing the desired effect inin vitro test systens. Assays are al so
needed to determne the effect of test conpounds on conformation 5 of

anyl oi d pol ype dgeegateshp diltheimén’s diseasaahd e médsnamoo fosnatiomedf theenal
fluid. SUWWARY OF TH@ NVENTI O\IbThl .S |Fventi on row dgs met hods to detect
various aggr SSpPERIeEs ip he,fram, a sainbiaon o W@%ﬁffrﬁé‘ CEHY & nedifsi ng

anyl oi d- SpeCFéﬂeﬁtléﬁﬁﬁblt&ﬁ@i‘b Iﬁf&ducl fBerigsirdesdtaabnth Stes ters%ﬁ%e% anal ogs, or
fl uorophore-| abel ed anyl oi d pe es. The net hods are useful 1 n determning
t he aggr egat Adsays arecalest naeded %ﬁpﬁ@@éeﬁ@t afgest compoundsest comfeiuiationr s of
aggregati gn used in d ning the
fage at i ShehPiotd bAFdPREEEbody TIEE R S 0yng orsERPe ripglTEd
toxicity, e.g., A(3 peptide to neuronal cells. The methods can al so be used
15 to determne the effects of |nh| bltor or antl-AI zheinmer's agent for

t herapeutic or prophylacti >UMMA i N or other related

di seases. Thus, in one.,gaspect the ese | enflon provides a_nethod for
determ ni ng an aggregafrﬁ rJlnY:et?;tllPBIp ?ﬁE‘ ‘i:sﬁ Selecbyaiys pgersgttede. Thi s

met hod conpr fsgs oq:%wl@bbwge@uﬁpﬁ%ﬁ&ﬁﬁl@ﬁa&n@&ﬁpﬂ& e‘égf%cgda%gmlcﬁ)és of an 20

anyl oi d- speci fic specCtroscopic probe, such as a sul I azo dye or
f | uor ophtt e- Cangd wd aadpﬂ@r delgieétanzdegs; onﬂa@ltophomlabﬁldzdmnﬁlmd pepdidpo| ypept i de

or caet or m nobie BisURED BBPIL R apEpipeSFe Seectstn ek B FepeliaphitiaS peci 1 o

probe with W@Hh@ﬂﬂﬁeﬁdn@dﬁlét@ts%f@ggﬁég@tﬁd @lezn OftrkMoWEls CPRE BIMRYd @Rbe25 IN a
further aspect, the invention provides a nethod for detecting an effect of

a test compoussd in é?temmiltﬁ the gtage g whighdnteryentign mtbaggxces;azﬂaggreganoranyl oi d
formati on. Th| onpkhses.correl ati sp tro erties of
(a) a conpl ex dg?e XIﬁ Ie d‘&é 88%“#6 e “SBré’EPf%éléoEﬁ g{éﬂ Sélseéie

s uIt Ehonatsed @ RE@mbyethe effacts bERhGHHYR b@aﬁt@h@i}ﬁﬁn&wég&fifo@%rhﬁ&nc epntact ed
Wi

prophylactic treatment of amyloidosis or other related diseases.

Thus, in one aspect, the present invention provides a method for
determining an aggregation conformation of an amyloid polypeptide. This
method comprises correlating a spectroscopic property of a complex of an

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



30 an anyl oid pol ypeptide and a test conpound under conditions that permt
aggregation of the polypeptide, and (b) a conplex of the anyloid-specific
spect r osBEMIG0p4obe contacted with the anyl oi d pol ypepti dBCEASEI/326ONdi ti ons
that 3 WO 01/50134 PCTI USOQO' 32693 permt aggregation (control). The
spectroscopi ¢ probe can be contacted with the sanple prior to aggregation
or, if it is an_anyloid - specific dye, after gregation. |If the

spect ros COpI ReTitcAgaTagstion contselop Abe epdciioetopir M@g@ ratebe ¢Qntm1’viihblee

permtted t he pe t est npound can
be added pr| or ig #Ig&%%)ed gghon 0 iggr’%'altltsl(?ié)ln XOI B%cl;%%g% iPht ?l%grg%ag’é’ roscopi ¢
properties iHdicgicesoschpit prdH&as h@ﬁbr?ﬁhﬁﬁ@h[ﬂdle&@é ptade, ﬁfsfl@@lH Ripeatiteai d
formati on. These and ot her ects of the invention will be better

under st ood tB)PgB@géﬁeé?ﬁgbthF@Ht pidde. Thertasticemppurd panded asdded pnigr t he

Examples.; 1 I I GQ fect of
Congo re ogtogﬁgﬁ gr %&%Eﬂ' 'g&@ier}f?% E g;e@l@cgb%@'}@ﬁ}%%écgg t)e%fh onpl exes
of Congo r edheitdshcagpalndrias tin effect opepiyldid faengiononpared to far-UW CD
spectra of co-aggregates to determne the differences in the conformation

of the peptide aggr egaT]éese@@@WFH?W@fﬂmnﬁwt@ggvlélg}?&tk@mh@ndfmtm Congo
red; purple/ ed/triangl e:
co- aggr egat es at %g}éq%oneglg&r ?r[l\?;erg?%;tgg clpglﬁg ggfpaég’;ed anyl oi d
pepti de; orange/square: fresh peptlde with 21 M Congo red; thin
orange/circle: aged pept| de W|th 21 M Cono red Figure 2. Near-UWv CD
spectra W Congo red cdhipliy DESGREP 1 ':nu:.»-. es (open square)

6{1/d co- ?ggre?at es ?)f ISfQé gégg %gffi%%ﬁ@o CII’ Fl ‘lPJIré%éiPBé) (sorptl on
spectra of conp ex open
circle) and gp¢lagyr @gam@cm@earéwnealexegw@oagb%wﬁﬂsgécr ﬁld\'ﬁ%s% measur ed

agai nst aged peptide. 25 Figure 4. Difference spectra of conpl exes of Congo
red with presptdermdrogpgpeged tofar- Ub’eGDcﬂpccitcle @raggregassgdo deatmme(thpen

?‘ggar e) of I:\?ﬁg‘erences 1ntTehceon (?r?n%r }Pep& erggg\,lyggrae ?ese%/rd?d al%?‘ nst Congo

15 co-aggregates at 14.3uM Congo red; purple/open square: co-aggregates at 21uM
Congo red; red/triangle: co-aggregates at 47uM Congo red; blue/inverted
triangle: aged amyloid peptide; orange/square: fresh peptide with 21uM Congo
red; thin orange/circle: aged peptide with 21uM Congo red.

Figure 2. Near-UV CD spectra of Congo red complexes with

20  preformed aggregates (open square) and co-aggregates of amyloid peptide (open
circle).

Figure 3. Absorption UV spectra of complexes of Congo red with
preformed aggregates (open circle) and co-aggregates (open square). Absorption
spectra were measured against aged peptide.

25 Figure 4. Difference spectra of complexes of Congo red with
preformed aggregates (open circle) and co-aggregates (open square) of BAP 1-40.

The absorption spectra were measured against Congo red.

DETAILED DESCRIPTION OF THE INVENTION

30 The present invention describes assays that can be used to detect

conformation differences in various aggregated forms of amyloid polypeptide.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 30 The present invention describes
assays that can be used to detect conformation differences in various

aggr egat & diesor@ of amyl oi d pol ypeptide. 4 WO 01/50134 PETIUS003$2593 The
invention is based, in part, on observations of the effect of Congo red, a
fl uorescent anyl oi d-specific spectroscopi c probe, on aggregation. The
effects were determ ned by adding the Congo red to the anyl oid pol ypeptide
(A(3 pepti dEhe Rwkntiomis batedt inepast, an bbsEirvamgys egﬂteietﬁfeciasf Oneoaxger i ment, and
to preforned ates. in ot her ex erlrrent ore found to
form at | easfuoRgengtay oo K PESLEASCR1E RroPS %@g%? Htiop &PFF%ec%ngo red
conbi ned wt rﬁ(r?édﬁﬁzpatdd tRE (Qhed RodtBEh @gﬁ Beehd1 peptide into
(3-sheets haﬂe{?in% eerent spegfgra %pertl es %nﬂ% 2&3}? d with the AR

pepti de aft epeﬁtlﬁe)/\aﬂutadrraeabb/stamgga@egaadnmmbme ¢xpesineat, andtdnpreﬁmmal | ed

fibrillar peptide) tg red actedéo 1o prevent th ormati on of
fibrillar® ag%&i%ﬁ"één&w HEXREAMSEL G ongo Tedhwag faymd rt%g‘ﬂ??é@ leash &v¢ oxi ¢

effects of thgal c8 g}éf{g'gglgtﬁ%a%gﬂloﬂﬁpltﬂ 5. C %J‘I%‘d%nfbﬁ% r@ﬁl&'ﬁe' ng

conpl exes of coag go red conplexes wt brillar forns were

shown to be dp fﬁe?ﬁ@@pn&ytoswfggrr@ga@@ﬂlot:th@rp@bu& to Brhbat had aisteadiges, the
toxic effects of the peptide were reduced by the addition of Congo red. 15

Ex gerl ment al spee‘sa,llnrspam@ tbam whemgombined mﬂhé?@ul‘\@rperm;dhaﬁﬂsnwas hleeedyng to the
re uctlonlntOX|C|t e s i can erent t he womstances
ﬁ\hppl |h cation BFSresRR }ogéabqegsg&g‘cqq “£4 %@%’%’ é’f%‘?% ﬁ)at ‘E)“rgloorie fRigd&q agﬁ at
ich inter rf e
t oxi ci ty?(; él%%r%t% %)grrn %@%%ﬁgﬁh&&%@%@ ;Boél soL:’béeﬁdugscez)grre ?o eitddent ify
t he vari ous the@bddt Bffedls cf)ﬂiplamsasy éggaégateﬂwbhdé r Altheughf the essultingl ypept i des

conbining with a prototype snall | nhi bli nol ecul e, Assg%/)s whi ch can be
used to rapi eryplgxesaf sopgeregalesAnd fange fedeaprlewss Witk lh’fﬂ}‘l‘r Hp¥FFpepti de in

the presenceqnf ARt frdknt dml];eber&s%b@c%al LrihloABRIESLS, @t descri bed.

A( 3- peptldels nown to ne e toxicity and 1s be ved to 25 invol ved
i n neuronal effd¢dts afaht peptideAvarhe¢dueed by thesdds®n offtongntréd, t here i s
{remendogs Fnter est 1L dentL L 09, 21 ShEL 0T IR mREE! SelRUGAON ¢T 1Y O
leading to the reduction in toxicity are significantly different in the two instances.
Application of these results facilitates determination of the stage at which
intervention in the aggregation process optimally reduces the toxicity, e.g., to
nerve cells. The methods can also be used to identify the various protein
20  complexes that result from different polypeptides combining with a prototype
small inhibitor molecule. Assays which can be used to rapidly assess the
aggregation state of the amyloid polypeptide in the presence of potential
inhibitors of fibrillogenesis are described.
AB-peptide is known to mediate toxicity and is believed to be
25  involved in neuronal cell death in Alzheimer's disease. Currently 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



A(3-peptide. The net hods descri bed here can be used to characterize the

interactions of A(3-peptide in its aggregated forn(s) wt ei ns and
to al so WOEPHne if potential test compounds disrupt thECf&S%(?%géz’l ons.

The application of 30 the nethods al so provides additional insights into

t he nol ecul ar nmechani sns of Al zheiner's disease, which is currently the

basi s of drug di scovery ef orta. in 5 WO O%/ 50 33 PCTIIUSOOI 32693l .

neur odegener BUredrecReiadon. 4} ese dispoveties S eea%{%‘ﬁ it gv4lpate other apxloid ey

anyl oid pol Mg?pgﬂtgg%ﬁemel | . Three different techniques were inplenented

as tools to determne the extent of aggregation of the polypeptide, in the

presence and absence oThfee Qofifigyentrtechniquve weekd muplempiied as trods foaletermmet he sel f
t he coinpcidental effect o

assenbly of anyloid ol ype ti{j(?1 an
Cytot oxi ci tyUigetent efAzerdgarinn af the PORRCRNc,in thearHRe 6588 r oscopy was
i npl enent gd t:en%d dantiht ¥ rrfdnBib{tbR1a0E bAtR delfassI9oFBhyRAg of the anyloid

pol ypeptide that was aged in the presence or absence of "Congo red. The
met hod i s bapeppentida apdh thegresncidenial eBEctainswitgioKicity oias alsplesamtingd| ypept i de in

the far UV and Congo red in_{he near- .U ion. Both the far-UV and the
near- WV spectra of the?_aggr g&ﬁ’t‘l@{gﬁhﬂlﬁﬁééﬁgwg%c@gﬁ%a&‘mﬁgﬁmw spectra
vere useful |Gt Radiffiesidid thesRaRiHRtiYns Sthe'6hnYyIdd PblybEstiRMMAI 4

pol ypeptide. Near-UVv CD spectra were useful for “differentiating Congo red

conpl exes. Aagddanhqprksepepor alsendenafecCangolyed.f 'Ehe mathodds based uppmghnnges! di d
not produce an-apprecj.abl apsqrpti.gn.sj | 4Nt near - regi on.

Si nce CohYo P‘e(aﬁcf@é%rph%’f oﬁ%ﬂ}% ogﬁp(ﬁ}g&g‘uﬁg ?%{h%%%sggcwgefﬂqgﬂ r?cL’éH}{? P8 state,
spectral chapyeggiond Wotll therRAUN Al the nba-Ulrespacd 6 tHe BEatdtdsombRxedisef ul
in identifying various forns of anyl oi dogenic proteins. The induced CD

absor pti on” eferecicannede Far-5tV (&) $ppeids peer wsaful ipdetemaigedhe seconddry Congo r ed

with 20 anyl gi d. pal pLi zwlcli 5 i
pr ef or med- agatplecgt;% 8%‘81%3%)?1'8@“ P%?@%?ﬁmg%fﬁgoﬁgg%ﬁaﬁg?%| 1efoﬁot i nt endi ng
to be bound Biffepétitiatiag Cofigd fid cohtpbeney., Anhydoidipahgeptidaaloheiniadfer bvd CD

spectrum of Congo red are believed to be, ijue tag i nduction of a chiral
envi ronmeht  HpeRopenesditid pet rpdusead apPrciablet Dragsorpten sighal igths e n.

near-UV region. Since Congo red does not have an intrinsic CD spectrum in the
free state, spectral changes induced upon binding to the amyloid proteins are
useful in identifying various forms of amyloidogenic proteins. The induced CD
absorption effects are distinctly different for coaggregates of Congo red with

20 amyloid polypeptide and complexes of Congo red with preformed-aggregates or
fibrillar form of polypeptide. While not intending to be bound by any particular
theory, the changes in the near-UV CD spectrum of Congo red are believed to be
due to induction of a chiral environment upon binding to ordered fibrillar form of
the protein.

25 The near-UV CD spectrum of coaggregates (of amyloid
polypeptide and Congo red) was shown to be significantly different than that of
the preformed fibrillar complexes contacted with Congo red. The observed
differences in the spectra of the complexes was due to the formation of different
complexation states of Congo red. The exciton coupled CD spectra of preformed

30  fibrils was indicative of complexation of Congo red with an ordered p-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.
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25 The near-UV CD spectrum of coaggregates (of amyloid polypeptide and
Congo red) was shown to be significantly different than that of the

pr ef or redvd 9110134 ar conpl exes contacted with Congo red. TRETARHSB2683
differences in the spectra of the conpl exes was due to the formati on of
different conplexation states of Congo red. The exciton coupled CD spectra
of prefornmed 30 fibrils was indicative of conplexation of Congo red with an
ordered (3-slkoaf. Citpohichrosm, 698 bfmeesipg idde 19855 pp. 2AUE299), whie thor mat i on of
twi sted a-sheet  str ures; ody, RW . "The Crcular i chroism of

Bi opol yner s" “PEFEE &I‘E—tbﬁ.c?fgg.reg\éﬁls Vyaé S P HB ORRIF RN SBES redont . Girc.
Di chroi sm 198th ihi¥e@tdin@ adgie@att@8Buctuep. 270-295), while the spectrum of

t he coaggregates was consistent with conplexation of Congo red wth

i nternedi at e aggr egat edhetGluspegtrom, of Piggregted paylvid pobyfpeplidy waadcadnatry| oi d
pol ypepti de was. scanned . t various tine.points to. carrelate the

f or mat | ongiof 4 TSP 5%6@%1?5%%? %OdTelﬂ%ii}eoff?BP%%@ ‘?if;}h'é’gég IpBg aggr egat es)

W th the appaficAitt@e@fiar(a3seniRt (agePetafisIRithQRe affel I pectroscopy
using Thi of | avin (TR b ndi ng vt s Coﬁﬁergﬁh(egg}gﬁgg%éf ormation in

t he pol ypept coformateon. fduerestehtaspeetsesenpye usitg dhioflavi @hTabimlingwapeci fi ¢
for anyloid n-pleated fibrils, but not for other R-sheet 10 structures or
for the sol uBFEgj t8|°96€%bfsi‘e‘?t§?%at’(9p 1pthe RRIYREPELE 5@? insluceq Alugresaenes copy was
used to diff {d 3 C i egt.r f the

conpl exes of a%?fabf %?Hn‘gg&{i? Bﬁ&ﬂ?fg%\ gglg é‘gg g&gelg%at%(g gpﬁ&rﬁﬁet n%ﬁ gor{ gotél%eri Btﬁg}}%ﬁte
absorpti on speadtures of fofang@lutdeloligorhér forms efte paybepligence of anyl oi d

pol ypeptide is determ ned, as are the changes in_the environnment of 15
Congo red upon binding2to filbf prackpsconyvasiused 1o differeatiate sheh€pngd tedr nat e

forms of co . e used to differentiate
conpl exes of o%go%rsgg?tr&ﬁgéﬁ?cgg&gﬁﬁg% (ft{c# r%fﬁgrgg%/ﬁe%ﬁfai‘@lg??%grg%m%l | as to
i nt er medi at e Thgghiangas i the absrtiont specteanyf Odnporel ypeRiprélencelfifl db3kndensi ¢ 20
fl uorescence ff Q%ﬂgo red is.significantly enhanced when it is bound to the
aggr egat ed f 8t #YIPHEPIYRRPLLS » eaicdhe shanges Wtheendmmgesnt el in t he

15 Congo red upon binding to fibrillar, non-fibrillar, and other alternate forms of
complexes.

3. Fluorescence spectroscopy was used to differentiate
complexes of Congo red. Congo red binds to preformed fibrils as well as to
intermediate aggregate forms of the amyloid polypeptide. The intrinsic

20  fluorescence of Congo red is significantly enhanced when it is bound to the
aggregated form. The fluorescence excitation spectrum of Congo red in the
aggregate-bound state is also 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 B-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



aggregat e-bound state is also red shifted relative to the free formof the
pol ypepti de. Changes in the fluorescence properties of Congo red are
dependenWO @rf0tMe aggregated state of the Congo red. The BCT/USPERG6®ES in t he
observed spectral 25 characteristics of the coaggregates and conpl exes of
the fibrillar polypeptide wth Congo red are due to the differences in the
rel ative hydrophobicity of the binding sites and to the nunber of bound
Congo red noligtsacgien iwitht the pelypeptsleds rangotrhcqak stdter Reshlfsishoivithatahel
coaggregates.5ln the present kpventiagn,. Congo red has..bgen shown to pronote
The 250 T or mllireafeeaP et o PAFEH i e e A E BN et o vihen
coaggr egat ed poypeptiassl eahandealeyaheBbld delativ foliRe e RO OPrefimbl Fsilr ef or ned
fibrils as well as internmedi ate aggregate forms of anyloid pol ypeptide,

t here was no haye gsabeenshopn o ting Eongurepdyttsofiinaeseace ¢nianeepent 0Athei t h t he
| . . ) |
Py pept & @r@%ﬁ“&%ﬁe%&%g ﬁbﬁ?ss#‘é%é%%pﬁw‘? ?132"6}'}& %@%naéd R‘?r‘g‘%éence

spect rum of CcO-aggrega poq ptide is
enhanced ei ghtlatiot e thelfigtifvren bHCoNR fded € ThhigrlingRAwk&cemdedhnhiuel,3he have al so
ed, but the fluorescence enhancenent of the 5

been shown to bind ngo r . -
conpl ex bet weSFseHt %‘% %gyvqthgrq:qngogﬁbh%@&l mageiod iggnagiathwihced t wo-f ol d

| ati tot . d. - i { hni ,
the  present RRTIREpisREM R0, RRAOAD G iR oS Phivest HOARREMY bEET0, T,

(3-anyl oi d prptigienfornd thter@ttivis ofLIR94 fed shOhIRI BBl 180f0 AN YRS mis IR § andom
coil to (3-sheet form interactions of Congo red should be simlar for all

i sof orms ®f AERtide.0 peptide. The spectroscopic results described in this
i nvention have shown that inhibitors Ztu?ih a é:on o.ored format, | east two
DEFES®

l
di stinct conpl exes with DSFRFFESGORNSISHUR ArtFERed BHi inkentiondieys shayh i bri | s

and coaggr egah@snkiBiErsRaEas CHYBY el ForhPhi AR IS dI¥RhACBhlexeBiWglht subst ances
when bound to Congo red 15 (ngprom mately 50 kD or greater). Although Congo

red binds to andoidmodyneptidest dothghyrisgiarmed brilspndspagategatesiuve hesref or e
oL et LSl U PP BRI STl L) 1
conpoundsist hahpboRienitdy SOKD 6f dregts. Anthaggh €gaid fAd vie®do it intermediate
aggregates of AP peptide, and therefore attenuates the toxicity of the fibrillar
peptide, formation of "insoluble" complexes in the coaggregates can still occur,
suggesting that test compounds that produce such effects on aggregation need to
be investigated in terms of their suitability for therapeutic or prophylactic action
20  in Alzheimer's disease.
Based on these specific observations, which are described in
greater detail in the Examples, infra, the general ability of a fluorescent probe,
i.e., a sulphonated diazo dye or a fluorophore-labeled amyloid peptide, to probe
the aggregation 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.



be investigated in terns of their suitability for therapeutic or
prophylactic action 20 in Al zheinmer's di sease. Based on these specific
obser vat wan@1/50¥#3i ch are described in greater detail in tRETESAMPACES,
infra, the general ability of a fluorescent probe, i.e., a sul phonated
di azo dye or a fluorophore-I|abel ed anyloid peptide, to probe the

aggregation form of aggregated agl oid Eol ypepti de has been di scovered. 25
This anal ytical tool provides a al Befi INdUSs screening techniques for

1
the ability of test c unds to. i.nhibit, or reverse,, | ai dgsi s. .Vari ous
enbodi ment syand aspect igg?e@ﬁea@XVéﬁtiwlﬁP%plm@g{ﬁgea ylll‘é‘Flgi%ﬁ‘.lsfPﬁFé
speci fi c headinesly(ibehdlublopRitdihaeehs fibdtafieRvAeRpirAsRal Alsthal i tal i C,

underlined) are provided to facilitate understanding of t'he invention, and
are not 30 Fharagierestics mdppendent afi they corgpeali@n ¢ ueRsRCDeE0MS26S3hatGener al

Definitiops The. terns, " id, W | oI agpe,. and "anyloid fibril"
refer geher geﬁfguqd&%ﬁ%&esgqr%taﬁge.pWZ%g%gﬁgdegﬂﬁ%q %%@gnwpg%uﬁaﬁqtg& ar
physi cal  chagsasdphilicstdifing] caapenidahioflalintfhRraesmesidd Kiinsdenbét €i ns or
other nolecules that 5 are found in the substance. Anyloid can be

i denti fied byprepEanggOPTOyRY ST BeNtde camponendhef aaylnid are tasmgid dierein  changes in
thioflavin fluorescence. ..and honrpgenequ a arance., Protein or. peptide
conponent s ofamapf’}flll CHOQP' nggg?serar?@dn%he@eéi r‘ﬁa’fﬁéﬁgﬁﬁltagg%l%%ﬁtoﬂ%ggp?ldeand

i ncl ude, but (ggeiRAldidd ntiRbcBAPs(3raiponaing tBemt fidens, (WdRdr 47 Aaldedi ng

synt hetic BAPs ‘corresponding to the first 28, 40, or 42 amno 10 acids of

AB, i.e. ]0A(8¢ds &B)B, ik,I[AQB), AR(1240W); ABjL-42)e sq3pedtivebl, ys wal avel | as a
synthetic RAP corresponding to am no, acids 25-35 of A(3, i.e., A(325-35;
scrapi e pr of¥ithetis BAR carersDendipng fapminp geids #5-35rafuddicofMizs-ss; s¢rARIEUdi ng K or

X light or heav hai n or fragments thereof., .pr,oduced .myel onas; serum
anyl o1 oAt pERaPEtn ion SERTRINSyPGBRl. B BRlfERord S

Ccrog i N, apo ol

(pro)cal ci t ORéd¥y cBAihs,dr FRABIIHIIREESE, %ﬁ)dﬁl@&i B mykRhik; &mihah 1R Aipepti de,
al so known as anylin (see, Westermark et al., "Proc. Natl. Acad. SCi. USA,
1987, 84: 388mi@6globwit; epodri kgedsoliat cystain C;)(pro)Rulyiseron;, atridlORTyrutedic: 414- 417;
Cooper e&s al fa’ctol?;r it arnN?l%gd pé%gggptidéc EillSO lynsc;%(ln ezll'sgasnzylin (see, Westermark et al.,
Proc. Natl. Acad. Sci. USA, 1987, 84:3881-85; Westermark et al., Am. J.
Physiol., 1987, 127:414-417; Cooper et al., Proc. Natl. Acad. Sci. USA, 1987,
84:8628-32; Cooper et al., Proc. Natl. Acad. Sci. USA, 1988, 85:7763-66; Amiel,
Lancet, 1993, 341:1249-50); and the like. For purposes of this disclosure,
20 amyloid polypeptide can aggregate spontaneously by induction, e.g., with a seed,
under conditions that permit aggregation. It should be noted that although human
amylin aggregates spontaneously in vitro, rat amylin, which differs from human
amylin at six amino acid residues, is non-amyloidogenic and does not form fibrils
(see, Lorenzo et al., Nature, 1994, 368:756-760). In a specific aspect, the term
25  "amyloid" is used herein to refer to substances that contain AB. "Amyloidosis"
refers to the in vivo deposition or aggregation of proteins to form amyloid plaques
or fibrils.
The term "amyloid-specific spectroscopic probe" refers to an
amyloid binding dye compound or peptide-fluorophore conjugate that interacts
30  with aggregated forms of amyloid, and demonstrates different spectroscopic
properties depending on the conformation of the aggregate. Naturally, as one of

ordinary skill in the art can readily appreciate, a fluorophore will necessarily act
9



84:8628-32; Cooper et al., Proc. Natl. Acad. Sci. USA, 1988, 85:7763-66;
Am el, Lancet, 1993, 341:1249-50); and the |ike. For purggi/% o{}ghi S

di scl osuM® Olﬁﬁl%lnyl oi d pol ypeptide can aggregate spontane ;0% 693

i nduction, e.g., with a seed, wunder conditions that permt aggregation. It
shoul d be noted that although human anylin aggregates spontaneously in
vitro, rat arrylln which differs fromhuman anylin at six am no acid

resi dues, isahdh Qﬁiﬂpbi’r&ob"efﬂt W‘@hﬂl"%ﬂ?c{{&abﬁ?}gﬁf’? SPRcteE- Negoven or enzo et
aI , Nature, i t 25

"anyl oi d" | s“&gggo %?gfeﬁ%?agégéae?d %}gﬁg Eﬁmlfg\lclg(seﬁtsﬁﬁ? agc}%‘?gcle%@Alﬁn

" Anyl oi dosi s'$pectrefrerBhetppobdummay, randipreferibowsill, affactamydojdoggesison of proteins

to formanyl Qi aq r fi The rm"a ecific

spect r oscopi g gﬁhg E&‘@‘F‘e %estaé‘géir‘llor%li‘ﬂ 4 eelﬁﬁl ﬁ'ﬂ‘iyi%‘liﬂfﬁg ‘%gﬁf?otlﬂ%l or

pepti de- f L uoEQRRARESLARIBRIBI R iR ApedtftsESAE bobed0 W th aggregated forns of
anyl oi d, and denopnstrates different spectroscopic properties dependi ng on

the conformation of the& &b@rm@mrcelabbladtana!ﬂdlgipeplsdedmsaammnyblcﬂl nary Skl I I in
the art can readily, appreciate, uar ophar e necess |y act

01/ 50134 pmp@swt@zeg*@veigepéldeh% ﬁ&&onwgaévﬁ with avsfl}qroxﬂm a speci tio
absorption s anyloid, it
DS or pt ﬁ@%&éﬁ@h&@%@ﬂ%ﬁ &nyspe ;ﬁi‘&@§& enﬁﬂyl'oﬂi ;ﬂﬂgﬁ ‘3 ry

will likely an i nduce trum eproe preferably
will, affect paniphoildegénasbie of cBudggepatihg ovithi zﬂmdoxdmympddes

quorophore bel ed apyl oi.d p i des are both 5 | e f

any! oi d- é?)ec:l:f‘l"éolg’ﬁ GBW@P%PSWE?S however, o¢ r@"@ﬁ%@? 8f anyl oi d
peptide” is g fagafiog'oqhtha%wae@txﬂere@l%musﬂ)hef‘e@tfbldﬁbelﬁﬂg\hwaﬁnﬁéfa

conj ugat ed W a fluorophore (fluorescent nolecul e nyl oi'd pepti des can

be anyl oi d pepéptilephélddshutare ngrdmbitaints ftuovesseeif, ”Emaaloécb raheromairgyedidt i ng
with anyl oid pol ypepti 10 FI oro hor e- | abel ed I0|d epti des,
however, nee8°HB X%%@%&SP@H& ﬁ‘é‘b"@ 8131582133?1% Og &“&Hﬁl‘%s of

f1 uor phor es Eleruvamirhangls&h@v@ﬁgéhﬁms &Q&tﬁrgserh@sclmerm thE€ not |imted

to fluorescein, Texas red rut heni um (3- pyri conpl exes, and rhodam ne.
Fl uor ophos e ﬁlluem)phamdabdaf mhylahlspﬂpptdﬂ mprsqyetstabaull % Dhl@su\mcrand may al so

have useful | Rfesrg}:?l(}:lta%outplr‘f [etsls %%d mos I)ref'\erfergb1¥ aboutei) 1% or less of total

peptide in the sample.

In its broadest sense, “an amyloid-binding” dye is a chromophore
that has a propensity to associate with amyloid. Preferably, the dye is also a
20 fluorophore, i.e., capable of fluorescence, under specific conditions. For purposes
of the present invention, and in the study of amyloidosis, the paradigmatic dye is a
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:

10



15 fl uorophore-I| abel ed anyl oi d peptide represents about 10% or |ess, nore
preferably about 1% or |ess, and nost preferably about 0.1 % or |ess of
total pwAUE8IHNn the sanple. In its broadest sense, "an 59§4§Wﬁ¥g3nding"
dye is a chronophore that has a propensity to associate with anyl oid.
Preferably, the dye is also a 20 fluorophore, i.e., capable of
fluorescence, under specific conditions. For purposes of the present
invention, and in the study of anyloidosis, the paradigmatic dye is a

sul phonat ed di azo dye, and nore particularly Congo red (see, e.g., US.
Patent No. 5,276,059 and PCT/ US93/06637). However, rel®ted conpounds or
equi val ents of Congo red, such as chrysamne G whieh<is a carboxyl ate
anal og of 25 Congo _red, gpe contenpl ated as w thin ope of the

i nvention. The st ' e shown bel ow. 10
WO 01/50134 PCT/ Q N Z Congo Red // N/
\ NH OH N HN OH @ NO Ch ' 5 10 Coffditio hat permit
aggregation are pH, iestc strength, tenperature and |ow, preferably no, or
at least no detectghfe, concentrations of any chaotropic or |yotropic
reagents, such that an amyl oid pol ypepti de can aggregate. The presence of
an anyl oid "seed" increases the propefggakeds

= Cz
OoH N HN OH
o o]

Chrysamine G

10 Conditions that permit aggregation are pH, ionic strength,
temperature and low, preferably no, or at least no detectable, concentrations of
any chaotropic or lyotropic reagents, such that an amyloid polypeptide can
aggregate. The presence of an amyloid “seed” increases the propensity of
polypeptide to aggregate.

15 An “aggregation complex” refers to the complex formed by
interaction of an amyloid-specific spectroscopic probe, such as Congo red, with
aggregated amyloid polypeptide. This complex 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 aggregation. 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

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



pol ypeptide to aggregate. 15 An "aggregation conplex" refers to the conpl ex
formed by interaction of an anyl oi d-specific spectroscopic¢c such as
Congo r e¥O B934 aggregat ed anyl oi d pol ypeptide. This corﬁﬁgﬁg(@gz@fsorm as a
result of co- aggregation, i.e., where the anyl oi d-specific spectroscopic
probe is present wwth the anyloid polypeptide prior to induction of
aggregati on. Nternativa}le%/q,qcthe 20 conplex can formas a result of

i nteraction B‘P"tﬂ‘}‘i‘é_"’&gg’ ‘a‘dﬁye@fdo‘i _W‘?ﬂt'&e‘pﬁm‘ SpriogRatigyisegat e.
The term” ag%%%%tgﬁ%ﬁﬂfe?ncb§irf-’s%@&r&%{)ﬁb %r&ﬁérﬁé%f &h oftRr WoRdsS Withehiure  or

conformation y the anyoi'd polypepti'de in its aggregated state. For
exanpl e, aggkmyang dred{s8lydhesthuntencf (18- aggeegatedranzylomipolygetptide, dyeet form As

11 WO 01/50134. P USOO 32693 ti | .mat , Lh ] d
guat ernary (g"éﬁ"ﬂn&g%%rﬁ?‘?e&é‘} SRESHP r ?}g&éfﬁﬁeqlg&fi(’gﬁg %Pg'g’%gg‘?%ﬁr"ﬁ‘%:] ences in
spect r oscopi &ngl&)ﬁpﬁﬂekifﬁsspedtfbseéﬁi@brdw&%caxvdtefe@uétmcmmiffgreae&ci sely the

structure of the aggregated anyl oid pol ypeptide, by detecting differences
i n spect r oscBhese diffasprnes irclrmeanche ¢yatuataseinyét priptiiveiop theiheffat on

anyl oi d- speci f,j eCct r 0oscopi robe, . on n _detect structural

di fferences.‘_:elil"%’éi ! f?rear'@ﬁg@gg)llsﬁsﬁdﬁ}agedg%a?\}?%gglgé% uated in vitro or in
vivo for their effect ppe teﬁﬁl“buiy?épﬁ@gggfégmeororaﬁ@gr@gﬁ@%&rgﬁ%ﬁt at ed
pat hogenicity. The term "pol g’pep i'de aggregate” or "aggregate" refers to

sel f- associ assedatspepscies ofpolypeytidephutderm ierhertfihritag or hen-fibtibai forms or
non- fi br i()l ! al tgrgggs%ﬁ'% gﬁe&%ﬁgﬁo&fnﬁgﬁﬁyﬁé rt‘? Beuar&?altcgfﬂlr% or non-toxic to

S- - n
neur onal ““cul erm spectroscopi c property"” refers

to the anount of radi akLe RRSAT 16 FerRY"shbaraREEiE PRipefly CRITRL &XtheOr €Nner gy
radiated from the aggregated conpl ex excited by absorption of radiation.

I n a speci f i amowntiod didmsion absorbeds by theciggragatod reonEivX, af encagy tidéated fvn spectra
are obtained,in the tli far -eU\é aigﬁ% ne&rsbuyio{l%?gf atiolnn 120t chiﬁ enbodi nent, WV
absorption Sglg&ggrgg%F CO’BB]tﬁi Aed qyn yetra further e S3PRENt, 1 uorescence
em ssi on speghbadimest, cR@ilai digitoishi(CID) ditraviofet (WVpspe2tra@el sBaihed ithear ed

(IR) spectra are obtained. Cenerally, spectra are obtained by neasuring

t he diff & enfee-héandaeartUhe rangssinin 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



of light transmtted or absorbed at a given wavelength in a sanple

containing the 20 aggregated conplex versus a reference )
Fl uorescé‘ﬂ%@@b’éctra are obtained by detecting the streng&W8$°/3§ﬁ?3ssi on at

a given excitation |light wavel ength. Fluorescence excitation spectra can be
obt ai ned by evaluating the strength of fluorescence as a function of

absorption wayel engt h... These concepts. are well . _known.ip the art (see,

oo " Cant or TR RS e BRI R Slotkn atfeieloptiigthia. Benibruahun g
Conpany: Sanpdiyadigb Pb28BuesS AndedasdiBingofdthP{ DaniH ESkfepB bédik

I dentificati Ig)n{yof gan(l C Cgurfcpso)unds, Jlohgc’%%g a&inggﬁgs New Yor k, 1981). A

di sease or dimploittesisi Eumikial getydeid dolynephrepgthy (woe).Samiliah amyldidosds deposits

or anyloid p u re fo I NLOrclan-proximty to tissues .affected by the
di sease, or ﬁ%ﬁﬁﬁhéeﬁfnsl%%ggtréugﬂgﬁg‘%}% S is%lréH O%f/’ @%IE%FB@% ion of a
protei n that ndphrepattir witihartRefi ikl deasidsy PMackiEWeiddynaidind| Red@faryay provoke

pat hol ogi cal effects directly or indirectly by known or unknown

nmechani sns. 3teinpmaof Biyreidyiselpted agrial amydeid; and hemodiglysis-agseciasd | inmited to,
systemc dis 4 S I 01 34 PCTI USOQ 32693

i nf | ammat or ygf?ﬂ%ﬁdggégglﬁﬁfﬁﬁg@fﬁ%@,@e ‘glrg%?%sgl obul i nem a, fanilial

anyloid pol yneuropat thllﬁd:ﬂrdiab@té@ssi‘éss&lﬁke@&ﬁtM@x@‘l@ﬂd&lﬁ?ﬂs 6R\ePosig of Syst em ¢
senil e anyl oi dosis, famlial anyloid polynephropathy (lowa), famlial
anyl oi dosi s the ppRgieashin padsewanthe islesice s et rrodserasulive rAsyith theamylpighi | i al

L oi d P : _ ' q |
mooul | ar P " RaRR R A e AP FANERT M Splih banayhdr o)
henodi al ysi sprasskacpailiciogicalraffeoisdds partictéd conamdatiens cidegenenatling di seases.

Type Il diabetes js . associated with anyloid fibri]s or, deposits of the
pancreas, | nwé‘ﬁ}slﬂ é‘éﬁéfmtaﬁ"ethﬁ f\gf LE‘@P!@“ R Papsreaticdele’ insylim-prodagingi t h t he

anyloid 10 gl IR\ i : e i r fibrils
o Type 11 S GRrdlzad PLASTHE Kiufl S0P 78017 (AR B ApEaine
concent r at i ogisbafimbntyee iavastion rélhtes whigpe Midibetis amolotdaaise t oxi c for human

and rat pancreatic islet insulin-producing R-cells (Lorenzo et al., 1994,
Nat ure 368: 758- 760) . Ackwwnis inflpgumatary allrgseas; such as édipprthigdamilial he i nvent i on
relates to TyRfiddarflh RO SRR WARSY Rdrohe, SO hatheidl LAHERECa bl nesses
such as idiopathic tamlial

like, can result in expression of serum amyloid A, an acute phase protein which

may undergo further processing and form amyloid deposits and plaques. For
example, in the Third World, chronic malaria can lead to amyloidosis of the

20  spleen and/or liver of an individual. The resulting organ failure can ultimately
lead to death. Multiple myeloma is associated with overproduction of
immunoglobulins, which immunoglobulins or fragments thereof can form
amyloid deposits and plaques in organs or tissues in contact with the circulatory
system. Deposition of transthyretin can result in familial amyloid polyneuropathy

25  (Portuguese), familial amyloid cardiomyopathy (Danish), or systemic senile
amyloidosis. Hemodialysis-associated amyloidosis is a complication among
long-term hemodialysis patients, in which B,-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



Medi t erranean fever, Mickle-Wlls syndrone, chronic nmalarial infection, and

the like, can result in expression of serumanyloid A a t hase
protein M?EHSOI%y undergo further processing and form angﬁcgﬁgsoﬁé%&i ts and

pl aques. For exanple, in the Third Wrld, chronic nalaria can lead to
anyl oi dosis of the 20 spleen and/or |iver of an individual. The resulting

organ failure_can ultimtel. lL,ead to death. .Multiple nyelom is associated
with over pr odB¥8H r‘ﬂ?te_s P?H%W&ﬂrg%ﬁ?%‘gége&ﬂ?‘dw %‘ﬁ?ﬁg%’&%ﬂ}g ns or fragnents
thereof can faaiyRidedy.| PheltedtBPASIrbSegdNttatl AGidORe RIGS G50 isPiselor ARWRReri N
contact with the circulatory system Deposition of transthyretin can

resul t in farafithenersongisystamppariigelary paoling the(traint thgtmgeifests with| i al amyl oi d

car di onyopat ni .S em c senike. anyl oi dosi s

oo a yor s SEer eSSBS RRY AR fnieRicgm o i er m
henodi al ysi s taat membsy labse ddedéttd, 328mbBhted, @OgIbh HefetS, Balditk @hd Pr Ot €i n
constituent of the anyloid fibrils (Drueke, 1991, Mner. El ectroyte Metab.
17: 261-272: @egydipagion groblemsgnd emogend end Bekahgrel defisiencigsmbueh disesey01- 706:

30 CGorevic et,_al - Pr -Nat: ln. i 3: 7908-12: i rahama
et al., 198@,I @Lagﬁqcﬁ%%gglstﬁ.aﬂﬁrg?l%% ??5‘%%39%8 %%?lggjl% éln@\"rj’o&s% Sr?"}fi%sl ‘g‘on to
system ¢ anylboiid tissu, frdnh guljees b dethdniEatd WdhGd Bt WoPAGE vt Adyldidvent i on

rel ates particularly to neurqdegenerative di seases_ i nvol ving _ anyl oi dosi s.
The ter m " ne Y {IMALR; V¢ oSy sawples frogy brajn, espegiallydwmagibrainsgeder  of

the nervays spahlwitPEichCatbili ddhy Alif %qgf/et}g R ndt BRLvARBd S50 W LN

synptons characteristi€ o rain or nerve sfunctfon, e.g., short-termor

| ong 5 term mérpthe dsspsaionrofdedyeqian od symptons, of negridegemeratiet disease bal ance

and coordi nat.i,on glro | ens, and enotio alr and. behavi or gl dg,i ci enci es. Such
1

di seases ar &vithuuyleidosis is Bases on yicHa piasr than he Rreserae sy Arrdnie geeaits( bi opsy)

sanpl es of  Rkn@ 4% flhqRYer HbAM HUPbiBpsySsaple.demonstrat e such synptonms woul d
reveal amyloid plaque fornmation. As  biopsy sanples frombrain, especially

human brain, are 10 obtlaiarspecific tmbgdiewnt, dicédriimgltd yhef prosant invenigorsthbj ect s or
m ght not _be avail able .a

Synpt ons 13t - AEUPOCETERUP A ee s Reta! i e ISt Ui bskton
criteria ot heaphhanothBeeRPEERRAR, b dRRNIThAY BeMRTideSwedish disease
characterized by a double KM to NL mutation in amyloid precursor protein (APP)
near the amino-terminus of the BAP portion of APP (Levy et al., 1990, Science
248:1124-26). Another such disease is hereditary cerebral hemorrhage with
20 amyloidosis (HCHA or HCHWA)-Dutch type (Rozemuller ef al., 1993, Am. J.
Pathol. 142:1449-57; Roos et al., 1991, Ann. N.Y. Acad. Sci. 640:155-60;
Timmers et al., 1990, Neurosci. Lett. 118:223-6; Haan et al., 1990, Arch. Neurol.
47:965-7). Other such diseases known in 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 et al., 1992, Clin. Neuro. Neurosurg. 94:317-8; Fraser ef 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,
14



such as plaques or fibrils, in a biopsy sanple. In a specific enbodi nent,
according to the present invention the 15 neurodegenerative disease
associ at ¥® W%0B4anyl oi dosis is A zheimer's di sease (AD). PEHUSPH093

enbodi nents, the disease nay be the rare Swedi sh di sease characterized by
a double KMto NL nutation in anyloid precursor protein (APP) near the
am no-term nus of the RAP portion of et al., 1990, Science

_ . APP éLevy "
248: 1124- 26)Bioghes Hipphyse Rewi(nmpgan. .Y 9H2A édrtaad | 98 briigeham HigBhYhage wi t h

20 anyl oi dosy 0 Wﬁf (B&ﬁ}g lgoBt 1993, Am J.
Pat hol . 142?%%4@%2%6; et u%él%@g&ﬁéﬂ%h y]&llﬁgaggé’ %@iu.ler%AO: 155- 60;
Timrers et aBiophysOBes. (dennos.cli70:304t307; LéGy &28- 699Hmenet 248:1124960, Arch.
Neurol . 47:965-7). Qther_such di seases known in tg,e art and within the
scope of the present MRABAIEASPPGChE Aeurodegengralive giseasers & sWbacste spor adi ¢
cerebral anyl i i | . J i t hy,
Down' s sysﬁdréggnehg f&%a%{%?g%gﬁ?a%ﬁéﬁcﬁﬁddo ﬁ%ﬁ}gﬁ]ﬁécgﬁé%éae-g{%%%%ag?%%t omati c
anyl oi d angi digsakd)Ger{taman-Seréigssler dsaasea karuRclosnic MaBting Gisease dflennieldeer

Neur osurg. 92: 305-310; denner and Miurphy, 1989, N  Neurol. Sci. 94:1-28;
Frangi one, 108glk, kewine Weeng@zmeﬁgwephzlonaﬁyrpféﬁﬁlsr and miggotransmigsiblje ur o.

Neur osur g. 94@@3117& atthy aser et al., 1992, 30 Biochem 31:10716-23; Coria et
al ., 1988, Lab." I'nvest. 58:454-8). The actual amno acid conposition and
si ze of the (3AP i nvol Viedinstan€iaeéntivh doheadlaeseahesing nikyageaggatioas i s known
in the art (see above, and W sni ewski g_t al., 1991, 14 WO 01/50134

PCTI USOJ032698m ofpp amaidesiesisRplypepade fropyanyrnimalgandmeresprefggably.oo1 |

Bi ochem Bio - inCRIRMA i j r s i et
al ., 1990, élﬂogc¥a§1ea‘}hlﬁiqg?lggﬁys. h@%%&%&rﬂ%%@{oﬁﬁé’%%’; &E%\%rsgét? BFS o900,
Sci ence 248:digd4uidtfep pigshmicefandtrlsr aspect, the neurodegenerative di sease is

a subacute 5 spongi form encephal opat hy, such ag but not |imted to,
scrapi e, Creutzfel dt - JAk8#d herapdae terige aboytn 9R - apprexigfely” mreagsagighing g,

encephal opat oo b BBR R AR B S e S orerne

i nstant isnvemefepably stilt eithirai%sarehabstarefagpblyheitbigdi®e ght goren value.
Alternatively, the term “about” or “approximately” means that a value can fall
within a scientifically acceptable error range for that type of value, which will
depend on how qualitative a measurement can be given the available tools.

"About" or "approximately" may define a distribution around a mean value, rather

20  than a single value.

Induction of Amyvloid Formation

In general, aggregation of an amyloid polypeptide is a
concentration and time dependent event. The amyloid polypeptide is dissolved in
25  an appropriate buffer, preferably in a buffer solution having an ionic strength
comparable to physiological conditions, such as phosphate-buffered saline (PBS),
TRIS™ buffer, HEPES™ buffer, or NEUROBASAL™ medium. Aggregated
amyloid polypeptide is detected by routine methods, e.g., as described below.
An amyloid-binding dye can be contacted with the amyloid
30  polypeptide prior to aggregation or after aggregation to evaluate aggregation
form. The amyloid-specific spectroscopic probe can be provided at about the

same concentration (molar concentration) as the amyloid polypeptide, or about an
15



10 form of an anyl oi dogeni c pol ypeptide fromany animal, and nore
preferably, mammal, including humans, as well as manmal s_such as dogs,
cats, hoMQUS0¥ns  pigs, guinea pigs, mce and rats. AsPGIAFH n, the
term "about” or "approximtely" neans within 50% of a given val ue,
preferably within 20% nore preferably within 10% nore 15 preferably
still within 5% and nost preferably within 1% of a given val ue.

Al ternati vel ?F,‘iert?fgn%%‘l‘ ° greaer or 0”:&58}“5?‘?1 gt @) yhe speglrescopigsignal al ue can

fall withi nfr@msc{-ié gyH é'afnib%aiete)éte%%%ﬁ%lstsge\’yﬁeﬁle{e?@&f‘d b?réhatt lﬂ?etsié%aze of

val ue, which w |l depend on how qual itative a neasur nt can gi ven the
avai | abl e t ofsbm.the dyxbaamiplexad Witipihe polypepede/dgonepatcisfdeteetabledibeve theut i on

around a mean val.ue, rather 0 than singl e val.ue. 1nduction of Amyloid
For mat i on In“%‘éaﬁgroﬁ? ‘,mc%@?%‘@g '8‘nl}8‘f‘s"‘3ﬁ0t& %Teﬁgﬂl‘)ﬁ%%?‘?%e is a

concentraf i ofpaffhehiallp. dependent event. The anyl oid pol ypeptide is
di ssolved in 25 an appropriate buffer, preferably in a buffer sol ution
havi ng an ioni c strengdfgregetior gl Abftephysiceohtnagrionadependmht lagorsiodsuch as

hosphat e-buffered salin PBS) , Rl STM buf fer, HEPE buf fer, or
PO ASAL TS T o R P oo b e BT B SRR AB SBHECOBY by rout i ne
met hods, e. Ofiprilfs ag%&gétiemqt RS AMle nAthra Bry96id 2Rk Bl MEaYHICHN be contact ed

with the anyloid O pol ypeptide prior to aggregation or after aggregation
to eval uat e wdiynagatianon Thiefiavin-THsediliarestengre c1Hid ratespfeggragstapot probe can

be provided a bqut. t.he .same concentrati (nml. ar ncentratiorn) as the
anyl oi d pol ysé)i"bb?? %@,ln&)l}eseégzomr oﬁﬁsai'glwh@%eggjffgﬂﬁ@?/%%fﬁﬁmw cgr der of
magni t ude grgrata@preghtell BWRIylofdraydddeshtédat (a) the spectroscopic signal
fromthe dye can be detected on avail abl e spectroneters and (b) that the

signal fromthe dye clompipesiée emibiodimére, AB(lypBptissdbvedgyiedét e s detect abl e
oo e Sh ST AR o RSSO gk
concent r at i OfjegRRBRARIProPaRE] MRTALIY FonGitts ddfdrakbh bPtHe Pephidd loBndaiA! ub! e
preparations of synthetic AB slowWy form
15  coil state. The peptide film is dissolved in PBS buffer, pH 7.4, to a final
concentration of 50 uM with brief sonication, of about five to forty seconds, and
brief vortexing, for five seconds or less. This solution is then aged to permit
aggregation.
Alternatively, synthetic, HPLC-purified peptides representing the
20  first 28 (AB 1-28) and the first 40 amino acids (AB 1-40) of the 42 amino acid AR
may be obtained from Bachem (Torrance, CA). Aggregation of soluble AB 1-28
or A3 1-40 at different concentrations can be initiated by addition of 0.1 M
sodium acetate (NaOAc) at pH between 4.7 and 7.5. Quantitative aggregate
formation with sub-millimolar A concentrations may be detected using the
25  procedure of LeVine (Protein Science, 1992, 2:404-410). Briefly, fluorescence of
aggregates added to 10 uM Thioflavin-T (Aldrich)/50 mM potassium phosphate
buffer, pH 6.0, are measured upon excitation at 450+5 nm and detection of
emission at 48210 nm on a Perkin Elmer LS-50B spectrofluorimeter.
Aggregation of A} at lower (physiological) concentrations may be
30  quantitated by the method of Burdick et al. (J. Biol. Chem., 1992, 267:546-554).
Synthetic preparations of A may be diluted to 5 nM final concentration,

preferably in the presence of "seeds." After various incubation periods at 37°C,
16



fibrillar aggregates that resenble natural anyloid and are neasurabl e by
sedi nentation or Thioflavin-T-based fluorescence. The rate of aggregation
of 10 soMMPESOAB in these in vitro assays i s enhanced by XEATUSHP268F snmal |
anounts of pre-aggregated B-anyloid "seed" material. In a specific

enbodi ment, A(3(l-40) dissolved in 100% hexafl uoroi sopropanol at 200 or
400 Mis dried under a nitrogen stream Hexafl uoroisopropanol initially
converts coigiRoagation maciidnstmhay hropialuéed o a random 15 coil state. The peptide

filmis dissolved in PBS buffer .7.4, to a final oncentration of 50 M
with brief sonicati oﬁf‘g%ffg‘gﬂ’&ﬂf‘f'gﬁg"t%ﬁ?roar‘fvcgl_gf?é‘ﬁ&c{,%pﬁ‘?@m i ef _
vortexing, gfodidutifg HEFBBARCUALIGES SolublRiptepaPdtidnk 8P syrithdtRemAgedowR Per m t
aggregation. Alternatively, synthetic, HPLC-purified peptides representing
the 20 fi rlormddrillagageromyesihat resembi¢ nafural emylvidd caenapset @ABNatu)) of the 42

' i d ined f h T . i f
201 bl o 3ag 9945 5B7 ot e A PR SR i BB0n 67 b FoHES RERL | ot e by
addi tion ofbiﬁbﬁ&ngéna@dﬁw?am&ed BghthBfRenetal., Bidlphsaa.wewﬂ,-%zﬂ@d- 7.5.

Quantitative a(bggr egate, formation with sub-mlTlinolar AB concentrations may
be det ect edl29d)-ndeeugsation qfsebblparaylyt in thegers vitr aseisis sspastrskto bego2,

2:404- 410) . i eflhy, r ; 1 0 hjoflavin-T
(Al drich)/ S%ﬁ %ﬁ%p‘%o fgéitﬁ%ogﬁ%ggﬁﬁogtsboﬁ%?@ %%?%fi%ﬂﬁgr} eS%ﬁéa%lUMreglai'upon
excitation at 4505 nninaispeciic RatbodimeHtt, syatfets, IOPLEputifidd Peptidean a Perkin

El mer LS-50B spectrofluorineter. Aggregation of AB at | ower (phii;i ol ogi cal)
concent Yat i ISpEsseriag ke 3 Bamimeastd humaronypt isleé amplad polypemidedirainydin al . (J.

di Tut ed 1o B PaSpd uahd sanfi o el licte BERAT T BRI, °°

"seeds." Afdo@rfceyaich@s Batleh (Bdrrae 0@A) otBeritisul/CabotfoM€d. 0wt e
PCT/ USO0/ 32693 aggregati on reactjions may be eval uated. Aggregation of
anyl i n. Af ta8EregaedREBFIONAYity sutyRBE MM AN E H) copesntpdons iy §e dgtegiedr o

I UL R L,

15 fluorescence of aggregates added to 10 uM Thioflavin-T (Aldrich)/50 mM
potassium phosphate buffer, pH 6.0, can be measured upon excitation at 450+5
nm, and detection of emission at 482+10 nm on a Perkin Elmer LS-50B
spectrofluorimeter. Alternatively, Congo red birefringence under polarized light
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 puM 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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5 1994, 368:756-760) and are neasurable by el ectron m croscopy or by Congo
Red birefringence under pol arized light (Fraser et al., Biophys. J., 1991,
90: 1194- wiR@130134Aggr egat i on of soluble amylin in these i nPCTUSA/3RHRYS | S
expected to be enhanced by addition of small anpbunts of pre-aggregated
anylin "seed" material. In a specific enbodi nent, synthetic, HPLC purified
peptides 10 representing the 37 am no acid human or rat islet anyloid

pol ypeptide or anylin nmay Eealabtien nfAggregation Fanmar d pepti de synthetic

met hods or froma connercial source, such as Bachem (Torrance, CA) or

Peni nsul a Labor at or i énceeqinples of the anydejd=gasific sprciRssapic piobs with

sub-mllino i o j : i ocedure

of LeVine ( rol'? fgilni% %g?:rfegh@g%pkéggdl%éﬁﬁxﬁ%%h%%%ﬁ 'y’?ﬁélggf tfr{)}gf)girgcence of

aggr egat es prdpaded of citheMhéhpobfpeptidenerth¢ A elcanche) dralyzedl) althotigls firwine phosphat e

buffer,sﬁpH 6.0, c,gnéﬁe measyr ed .upon excjtatign.ﬁlt 5. _.nm and detection

of eni ssi orPUYPeREIeEIGMOsTelevptipiogmaiions fpundsyyith fargd¥ G B | yori net er .

Al ternative red birefringence under polarized |light can be used
%)\‘:ctr&g&g}p

to detect adgregation (Fraser et al., supra). Small anobunts of pre 20
formed aggregates or "nucleation seeds” may be added to the soluble anylin

and aggregation initiated, e.g.,_ Wwth 0.1 Msodiumacetate. Soluble anylin
(250 PM and 0.2 M sodi um phmw 7.5, may be incubated at
37C to generate pre- ( { ’ lipn.seed. " After
i ncubation, protein {é}g{%gg{\?g?jl %%g&%ﬁfégéeﬁ&gﬁ%ﬁggél??%gg% fgx?rse(gfgur ed and
adj ust eth Wi thb almyidi@kpeciic §pectkbitopicdrobenrith agnegattd polypeptiddge e i on of

anylin at | qwer hysi ol ogi_cal ) concentrations may = be quantitated by the
met hod of Bthoyt 200 wh tepboyt 260 gimy provegisipformation aBowshe palypeptide Synt het i ¢

prepar at | O”éon?cfmﬁﬁ%.i fh&eéd,%i'ssggﬁr&ﬁﬁaﬁ%sfdi&%ic%gﬁ?ﬁgﬁ 3kinan.  preferably

in the presence of varil ous ter various | ation periods at 30
37C, aggr egadlymaptideaHbivens, oaile beeveua lenpdradentdl dahHt/deBibAdtrE THaS00/ 32693

Spect r 050ophl AGbE PANER SecAyR: chifa e PRGN AR C b LR e
spect r ophot gpefehi&ah hygredhte sERQGES RIWER Eifferent aggregated forms have been

observed and can be evaluated.

The following table provides some information about
conformation of aggregated AB complexed with Congo red, a typical sulphonated
diazo dye, from far-UV CD spectra:

20
Table 1 - Far-UV CD Conformation Information for AR

Spectral Property Conformation Characteristic

negative extremum at 200 nm random coil conformation

red shifted negative extremum at 218 | typical B-sheet; co-aggregation with Congo
nm red

negative extremum at 225 nm twisted (-sheet

increased 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

18



properties of either the pol ypeptide or the dye can be anal yzed, although
for the 5 polypeptide, the nost relevant information is found with far-Uv
CD specWmslcdpds. Far- UV CD Spectroscopy The far-UV CD sp8CTABIGI269T ee

pol ypepti de and of conplexes of 10 the anyl oi d-specific spectroscopic
probe w th aggregated pol ypeptide, e.g., from about 200 nmto about 260
nm provide informati on about the pol ypeptide conformation. |Indeed, this
spect r um nesiggtuges ofi acdomplex efitbe dpe anchamyloit ePolpprpyide ptandcand-Oawgoer , whi | e

[ ' tal ,data h trat. t hat Al13 .adopt 13- sheet
e condary oy s Rlereh S8 aParEEeRE T StenftR e By i e Bt or emces
i N aggr egat g I kpsdirdof chmblgesoftthé H?é e pAgpsRide besrch ML iBreRURNPREN

observed and can be evaluated. The toll ow r;g t abl e provi des sone
i nf or mat i onthg byemsity @od Mvelgngth el sraximymeignabd A13 conpl exed with Congo red,

atypic sul phonat e diazo.dye,. fromfar-UV . ctra: 20 ble 1 -

Far - WV Conf or nat i g'trmhfi @8?”%% fagls- poyelhpy Figdre, tlﬁgﬁral&-?&ﬁg}ﬁt(&ﬁ%mf ormati on
Char acter Sédnjfom{aﬁgaalIdf@er@fféers%wg%xega@mﬁm&ﬂ;ﬁémrudﬁpcbng&@apé mation red
shifted negative extremum at 218 typical (3-sheet; co-aggregation with
Congo ri mtypsal swpjwnited dieo dyenfrommne@?28 VioDtspeataed ( 3- sheet i ncreased
contribution fromrandom Co-aggregation with Congo red coil conformation
Near - UV CD Spectroscopy 25 The near-UV CD spectra, e.g., fromabout 300 nm

to about 700 nNM HERRW E§edi B F J n@f ore be used to
eval uatg) different 18 V\D%l‘?gOl 4 P U@gg?@%@@g'ﬂ@??f}?{aﬁ?% of a conpl ex
y

of the and anyloid__Polvpeptide alone_and Congo red_do not prqduce an
appr eci abﬂee CD siYpestral RrepEthear - LV | egi GAnfopmationahEharacteristics
negative absorption at 580 nm Congo red complexed with pre-formed
aggregate
positive absorption maxima at 516 Congo red complexed with pre-formed
and 370 nm aggregate
positive band centered at 550 nm Congo red co-aggregated with AP
exciton coupled CD spectra complexation of Congo red with an
ordered B-sheet
CD absorption co-aggregates weaker than complexes of
pre-formed aggregates with Congo red.

UV Spectroscopy

UV spectral analysis can differentiate the absorption spectra of

15 complexes of the dye with different aggregation forms. For example, Congo red
has different UV absorption and difference spectral properties depending on
whether it is complexed with pre-aggregates or co-aggregates of polypeptide. It is
preferable to subtract the aggregated amyloid polypeptide spectra from the
complexation spectra to specifically 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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in CD spectra of conpl exes of the dye and pol ypepti de aggregates are
evident in the intensity and wavel ength of maxi numsignal. 5 The follow ng
tabl e, awowl401®s Figure 2, illustrates sone of the conf @CFAIS0BREP3

di fferences of aggregated A(3 conplexed with Congo red, a typical

sul phonat ed di azo dye, fromnear-UV CD spectra: Table 2 - Near-Uv CD
Conformation Information for AIl 10 Spectral Property Confornational

Char act er i sagainst fme fangy redashewrthaticomplaxes 8@ hyperciongio, wit ivaegsedxed with

-f or med t L1 i imaat 516 ed | exed
W th pro-1 ol RrRangou0 Sh0 iR R 8 PR R L e it oREB PR SEs0
Congo red CreagsbeBehedmpldkbs, Aohgo eerhbduid t6 PriTbatbd iR csiRtdstaadconpl exat i on

of Congo red with an ordered (3-sheet CD absorption co-aggregates weaker
t han conpl eseaggsegates shavw pegad ve gbsospfianearovnd R dw theedifferepe Spect r oscopy

| ; o di b _ . ;
corp! exes ofP bty be i ShhE SRRl P elEe AR BRE R IR RREFb R Rse o congo
red has di €Coagenrt tdits bbaat formpheriicke Prédiripnceatbaudedhit) shift Gy t i es

depending on whether it is conplexed with_pre-aggregates or co-aggregates
of pol ypept #kserptiop spectrus. ckngpeghipn of spestrgin Krgures pleg segaestifgl oi d

pol ypept i degspget hayd émeéﬁerﬁ%@ﬁ%ﬂg@gﬁtﬁg eét@felﬁift}l&%@e'o\f probe

t he absorption properties o vety, d erential dye W
absor bance spepitxa ofdionge redowithipreforniiad yghdgass tthanginnhe cahg@bgaedance of the

dye fromthe absorbance of the .dye conpl exed w th aggregated. anyl oid
pol ypeptd deéomf%%% @‘Eﬂgosrﬁgt‘f‘fl&‘é“@aﬂ‘rgpﬂgpﬂg? Eshkginsa Gisrease in lighio nmto
about 700 %xﬁfoﬁfﬂ@ﬁlmflﬁ&%ﬁlmyau@é%e@?et? @Q%ezggl&ﬂﬁd,-agﬁﬁlad' fference

¢
in 25 spectra (see, Figure 4) of conplexes o %Jongo re nyl oi d
pepti de acqenncedentlificrease in light absorption between the spectral range of 500 to

550 nm, which is due to complexation.

15 Fluorescence Spectroscopy

Fluorescence emission or excitation spectra of the dye, e.g., Congo
red, can be used to probe the aggregation form of amyloid. Fluorescence spectra
of complexes of Congo red with amyloid polypeptide are shifted 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



WO 01/50134 PCTI USOO 32693 agai nst free Congo red show that conpl exes are
hyperchrom c, wth increased absorbency around 550 nm r j to the
absorpti P U5%¥ee form Absorption spectra of both cooné?@g?{&%S%go red
bound to preformed aggregates and co-aggregates, show negative absorption
around 480 nmin the difference 5 spectrum The origin of the spectral

differences is due to the conversion of free Conqo red to its bound form
ther of or o pAUBTEESeAEE SMISSIORGRFSIIRMENSHP f4enfify paresaliie fv<ay itahsSPect r um

I nspection Qfongcpﬁéatiﬁ%é e§dn@¥ bESompleét of Blap@repHi@98sd picidtnedt he absorption
enhancenment befween 500 nm and 550 nmis greater in tﬁe case of conpl exes
of Congo r edggiegatesiwedld barndefabigr diffarcatiatingamylaid simcowesaggr egat es. 10

Conpl exation of Congo red with anyloid peptide results in a decrease in

i ght absorption around 480 nmwhich is due to the free formof the
conpound; and a concurrent ﬁlgg;eggeﬁ.gehgigoy,ggkmﬁw ption between the
spectral range of 500 to 550 nm which 1S € to conplexation. 15

Fl uor escence Spect r os Poluyizéticrosremisenopy efiflssiophores oeue dtiatd aguigpect r a of
the dye, e.qg.,, Congo _red, can be used to probe the aggregation form of
anyl oi d. Fl 359@&@@%@@&%@%&%? betyepn akosptinn andirysTerolWg- dhg1 oi d

pol ypept i de o ol @hehPis HeheHifchtul it Fare WY SLERQIIGbéed aiflictd) _
conpared to the em'ssion spectra of the free formof 20 Congo red. Em ssion
spectra of Qorgptheddetime of the @acitkeistats ofithedtnoepimire didkomwicandRel engt h of 500

nm Em ssion .maxj nmu f the c | exes of_ . Con red. ar C r at about
605 nm 1Eln‘i ?E‘P‘é‘ﬁleé8&&05658@@%5%%%%6@”%@”&%%6& o ?85}(61%& ﬁ@‘epresenge
of fresh polyyRRRL H&dHSRROISIhEerR 8REFRA] Jafark @Bk e th At BRI 820nd fo ng

excitation spectra of the free and bound forms of Congo red are also
si gni fi cant ithe dinfeheapphicationhkeirghiange iromoleaniansize aid shape bbthednfydeoich of Congo

red in both the aggregates and in.the conpl ex f pr.ef orned aggregates
2" cent or ed By R G RESEEHR SRB0E bRads s TR FRERPTENES BTReredR) § o ec
shifted relpfoklulaPsizd6f fhe@ehylsit Praitin@uege pfdéin-pf@indhicdrafioAs 8o N t he

fluorescence spectra are due to changes in the m croenvironnment of Congo

red uponS bi AegegRtios iBtheahsersedtnd prespegs afdest compaintist Meretspeaifieally,
intensity-b "f’l?eeﬁ%lﬁf'z%ﬁb'ﬁ FHEUrEme Rk Qf\erbafsé&]&{ %%%?&%ﬁ)le that small molecules are

"isotropic"; that is, they freely rotate in solution. When they are bound or

attached to a macromolecule, the rotation and tumbling movements are slower,
thereby rendering the emission anisotropic. When autofluorescent small

20 molecules are used as probes, the emission of the molecule becomes "polarized"
(Lee, Y.C., J. Biochem., 1997, 121(5):818-825) upon binding to a
macromolecule. The changes in fluorescent properties can be used in two ways.
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 increase in 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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techni ques, such as (i) fluorescence anisotropy nethods, and (ii) tine
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differentiating anyloid structures. 5 Fluorescence Anisotropy Method
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ani sotropi c. Wen autofl uorescent small 20 nol ecul es are used as probes,

t he eni &j opangseconds. nbhedenge dsedyotings olyytheniune gomplekesare yuigble for Bj ochem
1997, 121(5); 818- i pdi ; h i
( groﬁéngt Zb1dRRR wRIA bRt f pmﬁgrﬁaélg;méftglg@gb;f@gt chiagoes 1n

A [ .
fluorescent™ propertires can b A b anges in
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to determne if the nolecul ar sizes of the conplexes of the 25 protein are

di fferent. hand are usefabinglifetentietingsmaller aligemers @p tifareptide Wihinia r ect | y

| abel ed wi t%a felch‘lg{ %%ﬂ{&cfﬁzéj?ﬁés&&ﬂ ég)e JEEaL sizes of the protein in
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the two difTe ances. case, 1 n a typical experinent,
fluoresgence pol ari zak Dypicafl expesitnend MROtesRBmPIMhE oPEoARAFARE 1N the

absence of anyloid protein. The

aggregated in the presence of amyloid protein. AP peptide can be conjugated to
fluorophores such as fluorescein, rhodamine, or ruthenium using standard
coupling chemistry of succinimidyl esters and isothiocyanate groups to obtain
labeled peptide (Szmacinski et al., Biophys. Chem., 1996, 62:109-120). In an

20  initial experiment, the steady state anisotropy of the free fluorophore is
determined. The anisotropy value of the labeled peptide would be small due to
rapid tumbling motions or the molecules. Aging of the fluorescent peptide in the
presence of amyloid protein would increase the anisotropy value of the
fluorophore, due to an increase in molecular size and change in shape of the

25 amyloid protein. Since the labeled peptide is mainly used as a fluorescence
probe, its concentration would typically be about 10-fold to about 1000-fold lower
than the concentration of amyloid protein.

In a second experiment, the fluorescence anisotropy value of the

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

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



30 increase in anisotropy value of the bound formof Congo red in the
conpl exes of the co-aggregates of test conpounds relative to its free
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effects of test conpounds on pol ypepti de aggregation. In the second

i nstance, a fl uorophore-I|abel ed anyl oid peptide can be used to
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f 1 uor esdei nfluptesctant hitetimer ofrCangenedicanuts mgasyresinesangia frequepkydgmateor stry of
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determ ned. The ani sotropy val ue of the | abel ed peptide would be small due
to rapid tdmstipmgl stimes gndcondgatrafinns of thesboungdiang fise ferms dfither escent
peptide in {0 S {, | qj: DL ot e .4 Lhcr h ni sot r opy
val ue of thguglfopgérr%b%l%?%a?wa é eglfgtﬁrglg (r%%rgéga%ggpq%ﬁgﬁohﬁgléﬁﬁggpélfe?etgand change
i n shapes of livhgeuwtbnARultaiesl ArdistebtionShiifetilmbemag ibelestimpepfordied shdmai nl y
used as a fluorescence robe, its concentratioon would typically be about
10-fold to Q%B][exqcbfy@mﬁgggop%ﬁd using fluorescence imaging of the Cell. This

method of two dimensional imaging (FLIM or Fluorescence Lifetime Imaging)

provides a distribution of Congo red on a cell-by-cell basis as they pass through a
laser beam using a phase flow cytometer. The secreted and extracellular forms of

20 amyloid proteins can be identified using the FLIM method. The FLIM approach
is very useful in detecting amyloid protein secreted into the medium in cell

cultures or in tissue samples.

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 carbonyl 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
23
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: 15  to be shifted downfield compared to those at the 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



determ ne the structure of anyloid protein in the aggregates when conpl exed
with test conpounds or Congo red. The frequency of the am de | band,

repr esenWogl/s0h3 car bonyl stretching vibration of the pepPCAAISNY6I3 | s
sensitive to conformation of peptide backbone and, therefore, the
secondary structure of 30 pol ypeptide. The am de | band of the n-sheet
structures absorb at 1620 to 1640 cm-1 and weakly at a higher frequency
of 1680 to IBAbodsmAlppliCitamgethdsa mdteodsdeifson diffarentiatihg dlmydizd shdowityrpept i de
when the poypeptide is regated in the 23 WO 01/50134 PCTI USOQ' 32693
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chem cal shidbtainddf byPdpetteddsopit eneflsde. conmonl y used for structure
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regi ons show downfield shifts for the "H resonance. Helical regions on the
ot her hand show upfield shifts. On the basis of 10 data set containing 5000
anide protons and "H shifts, the maan‘gq%osi tions in helices and sheets
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important implications for screening and testing for compounds to treat diseases
or disorders associated with amyloidosis, particularly Alzheimer's disease.
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 inciude
proteins and peptide fragments, peptides, nucleic acids and oiigonucleotides,
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.
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compounds from a collection of candidate test compounds.

Although the assays are conducted in vitro to permit spectroscopic
analysis, it is possible to use an amyloid polypeptide from any source, i.e., natural
or synthetic polypeptides. For example, cerebrospinal fluid, which may contain

20 AP, can be tested. In another embodiment, blood, serum, or plasma, which may
contain one of the different amyloid polypeptides, can be tested. In a further
embodiment, the amyloid polypeptide from one or more of these sources can be
isolated and tested in a standard buffer, since body fluids, such as CSF and blood

or blood products, may interfere with obtaining clear spectra.

25
EXAMPLES
The present invention will be better understood by reference to the
following examples, which are provided by way of illustration and not by way of
limitation.
30
EXAMPLE 1: Characterization of Fibrillogenesis of Amyloid Peptide

There is continuing interest to determine the effect of small
26
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can be nodified o el YyRhredeonsh BPbdrdsEds): OltiofidVin bifitedinglotd Sbrilsad ur al
i nformati on. However, by using all of the techniques across fhe entire

rel evant spegidugen chzﬁraétsriﬂﬁslgipb_t@rcymici Msﬁcﬁlycerﬁb}fé%nlt:l}e SPRSTIE @ﬁé(ﬁ'@f‘es in the
coll ection of. Bumdnalieredtl-Bolfsinte S RENEEREEt St CAMRARIE, ol ed
a1 of 0 POl y B P o huerhes assor an
the soluble oligomeric forms of the péptiéié. 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
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or synthetic polypeptides. For exanple, cerebrospinal fluid, which my
contain 20 AR, can be tested. In another enbodi nent, bl oo r
plasma, WU, contain one of the different anyl oid p%F§§§%@$%%§, can
be tested. In a further enbodinent, the anyl oid pol ypepti de from one or
nore of these sources can be isolated and tested in a standard buffer,

since body fluids, such as F and_ bl pod _or bl oaod oducts, may interfere
Wi t h obtai ni ng BF‘Q&FH%EW% arl?)m@§ft%%epﬁ‘fi€§§90’ 2hedita2e M Thispe

better understo <8 A i | eXAOD | re
provi ded by Wayg%fa1 9?6;'@'% Esst6 rugfkip%n&eghrﬁgl Iﬂﬁeoltf fﬂlg)éyéH\%}“/ai%&gp I msﬁg%tf%ﬁgCﬁgsaEXANPLE

1: Char act er i zatommrmehtlFwithith¢ cippgesinghe flugreyteniel speept iofl thiofldhvem.e The CD

cont i nui ng interes} tofgﬁterqi ne the effect of ﬁmall .26 WD 0%/50 34
PCT/ USOQl 32693 SHGTHEELRTENE Rertidhe s SCaymed RE varius s RaiRisJo 6PTlAFItBT dogeni c

pept i des andst hgymfafibR o HeeHavii-bB@ingORadBieliaf bi¥mbhiey\aitH $hd &peadnd -
quantitative fluorescence and CD nethods were inplenented to déeterm ne the

extent of fibri bfpPshedtenntofmapepti de, in the presence and absence of Congo
red. This work shows (i) the 5 sinultaneous assessnent of the formation of
(3-pl eated sheet conformation using changes in the fluorescence of

Thioflavin T and CD spect 5??‘?’)‘{%‘;’("'&Aiffgyaﬁ-hqoqfe{e?ﬁﬁqeetﬁg e%%gﬁ{ggggfkgraﬁgmr ate of

i
aggregation of peptide; (i | Cl of "aggrega
hi ppocanmpal cel hligudts of the pestidegvere ranseedaft vhidblhisatbmaintervalis §ap @ nin@Rcurs),i v)

Mot hods. Fi Ubr c8BbAbBeLue PPoqubsy Controns LM BidhTmrpr snal sonsprrsion
e 2 o AR bigentls s RbABLERCSAGE SILAD Y ViEQTIRELND
to thioflavin i satdisitgpeditic meptide-tlaodldon dohBleplveat etasurbd bl excititidn st  f or
other (3-sheet gﬁlgsgfogluvzgvsele%[gtlfs%% 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 pL.
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
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the soluble oligoneric forns of the peptide. Free thioflavin is a weak
fluorophore wth an excitation nmaxi mumat 330 rim Upon hingding.to the
anyl oi d MO the fluorescence of thioflavin is enhanggﬁﬂlﬂo‘?%‘sg‘?’ red
shift in the excitation spectrum by 100 nm relative to the free form W
have used the increase in fluorescence 20 intensity at excitation and

em ssi on wavel engt h f 440 nm and 485 nm. respectively, tao characterize
t he aggr egaf‘ﬁ?ﬂﬂ?e @%/Eﬁt}l.owﬁ usggddo H}é’cnétPﬁFeﬁleHa]Plllfgf “‘ttﬁ%pfqﬁ?ﬁ?@é’é Af %'Bf escence of

thi of l avin g .gpgnched significantly in the presence of Congo red. In

t hese experi rre%ts, " thioflavin was conpl exed with aggregated peptide prior
to titration wth 25 ABI-@8pioREiGWasHssesedd wsmOeighitathy-ikhers EOIN ¥ fahg
decrease in fluorescence intensity is due to energy transfer of the

f 1 uor escenc&talfEd 8) wnpesampyl eliuggs. nlheselleyisrrocwiaeed miSrwelbdishessssays t hat

rely on L i gilavify @LRRSAH Sod LELY of 8 19RDRI T Roly 2L Ag8b LRy | 0 pri mary

hi
assays, Wwhi Fe 'spéctroscopi c™ as'says ul d

i dentify thendieubsequéntiysinvity 100 el of S pefmbofrhonsddgairesi The SAlsGigrsul ar
Di chroi sm Spectroscopy, nf or mat i onal chanqe of the peptide fromthe

Co
random coi | s¢egled Aea @%%Ehéﬁ?zaﬁgﬁ) gellsavield e ol yglumgef 3R0mhdsred 27 WO

01/50134 P 3 i I pt i-Gld t he
pepti de at Wé@@% Mﬂ@l@%ﬁ%ﬁ%ﬁ?f?lg@gzeﬁe@gﬁx gllrltég%uﬁseggfn% !(:)ﬁ%/aé ermne if
t he changes ahdiqiidlifieCRetaplemineaseoma . @M ghomoiine; §0 (/] pedidillit)and D@Sges i n
the fluorescence spectra of thioflavin. The .Spect of the peptide was
scanned &t v_sar)mgﬁrgepmrméclwnﬁt%er? iy @P&ﬂ@éngﬁg‘@% Skt Patn . Aftet

thi of | avi n- ?\ggﬁng.@&lr%ﬁwml Iﬁ@&ihﬁrw@é@@a@éd With We&lhnfeﬁﬁmﬁf&%ﬁg%e of

n- sheet con tion. Spectroscopic says. To determ ne the extent of
aggr egat i onpeniaillingsoestomfycinhandpfepel ibdeinesermny awithe dultresy weiecthsretftere

intervals (up.to nine .hours d diJ,uted_into PBS buffer-containing 10
Mt hi of | avi Aeinpaed faif Sotiibine ot Bred b BEpF rohh hedibme mAS PGS n ¢ he

f 1 uor escenc g3 3sYw¥RHE ddPfivé. Mon ThEsdvbRAdRS 62 M8, tHeth&ligintwRSeplhcddre
peptide-thioflavin conpl ex were neasured at excitation and em ssion

wavel end$ hs with angexidaet @B hhsuppleneatad mediym lagkieg theipenicdlint i on had
streptomycin, and fetal bovine serum. The toxicity test was initiated on the eighth
day in vitro by substituting into each well 500 pl 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 vitro 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. AP(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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equilibrated for five mnutes. Fluorescence spectral scans were nmade using
435 15 nmexcitation and 485 nm em ssi on wavel engt hs usi ng a SPEXTM

fl uor ol ogv@o1/spsct r of | uoronmeter (Instruments S. A (r), JobiPETHSIN3IZPRX,

Edi son, New Jersey). For the Congo red experinents, peptide-thioflavin
conplex was titrated with increasing concentrations of Congo red fromO0.1
to 3.5 mcronolar concentrations. The fluorescence intensity changes were
nmeasur ed at Thegeptilieakm\dissobed imbeffersp ebtaimb cmﬁtrm'rtgt 6550 MMesorfitated escence
intensities were, rrﬁasured |{J O<glat recfltg t he %%Shlde was dlluted into
PBS buf f er - BBRIORIHGTY MYERLY i 1085, en, Vertexer UrAPPEIXIABEFLY  CD
spectra mrﬁvé?%&h&@& 188, i AAECTIMisREF e RRR! 30l ¥Rk Rine dIDdfbed 425 (Jasco.
East on, Maryl an roomtenperature ih a 0.1 cmpathlength 25 cell.

Typi cal | Y, tﬂedlapmxhe decseimggmgatien, epeallcileqwai éIdSQiVednarqn@tsni thei fiolowntger val s f or
fl uorescenc re re ng sol ution.
The CD§peB’t‘& ﬁ’ﬁﬁh%@@?fé@ﬂﬁ% ‘PZ‘@@?@@%A&Z’* he‘n?‘g}l"‘u{?&eﬂ?ﬁ f%een 190- 260
M The spegdihabnd Wekldispeide® iR RhiSFIRE Astes Rt GRHE c®Rhtratio36f NeyKOt OXi ity
Assay. Peptide was aggregated according to the end points determned in
the CD and fn U ekcégereatomyaninitizighby strking platesraentinugusly imarotes! |
cultures to sess cytotoxicity of the aggregated peptide. The 28 WO

01/50134 P 0/ 32693 release of LDH was used to nonitor cell viability
in the presence of A(3 and Congo red. AP(1-40) toxicity was assessed using

ei ght day-in-vitro (DIV) rat fetal (E18) hippocanpal cultures. The cells
were culleured in 48-well dishes 5 prdesoltsly coated with 500 pl/well of 0.1
uentl ., With 100l /well of 5

ng/ M of poly-L-lysin 100 |/ wel nd,

g/ m of nouse |amni ni ner %‘ﬁ%p?éqch O\ﬁg}‘%&a"é’é@&féﬁ" FrugtetisicopCreng »itdo o

cell s/ well I f WS tainin
| XB27 suppl g%ei?{rh&g@ Fég‘% B:Eﬁ%égtcf%%%ggtlma%%mgy I égg%wh%mv?}%g ser umg

0.5 nM gl ut atrenpeh pthoterhggregutionldf ipaptiden@able®). 10 ng/ m st reptonym n, and
were initially placed in humdified 5% CQ2 in air. After vventi/four
hours, the rthledh-Jiifect ebbulferand medivmon the gaternfjagergzation e AP(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 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



penicillin, streptomycin, and fetal bovine serumand the cultures were

thereafter mintained in air containing 5% CQ2 and 9% 02. Fresh nedi um was

subst i t UMPVKRo each wel | on day five. On the seventh d&GTUFOUPRPD, the

medi um was replaced 15 with anti oxi dant free B27 suppl enented nedi um

| acking the penicillin, streptonycin, and fetal bovine serum The toxicity

test was initiated on the eighth day in vitro by substjtuting into each

vel | 500 pmnmbfTheyed sidteda) sesstym H&‘i‘e%‘%&‘iéﬂ ﬂ(%gnpﬁ%orb@ﬁw%ﬁd grSéﬁ%tnent) or

an experi olution prepared with the final (control) nedium Each
”%f}ﬁé’:hﬁeﬁ

experinmental "sol'Ution was tested on cultures 20 contained in five wells.

Toxicity was assessedhefldofecelce \eafissiordefthioflavintis quersdhad sighlfahagt i c acid

dehydrogenase (LDH, Signa 340-UV) assay. Aggregated peg_ti de _was_diluted

five-fold thy nanemalar censspEaitangof Ganee redo Thwextent of guencaingdeveledaffay s

Conpl exes 4 R : in

co- agqr sgat bR gisr EndblticH R CoRY s OGHAHBICRARAE 1P Ry IBIe P

pepti de i nonhe peide iesanmatedoThe fldbmpeanat bbpemideArphditidoReyiniveds. A13( 1- 40)

was purchased from Anaspec (San Jose, California) and its chem cal purity

was verifi yenrbed by gesper dhan enerdenqpnpagngiude RECORRP Fdo iR théequenci ng

met hods. T L¢fd t90dpine WaS HirRahNAGyinD THOWBELVAA Sopr opanol

(HFI P) sol @gﬁé t aflkéggiaﬂsgﬁlgaggrlega?i on off pelpt ?ge. Peptlggg :in HFIl P

sol vent, wabatsheoflesleszenceSiiE@nsiBy isgpuenched by, Congptredies consikighi withwas t hawed and

th I t ed under . t f ni . 29 WD 01/50134
PCTI USal) 33eBEea At e gt TRECinifT ) LR redRt PRGE o obtain a
concentration of 50 :é%gy%cf‘lséf%f‘o%rot?&ﬁ;e%'Tcgi%l‘?llt&?é tsé(d{ooAﬁ_orty seconds,

and then vortexed brie approxr nat e Ive seconds or less, to aid
di ssol ut i orCoo p&pédmisiexeBowilie pesforinied dghiregatel and i af-agdregtites amentidtes r at es of

aggregation, peptide was dissolved in one of the followi ng 5 huffers: PBS,
50 nmM HEPESTVosicity wf Meflurtegrszatqd pertide (sammbespged dor foyr howrshis te & di spensed

into mcrotjiter pl . ' g { i . L.
agor egat | oncniat Afbrs, Bhiggeul BB R oRle By Photiobbin) Bsl¥P
shaker .1510 Results

Discussion

This Example has shown that conversion of random coil to -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 peptide.

EXAMPLE 2: Spectroscopic Evaluation of Congo red-Amyloid Complexes

Amyloid peptide (AP) was aged in the absence and presence of
Congo red as described below: AB (1-40) was dissolved in 100%
25  hexafluoroisopropanol to produce a final concentration of 200 or 400pM. 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 S0uM. 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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The appearance of thioflavin-binding structures is concurrent wwth the
formation of the n-sheet conformation of the peptide. Hi ghgrmgl—#/and I oni c
strengt "W UMBI34 aggregation of peptide (Table 3). Table SCTUBPYHER of
buffer and nmedium on the rate of aggregation of Ap(1l-40) Percent
Aggregation Percent Percent Aggregation Tine, in Aggregation Aggregation

hr NEUROBASALTIM.in PBS* .in EST diumO 0.0 00 /6 51 0 4
100 100 ++at3 gnglgopcsniratian p Hgfggﬂ%ﬂedég/@?j er%?)etég/@ér i-"?l}ﬁ %ﬁ%?q seﬁ&onm
i ndi cates J@eHeqRBLES(PABfide infVRhFRAcdhdo]l BRI p&pie pidsat ihoRePpusee end point was

not reached. Percent aggregation was calculated relative to fluorescence
of t hi of | awnliguoi¢dBinge micramigr plates at a final ydwne 0& 19dsLagr walle dggregationt ar y

shaker at a_speed 50Q.rpm.in hS_20 experinment. *The relative rates of
aggr egat i oWaéﬁ%getgagl?y§gﬁg?é}ﬂ7gsta%§¢¢1rem§peed of agitation. Amyloid peptide
changessfrom a randomgCqkdrmfi®d i kRteAtloffitraliedionNas A8flot 6P YepRAd ON upon

aging in PBS for nine hours. The altered conformation has a absor ption

band wit h samplesawasaghtianm andt dibuadiie-fodd B1ta 8BEduliet sonaairedOudsoly 32693
nm The red shifted- spectr. | sl kel ue to.the forpation of tw sted
n- sheet s?l?eu@fcﬂ? O.r%aﬁlé’ﬂfwlﬂc# e final cgﬂ%‘élgrﬁﬁ?fl 8k PG 11 RGiSHPIES quenched
si gni fi cantyay 10ANM. TEROMEYrédce bR ERIBEIbAEPeRAE of FreCeHigNaviRdnd g&i&ﬂ ent of
guenching leveled off 5 at mcronolar concentrations of ngo red,

theref ore Thifflaxin eegonlexes vesse peanpechpsing @ dlupromaier, pefpisiinetanes Sat ur at ed. The
f 1 uor eﬁS“%%E%MF}ﬁB%IQ&éP OHQ:%I:J%L@ ihqwopes%e 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 TECAN™ 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 3-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 p-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 f-sheet form. The CD
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guenched by greater than one order of nagnitude by Congo red, while the
quenching effect was only 50%in the case of free thioflavin. The

obser vat Wh01/30h¥t t he fl uorescence intensity is quenched BETUSA¢R6PEd i s
consistent with co 10 |l ocalization of Congo red and thioflavin on

aggregat ed peptide. Congo red is neuroprotective to cell cultures exposed
to A(3. Congo red conplexed with prefornmed aggregates and i n co-aggregates
at t enuat es speheummfitid peptidé ageld3in tigyatrseneet efdCqneptred eor(ssewthd femsnepgtive f or f our

hours) is toxic to ronal cul.f.ures,  whil esh. peptide.is non-toxic, in
72 hour + oxPRTyS e BRUhR 380 pogulivs Plten i o208 TR e n hat
CONVer si on QdeafidnHEH RN at 25 RMSE EREly e HeMBEhMbORGHiteFPRALET ENtly with
the formati on of thioflavin-binding “oligonmeric structures of the peptide.

Congo red astthctireoThiswied-shifred CID sprstrunoofigbt pteforaiogd agitdgawyggf dgat ed pept i de.

EXAMPLE 2: S t roscopi | uati.on of ngo red-Anyl oid Conpl exes Anyloid
pepti de %A(@‘;)p?@ﬁé’vaéé@gél%ﬁ% eg%élg’f‘ﬂf@na Pg%%ﬁélengf ICong(r)rp re)c(l as el

described below A(3 frledifbestiftheBIBLURM bR RAHARDRYALL URE prsoPr opanol

to produce a final concentration of 200 or 400M I'ssolution of

pepti de, thspeswhmtaf e pepsids egidciatteeipiesernet lof Cohgo realooaggrégatesyeconds.  An
appropriate volu of the tide solution wa ansferr 1o anber vi al
e the. 2ol SISt Rnroras Babmaton bndHtalis 24¢ AP due e favt et ot i de 1 m
was i ss0l Meghdt iBBSy Bl R PiSitdhmdidna The ) sSRAGENIIANLORAT 50M The
pepti de 30 gﬁ#‘ut ilon v%%tl;sl solﬁi ggt ed for 123 secondgﬁeg% ﬁgeﬁﬁlj\?girafgxed for

about fiwe esadarddor indreagdepaributosgjoragatdsn obil fuept indke vodghregarego red, the

dye was added to peptide .31 WD 01/50134 PCT/ US00/ 32693 .at a fina
e contr att Garatore REEeasiRg habHe QLPEsRi T WA IO dOUR JLICErEPFaos  of ¢ he

pepti de (pepbhslfrelin THE Rirfd:EneO it thelCTRESkRERIF kifbawR) fdfin {18 Were VVET €
aliquoted into mcrotiter plates at a final volunme of 1 gL per well.

Aggr egat i onduenasiniindreasatie tandpmstoalidorny ip thetaoeggreg@0andmiso ® the det ermi ne t he
extent of f %ol%rrniaéiclnil % glie(r)erh agag?eg%{igxg YQfes %% tﬁehpeep g0t I de
15 The near-UV CD spectra of the peptide 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 the 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 p-sheet
conformation of peptide.
30

UV Spectral Analysis

UV spectral analysis was used to differentiate the absorption
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sanples was wthdrawmn and diluted five-fold into PBS buffer containing 10M
of the fluorophore, thioflavin T. The final concentration 1?{} %? ide in
the sanpV@dV/5Hd4 10M The fluorescence enission spectra df¢ g@%? Pof | avi n
and peptide- Thioflavin conpl exes were scanned using a fluoroneter, in this
i nstance a 10 SPEXTM f | uoroneter. The i ncrease in fluorescence of
thioflavin T at an excitatjon vel engt h  of gfe em ssi on nochromat or
at 485nn) $hsAireatibg Wﬂéompl?ﬁﬁ%?ﬁl%ﬁ greg?tﬁﬁi PEp ﬁ%’?%?éeg%?st‘ém atively, a
plate fl U068ﬁ$}1%& was al so used in sonme experinments to neasure the extent
of fibrillrzation. In these experinents, fluorescence of thioflavin T was
measured in a TECAI\H‘MgB&ea’i shdwsithe diffdrence b sifetaa afi chinfilexénaf Corgesear ch

Triangle Park, North Qarollna usi.ng an eXCItat%gr [lllter of 440 nm and an
emi ssi on ffedveth pRlypeps fmcagysed peainst 3gebpRplidesViRied the CBPISXTR #E 1% he ti ne

course of th@?‘ggt‘?ﬂ&éﬂcg@o%%#%ﬁ esranf 168 ﬁ@?tl@@ﬁﬂ Clofiflo AtarldNh ENVeEr si on of

the peptide froma ran formi he freshly prepared state to a
n- sheet fosdzmndmistaﬁcagkmgemimm;ﬂexedgwmlgapfefmmdpﬂyﬁe@tldﬂaggegamrs pr oduced

a red shif - sheet ectrum er ha due to for t|o of tw sted
(3-sheet s ’tnﬁ%f t%'éf ‘btfaéb’élroé ng %ﬁ’ééh%%%lﬂf%ﬁ} ef or med
fibrils, a&?ﬁren@@soih'aggor}ﬁﬁén ﬁﬁéﬂ%ﬁtfé@@vd’ﬂldih ﬁgﬁ‘atrtl‘i‘éjc&ﬁ lfekWidhémncent rations
of 10 g/m_ 20 gg/nL and 30 g/nL. 25 CD Anal ysis Far-UVCDspectra of the

conpl exes pﬂefmg@gg@gamshb;mrcéuomg?gﬁbga@ @dthp@p@ggn%amwd pept i d)e )
coaggregates, were sganne e 00 nmto el The

negati V& extrenum at " 2YEF ﬁh“?‘?‘%&ﬁafé‘ge%er”&ﬁ%ma@ ﬂfe CO%’EPI%EFHP rmation of the
fresh pept CQE o R4l &Q%ég?%;?@usogﬁ‘&!%ﬁd%kégﬁ&'mé‘d&ﬁféﬁ%ghﬁsﬁm{3 sheet form

The CD 32 01/ 501 /32693 spectrum of the peptide aged in the
absence of eqovajent cencentratomsoBfiearforgoned as ¢enteredsorndrdB am, sddeta and a

UCHNE T RN S S R

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
34



structures. This red-shifted CD spectrum of the preforned aggregates of the
5 peptide was not altered by conplexation with Congo red. | rast to
the CD sP&tUfSkdof preformed aggregates, the CD spectrunrg?fll%ﬁ@zﬁ tide
aged in the presence of Congo red (coaggregates) consisted of a negative
CD absorption band around 218 nmdue to folding of the peptide into a

typi cal a-sheet conformation. The CD.spectrum al so provided 10 evjidence for
i ncreased cHAStSERSH bR g‘%f‘lr‘iﬂ'ilf‘?rﬁﬁﬁ‘HS%Og i{)) Pﬁ# BFPﬁHUﬁlet hﬁ‘%‘iﬂ’&ﬁﬂ?@@‘ﬁflﬁgf

therefore %g%gé%ﬂdr@o%ga%%ﬁmeME&ga%qgvsa&a%&eWWM@.@ dawn in the

presence of ngo red. The differences in"the CD spectra of the two forns

of pepti de respeetivedyieThodifferineey indbefluprescendomtensitiesfapd pmissionhe coaggr egat es
and also to th forngti on of altered regation states of th eptide. 15
The near - Unvesiastisof espaggrsederaideEinst agesers ollvet VBefien 700- 300
nm Thi s I egiQteladivil affdibnded irﬂﬂhfefhgg%hblﬁkictjﬁef tREHIGAMARitE LR the 6P| exes.

Peptide alone in buffer and free ngo red did not produce an appreciable
CD si gnal iinstatves.near- UV region. The differences in the CD spectra of the
coaggregates and the preforned aggregates were evident in the intensity 20
and the wavel engt h of maxi mum absorption; the CD spectrum of the
coaggregates was weaker than the Ghs&R&fola’ UM of the pre-forned aggregates
(Figure 2; see, Table 2). The CD spectrum of pre-aggregated conpl exes of
peptide with Congo rHit specisossopd resultn dgmtibed inathssde e sliwsB8t nm and a

positive absorption pband at 16 nm, .The.intensity of the hands was
pr oportiooné!fnﬁlﬁldtlﬂlé‘bﬁﬁﬁﬁééai ?Sa(??llﬁﬁ’ 16 forn @‘ﬁgn‘éﬁﬁﬂpé%‘(?%wt?’ﬁ@% spect rum of

coaggr egat Pﬁ@é‘. SHVi e tht cBmPRRES AtkRuR@REE nGRGORICRY ofthefptiBdNthd he

differences in the spectra of the conplexes are dué to the formation of
di fferent oneditadxa¢ dhthest aubetgness nGedsgo be adsesFdacexrdingda thodistasd CD  spectra

conf or mat | HREST HEREIRS eSS TR ey e BB P narysi  was
used to di ffRheatd @t eotifiey abaehpire@ited peptid) 01/ 50134 PCT/ US00/ 32693
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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spectra of the two conpl exes of pre-aggregated peptide and coaggregates
with Congo red. Figure 3 shows the difference in spectra_of conplexes of
Congo r®® Wi50K4pol ypept i de neasured agai nst aged pepti dePCWHEME2A% he
conplexes are in 5 the first instance coaggregates of anyloid peptide with
Congo red and, in the second instance, Congo red conplexed wth a preforned
pol ypepti de aggregate. ., Since the total concentration of Congo red is the

sane in bofpddigsgpRs@s intended tofalt withindhe sqope 9b thsrappeRfdedi liimsi ti es woul d

suggest that the conpliex md Be ﬁ%ﬁ&&’&dﬁgﬁ]ﬁﬂws@%&%g of !?‘rglh‘épa%{&%e%m ¢

relative to the coaggregate. 1 re ows the di rence i1 n spectra of
t he conpl exgsdaldnoldcangveighl or a@lRQBr aGEs ealuew) drepapptaxinmetd, aghiregat e nmeasur ed
agai nst an equival ent concentration of free Congo red is centered around
480 nm whiPreideddor deseBPin-on maxi ma of the conplexed forms are shifted to
slightly higher wavel : .| e -t J LnEH.gure 4
center e%; around 480 %‘r%ﬁl‘%éﬁg’ ptagegr?%ébgggﬁé \éép]?g&géﬁgé%%ﬁ&o {ré(ralngCongo red
because of chédhlireig at©heratyy micdrpopaéd/erférdece iBitheit entirgtiesa positi ve
absorption peak centered around 530 nm especially in the case of Congo
red conplex with preforned aggregate, is due to a change in the absorption
property of Congo red upon conpl exation. This conplex has an absorption
maxi num centered at 530 nm while the absorption 20 maxi mrum of the
coaggregate reaches a maxi nrumat 530 nm and retains the absorption
property beyond 530 nm The absorption spectra of the coaggregate and the
preformed conpl exes therefore differentiate the intrinsic absorption
properties of Congo red in the coaggregates and the preforned conpl exes
from the free state. The differences in the absorption spectra are due to
changes in the 25 environnent of the peptide-bound state of Congo red
relative to the unconpl exed state. Such spectral changes in Congo red are
| i kely 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 solution. Congo red was added to freshly diluted fibrillar
pepti de and the fluorescence spectrum
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34 WO 01/50134 PCT/ US00/ 32693 was scanned at a final concentration of 10 M

of peptide. The concentrations of peptide and Congo red
f1 uor esc Bty 3?§ay were 10 pMand 8.6 pM respectively. Th@@?&qﬁglﬁ%’?'nces in

the fluorescence intensities and em ssion wavel engths of the coaggregates
and preforned aggregate-conpl exes, were due 5 to the relative differences
in the hydrophobicity of the binding sites in the two instances.

Di scussion The spectroscopic results described in this Exanple shows that
10 anyloid inhibitors such as Congo red formdistinct conplexes with

anyl oid peptide. Wiile these conpl exes attenuate the neurotoxicity of the
peptide, the nedical use of these substances needs to be assessed

accordi ng tWHAE INiGHeABMEDsESige. The results descri bed have shown t hat
Congo red binds and therefore attenuates the toxicity of the aggregated
peptide. 15 Wiile Congo red does not conpletely inhibit conversion of the

random coi | form of ptid above
have shown t hat Congl(e; redﬁnﬁe‘?}%&{@ggg&gﬁﬁlﬁrﬁ%{%dl a?ghgg%fggg%'gderg&gorm of
anyl oi d  peptdntioidlpolipeptidds, Svlﬁ&alﬁ‘lethbddumpnmaimnefaftlﬁgTaSpEt&ﬂﬂcmp)c be carefully
assessed for in wvitro activity |n imer's dise gﬁprmdels tqQ_ determ ne

if such sud%f?@ﬁﬁb’ésf AGoMPIeK pfeansapy A §P§F SPETTASHIAP |°8m3FteB|”8Bhyl actic
action. eth§ nggl?feo'i({l)ﬁﬁl?gépﬁlde rﬁ"ﬁﬁ%}%ﬁdﬁﬁgggiggggnﬁ%g%r@%ﬁoﬁ%fﬂéed to identify

and differen I'tors o any nesi s and to determ ne the
nol ecul ar rpmjf;&ptléenwuh aqnedanammﬂed @ﬁtt’rosaglgcegmertgmﬂarchhipﬂmfsthe hat woul d be

advanced as ti-Al zhei ner' ent i n u vel ro as well
as ot her Pﬁda‘ipe?lgﬁ |SB‘?CLI’E9F%OP 1 PIose 5%@@ g‘ggerpio nggté‘%e@s

associ at ed Mok @hfehmatlbseases or di sor ders The present invention is not
to be Ilmteg in scope by the specific 30 enbodi ments described herein.

| ndeed, various nodifications of the invention in addition to those
descri bed herein will_becone ap@grent 0 those | ed |n th 3rt fromthe

f oregoi ng descriptiord-and tRemshed e ‘lnﬁéof’ﬁ{:}ﬁr eWherifpthe gmyloi

specific spectroscopic probe is an amyloid-binding dye.

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

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

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

diazo dye is Congo red.

5. The method 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 (AP) 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.

37



WO 01/50134 PCTI USOO 32693 nodifications are intended to fall within the
scope of the appended clains. It is further to be understood that all base
sizes or veoonsoiaci d si zes, and all nol ecul ar wei ght or nMPACTAURGB26IRSS

val ues, are approxinmate, and are provided for description. 5 All patents,
pat ent applications, publications, and other materials cited herein are
hereby incorporated by reference in their entireties. 36 WO 01/50134

PCTI USOQ 32693 WHAT IS CLAIMED IS: 1. A nmethod for determ ning an
aggregation conformati on of an arryl oi d pol ypeptide, which nethod conprises

correlating a spectraqscopi f onpl.ex, of . an anyl oi d-specific
spect roscopi ¢ probe g%nt acﬁ'&fgﬁggﬁ %loﬁ‘ﬁ ﬁﬁ%gl IIE pWPVﬁH’p%Fde under

condi tions g, ea;os@@;ﬁer?iopeﬂﬁe a&aévamtéafusi eapqltfwaﬂéﬂ(dw Wifclilag Predet er ni ned
spectroscopi c property of a conplex of t anyl oi d- speC|f|c spectroscopi c

probe wit h diglyesgai(dd) Saﬁﬁgitqsi?@pymftb@élﬁph@@t@fdlam»m conformation. 2. The
nmet hod according to claim1, wherein the anyl oid- specific spectroscopic
probe is an anyl oi d-bi ndi ng dye. 3. The nethod according to claim 2,

wherein the anyl oi d- @i nd"ﬂﬂ:rﬁé‘tﬁoﬂﬁc&r&lﬂ%@@aﬁﬁﬂ?gwﬂéﬁﬁ‘ﬁthgye or an anal og
thereof. 4. The method according to claim3, wherein e sul phonated diazo

dye i s Congpestaxicoric pfﬁpertweatmjfamamdrldmgyltr,@violea(hfvlspewtrescexpy t he anyl oi d-
speci fic spectroscopic probe is a fluorophore-I|abel ed peptide. 6. The
nmet hod according to claim1, wherein the anyloid polypeptide is f -anyloid

(A(3) peptide 7. The j thoﬂle%&ﬂpéi’%@&&lﬁg%a'a%r_w [§hd the

spectroscopi ¢ propert| es are eva uate raviolet (UV) circular
di chr oi sm (spBtraspait papeniey acf eviahateansing ﬂhq:reﬂcymmplecteoscaﬁy

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

polypeptide is aggregated in a fibrillar form.

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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WO 01/50134 PCTI USOCO 32693 8. The nethod according to claim11, wherein the
spectroscopi c properties are evaluated using near-ultraviolet (UV) circular
di chr oi sSWO(#134¢pect r oscopy of the sul phonated di azo dye. Pe/UME2RE: hod
according to claim1l, wherein the spectroscopic properties are eval uated
using ultraviolet (UV) spectroscopy. 10. The method according to claim1,
wherein the spectroscopi c properties are eval uated using fluorescence
spectroscopy. 11. The method according to claim1, wherein the anyloid

pol ypeptide is aggregated in a fibrillar form 12. The nethod according to
claim1l1, wherein theanyl g i | Qi 1 the

anyl oi d-specific specl'?'r os?gginéagéyo%%g}d@%t.d %al%eg%%g%{e?%rﬁqgﬂ%ﬁggoimng an effect
of a test speuificisptcooscapiglppolt is chaggregatet] with thegmeyloid, podypeptideggr egat i on,

whi ch net hod conprises correlating a spectroscopic property of (a) a
conpl ex of an anyl oi d-specific spectroscopic probe and an aggregated

anyl oi d pol ypept i de qant aggdydhidladboldiif o AREPPUVANH thAmMoldt 3~
pr edet er mi ned spectroscopic proper?y 0 conpl eX o the anyl ol d-specific
spect r oscopperifi¢ spretrostopiceralisiennenyloitidsndingdpound, wherein a difference
in the spectroscopic properties indicates that the test conmpound has an
effect on anyloid formation or stability. 14. The nethod according to claim

oreformed amyiord polpepti ere il REckdin (EBh Gy 76 MR F RIS So60s”
15. The nmetffing@eisdisilphbaated aiand &e omdiearaloy thbonyl oi d speci fic

spectroscopi c probe is coaggregated with the anyl oid pol ypeptide. 16. The
nmet hod according to claim 13, wherein the anyl oid- specific spectroscopic

be i | oi d- hindi ng d 7. T hod di | ai m 186,
herein the amyi o d 8 nai o faod el BrOREE L5 HRER W or an anal og

t her eof . sulphonated diazo dye is Congo red.

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.

39



18. The method according to claim17, wherein the sul phonated diazo dye is
Congo red. 19. The nethod according to claim15, wherein the anyl oid-

speci f i cwap@c0tB@scopi ¢ probe is a fluorophore-|abel ed pepPCHAISORBR69IThe

met hod according to claim 10, wherein the anmyloid polypeptide is
(3-anyloid (AR) peptide. 21. The method according to claim 13, wherein the
spectroscopi c properties are evaluated using far-ultraviolet (UV) circular
di chroi sm (CD) spectroscopy of the anyloid pol ypeptide. 22. The net hod
according to claim 13, wherein the spectroscopic properties are eval uated

usi ng near-ultraviolet, ( circul ar ichraqis spectroscopy of the
sul phonat ed di azo dyg.4' Zg??hfﬁgetﬁ%(i ﬁ%&rﬂ%g}‘g?%nﬁé’cvaérggﬁﬁel& wherein the
Spect r 0SCORpectPEQRPR properties BreevahiRtiedingFiuddesebidedpb@Rtordy)V) spectroscopy.
39 WD 01/50134 PCI/US00/ 32693 24. The nethod according to claim 13,

wherein the spectroscopic properties are eval uated using fluorescence
spectroscopy. 25. The nmethod according to claim 13, wherein the anyloid
pol ypeptide is aggregated in a fibrillar form 40

25.  The method according to claim 13, wherein the amyloid

polypeptide is aggregated in a fibrillar form.
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