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FLUORESCENT AMYLOID ABETA PEPTIDES AND 
USES THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 10/455,218, ?led Jun. 5, 2003, Which is a divisional 
of US. application Ser. No. 09/133,866, ?led Aug. 13, 1998, 
Which claims the bene?t of provisional application 60/055, 
660 ?led on Aug. 14, 1997. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0002] This invention Was made With Government support 
under Grant No. NS31230, aWarded by the National Insti 
tutes of Health. The Government has certain rights in this 
invention. 

BACKGROUND OF THE INVENTION 

[0003] In general, the invention features ?uorescent AB 
peptides and methods for their use. 

[0004] The extracellular deposition of [3-amyloid in senile 
plaques is one of the neuropathological hallmarks of AlZhe 
imer disease The major constitutive component of 
amyloid plaques is the AB peptide, a 39 to 43 residue 
polypeptide (Selkoe et al., (1986) J. Nearochem. 46:1820 
1834) that is proteolytically derived from the amyloid pre 
cursor protein (APP), a much larger type I transmembrane 
protein. AB is folded into the [3-sheet structure that is 
characteristic of amyloid ?brils. 

[0005] Amyloid plaque formation likely involves tWo 
basic steps: the initial formation of a seeding aggregate that 
establishes the amyloid ?bril lattice (Kirschner et al., (1987) 
Proc. Natl. Acad. Sci. USA 84:6953-6957), folloWed by the 
elongation of the ?bril by the sequential addition of subunits 
(Maggio et al., (1992) Proc. Natl. Acad. Sci. USA 89:5462 
5466). Some of the key parameters that promote the assem 
bly of amyloid ?bril include high peptide concentration, 
long incubation time, loW pH (pH 5-6) (BarroW et al., (1991) 
Science 253:179-182; Burdick et al., (1992) J. Biol. Chem. 
267:546-554; and Fraser et al., (1991) Biophys. J. 60:1190 
1201), solvent composition (Shen and Murphy, (1995) Bio 
phisical J. 69:640-651), and salt concentration (Hilbich et 
al., (1991) J. Mol. Biol. 218:149-163). Assembly of AB into 
the ?brils may also be promoted by molecules that interact 
with A6 and increase its rate of aggregation in vitro includ 
ing ApoE (Strittmatter et al., (1993) Proc. Natl. Acad. Sci. 
USA 90:8098-8102; and WisnieWski and Frangione, (1992) 
Neurosci. Lett. 135:235-238), ot1-antichymotrypsin (Abra 
ham et al., (1988) Cell 52:487-501), complement C1q (Rog 
ers et al., (1992) Proc. Natl. Acad. Sci. USA. 89:10016 
10020), heparin sulfate proteoglycan (SnoW et al., (1988) 
Am. J. Pathol. 133:456-463), and Zinc ions (Bush et al., 
(1994) J. Biol. Chem. 269:2152-12158; and Bush et al., 
(1994) Science 265:1464-1467). 
[0006] Although many of the parameters in?uencing ?bril 
assembly have been elucidated, relatively little is knoWn 
about the structure of soluble AB. Gel ?ltration analysis of 
AB in solution reveals the presence of multiple, discrete 
structures that have variously been interpreted as monomer, 
dimer, trimer, and higher order aggregates (BarroW et al., 
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(1992) J. Mol. Biol. 225:1075-1093; Bush et al., (1994) J. 
Biol. Chem. 269:2152-12158; Hilbich et al., (1991) J. Mol. 
Biol. 218:149-163; Soreghan et al., (1994) J. Biol. Chem. 
269:28551-28554; and Zagorski and BarroW, (1992) Bio 
chemistry 31:5621-5631). The oligomeric structure depends 
on the concentration of the peptide, time of incubation, and 
the length of its carboXyl terminus (Soreghan et al., (1994) 
J. Biol. Chem. 269:28551-28554). 

SUMMARY OF THE INVENTION 

[0007] In general, the invention features a composition 
that includes an aggregating amyloid AB peptide to Which is 
covalently bonded a ?uorescent label. In one preferred 
embodiment, the ?uorescent label is covalently bonded to a 
cysteine amino acid. The invention also features a method 
for generating such a preferred aggregating amyloid AB 
peptide. The method involves (a) generating an amyloid AB 
peptide including a cysteine amino acid substitution; (b) 
covalently bonding a ?uorescent label to the peptide at the 
cysteine amino acid; and (c) determining Whether the pep 
tide is capable of aggregating With another AB peptide. 

[0008] In other preferred embodiments, the Wild type 
amyloid AB peptide is a human AB peptide; the amyloid AB 
peptide has the amino acid sequence of SEQ ID NO: 1 or 
SEQ ID NO: 2; the cysteine amino acid of the peptide 
replaces an amino acid in a Wild type AB peptide and, for 
eXample, replaces an internal amino acid or a hydrophobic 
amino acid of the peptide. Preferred aggregating AB peptides 
include, Without limitation, those having the sequence of 
SEQ ID NO: 1 or SEQ ID NO: 2, eXcept that a cysteine 
replaces either a phenylalanine at position 4, an aspartic acid 
at position 7, a glycine at position 25, or a leucine at position 
34. Preferred ?uorescent labels include any thiol-reactive 
?uorescent dyes (for eXample, 1,5-IEDANS or ?uorescein) 
or any of the light-emitting moieties chosen from the group 
consisting of Bodipy, FTC, TeXas Red, phycoerythrin, 
rhodamine, carboXytetramethylrhodamine, DAPI, an 
indopyras dye, Cascade Blue, Oregon Green, eosin, eryth 
rosin, pyridyloXaZole, benZoXadiaZole, aminonapthalene, 
pyrene, maleimide, a coumarin, NBD, Lucifer YelloW, pro 
pidium iodide, a porphyrin, CY3, CY 5 , CYQ, a lanthanide 
cryptate, a lanthanide chelate, or a derivative or analog 
thereof. 

[0009] The aggregating AB peptides of the invention are 
useful in methods for detecting or monitoring AB produc 
tion, accumulation, aggregation, or disaggregation. One 
particular method for the detection of an amyloid aggregate 
(for eXample, an amyloid plaque) involves (a) contacting the 
sample With an aggregating amyloid AB peptide to Which is 
covalently bonded a ?uorescent label; and (b) detecting the 
?uorescent label in association With the sample as an indi 
cation of an amyloid aggregate. 

[0010] In preferred embodiments, this method is carried 
out to diagnose AlZheimer’s disease or a predisposition 
thereto; the ?uorescent label is covalently bonded to a 
cysteine amino acid; the cysteine amino acid replaces an 
amino acid in a Wild type AB peptide; the cysteine amino 
acid replaces a hydrophobic amino acid or an internal amino 
acid in a Wild type amyloid AB peptide; the aggregating AB 
peptide is chosen, Without limitation, from peptides having 
the sequence of SEQ ID NO: 1 or SEQ ID NO: 2, eXcept that 
a cysteine replaces either a phenylalanine at position 4, an 
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aspartic acid at position 7, a glycine at position 25, or a 
leucine at position 34; and the ?uorescent label is a thiol 
reactive ?uorescent dye (for example, 1,5-IEDANS or ?uo 
rescein) or is chosen from the light-emitting moieties, 
Bodipy, FTC, Texas Red, phycoerythrin, rhodamine, car 
boxytetramethylrhodamine, DAPI, an indopyras dye, Cas 
cade Blue, Oregon Green, eosin, erythrosin, pyridyloxaZole, 
benZoxadiaZole, aminonapthalene, pyrene, maleimide, a 
coumarin, NBD, Lucifer YelloW, propidium iodide, a por 
phyrin, CY3, CYS, CY9, a lanthanide cryptate, a lanthanide 
chelate, or a derivative or analog thereof. 

[0011] The aggregating AB peptides of the invention also 
?nd use in screens for identifying compounds capable of 
affecting the aggregation of AB amyloid peptide. One par 
ticular method involves (a) providing a sample of AB 
amyloid peptide; (b) contacting the sample With an 
aggregating amyloid AB peptide to Which is covalently 
bonded a ?uorescent label; and (ii) a candidate compound; 
and (c) measuring association of the ?uorescent label With 
the sample, a change in the level of ?uorescent label found 
in association With the sample relative to a control sample 
lacking the candidate compound being an indication that the 
compound is capable of affecting AB amyloid peptide aggre 
gation. In a preferred embodiment of this method, the 
sample includes unlabeled AB amyloid peptide bound to a 
solid support, and the aggregation is measured by associa 
tion of the ?uorescent label With the solid support. 

[0012] The invention also includes a second exemplary 
method for identifying a compound capable of affecting the 
aggregation of AB amyloid peptide. This method involves 
(a) providing a sample of an aggregating amyloid AB 
peptide to Which is covalently bonded a ?uorescent label; (b) 
contacting the sample With a candidate compound; and (c) 
measuring the ability of the peptide to aggregate, a change 
in the amount of aggregated peptide in the presence of the 
candidate compound relative to a sample lacking the com 
pound being an indication that the compound is capable of 
affecting AB amyloid peptide aggregation. 

[0013] In preferred embodiments of both of the above 
screening methods, the ?uorescent label is covalently 
bonded to a cysteine amino acid; the cysteine amino acid 
replaces an amino acid in a Wild type AB peptide; the 
cysteine amino acid replaces a hydrophobic amino acid or an 
internal amino acid in a Wild type amyloid AB peptide; the 
aggregating AB peptide is chosen, Without limitation, from 
peptides having the sequence of SEQ ID NO: 1 or SEQ ID 
NO: 2, except that a cysteine replaces either a phenylalanine 
at position 4, an aspartic acid at position 7, a glycine at 
position 25, or a leucine at position 34; the ?uorescent label 
is a thiol-reactive ?uorescent dye (for example, 1,5 
IEDANS or ?uorescein) or is chosen from the group of 
light-emitting moieties consisting of Bodipy, FTC, Texas 
Red, phycoerythrin, rhodamine, carboxytetramethyl 
rhodamine, DAPI, an indopyras dye, Cascade Blue, Oregon 
Green, eosin, erythrosin, pyridyloxaZole, benZoxadiaZole, 
aminonapthalene, pyrene, maleimide, a coumarin, NBD, 
Lucifer YelloW, propidium iodide, a porphyrin, CY3, CYS, 
CY9, a lanthanide cryptate, a lanthanide chelate, or a deriva 
tive or analog thereof; and aggregation is measured by 
centrifugation, gel ?ltration, or ?uorescence resonance 
energy transfer (FRET) analysis. 
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[0014] As used herein, by an “amyloid AB peptide” is 
meant any P-amyloid peptide or fragment thereof Which 
aggregates under physiological conditions (for example, as 
tested herein). 

[0015] By a “Wild type” AB peptide is meant any naturally 
occurring P-amyloid peptide. 

[0016] By an “aggregating” amyloid AB peptide is meant 
that, under physiological conditions, the peptide (Which is 
?uorescently labeled) exhibits at least 70%, preferably at 
least 80%, more preferably at least 90%, and most prefer 
ably at least 95% of the aggregate formation exhibited by a 
corresponding unlabeled peptide under identical conditions. 

[0017] By an “internal amino acid” is meant any amino 
acid of a peptide except the amino-terminal or carboxy 
terminal residues. 

[0018] The present invention provides a number of advan 
tages. Most notably, because the peptides described herein 
represent the ?rst examples of ?uorescently labeled AB 
peptides that exhibit Wild type aggregation properties, this 
invention enables any number of diagnostic techniques that 
appropriately monitor amyloid aggregation or disaggrega 
tion. In addition, also because of the peptides’ Wild type 
aggregation characteristics, the invention enables, for the 
?rst time, screening techniques using biologically relevant 
?uorescent AB peptides for the discovery of compounds that 
affect amyloid peptide aggregation. Such compounds pro 
vide important candidate therapeutics, for example, for the 
treatment or amelioration of AlZheimer’s disease or its 

symptoms. 

[0019] Other features and advantages of the claimed 
invention Will be apparent from the folloWing detailed 
description thereof, and from the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The draWings Will ?rst brie?y be described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a bar graph illustrating the aggregation 
properties of ?uorescent derivatives of AB. The aggregation 
properties of the ?uorescent derivatives Were compared With 
Wild type AB under physiological conditions Where the Wild 
type peptide Was largely soluble (i.e., Tris buffered saline at 
pH 7.4) and under tWo additional conditions knoWn to 
promote ?brilliZation: pH 5.0 and at pH 7.4 in the presence 
of 70 pM Zn++ (as described beloW). The samples Were 
centrifugated after a 48 hour incubation. The amount of 
sedimentable Wild type peptide Was determined by scintil 
lation counting, and the amount of sedimentable ?uorescent 
peptide Was determined by ?uorescence intensity. 

[0022] FIGS. 2A-2B are graphs illustrating gel ?ltration 
analyses of ?uorescent AB. In FIG. 2A, chromatogram “a” 
shoWs the elution pro?le of Wild type AB as detected by 
absorbance at 280 nm. Chromatograms “b” and “c” shoW the 
elution of A[3C25-AEDANS and A[3C7-FM, respectively, as 
detected by ?uorescence at 482 nm and 520 nm, respec 
tively. The peptides Were dissolved in DMSO for 30 minutes 
and then ten fold diluted in buffer A at a ?nal protein 
concentration of 5-10 pM. A 200 pl aliquot Was loaded onto 
a Superdex 75HR 10/30 column and eluted at a rate of 0.4 
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rnl/rnin. The inset in the upper left corner shows the cali 
bration curve for the column using a series of peptide and 
protein standards as described below. FIG. 2B shoWs the 
elution pro?le of 2.0 nM A[314C AB run under the same 
conditions above and detected by scintillation counting. 

[0023] FIG. 3 is a graph illustrating the unfolding of AB 
measured by tyrosine ?uorescence and 1,5-IAEDANS ?uo 
rescence. Equilibriurn unfolding curves were monitored by 
measuring the intrinsic tyrosine ?uorescence at 308 nrn on 
excitation at 280 nrn of Wild type AB (solid squares) and 
ABC25-AEDANS ?uorescence at excitation 346 nrn (solid 
circles). The protein concentration Was 5-10 pM of AB. 

[0024] FIGS. 4A and 4B are graphs illustrating the rena 
turation of AB measured by tyrosine ?uorescence and 
AEDANS ?uorescence. The emission spectra of either pep 
tide freshly dissolved in buffer A (-'-'-), peptide dissolved in 
100% DMSO (-----), or peptide dissolved in 100% DMSO 
and then diluted 10-fold in buffer A ("'") are shoWn. The 
Wild type peptide is presented in FIG. 4A, and A[3C25 
AEDANS is presented in FIG. 4B. Ernission spectra Were 
recorded from 290 to 400 nrn With an excitation at 280 nrn 
for tyrosine ?uorescence and 356 to 600 nrn With an exci 
tation at 336 nrn for ABC25-AEDANS. 

[0025] FIGS. 5A-5C are graphs illustrating the associa 
tion of AEDANS-labeled and FM-labeled AB in dilute 
aqueous solution as determined by FRET. FIG. 5A shoWs an 
emission spectrum of an equal rnolar amount of A[3C25 
AEDANS (donor) and A[3C7-FM (acceptor) mixed in 
DMSO and then diluted 10-fold in Buffer A ('"'). The ?nal 
protein concentration Was 3 pM. The control spectrurn (-----) 
corresponds to the mathematical sum of the folloWing 
control samples: an equal rnolar mixture of A[3C25 
AEDANS and AB and an equal rnolar mixture of A[3C7-FM 
and AB. Ef?cient FRET is evident by the quenching of the 
donor and an increased emission of the acceptor. FIG. 5B 
shoWs the emission spectrum for the other donor-acceptor 
pair, ABC34-AEDANS and A[3C4-FM. FIG. 5C shoWs the 
emission spectrum of the mixture of ABC25-AEDANS, 
AB C7-FM plus a 10-fold molar excess of Wild type AB (----). 
The control spectrurn (----) corresponds to the arithrnetical 
sum of the controls for donor alone and acceptor alone in the 
presence of 10 fold excess of Wild type peptide. The addition 
of an excess of unlabeled AB abolished the FRET betWeen 

ABC25-AEDANS and A[3C7-FM. 

[0026] FIGS. 6A-6D are graphs illustrating the associa 
tion of A[3-A[3Y10W in dilute aqueous solution as deter 
mined by FRET. The association of AB and A[3Y10W in 
10% DMSO in Buffer A is shoWn in FIGS. 6A and 6B, and 
the association of these same peptides in 2% DMSO in 
Buffer A is shoWn in FIGS. 6C and 6D. FIGS. 6A and 6C 
represent the steady-state ernission data, and FIGS. 6B and 
6D represent the corresponding deconvoluted spectra. The 
traces correspond to the emission spectra of the mixture of 
AB and A[3Y10W (spectrum 1), and the folloWing controls: 
donor AB alone (spectrum 2) and acceptor A[3Y10W alone 
(BarroW et al., (1991) Science 253:179-182). Spectrum 4 
represents the mathematical sum of spectra 2 and 3. Spec 
trurn 5 represents the deconvoluted emission spectra of the 
acceptor in the mixture and is obtained by multiplying 
spectrum 3 by the factor (FDA/FA), Where FDA is the emis 
sion of the acceptor in the mixture and EA is the emission of 
the acceptor alone. Spectrum 6 is the deconvoluted ernission 
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spectrum of the donor in the mixture and is obtained by 
subtraction of spectrum 5 from spectrum 1. The A6 con 
centration Was 10 pM. The association of AB and A[3Y10W 
is more readily evident in the deconvoluted spectra in FIGS. 
6B and 6D, as indicated by the quenching of the donor 
tyrosine and an increase in the emission of the acceptor 
tryptophan. 
[0027] Described beloW are exemplary arnyloid AB pep 
tides according to the invention. These peptides are ?uores 
cently labeled and exhibit the aggregation properties of Wild 
type AB peptides. Because of these properties, the peptides 
described herein ?nd use in diagnostic methods for AlZhe 
irner’s disease that involve detection of arnyloid plaques by 
aggregation With the ?uorescent AB peptides described 
herein. The ability of these peptides to aggregate in a fashion 
similar to Wild type AB also enables the design of assays to 
screen for compounds capable of disrupting ?uorescent A6 
or ?uorescent AB-Wild type AB aggregates. Finally, the 
?uorescent AB peptides described herein may be used as 
detection reagents in any standard ?uorescence anisotropy 
or ?uorescence polariZation technique. 

[0028] The following examples are provided for the pur 
pose of illustrating the invention, and should not be con 
strued as limiting. 

EXAMPLE 1 

Synthesis and Characterization of Fluorescent AB 
Peptides 

[0029] The A6 peptides of the invention Were chemically 
synthesized, ?uorescently labeled, and characteriZed as fol 
loWs. 

[0030] Synthesis and Aggregation Properties of Fluores 
cent AB Peptides 

[0031] Aseries of AB variants containing a single cysteine 
substitution Were chemically synthesized as described 
beloW. Cysteine Was chosen because of its unique chemical 
reactivity and its absence in the Wild type AB sequence (SEQ 
ID NO: 1). Initially, a series of cysteine substitutions Were 
synthesiZed by replacing every third residue because the 
cysteine side chain Was expected to alternate on opposite 
sides of the strand in a beta sheet structure. The cysteine 
containing probe peptides Were covalently labeled With a 
variety of extrinsic ?uorescent probes. Mass spectrometry 
con?rrned the expected mass of the ?nal product, and the 
absence of the precursor peptide indicated that the labeling 
reaction was complete. A peptide containing tryptophan 
instead of tyrosine at position 10 Was also synthesiZed to use 
as an acceptor for intrinsic tyrosine ?uorescence of the Wild 
type peptide. 

[0032] The aggregation properties of the ?uorescent 
derivatives were compared to Wild type AB under physi 
ological conditions (e.g., Tris buffered saline at pH 7.4) 
Where the peptide Was largely soluble, as Well as under 
conditions that Were knoWn to promote ?bril assernbly (e. g., 
pH 5.0 and pH 7.4 in the presence of Zn“) (FIG. 1). As 
shoWn in FIG. 1, at pH 7.4 and at pH 5.0, all of the 
?uorescent peptides Were indistinguishable from Wild type 
AB. In the presence of 70 pM Zn“, the ?uorescein and 
AEDANS labeled AB peptides aggregated to approximately 
50-75% of the extent of Wild type AB. HoWever trp substi 



US 2004/0224365 A1 

tution at residue 10 did not alter the aggregation behavior in 
response to Zn“. The oligomeric structure of the ?uorescent 
peptides Was characterized by gel ?ltration, and the ?uores 
cent peptides Were found to elute at the same position as 
Wild type AB (FIGS. 2A and 2B). The elution position 
corresponded to an apparent molecular mass of 9,000 Da 
established by the elution behavior of a series of calibration 
standards (FIG. 2A, inset). The calibration curve also indi 
cated that the expected elution position for a peptide of the 
mass of monomeric AB Was Well separated from the 
observed elution position of AB. Nanomolar concentrations 
of 14C-labeled AB 1-40 also eluted at the position expected 
for a dimer (FIG. 2B). 

[0033] Denaturation and Renaturation of AB in DMSO 

[0034] In order to analyZe the structure of soluble AB by 
?uorescence resonance energy transfer (FRET), conditions 
Were established for the denaturation and renaturation of AB. 
Previous studies using a combination of Fourier transform 
infrared spectroscopy, and dynamic light scattering (Shen 
and Murphy, (1995) Biophisical J. 69:640-651; and Snyder 
et al., (1994) Biophys. J. 67:1216-1228) demonstrated that 
AB Was denatured and monomeric in DMSO. The intrinsic 
?uorescence of proteins provides a signal commonly used to 
monitor conformational changes and unfolding (Wu et al., 
(1994) Biochemistry 33:7415-74222). In the present Work, 
the intrinsic tyrosine ?uorescence of Wild type AB Was used 
to assay the denaturation of AB in DMSO, and its renatur 
ation. The tyrosine emission of most native proteins and 
peptides is frequently small or undetectable due to the 
presence of more highly ?uorescent tryptophan residues 
(LakoWicZ, (1983) Principles of Fluorescence, Plenum 
Press, NeW York, NY; and Wu et al., (1994) Biochemistry 
33:7415-74222), but tryptophan is absent in AB. 

[0035] The denaturation curve for Wild type AB shoWed a 
single, smooth cooperative transition (FIG. 3). Increasing 
concentrations of DMSO increased the intrinsic ?uores 
cence intensity of AB, indicating that a signi?cant increase 
in the exposure of the tyrosine residue occurred in the 
unfolded state. The mid-point of intrinsic ?uorescence 
changes occurred at approximately 40% DMSO. The emis 
sion maximum of tyrosine Was not affected by DMSO, 
remaining the same at all concentrations (i.e., 308 nm) 
because the tyrosine ?uorescence emission maximum Was 
not sensitive to the polarity of the solvent (LakoWicZ, (1983) 

Principles of Fluorescence, Plenum Press, NeW York, The data described herein Were corrected for the relatively 

small solvent effect of DMSO on free tyrosine to ensure that 
the curve accurately re?ected the unfolding of AB. 

[0036] Having determined the above parameters for Wild 
type AB, the denaturation of the extrinsically-labeled ?uo 
rescent AB probes Was also examined. For environment 
sensitive ?uorophores (like 1,5-IAEDANS) the emission 
maximum shifts to a shorter Wavelength (blue shift) as the 
polarity of the surrounding environment decreases (LakoW 
icZ, (1983) Principles of Fluorescence, Plenum Press, NeW 
York, Conversely the emission maximum shifts to the 
longer Wavelengths (red shift) in a more polar environment. 
For A[3C25-AEDANS, a marked blue-shift (42 nm) of the 
emission Was observed upon, unfolding by DMSO (FIG. 3), 
indicating that the ?uorophore Was increasingly exposed to 
the surrounding media at increasing DMSO concentrations. 
As With the intrinsic tyrosine ?uorescence, the midpoint of 
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the blue shift of AEDANS occurred at approximately 50% 
DMSO. The unfolding transition Was complete Within 2 
hours, and identical unfolding curves Were obtained for the 
other ?uorescent-labeled AB peptides, A[3C4FM, 
A[3C34AEDANS, and A[3C7FM. At concentrations of 
DMSO beloW 10%, there Was little further change in the 
intrinsic ?uorescence emission of A6 or the extrinsic ?uo 
rescence of A[3C25-AEDANS (FIG. 3). These results indi 
cated that AEDANS-labeled and Wild type AB peptides had 
similar stabilities and suggested that there Was relatively 
little change in the overall structure of AB over the range of 
DMSO from 0%-10%. 

[0037] The renaturation of AB from DMSO solution Was 
also examined. Upon 10-fold dilution of DMSO into aque 
ous buffer solution, the emission spectrum of Wild type AB 
and AB labeled With 1,5-IAEDANS (AEDANS-A[3C25) 
shoWed the same maximum at 308 nm and 494 nm as 
observed for the peptides dissolved directly in Buffer A, 
indicating that the denatured peptide returned to the same 
overall structure (FIGS. 4A and 4B). Time course studies 
indicated that the refolding of the peptide Was immediate. 
When the DMSO Was diluted 50-fold (2% DMSO), the 
emission spectrum of the refolded peptide Was indistinguish 
able from the emission spectrum of the AB dissolved directly 
in aqueous buffer, suggesting that the denatured peptide 
recovered the same structure. Both samples in 10% and 2% 
DMSO displayed the same elution time by gel ?ltration. 
Similar denaturation and renaturation results Were obtained 
With guanidinium hydrochloride (GdnHCl). DMSO stock 
solutions of peptide Were employed for all of the subsequent 
experiments. 
[0038] Association of Fluorescent AB Peptides 

[0039] Fluorescence resonance energy transfer betWeen 
AEDANS and ?uorescein Was used initially to monitor 
association of AB monomers folloWing dilution of DMSO 
into aqueous buffer solution. For these experiments, A[3C25 
AEDANS and A[3C7-FM DMSO stock solutions Were 
mixed 1:1 (donor:acceptor), and subsequently ten fold 
diluted in Buffer A. The ?nal concentration of the peptide 
Was 3 nM. The resulting ?uorescence spectra are shoWn in 
FIG. 5A. Efficient FRET Was observed, as evidenced by a 
quenching of the donor emission at 474 nm and an increase 
in the acceptor ?uorescence at 520 nm, compared to the 
control spectra, indicating that hybrid AB dimers had formed 
in the mixture containing both donor and acceptor (FIG. 
5A). The ef?ciency of FRET did not change signi?cantly 
upon subsequent incubation for 24 hours. 

[0040] In order to control for possible effects of peptide 
structure on the ?uorescence intensity of labeled peptides, 
control measurements Were carried out in Which either 

A[3C25-AEDANS or A[3C7 FM Were individually mixed 
With an equal amount of non-labeled peptide in DMSO, and 
then diluted 10-fold in Buffer A. The emission spectra 
obtained for A[3C25-AEDANS or A[3C7 FM are shoWn as 
arithmetic sums of the individual spectra (i.e., the expected 
emission in the absence of energy transfer). Ef?cient FRET 
Was also observed With several other pairs of AB peptides 
(Table I). 
[0041] FIG. 5B shoWs the spectra of the energy transfer 
experiment Where another donor-acceptor pair, A[3C34 
AEDANS—A[3C4-FM, Was used. The ef?ciency of FRET 
for this combination Was higher than that observed for 
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A6 C25 AEDAN S and A6 C7 FM, suggesting that the peptide 
structure Was ordered and that the ?uorophores at positions 
34 and 4 may be in closer proximity in the structure than 
those at positions 25 and 7. Once formed, the AB dimers 
appeared to be relatively stable in solution. If ?uorescent 
homodimers Were formed ?rst by individually diluting stock 
solution 10-fold into Buffer A, and then subsequently mixed, 
no resonance energy transfer Was observed over an incuba 

tion of 24 hours, indicating that subunit exchange betWeen 
homodimers Was not detectable over this period. 

[0042] Several controls Were conducted to ensure that the 
FRET observed Was due to interactions betWeen peptides 
that occurred in solution With Wild type AB. After each 
FRET experiment, We con?rmed that the ?uorescent peptide 
mixture eluted at the same apparent dimer position as the 
Wild type peptide by gel ?ltration chromatography. It Was 
also determined that FRET Was nearly abolished When a 
10-fold molar excess of Wild type peptide Was added to the 
?uorescent peptide mixture in DMSO and then subsequently 
diluted (FIG. 5C), indicating that the Wild type peptide 
could compete for the ?uorescent peptides and form ?uo 
rescent and Wild type AB heterodimers that did not exhibit 
FRET. Lastly, the endogenous tyrosine ?uorescence of Wild 
type AB Was exploited as a donor for A6 in Which tryptophan 
replaced the tyrosine at position 10 (A[3Y10W). 
[0043] Ef?cient FRET Was also observed for the mixture 
of AB and A[3Y10W (FIG. 6). This experiment Was con 
ducted under tWo different conditions: Where the mixture 
Was diluted to 10% DMSO (FIGS. 6A and 6B) and (ii) 
Where the mixture Was diluted to 2% DMSO (FIGS. 6C and 
6D). A deconvolution analysis of FRET between A6 and 
A[3Y10W Was conducted as reported (Soreghan et al., 
(1994) J. Biol. Chem. 269:28551-28554) (FIGS. 6B and 
6D). As shoWn in Table 1, the efficiency of FRET Was found 
to be signi?cantly higher in 2% DMSO than in 10% DMSO, 
suggesting that the structure in 10% DMSO might be 
partially unfolded. 

TABLE 1 

E?iciencies of Energy Transfer for Different 
Donor-Acceptor Pairs 

Donor-Acceptor pair E (e?iciency of energy transfer) % DMSO 

A[5C25I-A[5C7FM 0.14 10 
A[5C34I-A[5C4FM 0.20 10 
AB-ABYlOW 0.21 10 
AB-ABYlOW 0.46 2 

[0044] Our experiments With three different donor-accep 
tor pairs demonstrated that ef?cient FRET Was observed 
When the peptides Were mixed in DMSO prior to dilution in 
aqueous buffer, suggesting that they formed dimers in solu 
tion. It Was conceivable that the aggregates might actually 
represent higher order structures (e.g., trimers or tetramers). 
We measured the lifetime of the FM-labeled AB by phase 
modulation frequency domain methods in the range 3 
nM-100 nM. The ?uorescence lifetime data ?t to a single 
decay exponential that remained constant over the concen 
tration range. This suggested that there Was a single distance 
betWeen the ?uorophores, and that it did not change over the 
concentration range examined. A single distance Would be 
expected in a population of structurally homogenous dimers, 
While higher order aggregates Would have to be radially 

Nov. 11, 2004 

symmetrical to obtain a single distance. Taken together With 
the gel ?ltration data, the simplest conclusion is that AB 
exists as a stable dimer over the concentration range from 
nM to 1M. 

[0045] Additional Aggregating AB Peptides 

[0046] In addition to the AB peptides described above, an 
extended AB peptide Was generated having the folloWing 
sequence: DAEFRHDSGYEVHHQKLVFFAEDVGSNK 
GAIIGLMVGGVVIA (SEQ ID NO: 2). This peptide Was 
chemically synthesiZed and ?uorescently labeled (as 
described above) at the amino acid positions described 
above. These ?uorescent derivatives Were found to form 
?brils, to aggregate, and to bind cells in a manner analogous 
to the unlabeled Wild type peptide. 

[0047] Summary of Fluorescent AB Peptide Characteris 
tics 

[0048] In sum, the ?uorescently labeled peptides 
described herein possess properties characteristic of Wild 
type AB. In particular, the elution behavior of the ?uorescent 
peptides on gel ?ltration Was identical to Wild type AB, 
indicating that the ?uorescent peptides had the same hydro 
dynamic radius in solution. In addition, denaturation-rena 
turation experiments demonstrated that the stability of the 
?uorescent peptides Was indistinguishable from the Wild 
type peptide. Moreover, When the aggregation properties of 
the ?uorescent peptides Were assayed, they Were found to be 
nearly identical to the Wild type peptides. And, lastly, 
experiments employing several different combinations of 
donor and acceptor peptides, labeled at different positions, 
indicated that all tested peptides behaved as dimers. 

[0049] The ?nding that AB formed a stable dimer in 
solution suggests that dimeriZation is the initial event in 
amyloid aggregation and that it represents the fundamental 
building block for further ?bril assembly as has been pre 
viously proposed (Shen and Murphy, (1995) Biophisical J. 
691640-651; and Soreghan et al., (1994) J. Biol. Chem. 
269:28551-28554). This model of amyloid assembly is very 
similar to the model recently proposed for immunoglobulin 
light chain amyloid ?brils on the basis of molecular mod 
eling studies (Stevens et al., (1995) Biochemistry 34:10697 
10702). In this model, the tWo light chains align in a parallel 
fashion creating a dimer With a 2-fold axis of symmetry. It 
seems likely that the AB dimer may also have the same 
arrangement because it behaves as if it is axially amphip 
athic With one end polar and the other end hydrophobic 
(Soreghan et al., (1994) J. Biol. Chem. 269:28551-28554). 
This implies that at least some of the dimer may be arranged 
in a parallel fashion, because if the dimer Were arranged in 
a simple head to tail fashion, as has been previously pro 
posed (LakoWicZ, (1983) Principles of Fluorescence, Ple 
num Press, NeW York, NY), the hydrophobic moment of the 
resulting dimer might be expected to be symmetric With 
respect to the ends of the dimer. Previous CD and FTIR 
spectroscopic studies indicate that soluble AB has substantial 
[3-sheet content, suggesting that the dimer adopts a beta 
structure (BarroW et al., (1991) Science 253:179-182; Bar 
roW et al., (1992) J. Mol. Biol. 225:1075-1093; Shen and 
Murphy, (1995) Biophisical J. 691640-651; and Zagorski 
and BarroW, (1992) Biochemistry 31:5621-5631). 

[0050] In the amyloid light chain model, the next step in 
polymeriZation is head to tail association of dimers related 
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by a 90° rotation around the 2-fold axis to form a tetramer 
that establishes a “proamyloid” ?lament lattice that is 
capable of propagating ?laments of inde?nite length. Elon 
gation of the ?bril is accomplished by the stepWise addition 
of dimers onto the ?lament. This “proamyloid” ?lament may 
correspond to the “[3 crystallite” proposed for A6 from ?bril 
diffraction measurements (Inouye et al., (1993) Biophys. J 
64:502-19) and observed in atomic force microscopy images 
(Stine et al., (1996) J Protein Chem. 15:193-203). In this 
step, the free energy contribution of individual amino acid 
side chains is effectively doubled because of the 2-fold 
symmetry of the interacting surfaces (Stevens et al., (1995) 
Biochemistry 34: 10697-10702). It seem likely that AB is also 
capable of forming a similar stable tetramer. Discrete aggre 
gate species migrating at the position expected for a tetramer 
have been observed by SDS PAGE in samples of A[31-42 
(Burdick et al., (1992) J. Biol. Chem. 267:546-554; and 
Soreghan et al., (1994) J. Biol. Chem. 269:28551-28554). In 
AB, the formation of this SDS-resistant higher order aggre 
gate depends on the length of the carboxyl terminus of AB 
(e.g. only A[31-42 and A[31-43), and it is also concentration 
dependent, occurring at approximately the critical micelle 
concentration de?ned by surface tension measurements 
(Soreghan et al., (1994) J. Biol. Chem. 269:28551-28554). 
These results suggest that the formation of higher order 
aggregates in AB may be mediated predominantly by hydro 
phobic contacts. 

[0051] The formation of amyloid ?brils in the light chain 
model is proposed to proceed by the lateral association of the 
“proamyloid” ?laments or sub?brils (Stevens et al., (1995) 
Biochemistry 34:10697-10702). This step corresponds 
mechanistically to the formation of the nucleating center 
proposed for A6 (Jarrett et al., (1993) Biochemistry 32:4693 
4697). Evidence for the existence of sub?brils has been 
obtained for A6 by rapid-freeZe, deep-etch electron micros 
copy (MiyakaWa and Kuramoto, (1989) Ann. Med. 21:99 
102) and more recently by atomic force microscopy (Stine 
et al., (1996) J. Protein Chem. 15:193-203). In the light 
chain model, four strands are proposed to associate in an 
antiparallel fashion, but it is not clear hoW many sub?brils 
are contained Within AB ?brils. The number of sub?brils for 
amyloid AB ?brils is not clear, but electron micrographs 
shoW images that appear to contain 5 sub?brils and this 
number gives the best ?t in modeling the observed re?ec 
tions in ?ber diffraction studies (Inouye et al., (1993) Bio 
phys. J 64:502-19). It is also conceivable that this number 
could vary Within a population of AB ?brils and this could 
account for differences in the diameter and morphology of 
?brils that has been reported (Stine et al., (1996) J Protein 
Chem. 15 :193-203), as Well as the fact that sheet and ribbon 
morphologies are also knoWn to occur in synthetic AB 
aggregates (Burdick et al., (1992) J. Biol. Chem. 2671546 
554; and Halverson et al., (1990) Biochemistry 29:2639 
2644). Other than the initial dimeriZation event, the details 
of this model of amyloid ?bril formation remain to be 
veri?ed experimentally for A6. 
[0052] Fluorescent derivatives of A6 are also useful for 
exploring other aspects of amyloid structure. For example, 
quantitative measurements of distances betWeen ?uorescent 
dipoles by FRET are possible (LakoWicZ, (1983) Principles 
of Fluorescence, Plenum Press, NeW York, The fact 
that AB forms a dimer in solution simpli?es the interpreta 
tion of FRET measurements, because there is only one 
distance betWeen ?uorophores in a dimer. If a suf?cient 
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number of distance measurements are available, it may be 
possible to discern the structural organiZation of the 
polypeptide Within the dimer, albeit at a loWer resolution 
than might be achievable by X-ray crystallography or NMR. 
Until noW, this is the ?rst report in Which AB amyloid 
intrinsic ?uorescence and FRET between A6 ?uorescent 
derivatives have been used to study amyloid structure. 
Different ?uorescent AB analogs may also be useful for 
mapping the solvent-accessible surface of the amyloid ?bril 
by quenching studies (LakoWicZ, (1983) Principles of F luo 
rescence, Plenum Press, NeW York, 

[0053] Moreover, as discussed above, since the aggrega 
tion state of AB has been shoWn to be important for in vitro 
toxicity, molecules that inhibit AB aggregation provide can 
didates for therapeutic strategies based on blocking amyloid 
deposition. Examples of therapeutic inhibitors are molecules 
that bind tightly with A6 monomer and prevent dimeriZation 
and molecules that prevent oligomeriZation of dimers or the 
extension of ?brils. 

[0054] Materials 

[0055] All AB peptides analogs Were synthesiZed by ?uo 
ren-9-ylmethoxy carbonyl chemistry using a continuous 
?oW semiautomatic instrument as described previously 
(Burdick et al., (1992) J. Biol. Chem. 267:546-554). The 
peptides Were puri?ed by reverse phase high performance 
liquid chromatography, and the purity and expected struc 
ture Was veri?ed by electrospray mass spectrometry. Only 
peptides exhibiting 90% or greater purity With less than 5% 
of a single contaminant Were used. The Wild type sequence 
on Which these peptides Were based Was DAEFRHDS 

GYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV (SEQ 
ID NO: 1). The sequence of the extended AB peptides Was 
DAEFRHDSGYEVHHQKLVFFAEDVGSNK 
GAIIGLMVGGVVIA (SEQ ID NO: 2). Cysteine substitu 
tion mutants Were synthesiZed simultaneously by the same 
method, except that, at locations Where cysteine Was sub 
stituted, a portion of the resin Was coupled separately With 
cysteine. 3H-AB and 14C-A[3 Were synthesiZed by incorpo 
ration of Fmoc-3H-Phe or Fmoc-14C-Ala at positions 4 and 
2 respectively, yielding speci?c activities of 200 mCi/mmol 
for 3H-AB and 36 mCi/mmol for 14C-AB. 1,5-IAEDANS 
and FM Were obtained from Molecular Probes (Eugene, 
Oreg.). All other reagents Were of the highest analytical 
grade commercially available. A shorthand notation is used 
herein to refer to the AB analogs that indicates the position 
of the cysteine substitution With the understanding that all 
peptides are 40 residues long, and the rest of the sequence 
is that of Wild type AB as described in the abbreviations list. 

[0056] Fluorescence Labeling of Mutant AB Peptides With 
1,5-IAEDANS and FM 

[0057] Since AB peptides Were modi?ed With a single cys 
at different positions, the sulfydryl-speci?c reagents FM and 
1,5 -IAEDAN S Were used to prepare ?uorescent derivatives. 
The A6 analog peptides Were dissolved in 10 mM MOPS pH 
8.5 at a concentration of 25 nM (pH 7.4 in the case of 
?uorescein labeling). 1,5-IAEDANS or FM Was added to 
this solution from a stock solution of 10 mM at a tWenty fold 
(for 1,5-IAEDANS) or 5-fold (for FM) molar excess over 
AB. The reaction Was alloWed to proceed at room tempera 
ture in the dark for 6 hours. Free ?uorophore Was then 
removed by ?ltration on a Sephadex G-25 column equili 
brated With 10 mM MOPS at pH 7.4. Labeled AB Was 
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aliquoted, lyophiliZed, and stored at —20° C. Protein Was 
determined by Coomassie R Protein Assays Reagent (Pierce, 
Rockford, Ill.). The concentrations of 1,5-1AEDANS or FM 
Were spectrophotometrically determined by using their 
molalr extinction coef?cients (5.7 mM‘1 at 336 nm or 83 
mM at 490 nm, respectively). The labeling stoichiometry of 
the ?nal products Was 1.0. The stoichiometry Was con?rmed 
by laser desorption mass spectrometry that demonstrated 
that all of the precursor had been converted to a mass 
appropriate for ?uorescent peptide. 

[0058] Aggregation Measurements 

[0059] Aggregation Was determined using a sedimentation 
assay as previously described (Burdick et al., (1992) J. Biol. 
Chem. 267:546-554). 3H-A[3 (CPM) Was mixed With 51M 
?uorescent A63 and unlabeled A6 at a total concentration of 
95 pM and incubated for 48 hours. The amount of sedi 
mentable Wild type peptide Was determined by scintillation 
counting, and the amount of sedimentable ?uorescent pep 
tide Was determined by ?uorescence intensity as described 
herein. 

[0060] Gel Filtration Chromatography 

[0061] Gel ?ltration analysis Was performed With a Phar 
macia Superdex 75 HR 10/30 column using a Waters 490 
multiple Wavelength UV absorbance detector and HeWlett 
Packard 3250 ?uorescence detector. Data Were collected 
With a Waters Maxima chromatography data system. The 
running buffer used Was 50 mM Tris, 0.1 M NaCl, pH 7.4 
(Buffer A) in the presence of 10% or 2% DMSO. The 
column Was calibrated With the folloWing molecular Weight 
standards: thyroglobulin, bovine serum albumin, ovalbumin, 
soybean trypsin inhibitor, ubiquitin, aprotinin, and insulin 
13-chain. The peptides Were detected by UV absorbance at 
280 nm and by ?uorescence at 482 and 520 nm for 
IAEDANS and FM respectively. 

[0062] Denaturation of AB in DMSO and Refolding 

[0063] 11 pM A6 or A[3C25AEDANS Was incubated in 
increasing concentrations of DMSO, for 1 hour at 24° C. 
Emission spectra Were recorded from 290 to 400 nm upon 
excitation at 280 nm (or from 340 to 620 nm upon excitation 
at 336 nm for A[3C25AEDANS). Equilibrium Was reached 
after 2 hours of incubation in DMSO. For refolding experi 
ments, samples Were incubated in 100% DMSO for 1 hour 
at room temperature, and refolding Was initiated by ten or 
?fty times dilution of the solvent in Tris buffered solution. 
The concentration of peptide ranged betWeen 3 and 10 pM. 

[0064] Absorption and Fluorescence Measurements 

[0065] Absorption measurements Were measured With a 
Perkin Elmer Lambda 3B UV-Vis spectrophotometer. Fluo 
rescence spectra (excitation band pass 4 nm; emission band 
pass 8 nm) Were measured either on an Aminco SLM 48000 
or a SPEX Fluorolog F112A spectro?uorometer. Intrinsic 
tyrosine ?uorescence Was measured from 285 to 400 nm 
upon excitation at 275 nm. For A[3C25-AEDANS or in 
energy transfer experiments excitation Was at 330 nm, and 
the spectra Were obtained from 340 to 620 nm. The lifetime 
measurements for FM Were acquired using the 488 nm line 
of argon ion laser for excitation using a multiharmonic 
frequency-domain spectro?uorometer (Aminco 48000S). 
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[0066] Fluorescence Resonance Energy Transfer 

[0067] The efficiency of ?uorescence resonance 
energy transfer (FRET) betWeen probes Was determined by 
measuring the ?uorescence intensity of the donor (ABC 
AEDAN S or A6) both in the absence (Fd) and presence (Fda) 
of the acceptor (ABC-FM or A[3Y10W), as given by: 

[0068] The efficiency of FRET depends on the inverse 
sixth poWer of the distance betWeen donor and acceptor 
(LakoWicZ, (1983) Principles of Fluorescence, Plenum 
Press, NeW York, This alloWs FRET measurements to 
be used With high sensitivity to folloW the association of 
?uorescent-labeled AB monomers during refolding of the 
peptide in aqueous solution. Stock solutions of peptide in 
DMSO Were mixed at an equal molar ratio and diluted 
10-fold or 50-fold into 50 mM Tris, pH 7.4, 0.1 M NaCl, and 
the ?uorescence spectra Was recorded at various times after 
dilution. Controls included the donor and acceptor peptides 
diluted separately and the donor and acceptor mixed With a 
10-fold excess of AB. 

[0069] Abbreviations 

[0070] The folloWing abbreviations are used herein: 

[0071] 1,5 -1AEDAN S—5 -(2-((iodo acetly)amino)ethyl) 
aminonapthylene-1 -sulfonic acid 

[0072] FM—Fluorescein maleimide 

[0073] DMSO—Dimethylsulfoxide 
[0074] A[3C25AEDANS—A[3 With cys in position 25 

and labeled With 1,5-1AEDANS 

[0075] A[3C7FM—A[3 With cys in position 7 and 
labeled With FM 

[0076] A[3C34AEDANS—A[3 With cys in position 34 
and labeled With 1,5-1AEDANS 

[0077] A[3C4FM—A[3 With cys in position 4 and 
labeled With FM 

[0078] A[3Y10W—A[3 With trp in position 10. 
[0079] Additional Fluorescent AB Peptides 

[0080] Other ?uorescently labeled AB peptides possessing 
the aggregation properties of Wild-type AB may be synthe 
siZed and tested using the techniques described above. In 
particular, other cysteine-substituted peptides may be made, 
?uorescently labeled, and tested for aggregation properties 
(for example, by centrifugation, gel ?ltration, or FRET 
analysis). In preferred examples, using the methodologies 
described herein, AB peptides may be cysteine-substituted 
and ?uorescently labeled at any hydrophobic amino acid 
position. Alternatively, AB peptides may be labeled at the 
free amino group. In addition,A[3 peptides may be produced 
Which have multiple sites labeled, if desired, With different 
?uorescent tags. Again, aggregation activity is tested, for 
example, as described herein. 

[0081] AB fragments having cysteine substitutions (for 
example, those substitutions described above) may also be 
synthesiZed, ?uorescently labeled, and tested for activity. 
One preferred AB fragment includes amino acids 10-25 of 
SEQ ID NO: 1. 

[0082] In addition, any other appropriate ?uorescent label 
may be utiliZed for peptide synthesis and the methods of the 
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invention. Preferred ?uorescent labels include, Without limi 
tation, any ?uorescent label having a thiol-reactive group. 
Such ?uorescent labels include, for example, thiol-reactive 
BODIPY, ?uorescein, Oregon Green, tetramethyl 
rhodamine, eosin, erythrosin, coumarin, pyridyloxaZole, 
benZoxadiaZole, aminonapthalene, pyrene, maleimide, a lan 
thanide cryptate, a lanthanide chelate, and Texas Red deriva 
tives (commercially available, for example, from Molecular 
Probes, Eugene, Oreg.). 

EXAMPLE 2 

Methods of Use for Fluorescently Labeled Amyloid 
AB Peptides 

[0083] Because the ?uorescently labeled peptides 
described herein possess aggregation properties character 
istic of Wild type AB peptides, they provide useful reagents 
for detecting or monitoring the formation or existence of 
amyloid plaques as a means of diagnosing AlZheimer’s 
disease or a predisposition thereto. In one particular 
example, a test sample of affected tissue (for example, 
neuronal or vascular tissue) is obtained from a patient. This 
tissue is then combined With a ?uorescent peptide of the 
invention under conditions that alloW AB aggregation (for 
example, those conditions described herein). The sample is 
Washed to remove unbound peptide, and detection of the 
?uorescent label in association With the tissue sample is 
taken as an indication that AB deposits are present in the 
patient sample. In these assays, a negative control sample 
that is free of amyloid plaques (for example, from an 
unaffected individual) and one or more positive control 
samples containing knoWn quantities of amyloid plaques are 
preferably assayed in parallel, and the results from the 
patient sample compared to those controls. If desired, in 
these assays, the degree of ?uorescent output may be quan 
titated by standard techniques as an indication of the extent 
of amyloid plaque formation. This technique is particularly 
useful for monitoring the progression of disease in an 
AlZheimer’s patient, or the amelioration of disease in 
response to therapeutic treatment. 

[0084] For this assay, patient tissue samples may be 
obtained from any site at Which amyloid plaques have been 
shoWn to occur including, Without limitation, any brain 
tissue (for example, cerebral cortex, amygdala, and hippoc 
ampal tissue), vascular tissue, or neuronal tissue (for 
example, nasal epithelium). Tissue samples may be tested as 
thin sections or tissue homogenates. Fluorescent peptide 
may be added at any appropriate concentration, preferably 
betWeen 0.1 pM and 25 pM, and more preferably betWeen 
0.1 pM and 3 pM. Measurement of ?uorescent output is 
accomplished by any standard technique, for example, ?uo 
rescence microscopy or ?oW cytometry. Preferred ?uores 
cent labels for diagnostic use include, Without limitation, 
any thiol-reactive probe, for example, any BODIPY, ?uo 
rescein, Oregon Green, tetramethylrhodamine, eosin, eryth 
rosin, coumarin, pyridyloxaZole, benZoxadiaZole, aminon 
apthalene, pyrene, maleimide, a lanthanide cryptate, a 
lanthanide chelate, or Texas Red derivative (commercially 
available, for example, from Molecular Probes, Eugene, 
Oreg.). 
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[0085] In addition to diagnostic utilities, the ?uorescent 
peptides described herein are also useful as reagents for 
screening assays for the identi?cation of compounds that 
modulate AB aggregation. Typically, such screening assays 
are carried out for the purpose of isolating or identifying 
compounds that inhibit AB aggregation, but may also be 
used to identify compounds that enhance aggregation. 

[0086] In one approach, a ?uorescent peptide of the inven 
tion is placed in contact With an amyloid plaque (for 
example, from a patient sample) under conditions that alloW 
aggregation. The complex is then treated With candidate 
modulatory compounds (preferably, inhibitory compounds), 
and those compounds Which affect the ability of the ?uo 
rescent peptide to aggregate With the amyloid plaque are 
selected. With respect to inhibitory compounds, candidate 
compounds may be added folloWing aggregation of the 
?uorescent peptide With the amyloid plaque to identify those 
compounds capable of disrupting or disaggregating existing 
plaques. Alternatively, the candidate compound may be 
added to a plaque sample at the same time as the ?uorescent 
peptide to identify compounds capable of interfering With 
further plaque formation. In these assays, aggregation is 
measured by association of ?uorescent label With the tissue 
sample. As discussed above, the amyloid plaque used in this 
assay may be presented as a tissue sample (for example, a 
thin section), or a tissue homogenate may be used. Also, as 
discussed above, an untreated sample may be used for 
comparison purposes in these assays. 

[0087] In an alternative approach to the identi?cation of 
modulatory compounds, aggregation of the ?uorescent pep 
tides of the invention may be assayed directly, With changes 
in aggregation pattern, conditions, or reaction times used to 
identify modulatory compounds. As described herein, the 
?uorescent AB peptides of the invention exhibit aggregation 
properties characteristic of Wild type AB. Accordingly, can 
didate compounds may be added to a solution of ?uorescent 
AB, either before or after initiation of peptide aggregation, 
and compounds identi?ed that modulate the ability of these 
peptides to aggregate. Fluorescent AB aggregation is mea 
sured by any appropriate means, for example, any of the 
methods described herein including, Without limitation, 
?uorescence resonance energy transfer, centrifugation, or 
gel ?ltration. Alternatively, unlabeled AB may be attached to 
a solid support (for example, a test tube, bead, column, or 
microtiter dish), and ?uorescent AB added, either before or 
in conjunction With a test modulatory compound. Aggrega 
tion is then monitored in response to the compound. In this 
assay, the extent of aggregation is indicated by the amount 
of ?uorescent label associated With the solid support fol 
loWing appropriate Washing. In both of these exemplary 
approaches, a negative control is preferably included for 
comparison purposes, in Which no candidate compound is 
added. 

[0088] In general, candidate modulatory compounds may 
be identi?ed from large libraries of natural product or 
synthetic (or semi-synthetic) extracts or chemical libraries 
according to methods knoWn in the art. Those skilled in the 
?eld of drug discovery and development Will understand that 
the precise source of test extracts or compounds is not 
critical to the screening procedure(s) of the invention. 
Accordingly, virtually any number of chemical extracts or 
compounds can be screened using the exemplary methods 
described herein. Examples of such extracts or compounds 
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include, but are not limited to, plant-, fungal-, prokaryotic 
or animal-based extracts, fermentation broths, and synthetic 
compounds, as Well as modi?cation of existing compounds. 
Numerous methods are also available for generating random 
or directed synthesis (e.g., semi-synthesis or total synthesis) 
of any number of chemical compounds, including, but not 
limited to, saccharide-, lipid-, peptide-, and nucleic acid 
based compounds. Synthetic compound libraries are com 
mercially available from Brandon Associates (Merrimack, 
NH.) and Aldrich Chemical (Milwaukee, Wis). Alterna 
tively, libraries of natural compounds in the form of bacte 
rial, fungal, plant, and animal extracts are commercially 
available from a number of sources, including Biotics (Sus 
sex, UK), Xenova (Slough, UK), Harbor Branch Ocean 
graphics Institute (Ft. Pierce, Fla.), and PharmaMar, U.S.A. 
(Cambridge, Mass.). In addition, natural and synthetically 
produced libraries are produced, if desired, according to 
methods knoWn in the art, e.g., by standard extraction and 
fractionation methods. Furthermore, if desired, any library 
or compound is readily modi?ed using standard chemical, 
physical, or biochemical methods. 

[0089] Compounds identi?ed as being capable of inhibit 
ing AB aggregation are useful as therapeutics, or for the 
design of therapeutics, for AlZheimer’s disease. If desired, 
such compounds may be further tested for ef?cacy in AlZhe 
imer’s animal models. 

Nov. 11, 2004 

What is claimed is: 
1. A method for generating an aggregating amyloid AB 

peptide, said method comprising: 

(a) generating an amyloid AB peptide comprising a cys 
teine amino acid substitution; 

(b) covalently bonding a ?uorescent label to said peptide 
at said cysteine amino acid; and 

(c) determining Whether said peptide is capable of aggre 
gating With another AB peptide. 

2. The method of claim 1, Wherein said cysteine substi 
tution occurs at an internal amino acid. 

3. A method for identifying a compound capable of 
affecting the aggregation of AB amyloid peptide, said 
method comprising 

(a) providing a sample of AB amyloid peptide; 
(b) contacting said sample With an aggregating amy 

loid AB peptide to Which is covalently bonded a ?uo 
rescent label; and (ii) a candidate compound; and 

(c) measuring association of said ?uorescent label With 
said sample, a change in the level of ?uorescent label 
found in association With said sample relative to a 
control sample lacking said candidate compound being 
an indication that said compound is capable of affecting 
AB amyloid peptide aggregation. 

SEQUENCE LISTING 

SEQ ID NO 1 
LENGTH: 40 

TYPE: PRT 

ORGANISM: Homo sapiens 

<400> SEQUENCE: l 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys 
1 5 l0 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile 
20 25 

Gly Leu Met Val Gly Gly Val Val 
35 40 

SEQ ID NO 2 

LENGTH: 42 

TYPE: PRT 

ORGANISM: Homo sapiens 

<400> SEQUENCE: 2 

30 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys 
1 5 l0 

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile 
20 25 

Gly Leu Met Val Gly Gly Val Val Ile Ala 
35 40 

30 




