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(57) Claim

1. A method for regulating formation of beta-amyloid protein 

with an inhibitor of at least one protease speeific for the 

Precursor to the Alzheimer's Disease beta-aeeloid protein, said 

inhibitor being tpenifii for asppatic proteases and inhibitnng 

cathepsin D.

2. The method of claim 1, whhrein said inhibitor is selected 

from the group ionntsting of )-Ooexynotirimicin, Oiazoacueyl- 

norlnuiinn mmehyl ester, Gly-Glu-Gly-Phn-Lnt-Gly-Ase-Phn-Leu 

(SEQ ID NO: 6), Ascaris Pepsin Inhibitor, and Peppttain.

3. A method for preventing the formaaion of ammloid plaques in· 

Alzheimer's Disease, uoImeising acdinistering a therapeutic 

amount of an inhibitor to cathepsin D.
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Methods for detecting beta amyloid precursor 
protein processinu enzymes
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best method of performinu it known to me:-
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METHODS FOR DETECTING BETA AMYLOID PRECURSOR PROTEIN 

PROCESSING ENZYMES

FIELD OF THE INVENTION
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The invention relates to methods for identifying proteolytic 
enzymes with specificity for processing the precursor to the 
Alzheimer's Disease beta-amyloid protein; methods for identifying 
inhibitors of proteases specific for the precursor to the beta- 
amyloid protein; and methods for regulating formation of beta- 
amyloid protein with inhibitors of proteases specific for the 
precursor to the beta-amyloid protein, such as inhibitors of 
aspartic protease, cathepsin D, and a chymotryptic-like serine 
protease.

BACKGROUND

The present assays have utility in the identification of the 
proteases which control the rate of formation of amyloidic peptides 
in the brains of Alzheimer's Disease patients. As such, they can 
be used to isolate such proteases, and can also be used to identify 
protease inhibitors which can be used as therapeutics for 
Alzheimer's Disease. Described hereinbelow is the application of 
the assays to identify the aspartic protease, cathepsin D as a 
major amyloidogenic, protease for processing Amyloid Precursor 
Protein (hereinafter "APP"). Also provided is a partial 
characterization of a second, serine protease which can form 
amyloidic precursors from the APP holoprotein.
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Alzheimer's Disease (hereinafter also abbreviated to "AD") is 
a progressive, degenerative disorder of the brain, characterized by 
progressive atrophy, usually in the frontal, parietal and occipital 
cortices. The clinical manifestations of AD include progressive 
memory impairments, loss of language and visuospatial skills, and 
behavioral deficits (McKhan et al., 1986, Neurology 34:939) . 
Overall cognitive impairment is attributed to degeneration of 
neuronal cells located throughout the cerebral hemispheres (Price, 
1986, Annu. Rev. Neurosci. <J:489).

Pathologically, the primary distinguishing features of the 
post-mortem brain of an AD patient are, 1) pathological lesions 
comprised of neuronal perikarya containing accumulations of 
neurofibrillary tangles; 2) cerebrovascular amyloid deposits; and 
3) neuritic plaques. Both the cerebrovascular amyloid (Wong et 
al., 1985, PNAS 82.:8729) and the neuritic plaques (Masters et al., 
1985, PNAS 82.:4249) contain a distinctive peptide simply 
designated, "A4" or "beta-amyloid".

Beta-amyloid is an insoluble, highly aggregating, small 
polypeptide of relative molecular mass 4,500, and is composed of 39 
to 42 amino acids. Several lines of evidence support a role of 
beta-amyloid in the pathogenesis of AD lesions. For instance, 
beta-amyloid and related fragments have been shown to be toxic for 
PC-12 cell lines (Yankner et al,, 1989, Science 245:417): toxic for 
primary cultures of neurons (Yankner et al., 1990, Science 
250:279); and cause neuronal degeneration in rodent brains and 
corresponding amnestic response in the rodents (Flood et al., 1991, 
PNAS 88:3363; Kowall et al., 1991, PNAS 88.:7247).

Kang et al., 1987, Nature 325:733. described the beta-amyloid 
protein as originating from and as a part of a larger precursor 
protein. To identify this precursor, a full-length complementary 
DNA clone coding for the protein was isolated and sequenced, using 
oligonucleotide probes designed from the known beta-amyloid 
sequence. The predicted precursor contained 695 residues and is 
currently designated, "APP 695" (Amyloid Precursor Protein 695).
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Subsequent cloning of the gene encoding the APP proteins 
revealed that the A4 region was encoded on two adjacent exons 
(Lemaire et al., 1989, Nucleic Acids Res. 3/7:517), ruling out the 
possibility that A4 accumulation is the result of direct expression 
of an alternatively spliced mRNA. This implied that A4 
accumulation must result from abnormal proteolytic degradation of 
the APP at sites both N- and C-terminal to the peptide region 
within the APP.

It has recently been demonstrated that inheritance patterns in 
rare forms of Familial Alzheimer’s Disease show co-segregation with 
point mutations within the open reading frame of the APP gene, 
providing further evidence for a role of beta-amyloid in the 
pathogenesis of AD. These include mutations C-terminal to the 
beta-amyloid region (Goate et al., 1991, Nature 349:704; Yoshioka 
et al., 1991, Biochem Biophys Res Comm, 178:1141; Chartier-Harlin 
et al., 1991, Nature 353:844; Murrell et al., 1991, Science 
254:97). as well as proximal to the N-terminus of the beta-amyloid 
region (Mullan et al., 1992, Nature Genetics 1:345). It has been 
speculated but not proven that such mutations might increase the 
rate of beta-amyloid peptide formation in Familial Alzheimer’s 
Disease either by perturbing the normal sorting and or processing 
of APP? or by altering the recognition sites for specific proteases 
involved in the generation of beta-amyloid.

APP 695 is the most abundant form of APP found in the human 
brain, but three other forms exist, APP 714, APP 751 and APP 770 
(Tanzi et al., 1988, Nature 351:528; Ponte et al., 1988, Nature 
331:525; Kitaguchi et al., 1988, Nature 331:530) . The different 
length isoforms arise from alternative splicing from a single APP 
gene located on human chromosome 21 (Goldgaber et al., 1987, 
Science 235:877; Tanzi et al., 1987, Science 235:880).

APP 751 and APP 770 contain a 56 amino acid Kunitz inhibitor 
domain, which shares 40% homology with Bovine Pancreatic Trypsin 
Inhibitor. Both these forms of APP have protease inhibitory 
activity (Kitaguchi et al., 1988, Nature 311:530; Smith et al., 
1990, Science 248:1126). and at least one of these forms is
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probably what was previously identified as Protease Nexin II
(Oltersdorf et al., 1989, Nature 341:144; Van Nostrand et al.,
1989, Nature 341:546).

The physiological role for the amyloid precursor proteins has 
not yet been confirmed. It has been proposed to be a cell surface 
receptor (Kang et al., 1987, Nature 325:733) ; an adhesion molecule 
(Schubert et al., 1989, Neuron 3.^689); a growth or trophic factor 
(Saitoh et al., 1989, Cell 58;615; Araki et al., 1991, Biochem 
Biophys Res Comm, 181:265; Milward et al., 1992, Neuron 9:129); a 
regulator of wound healing (Van Nostrand et al., 1990, Science 
248:745; Smith et al., 1990, Science 248:1126); or play a role in 
the cytoskeletal system (Refolo et al., 1991, J. Neuroscience 
11:3888).

Many studies have been performed to examine the role of 
altered APP expression in AD, but the results have been conflicting 
(for example, see review article: Unteroeck et al,, 1990, Review of 
Biological Research in Aging, Wiley-Liss, Inc., 1:139).

Studies have also been performed to examine if changes in the 
relative amounts of the different forms of APP are responsible for 
amyloid accumulation. The results of such studies have been 
equally confusing, but have generally supported the conclusion that 
the relative expression levels of the Kunitz domain containing 
APP’s are elevated in AD (Johnson et al., 1990, Science 248:854). 
Accordingly, transgenic animals expressing elevated APP 751 have 
been found to display cortical and hippocampal beta-amyloid 
reactive deposits (Quon et al., 1991, Nature 352:239).

Recent studies have shown that APP fragments extending from 
the N-terminus of A4 to the C-terminus of the full length APP 
molecule (referred to hereinafter as the "C-100 fragment", because 
it is comprised of approximately 100 amino acids) are also capable 
of aggregation both in vitro (Dyrks et al., 1988, EMBO J. 7:949), 
and in transfected cells (Wolf et al., 1990, EMBO J. 9:2079; 
Maruyama et al., 1990, Nature 347:566). Over-expression of the C- 
100 fragment in transfected P19 cells has been shown to cause 
cellular toxicity (Fuckuchi et al., 1992, Biochem Biophys Res Comm

MS 1085
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182:165).

Furthermore, C-terminal fragments containing both the 

beta-amyloid and the C-terminal domains have been shown to exist in 

human brain (Estus et al., 1992, Science 2515:726) , and studies in 

transfected ceei mnes suggest that these fragments may be produced 

in the e^c^t^s^on^ma-^ly ŝozom^a. pathway (Golde et al., 1992, Science 

255:728) .

Collectively the above reports suggest that a single 

proteolytic cleavage of APP at the N-terminus of the A4 region is 

sufficient to initiate the pathophysiology associated with AD. 

Recent studies have shown that cultures of primary cells and cell 

lines (including APP transfectants) secrete 3 to 4 kDa peptides 

which posses the same N-termiinus as beta-ammloid (1-42 amino 

acids), and could conceivably commrise full length beta-amyloid 

(Haas et a.., 1992, Nature, 349:322; Shcoi et al., 1992, Science, 

258:126). Such peptides have also been found in the CSF of AD and 

non AD patients (Seuuert at al.,1992, Nature, 359:325. Shcoi et al 

1992, Id.).

APP is also cleaved at a site within the A4 region in the 

physsolngical pathway for secretion of the APP e^t^ra^c^Hul.ar domain 

(Esch et al., 1990, Science 248:1122; Wang et al., 1991, J. Biol. 

Chem. 266:16960) . This pathway is operative in several caH lnnes 

and neceessaily results in the destruction of the A4, amyloidic 

region o^ the precursor. Evidence that such a pathway is also 

opeeative in the human brain has been obtained (Palmmrt et al, 

1989, Biochem. Biophys. Res. Comm. 165:182).

The enzymes responsible for the no ram a, nonipaahological 

processing of APP have been temed "secretases'1. C-terminal 

fragments resuming from secretase action are smaaier than the C- 

100 fragments (defined above) by 17 amino acids, and will 

hereinafter be referred to as the "p^i^y^s<^lio^i.o^;^ C-terminal 

fra^me^ "
It has been postulated that the net pathological accumafltion 

of A4 is conToHed by the relative activities of the pathologic 

and physiologic pathways APP degradation.
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Thus, several possibilities exist to explain the accumulation 

of beta amyloid in the brains of persons afflicied with Alzheimer's 

Disease, as folOows:

1) a deficiency in the accivity or levels of the secretase(s) 

involved in the destruction of the amyyoidogenic region;

2) altered ceBular sorting of APP such that it uight becoue 

exposed to proteases of the pathologic pathway;

3) an elevation in the levels of the pathologic preoteas(s);

4) a deficiency in the levels of degradative enzyues which 

otherwise degrade amyloid as fast as it is produced; or

5) an increased s^s^scet^pliblLjLt^i of APP to pathologic proteooyfcic 

degradation caused by uuuations in the APP auino acid sequence.

Reeatively little is known about the regulation of APP sorting 

in the ceei. A growing hypothesis is that altered phosppoorlation 

at least in part due to altered protein Kinase C accivity causes 

altered APP trafficking, lltiyttely leading to changes in APP 

processing (Buxbauu et al., 1990, Proc Naai Acad Sci USA 87:6003) . 

Thus, treatuents designed to alter cellular phoopphoyyation have 

caused both quaitative and qumnitative changes in the pattern of 

APP C-teruinal fraguents.

More Reecetly, (Nitsch et al., 1992, Science 258:304) it was 

shown that transfection of ceei lnnes with certain acetylcholine 

receptor types foiowwed by receptor activation caused an increase 

in APP processing and secretion, in a process concluded to arise by 

changes in protein kinase accivity. Beside ΐyyPiittitg a role for 

altered phooppooyyation, this latter study provides a link between 

plaque pathology and the established perturbations in cholinergic 

nerve function ihotytteystii of Alzheiyye,s Disease.

Deespte the above obseevatiots, there is currently 

insulfiiieit knowlege o^ APP sorting to enable the design of a 

selective and ppρeifii tOertpeulic agent that could restore balance 

to any underlying tlterttloip of c^eiuLar sorting.

Beta-amyyoid uuut be forued by the direct action of a 

protease^s) . The ideniificatOoi of the so called 'pathologic' 

brain proteases responsible for the C-100 or bett-tyyyoid fo^at^on

MS 1685
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is an essential step in an effort to develop therapeutic protease 
inhibitors designed to block amyloid accumulation. Identification 
of such enzymes requires the development of specific assays for the 
activity of such proteases which would allow one to specifically 
measure the activity of the proteases in the presence of other 
brain proteolytic enzymes which are present in brain extracts.

Such assays are then used to detect the. protease during 
protease purification. Finally, the assays can be used to measure 
the effect of potential inhibitors of the enzyme such as is 
required in pharmaceutical screening for lead therapeutic 
compounds.
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Several studies have undertaken the purification and 
characterization of both the secretases and purported pathologic 
proteases. Initial studies utilized assays featuring synthetic 
peptide substrates that only mimicked the expected cleavage sites 
within APP. While such assays are useful for measuring the in 
vitro activity of a purified protease, they rarely possess 
sufficient specificity to allow detection of one protease in a 
mixture of proteases such as would be required to monitor a 
protease purification. Thus, these peptidase assays failed to 
provide the necessary protease specificity, and the peptidase 
activities thus quantified were used without success to pursue the 
purification of candidate APP processing enzyme activities from 
human brain tissue. Prior to the present disclosure, no credible 
candidate protease(s) for either process have emerged, and the 
results of the various studies have been conflicting.

For example, the numerous available studies have proposed that 
the pathologic protease is: lysosomal in origin (Cataldo et al,, 
1990, Proc. Natl. Acad. Sci USA 82:3861: Haas et-al., 1992, Nature 
357:500); a calcium dependent serine protease or a metal dependent 
cysteine protease (Abrahams et al., 1991, An. N.Y. Acad. Sci. 
640:161): Calpain I (Siman et al., 1990, J. Neuroscience 10:2400); 
a multicatalytic protease (Ishiura et al., 1989, FEBS. Lett. 
257:388): a serine protease (Nelson et al., 1990, J. Biol Chem.
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265:38366 ; thrombin (Igarashi et al., 1992, Biochem Biophys Res. 

Comm. 185:1000); or a zinc mettaio-peptidase (WIPO application, 

W099/07068 by Athena Neerosciences, Inc.).

Similar inconsistencies have arisen in the efforts to idennify 

the secretase, which has been claimed to be: a meetllo-peptidase 

(McDeernmOt et al., 1991, Biochem. Biophys. Res. Comm. 179:1148) ; 

an acetylcholinesterase associated protease (Smaai et al., 1991, 

Biocherniitry 30:19795); Cathepsin B (Tagawa et al., Biochem. 

Biophys. Res. Comm. 177;377); o^ a plasma aetm>rane associated 

protease of broad sub-site (Sisodia, 1992, Proc Naa'l 

Acad Sci USA 89:6075; Maruyama et al., 1991, Biochem Biophys Res 

Comm. 1719:1670) .

The general lack of success of past and current efforts to 

identify the nature of the APP processing enzymes have stemmed from 

poor sppeificity of the assays tamloytd, and from the complex 

heterogeneety of proteases associated with the cerebral tissue.

The present disclosure describes a method which idtntifiti 

some of the APP processing enzymes with speec^c assays based on 

the lrottoOytii degradation of rtcoaaitant APP in comaintaiot with 

iaauntchemacal detection of the reaction products. The assays of 

the present invention idtntiiy human brain proteases that possess 

the correct ipltificity and applooliatt localization to play a role 

in the formation of beta-ammloid from the APP.

The format of the presently disclosed assays in connection 

with the idtntifitd proteases afford the capna^y to process 

reasonably large numbers of samples and yields good iermitivity due 

to the iaaannchhmacal method o^ detection. Furthermore, the 

simH<^jLt^y of the assay allows for ready adaptation for routine use 

by lab technicians and yields iontisttnt, reproducible results. 

These and other improvements are described htreinbelow.

MS 1685
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One goal of the presently disclosed invention is to provide a 

method for discovering drugs that cat be used to treat Alzheimer's 

Disease patients. As stated previously, the proteolytic 

degradation of APP to yield the 39 to 42 amino acid peptide beta- 

amyloid is the first step in the pathopphiiological process of 

amyloid placque formation. Several lums of evidence point to a 

causative role of beta-amyloid and the amyloid placques in the 

teuro-degeeteatilt charraceristics found in the AD brain. These 

include:

i) the co-localization of plaque martei-al with degeenraring neurons 

and dystrophic ^quites (reviewed in Price et al., 1989, BilEiirli 

10:69;

ii) evidence that beta-amyloid can be toxic to neurons in culture 

(YanJcnar et al., 1990, Science 250:270) ;

iii) evidence that beta-amyloid is associated with neuronal 

degeenrrtilt and altered mernmrY when tested in certain animal 

models (Flood et al., 1991, PNAS 88:3363; Kowwai et al., 1991, PNAS 

88:72477; and

iv) co-segregation o£ certain fom of inherited AD with point 

yyUatioti in the amyloid precursor protein (Goate et al., 1991, 

Nature 349:704; Yoshioka et al., 1991, Biochem BLophls Res Comm 

178:1141; Chhrterr-Haaiin et al., 1991, Nature 3.53:844; Muurrn et 

a.., 1991, Science .254:97; Muuian et al., 1992, Nature GGnneics 

1:345).

Thus, prltrolytic conversion of APP to beta-amyloid appears to 

be an ^esenial step in the pathogenesis of AD and, as such, an 

imppotant target for therapeeuic intervention. Idennification of 

the relevant protease activities, as wen as the development of 

suitable in vitro screening assays, are therefore rsssrtirl 

po^^aus^^ for the development of therapeutic protease 

inhibitors that could be used as treatments to block amyloid 

placque formation in Alzheimer's Disease patients.
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The present invention contains two developments which can be 
used to discover inhibitors of proteolytic beta-amyloid formation:

1) An in vitro assay comprising a holo-APP substrate and either a 
highly purified protease that degrades APP or a crude biological 
extracts containing unidentified proteases that can degrade APP.
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The assay enables the detection of in vitro APP degradation 
activity to yield C-terminal APP fragments. When used with 
crude biological extracts, the assay can be used to monitor 
the purification of, or to characterize the protease 
responsible for the detected activity.

Additionally, when used with either a purified protease or a 
crude biological extract containing un-identified APP 
degrading enzyme activities, the assay can be used to measure 
the inhibition of the APP processing activity by chemical or 
biological compounds that are co-incubated in the assay 
mixture. Inhibitory compounds thereby identified can have 
application as therapeutic inhibitors of the in vivo amyloid 
placque formation characteristic of Alzheimer's Disease 
patients.

2) The identification and purification of specific proteases from 
human brain that can form amyloidic or pre-amyloidic APP C-te?.-minal 
fragments when used in conjunction with the in vitro assay system 
described in (1), above.

Such enzymes include the aspartic protease, cathepsin D and a 
chymotryptic-like serine protease distinct from cathepsin G 
and inhibited by TPCK and alpha-2 antiplasmin and chymotrypsin 
inhibitor II from potato. The identification of cathespsin D 
is particularly significant. We show that cathepsin D is able 
to form C-100 like and beta-amyloid like fragments of 10.0 kDa

MS 1685
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and 5.6 kDA size, respectively.
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This discovery enables the use of any purified or isolated 

tathepsin D to perfom a search for inhibitors of its activity 

using either the in vitro assay described in (1) , above or 

simpler high throughput peptidase assays such as those 

described in the present invention.

Furthermore, since much is known about the speeiffeity of 

cathepsin D as wed as the design of speeds aspeatic 

protease inhibitors, idennification of cathespsin D as an 

amyyoidogenic protease enables both the development of 

speiifit cathepsin D inhibitors using established methods, as 

wed as the utilzzatoon of established cathepsin D inhibitors'..

Also shown below is that cathepsin D, unexpeetediy, 

hydrolyzes APP at the peptide bond between Glu-Val (preferred. 

speiiffcity of cathepsin D is, ordinaaily, between hydrophobic 

residues.). This infoimation can be used further in the design 

of cathepsin D inhibitors.

···· 
« 9 ··

·«

S

• ·
< · 

to

• ·

• a

As mmnnioned above, inhibitory compounds thereby idennifeed 

have apeeitation as thnraeeuUit inhibitors of the in vivo 

arnmloid placque formation thaaaatenistit of Alzheimer's 

Disease patients.

APP degrading enzymes idennifeed by use o^ the present 

invention can be p^ified and used to:

i) develop iyymnochhnycal reagents necessary to further correlate 

the co-localization protease with AD brain pathology; and

ii) isolate the corresponding protease cDNA. The cloned cDNA can 

then be used to connsruct transgenic animal moddls for AD in which 

the effect of protease overexpression can be assessed.
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Assays incorporating synthetic peptide substrates are useful 
for in vitro enzymological studies of highly purified protease 
preparations, but are generally of insufficient specificity to 
enable the selective detection of a desired protease activity in 
cx-ude biologic extracts containing a plethora of proteases. For 
instance, brain tissue is abundant with a wide and varied range of 
peptide processing and degrading enzymes, which may explain why 
efforts to isolate specific brain APP degrading proteases with 
synthetic peptide substrates have been unsuccessful (see Background 
section, above).

Accordingly, in Example 3, the present disclosure shows that 
synthetic peptide assays lead to the identification of several 
peptidases which are unable to degrade APP to yield C-terminal 
fragments under the specified assay conditions, and that the 
pattern of APP degrading proteases does not resemble in any way the 
corresponding pattern of brain peptidases.

A more definitive approach to this problem is the 
utilization of holo-APP as a substrate, in conjunction with a 
method of assessing its specific degradation following incubation 
with protease containing fracti.ons. To this end, the present 
disclosure describes such a method, wherein the enzymic degradation 
of recombinant APP by brain protease fractions is monitored by 
immunoblot using antibodies to the C-terminal region of APP.

Our assay procedure focuses on the formation of C-terminal 
fragments from APP of size sufficient to include the full length 
beta-amyloid peptide (a process requiring endoproteolysis, N- 
terminal to the A 4 region).

Human brain tissue (non-AD control or Alzheimer's) is 
homogenized and then sub-fractionated into a soluble fraction 
(hereinafter "S"), a post 15,000 g pellet (hereinafter "P-2"), and 
a microsomal fraction (hereinafter "M"), using conventional ultra- 
centrifugation. The membranous M and P-2 fractions are solubilized 
with a Triton X-100 preparation. The resulting soluble fractions 
from M and P-2, as well as the S fraction, are then separately
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subjected to chromatography on a Mono-Q strong anion exchange 

column which results in separation of different brain proteases.

Using a synthetic peptide that mimicks the amino acid sequence 

surrounding the N-trnminus of beta-amyyoid, the peptidase activity 

of individual mono-Q fractions from the purification of M, soluble 

and P-2 f ^0:00713 is assessed. Contigous pools of column fi^actio^n^s 

are made based on the recovery of discrete peaks of peptidase 

accivity.

The pools of peptidase acclivity are used to establish assay 

connitions for the detection of protnoiytic degradation of highly 

pure recominant arnyyoid precursor protein puuified from a 

transfected CHO cem line. An immumobot assay is developed in 

which antibodies directed either to the APP c-terminal domain or 

the beta-amyyoid region are used to locate c-terminal APP 

fragments. The assay is used to idennify six poteentally different 

proteoiytit activitnes capable of forming APP c-terminal fragments 

of a sizes large enough to ponenitally contain full length 

bnta-ayyyoid. The recovery of APP degrading accivity ammo^st the 

mono-Q pools is not found to correlate weei with the peptidase 

accivity profiles established in step 2. Inhibitor studies reveal 

that the APP degrading activitnns include both serine and asppatic 

protease activitnes.

The use of the peptidase assay for uonitorxsg enzyme 

purifitatioi is abandoned. Larger supppies of recombinant APP are 

obtained by expression in a bacurovirrs directed insect. cei.i 

system, enaaiing use of the APP degradation assay as the primary 

method to mionttor APP degrading accivity during protein 

purificrticn. A m^a,^1r aspprtic protease accivity is in 

frrttiois from the mono-Q purificatίcn the P-2 fraction.

Further purification and tharaαCenisrtiin experiments 

d^mossra^ that the enzyme is cathespin D. The cathepsin D is 

shown to hydrolyse holo-APP fuming a beta-amyloid like fragment of 

5.6 kDa.

—pponisis sepaharnse affinity chromatography is used to 

attempt to isolate aprotinin sennstive app degrading activitnes
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identified above. A chymotrypsin like serine protease activity is 
partially purified that can degrade APP to form specific C-terminal 
fragments of 11, 14 and 18 kDa, that are shown by immunochemical 
means to contain full length beta-amyloid.

Through this procedure, we have identified several brain 
protease activities that play, with high probability, a role in 
amyloidogenic degradation of APP. Each of the identified or 
unidentified activities described herein can in conjunction with 
the APP degradation assay be used to screen for selective protease 
inhibitors of therapeutic value.

As used herein, "APP substrate" shall mean full length APP, 
whether derived by isolation or purification from a biological

.0! source ox- by expression of a cloned gene encoding APP or its 

."".analogs, and fragments of any such protein, including fragments
* ^obtained by digestion of the protein or a portion thereof,
β ·...... fragments obtained by expression of a gene coding for a portion of
......the APP protein, and synthetic peptides having amino acid sequences• o

corresponding to a portion of the APP protein.
;·,··. APP substrates for the assays of the present invention can be• ·

provided as a test reagent in a variety of forms. Although• · ·
preferably derived from, or corresponding at least in part with the

.:..amino acid sequence of, APP 695, derivatives or analogs of other• · · «
.••••.APP isoforms (supra) are contemplated for use in the present methoda · · e

as well. APP 695 can be obtained by biochemical isolation or 
•Ijs.jpur if ication from natural sources such as described in Schubert et 
.^.jal., 1989, Proc. Natl. Acad. Sci. 86:2066; or by expression of

recombinant DNA clones encoding the protein or a functional portion 
thereof (Knops et al., 1991, J. Bio. Chem. 266:7285? Bhasin et al.,
1991, Proc. Natl. Acad. Sci. 88:10307).

The fragments of the APP protein will comprise a sequence of 
amino acids sufficient for recognition and cleavage by the 
pertinent proteolytic test sample activity (supra). Isolation of 
APP from biological material usually will involve purification by 
conventional techniques such as chromatography, particularly
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affinity chromatography. Purified APP or fragments thereof can be 

used to prepare moonoConal or polyclonal antibodies which can then 

be used in affinity puuification according to conveenional 

procedures. RessUting purified APP maateial can be further 

processed, e.g., fragmented, by chemical or enzymaaic digestion. 

Ussful fragments will be identified by screening for desired 

surccptpbility to the pertinent proteooytic test sample acdvity 

(supra).

As previously stated, the APP suastrate can also be prepared

by expression of recombinant DNA clones coding for APP or a portion

thereof. The cloned APP gene may itself be natural or synthedc,

with the natural gene obtainable for cDNA or genomic libraries

using degenerate probes based on known amino acid sequences (Kang

.Wft'.et al., 1987, Nature 325:733) . Other techni^es for obtaining
• · • ·

....... «suitable recombinant DNA clones, as wed as methods for expressing
• ·

.....jthe cooned gene, will be evident to the worker in the feeld.
« . · ■

A variety of conveeient methods are apppicable to the

//•.detection of proteooytic cleavage of the APP substrate in the• ·
presence of the test sa^i^le. Several of the pre^t^r^n^ly more 

//•.preferred methods are described below, however, it wil be• ft
."/.recognized by the skilled worker in the field that many other 

methods can be applied to this step without depaating from the 

/..inventive features hereof. In general, any method can be used for 

•this purpose which is capable detecting the occurrence of

pritpoiytic cleavage of the APP substrate. Such can be afforded by

•'•jj|a appropriate design of the APP substratρ such that cleavage produces 

•, ’.ja signal producing species, e.g., an oppically responsive product 

such as a colored or fluorescent dye.

Another principal approach involves the sentStivp detection 

one or more cleavage products such as by immunoassay. Preseenly, 

such cleavage product is prpfprentially a C-terminal fragment of 

the APP however, any fragment which appears upon

incubation with samples can be the object of detection.

The detection one or more cleavage products chaaraceerstic

of the pathologic protsoiytic acdvity can be accomppished in many

wL
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ways. One such method, which is further exemplified in the 

examples which follow, involves the procedure commoony known as 

Wectern blot. Typpcally, after the incubation of APP with test 

sample, gel electrophoresis is pcrfomed to separate the coo^onc^nlts 

resuUting in the reaction mixture. The separated protein

components are then transferred to a solid maarix such as a 

mt^i^c^oel^l^uo^E^e meimrane.

An antibody specc^c to a fragment ohalalOtristio of APP 

degradation is then reacted with the components fixed to the 

meimrane and detected by addition of a secondary enzymoellbelcd 

antibody conjugate. The location of the resuUting bound conjugate 

is developed with a chromogenic substrate for the enzyme label.

A variety of immunoassay formats which are amenable to
.β) , currently availaMe test systems can also be applied to the

’***.dctcotioa of APP fragments. TflpccHy, the APP substrate will be

‘ . * ^cu^t^ wite t.he test sample and resulting intact APP rendered

·· . . . ’ immb^iz^ (such as by capture onto a solid phasei. or

...... alternatively, the test siooIc is incubated with an imnobSlizcd
• ·

form of tee APP subbteate. Prote^ytic. clcavagc is tern detected 

··.··, by reacting the iomobilized APP subbtratc with an antibody rcagcnt
• a

,··;·, directed to a portion of the APP s^l^b^t^^ratc which is cleaved from 
• · ·

the APP tubsSrate or v/hich defines the cleavage site.

,:.. The antibody reagent can cbooeise whole antibody or an
• · · ·
.····. antibody fragment comopising an antigen cboOSniag site such as Fab • · · ·

or Fab’, and can bc of the oobabOonal or polyclonal type. Thc 

detection of antibody rcagcnt bound to thc imnobSlized phase is 

indicative of the absence of the ohaaaateristio erbteobytio 

clcavagc. Coonecsely, loss of antibody binding to the iompbSlizcd 

phase is indicative of APP clcavagc. Thc detection of binding o£ 

the antibody reagent will genneaHy involve usc of a labeled fojm 

of such antibody reagent or usc of a second, or anti-(antibody) , 

antibody which is labeled.

Capture or immobilization of APP can bc accbmoeishcd in many 

ways. An antibody can bc generated sparcf-ic to an epitope of APP 

which is not on the oleavaSle fragment. Such an antibody can bc
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immobilized and used to capture or immobilize intact APP. 
Alternatively, a ligand or hapten can be covalently attached to APP 
and a corresponding immobilized receptor or antibody can be used to 
capture or immobilize APP. A typical ligand:receptor pair usefull
for this purpose is biotin:avidin. Examples of haptens useful for 
this purpose are fluorescein and digitoxigenin.

The solid phase on which the APP substrate is immobilized or 
captured can be composed of a variety of materials including 
microtiter plate wells, test tubes, strips, beads, particles, and 
the like. A particularly useful solid phase is magnetic or 
paramagnetic particles. Such particles can be derivatized ‘ to 
contain chemically active groups that can be coupled to a variety 
of compounds by simple chemical reactions. The particles can be

• ̂ ^cleared from suspension by bringing a magnet close to a vessel 
• · · ·....containing the particles. Thus, the particles can be washed
....repeatedly without cumbersome centrifugation or filtration,• ···....providing the basis for fully automating the assay procedure.
··,··. Labels for the primary or secondary antibody reagent can be
• 9

selected from those well known in the art. Some such labels are
j·.··,fluorescent or chemiluminescent labels, radioisotopes, and, more• ·
.··;·.preferably, enzymes for this purpose are alkaline phosphatase,• · ·

peroxidase, and β-galactosidase. These enzymes are stable under a
.:.,variety of conditions, have a high catalytic turnover rate, and can « · · ·

.****.be detected using simple chromogenic substrates.
Proteolytic cleavage of the APP substrate can also be detected 

.^jUby chromatographic techniques which will separate and then detect 
the APP fragments. High pressure liquid chromatography (HPLC) is 
particularly useful in this regard. In applying this technique, 
a fluorescently tagged APP substrate is prepared. After incubation 
with the test sample, the reaction mixture is applied to the 
chromatographic column and the differential rate of migration of
fluorescent fragments versus intact APP is observed.
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BRIEF DESCRIPTION OF THE DRAWINGS

• · • 9 ··

• ·
• ·• · · · ·
• · · ·• 9 ·• ·

99 9 9
9 9 9• ·

Figures la-lf show two dimensional contour plots of peptidase 
activities of control compared to AD human cortex subfractions. 
Subfractions were prepared according to Example 1, by ion-exchange 

(mono-Q) separation of P-2, S and M fractions. Enzymaaic cleavage 

of N-dansyl-Ile-Ser-Gbu-Va--Ly--Met-Asp-Ala-Glb-Phe-Arg-His~Asp- 

Asp-Asp-Asp (SEQ ID NO: 1) by Mono-Q fractions was perfomed as 

described in Example 3. Each plot shows the relative amounts of 

each flobrlyclnt product (abscissa) obtained by incubation of each 

mono-Q fraction (ordinate) under the same incubation conSitiony. 

The amount of product is represented vertically by contour lnnes. 

Greater numbers o£ contour lnnes indicate greater amounts of a 

particular product. Mono-Q fractioss from conn^l S (a) , AD S (b) , 

connrol M (c) , AD M (d) , control P-2 (e) , AD P-2 (f), wen

subjected to analyst-^. The roman sbmaeals on the right hand

ordinate of the thm AD plots locate pooled regions described in 

Example 3, and which were then assa^ according to Example 8, and 

found to contain significant APP degrading activity.

C · 9 9
9 9 9

9 9 9 Figures 2a-2f depict immunoblot analysis of the APP 695 degrading
.:.. activity associated with selected Mono-Q pools from the

····
,····. ion-exchange separation of M, S or P-2 fractions derived from AD
• · · · cortex.
.•4- j The pools wen made based on their content of peptidase activitl as
O* 9 .

· described in Exarnmle 3 9 Iamabsifot assays were perf^oraed as• · ·
described in Example 89 Reerelslnative assays for the ^Howing 

pools are shown:

Figui'e 2a: Activity associated with P-2 pool V:

APP was present in each of lanes 2 to 69

C-100 from PMTI 73 (lane 1), no P2-V blank (lane 2), P2-V (lane 3), 

P2-V plus EDTA (l^ane 4), P2-V plus mmthanol (lane 5), P2-V plus 

peppsatin a in meehanol (lane 6·
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Figure 2b: Activity associated with M pool III:
APP was present in lanes 2 to 7.

C-100 from PMTI 73 (lane 1), M-HI plus cystatin C (j^ane 2), M--II 

plus appoOinin (lane 3), M--II plus capPopprl (lane 4), M-IIT. plus 

EGTA (lane 5) , M-Ul' plus N-dannsl-He-Ser-Glu-Val-Lys-Met-Asp-Ala-  

Glu-Phe-Arg-His-Asp-Asp-Asp-Asp (SEQ ID NO: 1) (lane 6), Mill

without inhibitor (lane 7) , prestained mooecular weight markers 

(lane 8) .

Figure 2c: Activity associated with 8 pool I:
APP was present in each of lanes 2 through 6. S-I plus 

N-dannyl-IlesSeIGGlu-VaI-Ls--Met-AΞp-Ana-Glu-Phe-Arg--HiS“Asp-AspI 

Asp-Asp (SEQ ID NO: 1) (lane 2), S-I plus EGTA (lane 3, S-I plus 

captoppil (lane 4), S-I plus aprcoinin (lane 5), S-I plus cystatin
,^B,C (lane 6), C-100 from PMTI 73 (lane 7). Lane 1 contains
• · · ·

........jprestained molecular weight markers.
• ·......Figure 2d: Activity recovered in individual mono-Q fractions
• ···.,.. from the separation of AD P-2:9

•♦.♦♦.Mono-Q fractions 38 to 43 corresponding to the conductance region
• ·

in which P-2 pool- VII is otherwise observed were individual-ly 

··. ··,examined for APP degrading activity. For each fraction, the

.’•j’.incubation was carried out both in the absence (-) or presence (+)• · ·
of recombinant APP 695. The fraction numbers are located on Figure 

J..2. The C-100 standard used was from PMTI 100. Mr indicates
69+ 9

«•••‘.mooecular size maakers.• · · ·
Figure 2e: Comparison of the position of migration of c-ioo

products directed either by PMTI 73 or PMTI 100:
The protein product of PMTI 73 (lanes 1 and 3) and PMTI 100 (lanes 

2 and 4) are shown in comppaison with mooecuXar markers (lane 5· 

Figure 2f: Typical time course of product formation:
APP plus MUI were analyzed at tme t= 0 h (lane 1, 5 h (lane 2), 

20.5 h (lane 3), 44.5 h (lane 4), and 55 h (lane 5). MooecuXar 

weight markers (lane 6, C-100 PMTI 73 (lane 7, and APP without 

M-II (lane 8 , are also shown.

For each of Figures 2a through 2f, above, migration was from 

top to bottom. In 2a-2d and 2f, the upper solid arrow locates the
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position of migration of holo-APP, and the lower solid arrow 
locates the position of migration of C-100. In Figure 2d, the open 
arrows locate the positions of migration of putative oligomers of 
the enzymically generated C-100 fragment. The concentrations of all 
inhibitors are listed in Table 4, below.

Figures 3a and 3b depict results from further purification of P-2 
pool VII by gel filtration.
Figure 3a: P2-pool VII fractions from Mono-Q 10/10
chromatography were pooled, concentrated to 0.25 ml and applied to 
a tandem arrangement of two Superose 6HR 10/30 columns equilibrated 
in lOmM tris HCI buffer pH 7.5 containing 150mM NaCl. Elution was 
performed at a flow rate of 0.3 ml/min, and column eluent was 
monitored at 280 nm. Fractions (0.24 ml) were collected and

,’’**· subjected to both peptidase activity, and APP degradation assay
....using the immunoblot. The arrows locate the region of the• ·......chromatogram in which the APP degrading activity was recovered.
j..·*,Also shown are the peptidase activities associated with both K-M
0 0

(closed circles) and M-D (open circles) bond cleavage. 
Chromatography was performed at 22°C.

• 0
,··;·. Figure 3b: The migration of the APP degrading activity relative

0 0 0

to the indicated standard proteins of known molecular weight was 
.:..used to calculate an Mr apparent of the APP degrading protease

.““.which is listed in Example 8.

Figure 4 shows Peptide Epitope Mapping of Murine Monoclonal 
·, · J Antibody C286.8A Raised Against the Beta-amyloid Peptide.

Micro-titre plates were coated with 50 ng of synthetic APP 695 
(597-638) (beta-amyloid 1-42) , blocked, then incubated with 100 ul 
of C286.8A (80 ng of IgG) which had been preincubated (60 min at 
room temperature) in the presence or absence of the indicated 
concentrations of competitor peptide. Note, that the peptide 1-7 
refers to peptide SEQ ID NO: 1. Following incubation for 60 min at 
room temperature, plates were washed, and the amount of bound
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antibody determined by development with horseradish 
peroxidase-coypled goat-anti mouse polyclonal antibody according to 
standard procedures (Wunderlich et al., 1992, J. of Immunol. 
Methods 147;1). Percent competition (% C) of antibody binding to 
the plate was calculated from the absorbance at 450 nm data using 
the following equation:

% C = 1.0 - O.D. (+ competitor) - O.D. blank X 100
O.D. (- competitor) - O.D. blank

Figure 5: ΆΡΡ695 processing activity recovered in ion-exchange
fractions from the purification of human brain P-2 subfraction.
A total of 123 fractions were collected from the column. The first

.^).32 fractions corresponded to the load and wash phase. The salt 

.’’’’.gradient started at fraction 33. Screens of fractions 3 to 18

......(panel a), 21 to 32 (panel b) , 33 to 38 (panel c), and 39 through
0 ·••..,,44 (panel D), are shown. For each fraction, the incubation was
......performed in both the absence (-) and presence (+) of APP695• ·

substrate. Incubations of APP695 for zero or 24 hr is located where
··,··,appropriate. Incubations were performed as follows. Baculo-derived • 0
.••j»,holo-APP695 (80 nM) was incubated with 5ul of each column fraction

0 · 0

in a total of 15 ul containing 100 mM Mes buffer pH 6.5, 0.008 % 
.!.. (v/v) triton X-100, 160 mM NaCl, 6.7 mM tris (from the APP stock).••9·

.*···,Reactions were terminated after 24 h by addition of SDS-PAGE sample 
buffer. Immunoblots were developed using the C-terminal polyclcnal
:antiserum of Example 6, as described in Example 8. The arrows 
locate the product fragments. Fractions 45 to 86 were also tested 
but showed relatively little activity (therefore not shown). Peak 
A and B locate the major activities.

Figure 6 shows results of purification of P-2 derived APP degrading 
activity on gel filtration: correlation with the elution of 
cathepsin D.
Panel (a) A 280 nm elution profile for the purification of P-2 peak 
B on a superose 6HR column. Panels (b) and (c) corresponding APP
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c-terminal processing activity in the eluted fractions 49 to 60, 

determined esssetially as described in Example 5. Arrows locate 

major product bands. Panels (d) and (e), Iminuunobot analysis of 

eluted fractiots using a rabbit polyclonal antibody to cathepsin D 

(1/300, dilution). The arrows locate the posstion of migration of 

immuunrreacive bands. Human liver cathepsin D was Hso analyzed 

for trmmpaisrn.

9 9 99 
I 9 9

9 9 9

Figure 7 depicts protease inhibitor specificity of protease 
activities isolated from the P-2 subfraction.
Reeacims (32 ul) were initaaeed C' 37°C by APP addition to achieve 

the foioowing initial component conditions: P-2 enzyme (2.54 ug/ml) 

fraction from the 15-25 kDa region of gel fitrcatiot (Figure 6? 

APP (168 nM) , in 96 mM Mes buffer pH 6.5. Reeations were 

terminated after 26 hr by addition of 15 ul of 3X sample buffer, 

and subject to analysis using a 1/1000 diluton of the 

rabbbt polyclonal antiseuum to the APP C-terminus. The effect of 

^dt^on of the ^Howing inhibitors is shown: No inhibitor (lanes 

7 and 20), 1 mM EDTA (lane 5); 400 uM PMSF in ethanol (lane 9); 

ethanol alone (lane 11); 100 uM E-64 (lane 13 3; 10 ug/ml aprooinin 

(lane 22) ; 100 uM peppsatin A in DMSO (lane 26) ; DMSO rnly (lane 

24). The effect of inculcation of APP for Ohr (lanes 2 and 30) and 

26 hr (lanes 3 and 28) are also shown. Lanes 6, 10, 14, 17, 21 and 

25 contained enzyme alone. Lanes 4, 8, 12, 19, 23, and 17 

contained the C-100 standard. Prestained mcoecular weight markers 

are present in lanes 1 and 29. The 18 and 28 kDa C-terminal 

product fragments are located with arrows.

Figure 8 shows tme course of Cathepsin D catalysed APP cleavage 

mentored using an antibody to the APP c-terminal domain.

Panel (a) shows time course of APP proteolysis by cathepsin D in 

the absence (lanes 10-14) or presence (lanes 4-8) of 86 uM 

peppsatin A. APP was also incubated alone (lanes 1-3). The 

numbers indicate the time (hr) after inmanon o£ reactions.

MS 1685



- 23 -

Reactions were initiated at 37°C by the addition of APP to achieve 
the following initial component concentrations: APP (82 nM) , 
cathepsin D (9.2 ug/ml),in 89 Mes buffer pH 6.5. Samples without 
pepstatin received the same amount of solvent (1.3 % v/v methanol). 
At t=0, 43, 84, 140 and 215 minutes aliquots (15 ul) were removed 
mixed with 7.5 ul of SDS-PAGE sample buffer and subject to 
immunoblot analysis using the Rabbit antiserum to the APP 
C-terminal domain. The 18 and 28 kDa reaction products are located 
with arrows.

Figure 9 depicts pH and ionic strength dependence of APP C-terminal 
processing by the P-2 derived enzyme or cathepsin D.
Panel (a) shows pH dependence observed with cathepsin D and the P-2 
enzyme (peak B, Figure 5 following gel filtration chromatography,

aaaa
...«Figure 6). Panel (b) is ionic strength dependence for both enzymes

a a
...«at pH 6.5. Reactions were initiated at 37°C by enzyme addition to

a a
•«....achieve the following initial component concentrations: cathepsin
a

;·.··.D (9.2 ug/ml) or P-2 enzyme from figure 6 (11.7 ug/ml), lOOmM in 
each of sodium acetate, Mes, and Tris-HCl, and purified APP (79 

ί·.··.ηΜ) . At t=0 and 3 hr, aliquots (15 ul) were removed mixed with 7.5
.•“•.ul of 3X sample buffer and subject to immunoblot analysis with the 

C-terminal polyclonal antiserum according to Example 8. The 28, 18
o.!..and 14 kDa reaction products are located with arrows.
aaaa a a aaaa

Figure 10 shows cleavage of N-Dansyl-Ile-Ser-Glu-Val-Lys-Met-
•^•Asp-Ala-Glu-Phe-Arg-NH2 (SEQ ID NO: 7) by cathepsin D and the P-2 
·, ·.«enzyme (peax B, Figure 5) following further purification on

Superose 6IIR.
Reactions (30 ul) were initiated at 37 C by enzyme/inhibitor 
addition thereby achieving the following t=0 component 
concentrations: Cathepsin D (2.8 ug/ml), or P-2 enzyme from figure 
6 (17.5 ug/ml), N-Dansyl-peptide (24 uM), captopril (0.3 mM) in a 
cocktail buffer comprising 130 mM in each of acetate, Mes and Tris 
pH 5.0. Samples contained either pepstatin A (213 uM in 3% v/v

MS 1685



- 24 -

final mmthanol) or an eqiivalent final uoncuenration of mmthanol 

only. At 0, 2, 4, 8 and 24hr, reactions wem terminated by addition 

of 12 % (v/v) TFA (10 ul) and subject to HPLC analysis according to 

exammle 2 and 3. Reneeetentaivn traces are shown for: P-2 enzyme, 

t=0 hr (panel A); P-2 enzyme, t=24 hr (panel B); P-2 enzyme plus 

eepetatin A, t=24 hr (panel C) ; cathepsin D, t=0 hr (panel D) ; 

cathepsin D t=24 hr (panel E ; cathepsin D plus peppsatin A, 24 hr 

(panel F)·

Figure 11 depicts pH dependence of N-Dansyl-Ile-Ser-Glu-Val-Lys- 
Met-Asp-Ala-Glu-Phe-Arg-NH2 (SEQ ID NO: 7) cleavage by cathepsin D 
and the P-2 enzyme (peak B).
RenaCicn connitions were essseniaaiy as described in Figure 10, 

t«Wr' exceppt that the cocctaai buffer was adjusted to the iniiultei pH
• ·· β

• values. (a( ceaavage by cathepsin D ( and <b>( ceaavage by P-2
• ·

......enzyme. Rates o^ cleavage at the -Glu-Val- (closed circles) and
ft ·

•^...-Met-Asp- (open circles) bonds are shown in each case.
• ft ··• · ·• · Figure 12 is SDS-PAGE analysis of reaction products from the
:*.**.preparative digestion of APP by cathepsin D. '• ·
.••".Panel (a) is a photograph of the uccmestin stained electroblotft ft ft

prior to excision of bands, panel (b) is the corresponding Hot 

,J..after band excision, and panel (c) is the ucrrntecnding ieeennCbot 

••’•••annlysis 10/000 dilution of mococUonal 286.8A) of a parram series 

of reactions to those depicted in panels ( 1) and (b) . Reaations in

(a) were initianei at 37°C by subbtrnte rdiition thereby achieving 

·, ««the foioowing initial component uonnuenrationt: APP (15.6 uM) , 

cathepsin D (0.1.7 uM, 7.145 ug/mll, in 40 mM sodium acetate pH 5.0, 

containing 30 mM Nad. At t=16 hr the reaction mixture was 

concentrated to 15 ul by speed vac, mixed with 7.5 uL of 3X sample 

buffer and subject to SDS-PAGE. RenaUicns in (c) wem enrfom1ni in 

esssenially the same manner except that the APP concimnration was 

dncrnltnd to 3.2 uM. For both experiments (in a and c) ,

incubations wem perfomod with the uceeeetn incubation system
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(lanes 3), and in the absence of cathepsin D (lane 4, cathepsin D 
added back immediately after addition of the sample buffer). Lane 
5 in each case contained cathepsin D only controls, while lane 6 
contain a purified APP as migration standard. Prestained molecular 
weight markers are in lane 1. In (c) , the main immunoreactive 
products are located with arrows.

• 0 00
0

000000 
• ·

•···00 
• ·• ·

0 0 0 0 0 
0
·· 00 
·· 0• 0

0 0 0 0 
0 0 0
0 0

00 0 0 
0 0 0

• 0 0

Figure 13 shows a time course of cathepsin D catalysed APP 
degradation monitored using a monoclonal antibody to the N-terminus 
of beta-amyloid.
Reactions were initiated at 37°C by APP addition -reby achieving 
the following initial component concentrations: APP (448 nM), 
cathepsin D (30 nM), and when included pepstatin A (97.2 μΜ) in 83 
mM sodium acetate buffer pH 5.0. At the indicated time points, 
aliquots (20 ul), were removed' mixed with 10 ul of 3X SDSPAGE 
sample buffer and subjected to immunoblot analysis using monoclonal 
antibody 286.8A (1/100). Reactions were performed in the absence 
(-) or presence (+) of pepstatin A (delivered in methanol). All 
samples received 2.7 % (v/v) methanol. Lanes 1 and 12 contained 
prestained Mr markers, Lanes 10 and 18 contained C-100 Mr marker. 
Lanes 11 and 13 contained APP incubated without cathepsin D for 
zero and 21hr respectively. The main product fragments are 
indicated with arrows.

0 0 00 0 0000 0
Figure 14 shows the effect of amino acid substitution on the time 

•|ti^2course of hydrolysis of synthetic peptides by cathepsin D and the 
·* ,jP"2 derived enzyme (peak B). Reactions were initiated at 37 C by 

substrate addition to achieve the following initial component 
concentrations: Cathepsin D (2.5 ug/ml) or P-2 peak B enzyme (7,5 
ug/ml); N-dansyl-peptide (58 uM), captopril (0.3 mM), with or 
without pepstatin A (213 uM), sodium chloride (75 mM), in 135 mM 
buffer in each of tris, Mes and acetate buffer pH 5.0. At various 
times, aliquots (30 ul) were removed, adjusted to 12.5% (v/v) in
TFA and subject to RP-HPLC analysis. Time course of hydrolysis for
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• ft
• ft• it··
• ft ··• ft ·ft ·

·· .ft · ■ 19 ft
ft··ft · • · ft

the ^oio^wi^r^g substrate/protease comaSntaions are shown:

a) N-dansyl-■Ile.’Set-GGu-Val-Lyi-Met-Aip-Ala-Glu-hhe-Ag--NH2 

(SEQ ID NO: 7) by cathepsin D;

b) N-danni·y-ItesSer-Glu-aal-Atn-tuu-AΞp-Aaa-Glu-hee-Agg-NH2 

(SEQ ID NO: 3) by cathepsin D;

c) N-danΞyl-Iteserr-Glu-ValyLyΞ-eίet-AΞp-ala-Glu-Pee~Agg-NH2

(SEQ ID NO: 7) by the P-2 enzyme (peak B, Figure 5 following gel 

fittratoon, Figure 6 ;

d) N--datiy-Ile-Str-Glu-Val-itn-Leu-Asp-Ala-Glu-Phe-Arg-NH2 (SEQ ID 

NO: 3) by the P-2 enzyme (peak B, Figure 5·

Cleavage at the E-V bond (squares, panel A and C) , M-D bond (closed 

diamonds, A and C) , or so as to generate the meetIsoite at 

retention time 4.4 min (in B and D) are shown.

Figure 15 shows purification of solubilized P-2 fraction on 
aprotinin sepharose.
Experiment was perfumed according to Example 1. (a) is typical

A280 nm elution profile, and (b) is an iammntbSot assay (rabbbt 

antiseuum to C-terminal domain of APP) for APP processing accivity 

in the eluted fraσtOoti. The arrows indicate the migration of the 

main APP degradeition products. Note the appearance of breakdown 

products in fractions 8-13 from acid elution.

7
A

ftft·······.•••«.Figure 16 shows purification of P-2 derived aprotinin binding···· protease on mono-Q.
<J|h< (a) shows A280 nm elution profile, (b) , activity of eluted 

fraction® using a rabbbt APP antiseuum (1/1999• ··
dilution) for detection, and (c), accivity of eluted fractions 

using Mab 286.8A. (1/199 dilution of 1.6 mg/ml pure IgG) for 

detection. The three arrows indicate the migration of the 11, 14 

and 18 kDa C-terminal APP degradation products.
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« ·
···
···

·« ··• · ·

! ·
• ·

• A

Figure 17 shows pH and ionic strength dependence of APP degradation 
catalysed by the pool Y serine protease.
Panel (a) shows pH dependence .. Reattiots were iiittaeed at 37°C to 

achieve the foioowing t=0 couponent conncetrationp: Pool Y protease 

(5 ul of fraction 16 frou Figure 16), APP (38 nM), in a coocktai 

buffer colnypysing 32 mM in each of acetate, Mes and Tris adjusted 

to the indicated pH values. Reeac-ion uixtures (16 ul) were 

teiuinated after 2 hr by the a^c^ditj^o^n of 7.5 ul of 3X sauple 

buffer. IunyltObotp were developed esspeiiaaly as described in 

Exauple 8, using a rabbet polyclonal antiseruu to the ' APP 

C-teyyinal doyyit. Lanes 1 and 12 contain prestained Mr yyrkerp. 

Lane 9 contained C-100 and Lanes 10 and 11 contain APP incubated 

for 0 and 3hr respecively at pH 6.5 in the absence of pool Y. 

Panel (b) shows ionic strength dependence. Rotations were 

perfouted essse-meaiy as described in (a) except the buffer was 95 

uM Mes pH 6.5 containing the indicated uuoar concennrationp of 

podiuy chloride. APP cleavage in the absence (lanes 2 to 7) or 

presence (lanes 9 to 14) of pool Y are shown for each conceenration 

of podiuy chloride. Lane 1 and 8 contain Mr and C-100 

standard respeecively. The arrows iidiitte the uigration of the 

11, 14 and 18 kDa APP fraguents.

•. · · ·
*··* ‘Figure 18 depicts inhibitor selectivity of the pool Y protease. 

t Rotations were iiittaeed at 37°C by enzyue adc^tim to achieve the 

foioowing initial couponent conccetratiotp in a 16 uL voluue: pool

···· γ # 3-5 (14 ug/ul) after pulifiittloi on a superdex 75 dluu^ APP

,, .(35 nM) , in 30 rnM Mes buffer pH 6.5. Reettionp were t^e-jcui^natied by
• . ' · ·

’’tdddtiot o^ 7.5 uL o^ 3X ptyple buffer. IyuyltObots were developed
e · ·
’ ’’using the rabbet ' antiseluy to the APP C-te^inal dou^in according 

to exauple 8. Data are shown for the effect of the folOowitg 

inhibitors: Panel (a) 860 uM PMSF in uethanol (lane 4) , 400 uM

peppsatin in uuthanol (lane 6, 5 uM betzauydine (lane 8, 350 uM 

E-64 (lane 9), 7.7 uM EDTA (lane 10), 15 uM tproOitit (lane 11),
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and 0.1 % (w/v) deoxycholate (lane 15). The following controls 
were also run: no inhibitor (lane 12), ethanol (lane 3), methanol 
(lane 5), pool Y only (lane 2), APP only at time zero (lane 13) and 
4 hr (lane 14) . Lanes 1 and 7 respectively show prestained Mr 
markers and the C-100 standard. Panel (b) 1.8 uM alpha-1- 
antichymotrypsin (lane 2),. 156 uM TLCK (lane 3), 4 6 uM chymotrypsin 
inhibitor I (lane 4), 119 uM chymotrypsin inhibitor II (lane 5), 4 
uM alpha-2-antiplasmin (lane 6) , 51 uM’ alpha-l-antitrypsin (lane
7) , 98 uM chymostatin administered in DMSO (lane 10) , 153 uM 
methanolic TPCK (lane 12). Controls included: no inhibitor (lane
8) , DMSO (lane 11), and methanol (lane 13). Pre-stained molecular 
weight markers and C-100 standards were applied to lanes 1 and 9 
respectively. Incubation tiroes of 4 and 2 hr were used in panels 
a) and b) respectively. The arrows indicate the migration ot the 
11, 14 and 18 kDa APP degradation products.

• · ·
•DETAILED DESCRIPTION OF THE INVENTION

• ·• ··« · Example 1 Human Brain Protease Isolation.
·· ··• · · • ·

• e · ·• · · • ·• · · · β · ·• · ·

• · · ·

• β• ·• ·• ·• ·• ·

Two general approaches were taken for protease isolation. In 
the initial studies brain protease activities were isolated as 
described under "Method 1", below. Characterization of the 
resultant enzyme activities obtained from ion-exchange 
chromatography is described in Examples 3 and 8 and lead to the 
identification of six different activities which were able to 
degrade recombinant CHO cell derived APP (Example 8) but were 
relatively innactive as peptidases (Example 3).

One of the six activities was subsequently identified as 
cathepsin D (Example 9) , and was further* characterised according to 
its chromatography on gel filtration.

In an alternate approach to attempt to affinity purify some of 
the human brain serine proteases described in Example 8 (Table 4), 
"Method 2" was implemented. This procedure was based on the
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affinity purification of serine proteases using aprotinin sepharose 

at an early step, and lead to the ide^ni.fi^c^alii^n of a serine 

protease(es) (Example 10), which also exhibited the capacity for 

APP C-terminal processing.

Method 1:

• ·• ····
• · a ·
·· ·
• ·

a · a · 
a a ·

i) Sub-cellular fractionation. Sections of human frontal cortex 

pole 9 region (4.5g) from four separate, age-matched Alzheimer's 

patients were weighed out while frozen (-70°C), added to 150 ml of 

0.32M sucrose at 4°C and scissor minced. The suspension was 

homoggnized in batches using a 100 ml Elvehjem glass teflon potter 

(10 return strokes). The combined homogenate was centtfruged (1000 

g x 10 min) a Sooval SS-34 rotor.

The l^o^ose peeiet was removed, re-homogenized and centrifuged 

as described above. The supernatant for each extraction was 

comined and centriuuged at 15,000 g x 30 min in the Sorval SS-34 

rotor. The resultant "P-2" peeiet was resuspended in 100 ml of ice 

cold 0.3 2M sucrose by vortexing and stored at -70°C. The 

supeenatant from the last spin was centr^nged at 105,000 g x 60 

min to yield the supernatant or soluble fraction ("S"), and the 

microsomal fraction ("M") which was resuspended in 60 ml of 0.32 M 

sucrose. Both S and M were stored at -70°C.β · · ·• · ·• · ·

Table 1
Summary of protein recoveries:

Fraction Volume

(ml)

Cootrol

(mg)

AD

(mg)

Soluble (S) 250.0 3115.0 472.0

P-2 peeiet 100.0 436.0 412.0

Microsomal (M) 60.0 105.0 89.4
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ii) Solubilization. The meromranous control or AD subtractions 

(P-2 or M) were solubilzzed by adjusting to the ^dowing 

tintUtiits: 2% (v/v) Triton X-100 containing 50 mM Tris HC1 

buffer, pH 7.5. After stirrnng at 4°C for 3.5 hrs, the suspensions 

were cent rouged at 1015,000 g x 60 min in a Beckman 70 Ti rotor. 

The fod owing final protein tonctntratiots were used in 

solubilization, for P-2 (3.9 to 4.0 mcgim); and for M (1.4 to 1.6 

m^gi^m). SoBublized supernatants were stored at -70°C for later 

use. The soluble fraction was not treated with detergent . jt 

rather was adjusted to 50 mM in Tris HC1, pH 7.5, by the adddtion 

of stock 1M buffer.

• ·

·· ··
• « · 
• ·

····
• · ·

to· ·

• · · ·

iii) Ion-exchange chromatography. C^iro^s^^<^^fraphy was performed 

using a Gilson gradient liquid chromatograph (model 305 and 306 

pumps) equipped with a 50 ml Rheodyne stainless steel loop injector . 

model 7125, and connected to a Mono Q HR 10,/10 column (P^j^ar^c^a^j-a, 

Piscataway, NJ). Absorbance of column effluent was m^o^nitor^ed at 

280 nm using a Pharmmeia UV-M detector and a Kippen-zonen chart 

recorder.

Protein frlctiots of P-2, microsomal (M) , or soluble (S) were 

loaded onto the column and equiibrated with 50 mM Tris HC1, pH 7.5 

(connuctivity 1.8 mU at 4°C) at a flow rate of 2 m^./mLn. The 

column was then washed with the ecquiibraticn buffer urktl the A280 

nm in the eluent decreased to zero whereupon the column flow rate 

was increased to 4 ml/min.

Proteins were eluted as follows:

Solvents: A = 50 mM Tris HC1 pH 7.5

B = 50 mM Tris HC1 pH 7.5, containing 1M NaCl.

Program: 0 - 50 % B over 70 min

hold 50 % B for 10 min 

50 - 100 % B over 10 min 

hold 100 % B for 10 min 

re-eqi ύΐϋη^.

//
'7 .

• · · ■
β · ·
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Four ailllitli fractions were collected throughout chromatography. 

The fillowiig protein loads were applied per column run:

P-2, 97 mg (conir<il) and 95 mg (AD);

S, 50mg (control) and 68 mg (AD); and

M, 36 mg (control) and 31 mg (AD) .

In the initial studies, eluted fractiois were aonίtoied for 

A280 nm, total protein (Bradford assay), and peptidase ictivitl (as 

decsribed in Exarnyles 2 and 3) . Pools made on the basis of 

peptidase acciviti were then prepared (Example 3) and then tested 

for their capaccty to process CHO ceei derived APP

(described in Example 8 .

In a.1 further studies however eluted fractiois were also 

iidividfaill tested for their capaac-ty for C-terrinal processing of 

recomainant APP derived by baculo virus directed expression 

(Example 9).
• ·»0• ·• · 0 > »

·.··»· iv) Gel filtration chromatography. A lypcca 1 eaaapee of <e€-l 

.....: Oilriatioi is depicted in Figure 3. More g^i^n^er^aiy, chromatography 

;·.... was perfomed as described below. Mono-Q, fractiins fram the

:*.**. yufioitatlli of P-2, and containing APP C-terminal processing 

acuity were pooled, crncennrated to less than 0.25 ml and applied

·’·’*; to a tandem arrangement of two Superose 6HR columns Kquiibrated 

with 10 mM Tris HC1 buffer pH 7.5 and containing 150 mM NaCC. A 

flow rate of 0.3 ml/min was used througout. Fractions were

.j·*· monitored for A 280 nm, total ^otein (Bradford assay) , peptidase 

•^•activit1, and artivit1 for C-terrinal pr^oce^!^:i^ng !° iecraainant

APP.

Method 2:

i) Svu-cceiular fractionation. This was performed essse'iiiill as

described in Method 1, above.
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ii) Solubilization. This was performed rssirtialϊl as described 

in Method 1, above.

ixx) Aprotinin-sepharose chromatography. Soluble (230 mg), P-2 

(216 mg) or microsomal fraction (47 mg) described above was applied 

to a column of •proo-inin ^pharose (Sigma, catalog # 42268, 1.5 X 

10 cm), previous^ r<qlUlibratrd with 20 mM Tris HC1 buffer pH 7.0. 

Once loaded the column was washed with rquUlibi-aeiln buffer (100 

ml) , and then eluted with 60 ml of 50 mM sodium acetate buffer pH 

5.0 containing 500 mm’ sodium chloride. The flow rate was 1.0 

ml/min throughout. Eluted ^•^ίοΓϋ (4 ml) were mynttoi·rd at 280 

no, analYsed using the Bradford protein rssal, and examined for APP 

C-terminal processing activiel as described in Exammle 8, using 

i■eco0>itant APP derived bl expression in a brculo virus sl^em.

. . Active ^·σ^οΓϋ were capable of forming 11, 14 and 18 kDa

\ (approx.) fragments which were detectable on iommunobots using an 

.....j rnti-APP C-terminal antibodies (see Method 6 for method antibodl

.....: prouucion).
• ·« · · · ·• ·
J· . · *. iv) Ion-exchange chromatography. Active ^•^ϊσΓϋ from the

puuification of the P-2 fraction on aprltinnnirepharoir

· · ·· pooled, dialyzed against 50 mM Tris-HCl pH 7.5 and applied to a 

• • · · ’ : oono-Q column (HR 5/5) , previousll ^qul^^ted with diallsis 

buffer. Once lorded, the column was eluted .rsssrteally as

described in Method 1. above. Active ί^^ΐοΓϋ (2 O.) , were
•JR·· οοπΙ^^ for A 280 nm, total protein (Bradford assay), and for 

their c^arctl for brculo virus derived APP C-terminal processing,

·. ’.i A broad peak o^ APP-derrading accivitl was observed, which was 

·. ‘.L capable of forming 11, 14, and 18 kDa APP C-terminal fragments 

which reacted with both the APP C-terminal antibodl as wen as a 

oontctonal antibodl directed to the Ν^μοϊμβ of the beta-amyloid

peptide (see Example 6 for antibodl pra^uucia^).

Based on the A 280 nm profile rcross the region containing

active ^•^όοΐϋ, three pools of activiel were prepared each

MS 1685



33 -

overlapping with a distinctive A 280 mn peak. The pools comprised 
the following conductance ranges: pool X (12.2 to 14.4 mmho), pool 
Y (14.9 to 18.9 mmho) and pool Z (20.2 to 22.9 mmho).

v) Gel filtration chromatography. Pools X, Y, and Z were each 
concentrated to either 2 ml (pool X and Y) or 3.6 ml (pool z) and 
separately applied to a Superdex 75 column (Pharmacia, Piscataway 
NJ.) previously equilibrated with 50 mM Tris-HCl pH 7.5, containing 
150 m>< sodium chloride. Once loaded, the column was eluted with 
equilibration buffer. Chromatography was performed at a flow rate 
of 1.0 ml/min throughout. Fractions (1 ml) were monitored for A 
280 nm, total protein (Bradford assay) and for C-terminal 
processing of baculo expressed APP. The gel filtration was 
calibrated by chromatography of each of the following standard 
proteins: Thyroglobulin (670 kDa), bovine gamma globulin (158 kDa), 
ovalbumin (44 kDa), myoglobin (17.5 kDa) and vitamin B 12 (1.35 
kDa).

Example 2. Peptidase assay development.
• 9
9 99 9 9
9

9 9 99ί · : A peptidase assay was developed to enable the high throughput
detection of endoproteases in human brain tissues which might• β · ·: · : possess a specificity appropriate for APP hydrolysis at the• · · ·

·.·* ίjunction between the "extracellular" domain(s) and the N-terminus 
of the beta-amyloid peptide region. The technology selected

■m' utilized dansylated peptide substrates, in conjunction with 
subsequent detection of fluorescent peptide products by RP-HPLC 
separation, and post column fluorescent detection.

• · ·
• ·

9 ·
9 · Evolution of peptide substrate sequence: A fluorescently labelled 

dodeca-peptide substrate containing the same amino acid sequence as 
observed surrounding the N-terminal region of the beta-amyloid 
peptide sequence of human APP was prepared by solid phase peptide 
synthesis. Peptides were synthesized on an Applied Biosystems 
model 430A peptide synthesizer using Fmoc / NMP-HoBt chemistry
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(Fields et al., 1990, Int. J. Peptide Protein Res., 35:161; Knorr 

et al., 1989, Tetrahedron Letters, ,301927). UsuuIIi, the peptides 

were cleaved and deprotected in 90% trifrnoioacetic acid, 4%

thinan'i.snln, 2% eth^needit^i^i^l, and 4% liquefied phenol for 2 h at
!

room tempprature.

However the peptide: N-dansyy-Ile-Ser-Glu-Vαl-Lls-Met--sp--lα-

Glu-Phe-Arg-His (SEQ ID NO: 2) was found to undergo unwanted 

carboxy peptidase digestion when incubated with crude tissue 

fractions. To attenuate carboxy peptidase digestion, the

^mowing, miodifi^ed substrates were designed: N-i^c^nns.^-l^le-^S^r- 

Glu-Val-Lyi-Met--sp--la-Glu-Phe--rg -NH2 (SEQ ID NO: 7) and N- 

dansyl-Ile-Srr-Gru-nal-Lys-Met-App-Aaa-Gru-Phe-Arg-His-Asp--sp--sp-

a ·· ·• · • ·· ·
. ·
• ·

······« ·
• · · · ·
·· ··• · ·• ·

• ·

Asp (SEQ ID NO: 1 .

This latter peptide was relatively ieieneitive to carboxy 

peptidase digestion even in the presence of crude tsssue frattioni 

and was used in the peptidase profiHng studies of Example 3. The 

C-terminal alpha amide substrate (SEQ ID NO: 7) was used in the 

peptidase studes of Example 9 rsing more puuified enzyme 

fractions. The degradation of either of the peptides was yoostnrei 

using the HPLC protocol of Exammle 3, below.

Example 3. Determination of peptidase activities in subfractions
• e · ·
: * · of normal-control and AD brains.
····• · ··· ·

i) Incubations. Aliquots (20 ul) of column frattfoei described 
<* i^n Example 1 were inc!ubated with lOul of a reaction mixture so as 

to achieve the ^mowing final component tnnntnnratinni: N-dannsl-

" , Iee-Ser-Gru-Va--yys-Met-ipp-Aaa-Gru-Phe-Arg-His-ipp-Asp-Aip--ip 
• · · . . . .
·*·" (SEQ ID NO: 1) (SOuM^ capto^rl (300uM) , in a cocHaai buffer 

*• ••coimpising 100 mM in each of: MES, Tris, and acetate, pH 6.5.

Incubation with ion-exchange fractioei was perforated at 37°C 

for 24 hrs, after which ienctiosi were terminated by adjusting to 

3% (v/v) final in TFA.
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ii) HPLC quantification of proteolytic products. HPLC analysis 

was perfomed using a Hewlet-Packard HP1090 compete with binary 

solvent delivery, heated column comppatment, and auto injector. 

Fluorescence detection (post column) was performed with an in-mne 

Gilson model 121 filter fluorometer (excctation at 310-410 nm, 

emission at 480-520 nm) in clntunction with an HPLC chem-ssation 

(DOS series) and suitable software for data analysis.

Aliquots (usuuaiy 10 ul) of the above acidifeed incubation 

mixtures were injected onto a Hyyprsil 5uM C18 column (100 c 4.6 

mm) fiteed with a guard C18 5 uM guard (20 c 4.6 mm). Isocr-atic 

sepaaation was achieved using 100 mM sodium acetate buffer, pH 6.5, 

containing 27% (v/v) Idennif cation and

q^cmnificntion of resolved mmta^Htes was made possible by 
φ coiiPniiot w>th the miration of synthetic peptide pnducts. The 

structure of which were confimed by PTC-arnino acid anaaysis and

·. FAB-MS (See Table 2, below).
• ·
··
··· Table 2
•HPLC retention times of known synthetic peptide standards:

; Peptide 

(N-daansl-)
11

HPLC retention tine

(minutes)

Cleavage Site

: ISEVIMDAEFFHIDDDD 2.228 + 0.024 Substrate

ISEVKM 5.398 + 0.019 M-D

ISEVK 3.413 + 0.004 K-M

ISEV 2.692 + 0.003 V-K

ISE 2.135 + 0.002 E-V

IS 4.142 + 0.019 S-E

Whhre: A - Ala, D = Asp, E = Glu, F = Phe, G = Gly, H = His,

I = lie, K - Lys, M = Met, R = Arg, S == Ser, and V = Val.

Also note, the retention tihe of certain —raaolitri lssted in 

Table 2, above, differ to those quoted in Example 2 for cleavage of 

N-dantil-Ile~Str-Glu“VaS-L·is-Mrt-AipsAln~G1u-Phr-Arg-Hii (SEQ ID
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NO: 2) due to variables in the HPLC set; up. For exam^pe, the

studies which reflect data liseed in Table 2 have relatively longer

retention times because chromatography was performed using a guard

column in line with the HPLC column.

In all experiments the HPLC column was calibrated for day to 

day variation in the rptpttii>t times of the enzinniccaiy generated 

products by analysis of synthetic product standards in paaaaiel 

with the experimental samjiles. Data for the protsoiytic pepensiitp 

prodle of individual lcn-exchange fractions was collected using 

the HP CHEM station data nccqUsieiot software.

The area under the curve for each of the six cleavage products 

Q and their aptpttiit times are stored in a peak table file. All 

peak tables are collated and transferred to a (6 x n) area array in

.. EXCEL (using a custom utility written in programming language C) 

·••* *•’ where n = the numaer of Mono q fractions. Each row of the array 

.....: represents a single peptidase anaaysis from a Mono Q fraction. 

.....: Zeros are inipatpd between each column data to artificially

• ·...• establish a gradient of values in the row direction.

j*·”: SpyGlass takes this array and transforms it into a ehrps-

dimensionax surface in which Mono Q fraction number, cleavage site
·*·’*· and Area % for the product formed are the three axes. Contours are 

•*/’j defined according ;o the fo^owing criteria set mannuaiy within ^he

SpyGlass Program: the first contour Hne connects contiguous 

regions of the plot where 1.5% ' substrate conversion to ^p

•WR*laaticrlaa product was observed. Similarly successive contour

lnnes conneeting regions 5%, 10%, 20%, 30%, 40% and 50%,
• • •

•. subsSrntP conversion were also displayed. The resuming contour

*. * · ϊ plots represent brain peptidase maps in which fraction numbers span 

the ordinate, and peptide bond cleavage sites are on the abscissa,

and the amount of product formed is rpprpipttpd by the contours.
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Results of peptidase profiling of control and AD brain 
subfractions.

Figure 1 shows a comparison of the peptidase profiles obtained 
for the cleavage of the N-dansyl peptide substrate by both control 
and AD P-2, S, and M fractions subjected to further 
subfractionation by ion-exchange chromatography. The analysis 
enables the identification of a high number of potentially 
different peptidase activities throughout the subfractions of 
control and AD brain.

For each analysis (a to f -in Figure 1), the amount of activity 
for cleavage at each peptide bond decreased through the series: 
V-K > K-M > M-D > S-E > E-V, however the K-M and M-D cleavages are

φ) of greatest interest because of their greater likelihood of 
representing the site of APP hydrolysis leading to C-100 formation.

.. The metabolite recovered at 1.6 min is probably due to methionine
,····. oxidation to the sulfoxide in the substrate, as treatment of ····
.....j substrate with hydrogen peroxide generates a product of the same 
.....: retention time (rt). The metabolites formed with rt at 1.0 and 1.3

and 3.3 min are unidentified at present, 
j’.*’· For the K-M cleavages, overall levels of activity both in

terms of the spectrum of enzymes and peak activity both for control 
·*·’*: and AD descended through the series P-2 > S = M. This was also 

true for the M-D cleavages in AD, wherease for the control
fractions the order was S > P-2 = M.

..JJ·· Regarding the most abundant peptidase peaks found in AD (only
•WR· those bounded by more than one contour line), the following number

of obviously resolved peptidase peaks could be discriminated: P-2,
•‘ ‘.i three K-M peaks and one M-D psaki.M, three K-M peaks and two M-D
·· ♦ ,·. ·.: peaks; S, no K-M peaks and one M-D peak. Qualitative comparisons 

between the levels of the mote abundant peaks between corresponding 
control and AD subfractions revealed only one noteable difference. 
The difference was observed in the microsomal fractions wherein the 
control M profile contained a single M-D product around fraction 
75, wherease in the AD profile the same region clearly contained a
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Because of potennial variation between peptidase levels in the 

normal and disease state populations it is of little point to 

highlight qubasitativl dif^niices in peptidase levels between 

control and AD·

Is summitry whi-le it cannot be discounted that there may be 

quulltative or significant quantitive ά^^ε^ηο^ between control 

and AD frlctions in the levels of minor peptidase forms, the 

o^c^Ic^II profiles looked quite similar with only · one obvious 

qiuaitative being apparent amongst the more abundant

peaks of peptidase activity

iii) Consolidation of peptidase activities into discrete pools. 
Based upon the peptidase 'activity profiles obtained using the

·· N-daassl·~Ile-Ser-Gbu-Va~-ly~-Met-Asp--la--lu-Phl--rg-His--yp--yp■~

·*’*’· Asp-Asp-Asp (SEQ ID NO: 1) substrate, column frlttions from the 

»‘9··· ion-exchange separation of P-2, soluble (S) and microsomal (M) 

······ fraction were consolidated into contiguous pools (12 pools for M,
;*···· 13 pools for P-2, and 14 pools for S) 9 Can was taken in each case

j*·**· to pool the same regions of the chriaatigraphL profile both for AD 

and counTo fractions (even if no protease was detectable in the

J · : corresponding coirtwl region) , and the precision of the process was 
%***: chected by aoiSlor1ng tuhe tonsubtivitl of each pool using a YSI

model 35 aaeer.

9
•j^·’ Fractions were aaantaΐnld at 4°C throughout pooling and then

stored at -70°C9 Each peptidase pool was concentrated using an

^Amicon Ccenriprep-10 memmrane9 Prior to tonsteSratisg, each

Ccenriprep meitone was washed in 5- mM Tris/HCl, pH 7,5, A 15 ml
** ’••centriprep was used for peptidase pools that contained a volume of 

5 ml or ιηο^ These pools were concenSrated on a Du Pont Sorval 

tabletop tentribuge at 2700 rpm for lpproκiaal.ell 4 0 mine Pools 

that contained less than 4 ml 'were concenSratld with a 2 ml 

Ccenriprap on a DuPont Sorval RC tenSribuge (SS34 rotor) at 5000
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rpm for 40 min.

After obnccenrating, each concentrated pool was washed with an 

equal volume of 50 mM Tris/HCl, pH 7.5. Pools were oaantliaed at 

4°C throughout . the conccrn'rating process and stored at -70°C. Thc 
pools arc listed below r^Table 3 with the oonaiutj.vities and the 

final oonccearatioa volumes. '

• · · · ·
·· · ·

• · · ·• · · • ·
• » · e• · ·• · ·
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Table 3.
Pooling and concentration of ion-exchange fractions from the 
separation of human brain 8, M and P2 sub-fractions.

Pool Conductance
(mmho)

Control
(ml)

AD
fold cone(Mil) fold cone

S I 1.6 0.75 16 0.75 16
S II 1.6 0.75 16 0.75 16
S III 5.0-6.8 1.50 13 0.50 48
S IV 7.1-7.8 0.75 16 0.75 16
S V 8.0-8.4 0.60 13 0.60 13
S VI 8.6-8.8. 1.00 16 1.00 8
S VII 9.2-10.8 1.25 10 1.00 24
S VIII 11.1-11.6 1.00 16 0.80 15

a S IX 12.8-13.3 1.50 13 1.25 10W S X 15.1-15.8 1.00 12 1.25 13
S XI 20.2 0.75 5 0.75 5

.. S XII 26.1 0.75 5 1.00 4
.... S XIII 33.1 0.75 5 0.80 5

·....· S XIV 38.4 0.75 5 0.60 7

• :p2 i 1.6 13.00 4 6.00 9
•r’*:p2 ii 1.6 1.00 24 1.00 28

P2 iii 1.6 1.00 36 0.60 53
:. .. P2 IV 1.6 1.00 46 2.00 24
: · : P2 v 1.6 1.00 32 0.50 64

P2 VI 1.6-1.9 1.00 20 0.50 40
.. .. P2 VII 2.5-5.2 1.00 56 0.50 72
Ϊ * ·* P2 VIII 5.5-7.7 1.00 16 0.60 53
·"’·*: P2 IX 8.0-8.6 0.50 16 0.50 24

P2 X 9.1-10.0 1.00 16 0.80 20
P2 XI 10.1-13.9 6.00 10 17.00 4
P2 xii 14.1-17.0 6.00 9 8.00 6
P2 XIII 17.1-20.8 1.00 64 11.50 5

Μ I 1.6 2.00 10 1.00 28
.··. : m ii 1.8 0.60 25 0.80 15
; " m iii 1.8 0.50 8 0.40 10

·. ·.: m iv 1.8 0.50 8 0.50 8
Μ V 9.7-10.2 0.80 5 0.50 24
Μ VI 10.5 0.50 8 0.50 8
Μ VII 10.9-14.5 1.50 40 1.00 56
Μ VIII 15.2-15.8 0.80 19 0.80 15
Μ IX 16.1-16.5 0.80 15 0.80 15
Μ X 20.7 0.50 8 0.50 8
Μ XI 34.5 0.50 8 0.50 8
Μ XII 37.7 0.50 10 0.50 8
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Example 4. Expression of recombinant APP 695.

This example describes the method for expressing holo-APP 695 
which was then' purified as described in Example 7 and then used as
the recombinant substrate for the APP degradation assay described

• ·

······• ·
a · · · · · • ·

• · · ·• ·• 0 · ·

in Example’s 8 through 10. Two approaches were used.
Initially, a CHO cell expression system was used to generate

APP 695. Experiments using this source of APP as a substrate 
included the inititial activity measurements which lead to the 
identification of six different protease activities detectable in 
contigous pools of mono-Q fractions from the purification of human 
brain P-2, soluble and microsoaml fractions. These studies are 
described in Example 8.

Subsequently, recombinant APP 695 was obtained by expression 
using a baculovirus directed system. The greater amounts of APP 
695 thereby generated made it feesible to perform the more detailed 
studies outlined in Examples 9 and 10, leading to the 
identification of certain APP degrading enzymes.

• · · · ·
: · : Both methods of expression are decribed below:

• · · ·
! * · Method 1: Development of a Chinese Hamster Ovary (CHO) cell' line• · · ·
*··’ · expressing holo-APP 695.

····” a) Vector construction. A known 2.36 Kb Nrul/Spel fragment of APP 
’40’ 695 cDNA from FC-4 (Kang et al., supra) was filled in by the large 

fragment of E. coli DNA polymerase I and blunt-end inserted into
’·.’·· the Smal cloning site of KS Bluescript M13+ (Stratagene Cloning 
’· *·* Systems, La Jolla, CA.) creating pMTI-5 (App 695 under the T3 

promoter). A new optimal, Kozak consensus DNA sequence was then 
created using site-specific mutagenesis (Kunkel et al., 1987, 
Methods in Enzvmoloqv. 154:367-382) with the oligo: 5'-
CTCTAGAACTAGTGGGTCGACACGATGCTGCCCGGTTTG-3' (SEQ ID NO: 8) to create 
PMTI-39. This plasmid was next altered by site specific

• i.
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mmtageneeis (Ku^el et al., Id.) to change the valine at position 

614 to a glutamate (open reading frame numbering according to Kang 

et al., Id.).

The full length APP cDNA containing the optimal Kozak 

consensus sequence and Val to Glu muUatirt was then cult out of 

PMTI-39 with ΝοΠ and a J^inndCI partial dge^lt. The 2.36 Kb APP 

695 fragment was then gel pm-ified and ligated into ΝοΠ/ϋηϋΙΙ 

cut pcDNAINeo (Invitogen Corp. · San Diego, CA.) to create PMTI 90 

in which the APP 695 expression is placed under the connrol of the 

CMV prrmorer. The Val to Glu mu^tion was sequence confiraed and 

the vector used to stably transfora CHO cells.

• ·
··:·• · ·

.:.. • · · ·

·· · • · ·• · ·
• · · 

• 9·
9 99

• ·
• ·

b) Generation of stable CHO <c<^;Ll lines eacpxressxigr APP 695 mutenes. 

Chinese Harnsser Ovary K-l cells (ATCC CCL 61) were used for 

transfection with the APP 695 cMssim<c:. Twenty micrOgrams of an 

expression plasmid containing APP 695 and a' ne^i^y^c^i.n drug 

resistance mmrker was transfected into ixiT CHO cells in 0.5 ml 

PBS by elrctroporctiot using a Bio-Rad Gene Apparatus (Bio-Rad 

Laieoraoriet, Richmond, CA.). A single pulse of 1200 V at 25 μ£ 

capacitance was admSnittered to the cells. ·

Following electroporation, cells were incubated in ice for 10 

minutes and collected by centrifliatiot. The cell peeiet was 

resuspended in Alpha MEM, 10% fetal cal.f serum at a dennsty o1£ 
5x10* cells/ml, and 1 ml dieuots were into each weel

of five 24-wen tis^s^ue culture cluster plates. After 48 hours 

incubation, cells containing the nrrmmσit drug resistance mmrker 
were selected by add^im of ' 1 ml of media containing 1 mg/ml 

Geerticin (GIBCO-BRL, Grand Itiatd, NY.) and incubation was 

continued and bi-weekly changes of drug containing sscHc.

Drug resistant cells were tested for APP 695 expression by 

Webern blotting. CTls poiitivr for APP 695 expression were 

cloned by liml^ng ϋΐ^ΐϋ, and itiiviilcl clones were isolated 

and tested for APP 695 expression. A clone poittivr for APP 695 

expression was tubcultured and expanded into roller bottles for
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large scale production of APP 695 expressing cells and subsequent 

isolation of rocomiinant protein.

Method 2: Expression of Recombinant Holo-APP 695 using Baculovirus 
Infected Insect Cells.

a ) Construction of Recombinant Vector. The Baautovirus vector 

pVL1392 (Inviroggen) was cut Xba I (in the polylinter) and ^gated

• . with the gel isolated 2.36 Kb Xba I fragment from pMTT-39 (APP695. 

Nrul/Spel into KS Bluenscipt M13+ Smml site, T3 orientation, with 

a new Kozat and Xbal site at the blunt fusion site) . This

creltnd pMT-103, which was transfomed into DH5a, selected on Amp, 

and a ltt^um prep of the plasmid DNA made for transfection.

b) Cells and Virus. SpQdoptera frtglenril (Sf9) cells, purchased

,...., from the Ameniuln Type Couture οΗο^'Μ (ATCC) were grown as 
• · » ·

........: suspension cultures at 28 C. m TNMFH media (Sumrnmes, M.D. and
• ·

.....: Simth, G.E. (1987) A manual of Methods for Baacuovirus Vectors and 
• ·

In^ct CcOl Procedures. (Bolotin ho. 1555, Texas Agric. Exp. Stn.

·»/·. and Texas A & M Unrv., Univeesity station, TX) containing 10% fetal 
• · .

caaf serum. Wild type AcMNPV DNA was purchased from Invitoogen,

;·,··, San Diego, CA.
• · ■
eeee• · ·• · o

c) DNA Transfection and Plaque Assays. Foreign DNA was inserted

,,.:.. into the genome of AcMNPV· at the polyhedron gene locus by 

*M7’ homologous Γηϋώΐι^ίϋ by cotransfecti-on of puHiicd plasmid DNA

(4ug) and Linear viral DNA (lug) into Sf9 cells using the calcum-

·’*·,: phosphate procedure (Summers et. al (1987) Supra) . Viruses which 

·**·.: were released by the transfected cells wem by 2 rounds of

plaque assay (Summum^ et. al. >(09J^'71, Supra.), where rncfeblnlnt 

viruses - were by visually screening for

polyhedron-negative plaques. PPurfiod recombinant viral cultures 

were Subsepqiunniy scroennd for thoir ability to produce APP in

infected cells by western blot maysis.
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• · · · β · ·• ·

• · · ·• · ·• ····«• · ·• · ·

• · · · • · · ·

»· · e · ·• · ··· · • · ·• · ·

d) Recombinant Protein Production. 5 liter batches of Sf9 cells, 
grown as suspension cultures in' TMNFH media containing 10% fetal 
calf serum at lxio6 cells/ml, were Infected with recombinant virus 
at a M.O.I of 1. . Cells were harvested 24 hours post infection and 
cell lysates prepared for purification of recombinant protein.

Example 5. Development of .expression vectors for the production of 
recombinant C-100 standard by transient infection of mammalian 
cells.

The C-100 peptide fragment contains the C-terminal portion of 
APP which spans from the N-terminus of the A4 peptide to the C- 
terminus of full length APP (see above, BACKGROUND section). The 
C-100 fragment is the purported initial degradation product leading 
to the ultimate formation of the A4 peptide.

In one embodiment of the present invention, cell lysates from 
Hela S3 cells (ATCC CCL 2.2) expressing recombinant C-100 are 
analyzed in the immunoblot assay in parallel with the recombinant 
APP samples that have been incubated with brain fractions, sub­
fractionated by Mono-Q chromatography (See Example 3). The 
migration and detection of the C-100 fragments serves both as a 
size marker for the genesis of products formed by pathologic 
proteases as well as a positive control for the immunodetection of 
C-terminal APP fragments in general.

Comparison of the size of enzymically generated products with 
the size of the C-100 fragment can provide insights into whether or 
not the enzymically generated fragments result from cleavage close 
to the N-terminus of the A4 peptide or alternatively within the A4 
segment as would be catalyzed by secretase.

a) Plasmid construction
Two methods were used to make plasmids for C-100 expression. 

Each plasmid shall be identified separately as either PMTI 73 or
PMTI 100.
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PMTI 73 Construction: The comerciaaiy available plasmid PUC-19 was 

digested with Ecorl to eliminate its polylii<eis. Coimeeetady 

available PWE16 was then inserted into the digested PUC-19 to 

create PMTI 2300'. PMTI 2301 was derived from PMTI 2300 following 

Baimi/Hind III digestion using an oligonucleotide adapter. The ■ 

EcoRI promoter fragment of APP was inserted into the Hinndll site 

of pMTI 2301 by blunt end·ligation to produce PMTI 2307.

PMTI 2311 was generated · by ligntiii the BamHl from

FC-4 (Kang et al., supra) into the BamHl site of PMTI 2307. The 

Xhol fragment from FC-4 was inserted into the Xhol . site of PMTI 

2311 to .generate PMTI 2312. PMPI 2323 was generated by · insertion 

of the 2.2 kb BgllEEcoR! fragment from the EcoRI genomic clone of 

the mouse eeCanlothilneen-I gend into the Clal site of PMTI 2312. 

To generate minigene PMTI 2337, the sequences between the Kpnl . and

Bggil sites of PMTI 2323 were deleted and the clone was ligntcd
• · *

,,,, using synthetic oligliuclcotidc adaptor, sp-spncerIA4.
• ·
”**, PMTI 2337 was cut with Bam Hl/Spd and the fagment .linaCed

* ‘ into the Bam Hl/Xbal restriction sites of bluescript KS (+) 

J*”: (Stratagene) to create PMTI 2371. PMTI 2371 was cult Hind III/Notl

• 9··· * *
*. .. to release a 0.7 kb fragment coding for the terminal 100 amino·
• « · , * .
* * acids of APP 695. Also encoded was the sequence for signal peptide.

This · insert was lggated into the Hind III/Notl site o^ pcDNAINEO
‘....* ^nvitoogen Corp.)· to create · toe plasmid PMTI 73. .
• · ·

.... PMTI 100 construction: PMTI 90 (see Example I) was cult Xba^EH^-I! 
····
• iMk. to release a 0.6 kb fragment again coding for the terminal 100

amino acids of APP 695 and this' was lggated to the Xba^^^d!!

,··, ; site of pcDNAINEO to create PMTI 100. In each case vectors,inserts 
• ·· · ·

.··, · and plasmids were purified by methods known to those skiieed in the • · · *
art.

b) Transfection and expression of C-100 Fragment. Preeaattioi for 

srnad scale expression o^ C-100 standard was ini.tίacea by seeding 

5x10s ced Hela SI ceds in each wed of a 6 wed costar cluster
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(3.5cm diameter) 24 hours.before use.
Sufficient vaccinia virus VTF7-3 was trypsin treated to infect 

at a multiplicity of 20 plaque forming units per cell, mixing an 
equal volume of crude virus stock and 0.25 mg/ml trypsin, then 
vortexed vigorously. The trypsin treated virus was incubated at 
37°C for 30 minutes, with vortexing at 10 minute intervals. Where 
clumps persisted, the incubation mixture was chilled to O’C and 
sonicated for 30 seconds in a sonicating water bath. The chilled 
sonication was repeated until no more clumps were detected.

The trypsin treated virus was then diluted with sufficient 
serum free DMEM for each well with Hela SI cells to have 0.5 ml of 
virus. Medium was aspirated way, then the cells were infected with 
virus for .30 minutes, with rocking at 10 minutes intervals to 
distribute the virus.

Approximately 5 minutes before infection was ceased, fresh 
transfection mixture was prepared as follows: To each well 
was added 0.015 ml lipofection reagent (Betheseda Research Labs, 
Gathersburg, MD.)' to l ml OPTIMEM (Betheseda Research Labs, 
Gathersbiirg, MD.) in a polystyrene tube, mixing gently. Vortex was 
avoided. Then, 3 pq CsCl purified DNA was added and mixed gently.

Virus mixture was aspirated from cells, then the transfection 
solution was introduced. The resulting mixture was incubated for 
three hours at 37’C. Each well was then overlaid with 1 ml of 
OPTIMUM and incubated at 37"c in a C02 incubator overnight.

Cells were harvested at 20 hours post transfection by 
centrifugation, and lysates were prepared on ice with the addition 
of 0.2ml of a lysis buffer which contained 1% Triton X-100, 10 
/zg/ml BPTI, io pg/xal Leupeptin, '200 mM Nacl, 10 mM HEPES, l mM 
CaCl2/ 1 mM MgCl2, 1 mM EDTA, adjusted to pH 7.5. Complete lysis 
was monitored by light microscopy, and harvested immediately. 
Lysis took less than 1 minute to complete, with delay at this step 
causing lysis of nuclei resulting in a gelatinous mess.

Recombinant lysates were stored at -20’C for later use. 
Preferably, recombinant lysates should be diluted 1:50, in (3X) SDS
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'»·

PAGE sample buffer which’ is devoid of 2-mercapto ethanol prior to 

freezing.

A compρcisot of the . size of the proteins produced by

expression with either PMIT 73 or PMTI 100 using SDS-PAGE/
1

iminuunoiot with the APP C-terminal antibody was perfomed (Figure 

2o) . The study showed that PMTI 100 directed the expression of a 

single band, whereaso, PMTI 73 directed the

expression o^ two maor bands of -similar mooecular size. A less

intense band of ίπ!:β]™οάί^ο size was also evident in PMTI 73 when 

applied to gels in higher amounts (Figures 2a-2d).

Application of the PMTI 100 protein to SDS PAGE gels in higher 

amoonts results in the appearance of a series of fainter bands (eg. 

Figure 2d). Besides an intense band of C-100 monomer of apparent 

Mr 11.7 kDa, barter bands are. observed at Mr 25.5 kDa, 35 kDa and 

45 kDa, which πτο^ΉγΙΜΙ^ to the formation of dimeeic, 

and tetrameric aggregates, respectively, of the C-100 monornmr. An 

additional faint band of Mr 18.9 kDa is also observed. Similar

phenomena have boon reported in the ltOeraturo with similar 

ittorprotatiots (Dyrks Ot al., 1988,· EMBO J. 7:949).
Tho largest of tho .' throe bands producod by PMTI 73 was

sligMtly Q-argor t^n the sii.nglo band ob!^o:rvod with PMTI 100. Amino 

acid sequence analysis o^ the largest band from PMTI 73 expression 
showed that the signal peptidC sequence was cleaved from the 

initial translation product to yield a 'C-100 fragment containing 5
l

extra amino acids at tho N~tenninus.

Exmmlo 6. Production of 1^^^^60^031 reagents.
• e ·ft ft ft .ft ·· > ·

.··, : Three different iuuuntohhoucal reagents were used in the studies offt ft ft .
the present invention: ■

i) A RObbt polyclonal cntiseruu·which recognized tho C-terminus of 

APP was obtained and used for i.mmuut01ot detection of C-terminal 

APP fragments generated by proteGoytic processing according to the 

a-^ay conditions described in Example 8;

ii) An affinity puuiiied antibody which recognized the C-terminus
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of APP was prepared and used to synthesis an immunoaffinity column 

for the affinity purification of APP expressed in a baculo virus 

directed system (see Example 7); and

iii) a mouse monoclonal antibody which recognizes the N-temiinus of 

the beta-amyloid peptide was · generated and used in an immmnnobot 

assay to determine whether C-terminal APP fragments generated by 
priteoiytic digestion of’holo-APP 695 contained the full length 

beta-amyyoid peptide (see Exammles 9, and . 10 for speeific 

apppicatoons).

The method of generation of each of the three immuni>oileeUcals is 

presented below.

40 i) Rabbit polyclonal antiserum to the C-terminus of app.
Antisera were elicieed to the C-terminal domain of human APP 695,

• · .
,,,, and were prepared in accordance with the method as described in 

Buxbaum et al., 1990, Proc. Nafl. Acad. Sci. 87:6003-6006. A

* 'synthetic peptide (hereinaiter "B APP 645-694") corresponding to 

‘ the COOO-teenmnal region of APP 695 was obtained from the Yale
• ·Μ·
'. .. Unnwessty, Protein and Nucceic Acid Chheistry Faaility, New Haven,
• · ·

CT.

.. .. B APP 645-694 was used to immuni.zt rabbits to e^idt• · ·
’....* polyclonal antibodies. Sera- were screened by immuunoiot anaaysis

” ' of lysates of E. coli that expressed a fusion ^oteta induing the

e·,, amino acids 19 through 695 of human APP 695. Sera which were 
····

immuunrreacive against the recombinant fusion protein were further 

screened for .'immuropoecepptatiig activity against [35s] uuehirniie-

,··, ; labeled APP 695, which was . produced from B APP 695 cDNA by* ··
,··, · successive in vitro transcription (kit purchased from Stratagene,
• ·· .

La Jolla, CA) and translation (reticulocyte lysate kit purchased 

from Promega Corp., Maaison, WI).
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ii) Polyclonal antibody affinity column for the purification of 
holo-APP.

of Synthenit APP C-terminal Peptide Immunogen. 80-90 

mg of crude synthetic peptide (P-142) spanning the C-terminus of 

APP(649~695) with a Cysteine residue at the ii-terminus was pucifinU 

by HPLC (yield 42%;34mg).Amino acid anaaysis, ^terminal sequence 

anaaysis and Laser Dsooption Time of Flight Mass Spectrometry 
showed the purified peptide to be' a mixture of full length and 

N-tnryintall truncated peptides (2/1 full length to truncated).

. 1yImutzztion of Raabbts with p^u^iff^e^d P-142 immunogen. The HPLC 
φ pudfid ^ptide APP(64S-695) was used to immyuizn rabbits. Two 

rabbits each received an initial .chhllenge with 125 ug of peptide
• ·

.... in commlefe. Freunds Adjuvant ' followed by subsequent boosts of the 
• . · . ■

same amount of peptide in itcoyylete Freunds Adjuvant at three week 
* ; intervals. Fourtenn Meete were collected over a 9 month interval

·* * and optical ' ^odcaim of Ab was observed for bleed at 16 thru 32

).... weeks (shown by western analysis with Vacinnia C100 and CHO APP).

* ’ Bleed in this fLaerval were pooled for an approximate volume of

.. .. 90-100ill1s of anti-sera.
• ·
····• · ··· ·

Preparation of an imimbblized APP669-695 affinity m!rrx for

pucificltibn antisera. 9.7 mg of p^cified peptide APP(649-695)
···· . .

was copied to mylnimiUn activated BSA using the Pierce Imject 

activated Immunogen Coonuggaion kit with BSA. About 40% of the

,• . .: Peepide (3.88mg) was coupled to BSA as determined by Ellmm's 

.··» : Reaggmt. The BSA coupled peptide was separated from uncoupled 

peptide by gel fitrlatiot (Pucrfitatibt buffer from kit= 83mM

NaH2PO4 pH 7.ϊ;;00ω,?Ι NaCIL. The pooled void volume from the

geifiltlltiot column (2 9mg P-142 conjugated to BSAA12.5mls) was 
coupled to lgmCO^mls) CnBr activated seyhanse (>90% peptid

conjugate coupled by standard protoed). Renmaning sites

were blocked with Ethatolayitn· The snpharbse affinity maarix was
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packed into a 1.0 x 3.5cu glass colu^.

Pulifii:ttloi of Raabbt Polyclonal Antibody using the APP/649-695)

affinity coluyt. ' The dubined rabbet tnti-pert frou bleeds of 1 ,
optiual Ab production were pooled (100)Us/3.9gyp protein) and 

diluted 1:1 (v/v) with wash h .ffer (lOOrnM NaHCO3 pH3.3750un^M NaCl) 

and loaded onto the peptide affinity coluut at 1.0yl/yit at 4°C. 

After loading (acornles, the colium was washed with wash buffer 

(75ul) unil A280 returned to ' zero.Tfoe IgG was eluted with lOluiM 

Glycine pH2.5 (40iu). One u^ufe fractions were collected into

tubes containing lllul of 1.0M Tris HC1 pH8.0. The teulrtlized low 

pH IgG eluant was pooled (35uls;14.7ug) and dialyzed against 1.0 

Lieers of .lllrnM NaHCO3 pH3.3;00uM NaCl at 4°C.

• ··· fe (fe···

• ·• ···· fe

• •fe ·• · ·• « ·

>·

Preparation of Iyπ^ynoiOtf nntv col tun: ConPing pmifeed Raabbt IgG

to Sepharose. 5.0 gus of CnBr Sepharose was activated with 50uls of 

coupli^ buffer (lOOuM NaHCO3 pH8.3 5 00unM Nad) and uixed■ wito 

dialyzed IgG pool'on an orbitron for 21 hrs at 4°C. After coupling, 

the resin was rinsed IX with coupPing buffer through a sintered 

glass filter, foUwwed by 3x rinses with 100 ul ■ ea of blocking 

buffer. (00uM NaHCO3 NaCL;1.0M Et0ttolayite. Two

succesive inteiuediate rinse steps with coupling buffer (lOOmls), 
then low pH buffer (lOOrnM Malac pH 4.0; 500uM NaCl(OOOul) and a 

final rinse with coupling buffer (100ul) co^uPi^ites the resin 

preparation. The coupling was 87% for a total o^ 17.5 uls of 

resin.(0.727ug IgG/ul resin).

• ‘‘•J iii) □Generaion and epitope uapping of a yoo.toional antibody to the 

•*\· beta-tyyyoid peptide.

Hybridoua . . Meehodoloqy. Balb/c uice were iyyyutzed by unH^le 

ii;jectOonρ o^ a yiκtlre o1f the ■ ^Howing two syntheeic peptides: 

1) APP auim acids 597 to 638 of 0o1o-apP695 (nuu>being according 
to Kang et al., Id·) containing beta aiuloid, and 2) ΛΡΡ695 auim
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acids 645-695 containing the C-terminal domain. Splinuc/tes from 

immunized animals were fused with X63/Ag 8.653 mouse myeloma cells 

using standard procedures (Herzenberg et al., 1978, In: D;M. Wiir 

(Ed.), Handbook of Exper^-mernal IoloonaObgy, pp 25.1-25.7, Blackwell 

ScOeraifio PuUSioltibni, Ooford, UK). Supernantants from the 

resultant hybrids were tested for the presence of lntί-eretiir 

specOfio antibodies using an EIA in which the beta amyloid peptide 

immunogen was bound to the oiccrbitrr pLat^r, cultures secreting 

antibody which reacted with the synthetic peptide used as immunogen 

were cloncd twice by lioitnng dilution, and thrir iiotyee 

determined · as described (Wunndclich et al., 1992, J. of Imoonal. 

Methods, 14*7:1. Sccrcted IgG was purified ffom» thc serum free 

fermentation broth of cloned hybridooa cells by protcin-A affinity
φchabootbgaaehy of tee spent culture flu:..

··
····

Ebitooe Mea^ng. One of the oobaoOonal antibodies, an
’••••‘IgG 2b designated C286.8A, gave good ^β^ΐνΐ^ with synthetic 

***“»b^1ta-^am^3.l^:Ld pepfcidr both by EIA as wil as by iooouabsot assay. 

'““•The ep±fcopr πΗΛΙν^γ of ter oobab0onal was deteimined using a

·f*“*ooooetitivr EIA. Synnhetec peptidrs containing amino aCs 597-612,
• · ·
: ·597-624, 597-638, 608-624. 621-631 and 645-695 of human APP695

o (anoOsciag according to Kang rt al., Id.) as wil li,N-dlnssl-
9 · ·

·(l.,,‘Ire-Ser-GU--aal-yss-Me--Sep-Ala-GUu-hre-Ar-HHSs-Se--Sep-Asp-Aip
• · *

ο * (SEQ ID NO: 1) were tested for thr abUty to blLo^nk binding of 

t C28-6.8A to APP 597-638.
• HI

Peptides. which are recognized by thr antibody will, if 
W paeinonSated wite tee mtiloody jin ^1^^^ deplete tee solution 

»obacernratiba of the antibody available for subsequent reaction 
♦» ’’with Seta-aooloid ^ptide sbnad to a οΙ-^^^ι plater. Thc rc^t^).!: 

’ “ of such an experiment . shown in Figure 4 and Cescr.e. tercin
bclow.

Only peptides APP 597-612, 597-624, 597-638, and N-danasl- 

Ire-SGr-Gn--Valsyss-M<tt-Sep-Λaa“Gnu-hrG-Ar--HSs-Se--Sep~Λsp-Aip 

(SEQ ID NO: 1) were able to inhibit C286.8A binding in a 

dbsc“dcecadent fashion. Thcsc pcptidcs contain arieGrOivcll amino
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acids 1-16, ' 1-28, 1-42 and 1-7 of the beta-amyloid sequence 

(numbering from the ^-terminal aspartate residue). Peetides devoid 

of any ^et;a-am^1rid sequence such as APP 645-695, or containing the 

eetc-cry1oid peptide sequence 12-28 or 25-35 (APP 608-624 and APP 

621-631 respectively) did not inhibit binding of the ϊϊυο^οηβΐ 

antibody to the hrrrlrgrus antigen. These resu^s show that the 

reactive epitope for this manοrtonal antibody resides at least in 

part, in the first 7 μΙμ acids of the A4 region rf human APP, ie, 

APP 597-601.

Example 7 Purification of recombinant holo-APP 695.

Initial studies rf APP C-terminal processing were perfoned 

using rTcortiinan: APP695 ex^essed .ο CHO c^).-s as described in 

Example 4, above, and pu^fied as described by* Method 1, below. 

CCoaratteizatioο experiments using this are described in

Exci·)!) 8 below and led to the ideniiOitatioi of six yoteeOtal-l 

different APP degrading enzymes capable of C-terrinal processing.
S^Bsequen^', a baculovirus expression system was developed 

·· (see Example 4) , providing higher APP levels than could be achieved 

•’’’’•wwth the CHO expression system. The yufiOititicn of hrlo-APP695 

•“•••fror the bacali virus system is described in method 2 below. The 

·····JpyuiOied baculr virus derived holo-APP 695 was used to conduct the 
·*·«·«protease cCaracterisatirο experiments described in Examples 9. and

:’·’’;10 ^lrw.

~ All steps were perfomed at 0 tr 4’C uni-ess indicated

{otherwise. Holo-APP 695 was detected by ir1rruοreot anaaysis using
····

·..· Jan anni human APP 695 ^^ι·ϊ1ο&1 antibody essseOiaill as described 

in Example 8, below.

‘♦•••’Method 1. Pufrfitatirο of hrlo-APP695 from a Stably Transfected CHO

• ·• ·• · 
··0 0· ·

Cdl Line.

a) Isolation of plasma rejmbanes. Whole ceei p^].-et^s (179 g) 

from continuous culture rf CHO cells in ιΟ-ιι bottles (See Example
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4) were collected by centrifugation (i500g X 5 min), and 
resuspended to a total volume of 600 ml in 50 mM tris-HCl buffer pH 
8.0 containing sodium chloride (30 mM), magnesium chloride (1 mM), 
EDTA (10 mM) , PMSF (200 /ig/ml) , E-64 (42 ^ug/ml) and pepstatin (3.8 
//g/ml) . The cells were homogenized using a tefloi potter (10 
return strokes), then layered (25 ml per centrifuge tuoe) onto 10 
ml of homogenization buffer containing 41% sucrose and devoid of 
the protease inhibitors EDTA, PMSF, E-64 and pepstatin. Following 
centrifugation (26,800 RPM X 60 min, in a Beckman SW-28 rotor, the 
interfacial layer was carefully removed (approximately 150 ml in 
combined volume), diluted with an equal volume of homogenization 
buffer (minus protease inhibitors), resuspended with a teflon 
potter (3 return strokes), and recentrifuged as described above to 
yield a tightly packed pellet. The supernatant was decanted and 
the pellet resuspended in 100 ml total volume with 50 mM tris HCl 
pH 8.0 (teflon potter 3 return strokes). Recentrifugation (50,000 
RPM X 60 min in a Beckman 70 Ti rotor), yielded a pellet which was 
resuspended to a total volume of 57 ml in 50 mM tris HCl, pH 8.0.

,, b) Solubilization of Plasma Membranes. Thirty seven milliliters
.••••.of the above resuspended CHO plasma membrane preparation were added • · ··
.....:sequentially to a cocktail of protease inhibitors and stock 20%• ·

(v/v) triton X-100 to achieve the following component 
^....concentrations: EDTA (1 mM) , E-64 (24 /zg/ml) , PMSF (53 /zg/ml) ,
J·.··.pepstatin A (11 //g/ml) , and triton X-100 (2.2% v/v, final), in the 

homogenization buffer (total solubilization volume of 45 ml) 
d®*;described above. After gently rocking of the mixture at 4’C for 30 
• *’5’;min, the non-solubilized material was removed by centrifugation

(50,000 RPM X 40 min in a Beckman 70 Ti rotor). The supernatant
.."••containing solubilized holo-APP was filtered through a 0.45 μΜ disc
• · · · „ « - ,•....•filter,

•’’•Jo) Purification of solubilized holo-APP 695 by strong anion 
•r*.:exchange chromatography. The above supernatant containing holo-APP

695 was diluted with an equal volume of distilled water and applied
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to a Mono-Q RH 10/10 column previously equilibrated with 20 mM 
tris-HCl buffer pH 8.0 containing 0.1% triton X-100. Once loaded 
the column was eluted in a linear gradient of 0 to 1M NaCl 
contained within a total volume of 210 ml of equilibration buffer. 
The flow rate was maintained at 3 ml/min throughout. Proteins 
eluting between a conductivity range of 17 to 22 mmho (4’C) 
contained the majority of immunoreactive APP 695, and were combined 
and dialyzed for 4 hours versus 2L of 5 mM tris-HCl pH 8.0 
containing 0.025% triton X-100, and clarified to remove slight 
turbidity by centrifugation (26,800 x 60 min in a Beckman SW 28 
rotor).

d) Heparin agarose chromatography. The clarified sample was 
applied to a column of heparin agarose (15 x 1.6 cm) previously 
equilibrated with dialysis buffer. Upon loading a light brown band 
formed within the top /2 . f the column. Once loaded, 5 min
fractions were collected , a flow rate of 1 ml/min was used 
throughout). The column was then eluted stepwise with 85 ml of 
equilibration buffer in which the sodium chloride was successively

.. adjusted to the following final concentrations: 0, 150, 300, 600,
•’’’‘•and 2000 mM. The majority of the immunodetectable holo-APP eluted 
••••••at 600 mM NaCl, with the next quantitative fraction being recovered
•{••••at 300 mM. The APP recovered at 300 mM and 600 mM NaCl were
•‘••••collected separately and stored in aliquots at -80'C. The APP used
•‘•".’in the following studies were from the 300 mM fraction. The yield 

of partially pure APP from the 300 mM heparin agarose eluent was
^:5.5 pg (Bradford assay) per gram of wet CHO cell pellet. The APP 
*Z’*:in the preparations was judged to be about 25% pure based upon SDS

PAGE analysis.•• · 0 ·
9999• · · ·• ·• · · ·
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Method 2. Purification of Holo-APP695 from Recombinant Baculo Virus 
Infected Insect Cells.

a) SSoublizaticn o^ ceei The ceei peeies harvested from

two 5L fermeetattot runs were combined (total 8.9 g oi detectable 

protein), added to 169 ml o^ 9.32 M sucrose containing the

foioowing inhibitor: p^E^p^^t^^iin A (25 u^/zi^1); ltlleptit (25 ug/ml); 

chynoosaain (25 ug/ml ; (25 ug/rnll ; appro-inin (25 ug/inll ,

benzamid^ne (4 mcg/mX) , PMSF (9.87 aagml), and EDTA (25 mM) , and 
homogenized by teflon potter (19 rtalrt strokes). The homogenate Q

was centriluged (195,009g X 1 h in a Beckman 79 Ti rotor) and the
l^p^eiet was then resuspended by teflon potter (19 return strokes) in 

169 ml oi 1ϋ mM Tris-HCl buffer pH 7.5 containing 9.5 M NaCl and 
the same inhibitors and concetnrationi ’as listed above. After brief 

so^ici^t:t^ot (Branson S^oniier Ceei, 2 min power level 4), Triton

X-199 was then added to a final contcenration of 5 % (v/v) , and the 

suspension was getly stirred for 2ϋ min at 4 C. The mixture was

··ctntrflugtd (59,999 RPM X 69 min, in a Beckman Ti 79 rotor), and

•‘“‘•the first supernatant (574 mg of protein) carefuly removed for

·····JhetPait-agarost chromatography. The peeiet was resuspended by

•“••■‘•teflon potter (29 return strokes) in 169 · ml o^ D mM t^rssH^O

^•••buffer pH 7.5 containi^ 9.5 M NaCi., and each o^ the ^hi^tors at

•‘•‘‘ithe conceenratiots liLsted above. SoMnuation witt 5% (v/v) 

trtoon X-199, and subsequent ientrifugatiot was perfomied as 

described above to yield a second solubilized supernatant (683 mg
• · · ·

iof protein).

••”“b) Raadal flow chromatography on heppain-agarose. Both oi the

• · · ·
‘••••’supernatants obtained above were purified sepaaately on hepaa'in 

agarose as foioows. The supernatants were diluted by adddtiot of
·· · ·
‘· ‘•JpurLfied waaer and IM Tris pH 9.5 to a volume of 3.5 L, a
·· ·
'· ‘••conductance o^ 1.8 mmho, and a pH of 8.ϋ, and applied to a 

Suppeflow 259 column (Sepragen) containing 259 ml of packed resin
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and previously equilibrated with 5 mM Tris-HCl buffer pH 8.0 
containing 0.1 % triton X-100. Once loaded, the column was washed 
with 3L of equilibration buffer and then eluted with equilibration 
buffer containing 600 mM NaCl. A flow rate of 30 ml/min was used 
throughout. Fractions (45 ml were monitored for A 280 nm, total 
protein (Bradford assay), and the levels of immunoreactive APP 
deteced by immunoblot against the anti APP C-terminal antiserum of 
example 6 i) . Fractions containing significant APP were combined 
and subject to antibody affinity chromatography.

c) Antibody affinity chromatography. The 600 mM elution pool from 
the purification of the first (containing 276 mg of protein) and 
second supernatant (containing 113 mg of protein) on

^heparin-agarose were combined, adjusted to pH 8.3, and applied to 
an antibody affinity column (10.5 X 1.5 cm) comprising affinity 
purified C-terminal antibody coupled to sepharose as described in 
example 6 ii), and previously equilibrated with 100 mM sodium 
bicarbonate buffer pH 8.3 containing 500 mM NaCl, 0.1 % triton 
X-100. Chromatography was performed at a flow rate of 1 ml/min

..throughout. Once loaded, the column was washed with 70 ml of
.'•’’.equilibration buffer, and then eluted with 50 ml of 100 mM glycine, 
.....JpH 2.4 containing 0.1% triton X-100. Fractions (5ml) were collected 
•/•••into 0.5 ml each of 1M tris-HCl pH 8.0, and monitored for A280 nm,
• ’••••total protein (Bradford assay) , and the presence of immuno- 
•’•‘‘«detectable APP as above. Fractions containing significant APP were 

combined. The combined heparin agarose eluent was cycled through 
;the affinity pufication procedure a total of five times. The APP

•*/‘;pool recovered from each successive purification was combined for
a total of 9 mg of APP.

······ · ·
Strong anion exchange chromatography. Combined fractions from

antibody affinity chromatography (9.0 mg of protein) were applied·· ·‘.Sto a mono-Q HR 5/5 column previously equilibrated with 20 mM 
‘/tris-HCl buffer pH 8.0 containing 0.025 % (v/v( triton X-100, and
150 mM NaCl. Once loaded, the column was eluted with a linear 0.15
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to IM NaCl gradient in a total of 70 ml. A flow rate of 0.5 

was used throughout. Eluted frnttioni containing significant 

iyyynsndtecable APP were combined and stored in aligouts at -80 C 

unnil used. The final preparation of APP was >95% pure based on 

SDS—PAGE developed with tnnmansie brilmant blue stain, exhibited 

an amino acid comyaoition that was within 86% agreement with the 

theoretical comypoitinn, and exhibited the ^mowing N-terminal'. 

sequence for the ·mature protein: Leu-Glu-Vaa-Pro-Thr--sp-Gly——sn·- 

Gly-Leu-. 5.6 mg of' puuified protein was obtained from the pellet

from the two 5 L feiyenSation runs.

• ·I
F»»t

Amino acid anaaysis was perfomed lssienianll as described' 

elsewhere (Dupont, D.R., Keim, P.S., Chui, A.H, teHo, R. , 

p Boozini, M, and Wilson, K.J., "A tnmyrehennive approach to nmiso 

acid αnanysii'*, in Techniques in Protein CihBistov, ed. by Tony E. 

Huuli, Academic Press, 284-294 (1989)). Sammies were hydrolyzed 

ureter argon in the vapor phase using 6N hydroothorit acid with 2.0% 

phenol at 160’C for 2 h. Pheeslthiocnrbayoyl—amino acid analysis,

was performed on an Applied Biniyitemi model 420— Derivitiier with . 

,.,. on-line model 130— Sepa^a^on System and Nelson -nenylitnl model 

•‘.2600 Chromatography Software.

···«*V » 6
:*....Exnmyle 8. The immyusnbot assay tor 

i*. “.degradation of —PP 695 catalyzed by

sUaf ractinni.

the detection of the 

human brain protease

'‘‘‘■’♦a) Incubation with substrate —PP

i) 5 ul aliquots of ins-exchαsge frattOoei (obtained from steps as·

,.;i“*dascc'ibed in Exammle 1) or concentrated pools of frnttiosi (Example 
*‘"/'3) are incubated for 24 hrs at 37°C with iecnyybsant human APP 695

(10.75 ul), which was adjusted to 140 mM final in MES buffer pH 6.5 
•IXiby the adcnt-ion of the required amount of 2M stock bitfer. The
• i I
‘.final buffer cnncceSratine in the incubation was 95 mM, pH 6.5. J
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During the incubation time, proteooytic degradation of some of the 

APP 695 occurs to yield lower Mr fragments*

ii) The proteooytic reaction was terminated by ldddtiis of 7«5 μΐ, 

the following 3X Laei-mie SDS-PAGE sample buffer: 1«5 M Tris HCI, 

pH 8«45, containing 36% (v/v) glycerol and 12% (v/v) SDS, 10% (v/v)

2~aerσaptoethanoi, and trace bromophenol blue tracking dye 

Samples were heated (100“C X 8 min), and then cooled-

b) SDS PAGE analysis:
The reaction mixtures (15 μΐ) were applied to the weHs of a 

10 to 20% acrylamide gradient Tricim gel (routinely a 1<0 mm 

thick, 15 weH Novex precast gel, Novex Expprimeenal Technology, 

San Diego, CA) ■ The gel was run under constant voltage conSdtiisy, 

and at 50 V unntl the sample enters the gel whereupon the voltage

99 was raised to 100 V· Electrophoresis was discontinued when the 

·wί*9'trαtkisg dye reaches to within 0«5 cm of the gel bottom9 The gels 

99999jwere calibrated using prest^ai^r^^d Mr markers ranging in Mr from 3 to 

••••••195 kDa (Bethesda Research -abfoaαorily, G-ithersburg, MD.99 Ten

• ‘····mictofitres each of a kit containing high and low aoieculαr weeght 

•'•“•makers were mixed with 10 μΐ of 3X sample buffer, and treated as

described in section (a))(i), The flowing aoieculαr weight 
•‘•’’jmmrker proteins were present in the kit as · pre-stained mmrkers: 

\‘*’:Myooin H-chain (196 kDa) ; phosphofylase B (106 kDa) ; rtvine serum 

albumin (71 kDa); ovalbumin (45«3 kDa); carbonic anhydrase (29«1

; fetalictiglibubis (18^ kDaa; lysozyme (14^ Waa; bovine 
iBr/trypsin inhibitor (5«8 kDa a; and insulin A and B chains (3 )D^)9

··. ’.5c) Immunoblotting:
• · ·
‘· *»Ji) The gel was then transferred to a mini trans-blot 

electrophoresis ceU (liorad Labs, Richmond, CA.) Proteins were 

electro-blotted onto a ProBloot (TM) memmrane (Applied Bifylsteay, 

Foster City, CA.9, for' 1 hour at 100 V (coi^£^t^c^r^t:t), using the 

f^tawing transfer buffe'r m^ai^ttai^r^ed at 4‘C:20 mM Tris HC1 buffer 

pH 8«5 containing 150 mM glycine and 20% (v/v) aeehanni.
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ii) The ProBlott membrane was removed and placed in 15 ml of 
blocking buffer of the following composition for 1 hour at room 
temperature: 5% (w/v) non-fat dried milk in 10 mM Tris HCl buffer 
pH 8.0 containing 150 mM NaCl.

d) Immunodetection of APP and C-terminal degradation products:
The membrane was transferred to 15 ml of blocking buffer 

containing a 1:1000 dilution of rabbit polyclonal antiserum 
elicited to a synthetic human APP 695 C-terminal peptide immunogen 
and incubated at 4°C over night.

The membrane was rinsed with three successive 15 ml volumes of 
blocking buffer with gentle shaking for 5 minutes. The membrane 
was then transferred to 15 ml of blocking buffer containing a 
1:1000 dilution of alkaline phosphatase-coupled Goat anti-Rabbit 
IgG (Fisher Scientific, Pittsburgh, PA.), and incubated at room

.. temperature for 90 minutes. The membrane was then rinsed with
.••••.three successive 15 ml volumes of blocking buffer with gentle ····
.....ishaking for 10 minutes.
.....Ϊ The membrane was next washed with three consecutive 15 ml • ·
J·....volumes of alkaline phosphatase buffer for 5 minutes each, 
“.“•comprising: 100 mM Tris HCl pH 9.5, containing 100 mM NaCl and 5 mM

MgClz. The gel was next incubated in the dark with 15 ml of 100 mM 
•’•*’:Tris .HCl pH 9.5, containing 100 mM NaCl, 5 mM MgCl2 and 50 μΐ of 
•Z*’:BCIP substrate (50 mg/ml, Promega, Madison, WI.) and 99 μΐ of NBT 

substrate (50 mg/ml, Promega). Incubation was continued until
.>1? “there was no apparent further intensification of low Mr 
^W.’immunoreactive bands (typically 3 hours at room temperature). The

gel was then rinsed with deionized water and dried.
• · 0

0 0

0 Analysis of the capacity of Mono-Q pools of subfractionated human
AD cortex to enzymically degrade APP 695 to generate C-terminal
fragments.
Each of the P-2, S and M pools described in Example 3 were subject
to the immunoblot assay described above. The specificity of the
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immunologic detection method, in combination with the use of the 
authentic APP substrate molecule provide a selective method to 
detect the activity of the APP degrading enzymes in comparatively 
crude biologic extracts, avoiding the need to use highly purified

tenzyme preparations. Thus, certain of the partially purified pools 
possessed a proteolytic activity which was capable of formation of 
C-terminal APP fragments in a time dependent manner. 
Representative examples of the immunoblot analysis of human AD 
brain are shown in Figure 2 for the P~2 v (panel a), M III (panel 
b) and S I (panel c), as well as for individual fractions prior to 
pooling of a P-2 VII pool (panel d).

Time course experiments, for example as depicted in Figure 2f, 
for pool M III showed that these fragments were not present in the 
substrate or enzyme fractions at time 0. Furthermore, incubation 
of the substrate alone did not result in their formation (for

••example see Figure 2a, lane 2, Figure 2d, lane 2, Figure 2f, lane 
******8) · The size range of the bands varied between Mr approximately 
"••••11.5 kDa and 25 kDa, depending upon the enzyme fraction, but the 
’:··· inumber of different products formed in the reactions were
: •••‘surprisingly low. At pH 6.5, eight out of a total of 39 AD pools·· ··
5 ’ λ/ere found to have such activities. The pools could be 

distinguished from each other based upon i) brain sub-fraction, ii)• · · ·
ϊ ’ Jionic strength of column elution, and iii) qualitative APP cleavage• · · ·
‘••‘ ^pattern.

Six selected pools (designated "M-III, M-VIII, S-I, S-III, P- 
•w**2 V, and P-2 VII”) were found to contain significant APP degrading 
^^·‘activity. Corresponding control brain pools also contained some of 

.the above activities, but it was not possible to determine whether
’· ‘‘‘the levels of the activities were different or not, between control
·**· ·• "and AD pools. Each of the above six pools had an enzyme activity 

capable of forming an 11.5 kDa APP C-terminal fragment.
The proteolytic product of MR 11.5 kDa was of particular 

interest because in further studies it was usually the major 
immuno-detectable C-terminal product, and was found to co-migrate 
with a recombinant c-terminal fragment of APP comprising an open
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reading frame that would start with the ^terminal aspartate of the 

beta-amyloid peptide and extend to the C-terminus of the full 

length ppIscuIp (the C-100 fragment). This co-migration is 

ixeimlifisd. jin Figure 2d. The ipilicntiot this is that the 11.5 

kDa band is the product of endoplateelysis of APP at or near the N- 

eeϊminrs of the A4 region, and that the above protease activities 

capable forming this fragment might play a role in vivo, in the

genesis of amyloidogenic peptides.

Figure 2d shows that at least in the case of P2 pool VII, the 

11.5 kDa C-terminal stz:lnyaic product APP proteolysis is capable 

of aggregation. In addition to the appearance of the peptide band 

at Mr 11.5 kDa which colnigratpi with the PMTI 100 driven C-100 

standard, and the 18 kDa fragment, there appear other bands at Mr 

24.3, 27.4 and 35.5 kDa. The 24.3 and 35.5 kDa bands are of a Mr 

expected for dimers and trimers, rsspepciveli, of the C-100

•• fragment, and roughly comigrate wth the corresponding faint bands 

•‘‘‘‘•in the C-100 which are due to aggregaaion (see Example 5 for a

• •••«•depaais) .

•••••j Figures 2a-2c also help to show that the assay can be used to

·‘····sxayins the effect o^ classical protease inhibitors. For example, 
"•‘"jit is apparent from Figure 2a, that P-2 V is inhibited paarially by 

methanol and comyleSell by yyphhaniic peppsatin A, whhls Mill 

(Figure 2b) and S-I -Figure 2c) are both comyPete·ll inhibited by
·«·*:aplotitit and cystatin. Tfrus, the assay, jin one ρρΙ^ϊρρρ^ is

applied to the search for novel in vitro inhibitors of the APP
«

«//‘degrading enzymes. The potent compounds thereby idennified are 
■V/tested for in vivo sffica1 using a suitaWs animal model sudh as a 

transgenic animal designed to overexlaess APP or a
• • •

*• ‘/bseanaroyloid-connaititg fragment thereof.
• • •
‘. ·/ Table 4, below, suim;maizss some of the properties o£ the six

main pools of APP degrading activity recovered from ths Mono-Q 

^actons, .including peptide product sizes, apparent pH dependence 

for product foryia.iot, and the effects of comyyrciaall avaaiabls 

protease inhibitors.
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Properties of human AD brain fractions active in APP proteolysis1.

Table 4

Pool2 Conductanca
(mmho)

Fragment size3 Optimum Trial* Inhxbxltoxrs3
(pH 6.5)(kDa) pH

M III 1.6 11.5 (6.5) A, B nprotitit
cystatin

>11.5 (5.0) — N.D.

S I 1.6 11.5 (6.5) A,B aprotinin
cystatin

>11.5 (6.5-8.0) A, B cystatin

P2 V 1.6 11.5 (6.5) A, B peppsatin A
apro^^n

18.0 (8.0) — N.D.

™P2 VII 2.5-5.2 11.5 (C.5-8.0) A PMSF
>11.5 (6.5-8.0) A PMSF

• a 18.0 (6.5-8.0) A,B N.I.
• · · ·
’....S III 5.0-6.8 11.5 (8.0) A N.I.

· >11.5 (8.0) A N.I.e ·
• 18.0 (8.0) A,B Nl.

viii 15.0-16.0 11.5 (8.0) A, B Nl.•
·· ·· >11.5 (8.0) A,B N.I.• · A• · 18.0 (8.0) B N.I.

.. ..'Reaations were perj^c—^ed as described in Example 8. using pools 
ί * » prepared and conceetmted according to Example 3• we ‘to · ·
” ¾Coltcr'nrntrd protease ^ols as defined in Exai^le 3

C-terminal APP fragments (products) from proteolysis

We,Th.‘ inhibitors studied were:

.••.jtrr.al A: PMSF (0.8mM), EDTA (7.7mM), P^esstmtin A (4OO/4M) ,
:, ·; E-64 (260μΜ) ;
•.’..trial B: EGTA (lmM) ‘ cystati. n (20J^iM)‘ capto^il (30O/M) ‘

app-aHnin (15/Zl), N-dannil-Ile~Srr-G1l~Vnl-Lys-Mrt-Aip-
Ala-G1u-PhesAsg~HiΞ~AΞp-Asp-AspsAip (SEQ ID NO: 1) (90/zM) .

5Cornpounds causing com-Petr inhibiton are listed.

N.D. = not determined due to low or inconsistent levels of
activity; N.I. ® no inhibiton observed.
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Some of the activi^es possessed pH optima in the alkaline 

, range, and were unlikely to be due to the actions of lysosomal 

οεϋΐθ^ίηΞ. This observation is significant because several

investigators have reported that pathologic APP processing is 

perfomed by proteases within the rndosomsa~lysrzimal pathway 

(Cataldo et al., 1990, Proc. NnH. Acad. Sci USA 87:3861; Benowwtz 

et a.., 1989, Experimeetal Neurology 106:237; Cole et al., 1989, 

Neurochem Res 14:9333. Enzymes within this pathway would be

expected to exX^bbt acidic pH optima.

Based on the available data, M-II and S-I are highly similar 

by all the lssed criteria, and probably represent the same enzyme 

crOss contaminating each of the S and M fractiott. It is probable, 

therefore, that human brain contains a minlmm of five different 

protease artivittes capable of ^grading APP to yield a 11.5 kDa 

^·1000ϋ^ product fragment.

·· Table 4 shows that some of the acCivittei were instntitivr to

by any of the inhibitors tested, and these enzymes may

••••••represent meim>ers of an unusual group. The οοΟ^Ι^^ involved in
•{•••’■the formation of 11.5 kDa C-100 fragments in M-II and S I, are 

“••••erther of serine or cysteine or reprrtent semSert of an

“•’’{unusual gmp. Alternatively thi-e incHons may contain tete a 

serine and cysteine protease with both enzymes playing an

J · Obligatory (sequenta!.) role in the production of C-100. P2 V
····

*..· {connates both an aspartic protease ccCiviiy and a serine protease 

accivity. P2 VII contains a serine protease accivity eatrd upon its

' e·e“iennitivity toward PMSF. Howerer, in subsequent studies a®pataCit~ 

activity was also noted .^ϊ.οι'Ι:!^ tee co-localizatbcn 

in P2 of an cspaario protease along with the serine proteose·· ·
’·· ’’•activity in Table 4. None of the enzyme activitees in S III or M 

’· *·*νΐΙΙ · were senntive to any of tee iterators tested te nr οι^ 
was it possible to demsrttrate inhiiitiin of APP degradation by 

co-itcleatirt of the enzyme pool with the N-dansyl aepaii-ie

tlbetrcte used in Example 3.
Comspcisrt ^f the recovery of APP degrading activi^es 

(Example 8) with the peptidase ωΟΜ^ of the Mono-G pools
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(Example 3 and Figure 1) clearly shows that there is little

correlation between the two accivities. Thus, the APP degrading 

acUvites were largely contained in pools that exhibited

coimpaaaively little peptidase aciivity. This suggests that the
t

APP degrading activities are poor peptidases and may require an 

intact folded APP subbtrate for acctvity, or alternatively (but 

less lkkely) the peptides selected represent the wrong locus for 

pathologic APP processing. Reggrdless, this finding explains why 

other investigators have been unsuccessful in idennifying common 

APP degrading enzymes using assays based on peptide sub!traces,

From the above considerations, it is concluded that the 

present assay is of a s^ufic^ent s^e^eCia^i^^t^y to enable the 

isolation of s^^^ecfi^c APP degrading enzymes from human brain.
^0 In further studies, we have used the imuurnrlot assay to track

the recovery of the P-2 VII associated APPase. Work was focused on

.· this pool because it represented the most abundant of the six 

•““•characterized accivities, and because it generated C-terminal 

•^•••fragments that seemed to be amuyoidic (Figure 2d). )t represents 

••••••the major accivity recoverable from irnexchange sepaaation of the

·*....p-2 subtraction, and is eluted at a point in the gradient which did

•‘•“•not coincide with the main peaks of peptidase activity.

The P-2 VI! fractions displaying APPase were pooled and 
:’·“·sublect to size exclusion cirrmatrgrapiy on two tandem Superose 12 

·ί·*:crlumis (Phaamma^). Peptidase and APPase artivities in the eluted 

fractrons were analyzed (Figure 3«v) . Wile the K-M cleavage

.Λ.·,fciivity seemed to overlap in pavt, the peak of M-D accivity once 

TW? again did not coincide with the peak of APPase. Caaibraticn of the 

chromatography against known uorGcurar weight markers yielded a

*· '^median Mr apparent of 31.6 kDa with an unccetainty of plus or minus 

’· *“6.5 kDa for the APPase accivity of the P-2 VII fractions (Figure

3b) .
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Example 9. Identification of Cathepsin D as an APP c-terminal 
processing enzyme.

Having obtained greater qJuntetiri of holo-APP695 bl using the 

btculovirus expression system described in Example 4, Method 2, and 

puuification scheme of Example 7, Method 2, it became possible to 

track the recoverl i1f APP degrading enzymes in individual column 

fractions from the puuifitatilt of human brain enzymes, rather than 

assess the content of APP degrading enzymes in pools of fractions 

made on the basis of peptidase aσCiviey (as had been done in 

Example 8.

The content of APP degrading enzyme activiel is shown in 

Figure 5 for individual mono-Q fractions from the purification of 
φ solubilized P-2 fraction according ti the method if Example 1. 

When compared with a similar analysis if soluble and microsomal

·· fractions subjected ti Mono-Q chromatography, the relative staining 
•"’•intensity for enzyimtic C-terminal APP fragments was tontsstentll 

••“greatest to toe P-2 subtraction from Mono-Q. APP drgrtdtog 

·:’··:attiviel in the P-2 was recovered from Mono-Q as two distinct

^"‘migration peaks (A and B, Figure 5) .·· ·♦
: * ί Peak A . eluted in the lording and low ionic strength wash, i.e. 

in a region -roughly corresponding ti the recovery of P-2 V, seen in

·· ··
J * Jour initial studies (Table 4) , whereas peak B overlapped with the
····
’··’ spooled region in which P-2 VII accivity was previously observed

, (Table 4, and shown ti cimmpise both serine and tsppttic protease 

•^’‘tecivittos. Similar sized degradation products were obc.erved with 

^•‘both the peak A and B accivities at Mr approx. 28, 18 and 14 and 

,, ,<11 kDa, although the relative staining inertsiel of the 18 kDa 
‘♦/“band was much greater in peak B than to petk A. Peak B was pooled 

’· “and subject ti puuifitaeΐit on superose 6HR as described in Bxtmpto 

1, Method 1. Eluted fractions contained two quulltttively distinct 

types of acCiviey which overlapped in their elution profiles. The 

acciviey which produced an APP breakdown pattern most closely 

ieirmyjtog that observed with the original peak B fractions (figure 

5) was recovered in fractions 51 through 56 from gel fLliaatΐot
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(figure 6 b and c) , connistint with an apparent Mr of 15 to 25 tDa. 

This elution pnat was procodod by elution of an accivity which 

ereiolmniπily foimnd an 18 tDa breakdown product, and is presumably 

catalyzed by a protease of larger Mr apparent. This latter accivity 

probably corresponds to tho serine protease accivity previously 

described in the P-2 VII pool in Exammle 8, Table 4. Active 

ίηϋοικ from the gei-filtaation pjui.f:^c:at:O^n of pnat B (and 

within the 15-25 tDa Mr region) were tested for inhlbitiO^n by 

Hasidl protease inhibitors (Figure 7) . Those studios confined 

that pnat B accivity was largely catalysed by an ^mpaHc protease 

as determined by ^£^^^^0 inhibiton by Peppse!;^ A.

Coomaratively few human lspeltii protease aro known. Those 

that have been idonnifiod include, Cathepsins D and E, Renin, and 

popsin. To t^ost the ^oHbUity ttat the acciviHos that we 

observed might correspond to some of these enzymes, cceeercΐal

.. preparations of human Renin (Calbiochom, Sandingo, CA catalog #

.••••.553864 ) , and human clthoesii D (human liver, Cal Biochem, San····
,.,..;Diogo, catalog # 219401) were examined for their capaaity to 

.....jenzjymccHy degrade baculo derived hdo-APP.

:·.... The commrccal preparation of cathepsin D used throughout tho 

“.“.studios described herein was oloctriphhorOtcally homogeneous on

SDS-PAGE developed with silver stain, and exhibited an amino acid 

“.*,{c<0[meotticn which showed 93 % agreement with the theoretical value 

•‘‘"Ί^ϋ on the known protein sequence.

WWereas renin was iiilctivi (not showd, caChepe^ D 
.^^••s^le^t^ively cleaved the APP so as to produce a similar pattern of 
"W^C-terminal degradaC-ion ^odu^s to ^oso cbsorvnd with P-2 pnat B 

(Figure 5) described above from Mono-Q. Thus, co^m^m^<rci^l cathopsin
\**.D preparations dogradnd hdo-APP a time d<ependent fasHon to

'."‘.ipr^uc0 mmaor C-terminal ^^ucts of approximate Mr 18 and 28 tDa.

Inhibiton of the accivity by eepeSatii A confirmed the involvement 

of cathepsin D in the reaction (Figure 8♦

A commiorcal polyclonal antibody to human clttoesii D was 

obtained (Dato Corp, Οθι^π^γϊι, CA, catalog # A561} , and found to 

be reactive toward human clttiesii D on ieeuunCiott, generating an
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immunoreactive band of Mr 28 kDa. The antibody was used in an 
immunoblot assay to examine if chromatography fractions from the 
mono-Q purification of either P-2, soluble or microsomal fractions 
contained immunoreactive cathepsin D.

Significant amounts of cathepsin D were observed in Mono-Q 
fractions of the P-2 and soluble fractions (data not shown) that 
possessed APP degrading activity. Interestingly, two chromato- 
graphically distinct peaks of cathepsin D reactivity were observed 
in the analysis of P-2 mono Q fractions each of which coincided 
with peaks A and B (not shown). The immunoreactive aspartic 
protease, cathepsin D associated with peak A activity coincided 
with the region in which P2 V of Example 8 had been previously 
identified. This suggested that peaks A and B could be due to 
multiple forms of cathepsin D. Multiple forms of cathepsin D have 
been described elsewhere and attributed to differences in

..post-translational modification of a single gene product. 
«‘•‘•.Immunoblot analysis of gel-filtration, column fractions from the 
••...{further purification of P-2 peak B (Figure 5) showed the presence 
.....jof a peak of cathepsin D immunoreactivity exactly co-incident with
• ••••«the peak of APP degrading activity (Figure 6B).
·*·**· In addition to co-migrating with cathepsin D immunoreactivity 

and degrading APP similarily to cathepsin D, Peak B protease 
s'*·’*‘further purified by gel filtration exhibited the same pH optima
•’“’’(between pH 4-5) and ionic strength dependence as cathepsin D for 

formation of c-terminal APP degradation products (Figure 9).
.^«••Finally, the immunoreactive band observed in the P-2 fraction 
•^T?exhibited a similar pi (4-6) to that reported for cathepsin D when 

subject to preparative IEF on Biorad Miniphor chromatography system·· »‘'.•.'(not shown). Collectively, these data strongly support the fact
• 9 ·

·«■ ‘«.that the pepstatin sensitive APP protease activities observed 
following mono-Q fractionation of human brain P-2 are due to the 
action of cathepsin D.

The peptidase activity of the peak B protease (purified on gel 
filtration) and cathepsin D were then compared using the synthetic 
peptide N-Dansyl-Ile-Ser-Glu-Val-Lys-Met-Asp-Ala-Glu-Phe-Arg-NH2
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(SEQ ID NO: 7) as the substrate. Both enzymes hydrolysed the 
peptide in a time dependent fashion albeit at quite low rates. For 
both enzymes, the major cleavage was observed at the -Glu-Val- bond 
and to a lesser extent at the -Met-Asp- bond (Figure 10) . Note, 
that in Figure 10, most of the Met-Asp cleavage product was further 
converted to the Glu-Val product by the 24 hr. time point depicted. 
As expected, the peptidase reactions catalyzed by Cathepsin D and 
the P-2 enzyme preparation were both inhibited by pepstatin A.

Both enzymes exhibited acidic optima at pH 4 for the
hydrolysis at the -Glu-Val- bond (Figure 11). Hydrolysis at the
-Met-Asp- bond also exhibited an acidic optimum with cathepsin D (<
pH 3.0), but with the P-2 enzyme, two optima were observed (at pH
,3.0 and pH 7.0), possibly due to participation of an additional
contaminating P-2 protease in the reaction with a neutral pH
optimum (Figure 11). Cathepsin D usually hydrolyses between
hydophobic residues. However at acidic pH values, protonated
(neutral) forms of the Asp and Glu side chains might appear
sufficiently hydrophobic to satisfy the subsite binding

...... requirements of the protease. The pKa of the Asp side chain is• · · ·...... more acidic than the Glu residue, and would be protonated to a• ·...jlesser degree than the Glu residue throughout the pH range examined• ·j·,,.. in Figure 11. This may explain the lower cleavage rates at the

...... -Met-Asp- bond with cathepsin D, and the hint at a lower pH optimum• · *
for cleavage (< pH 3) at this site when compared with the -Glu-Val-

j·.··. bond.• ·
B · · ·

Β ^B B

Further experiments explored the identity of the peptide bonds
...:.. in APP that are cleaved by Cathepsin D. Larger amounts of APP were 
.’···.subject to cathepsin D hydrolysis at pH 5.0. Limited proteolysis 

under non-denaturing conditions was employed. Incubation mixtures 
were analysed by SDS-PAGE, immunoblotted, and then the individual

.**·.· product bands located either by coomassie staining or by 
immunodetection with the anti-beta-amyloid monoclonal described in 
Example 6(iii). The main bands located with coomassie blue were 
subject to N-terminal sequencing.
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Figure 12 shows both a coomassie stained blot as well as an 
immunoblot (using the anti-beta-amyloid monoclonal antibody) of 
such a reaction mixture. As a control, incubations were also 
performed in the absence of cathepsin D (wherein cathepsin D would 
be added back to the incubation mixture after addition of SDS-PAGE 
sample buffer), or in the absence of APP 695 substrate. Eight main 
product bands were observed by coomassie staining (Figure 12a) of 
the complete incubation mixture, and which were also absent from 
either of the controls. Some but not all of those bands also 
reacted with the A4 monoclonal (Figure 12c), which recognises an 
epitope within the first 5 residues of the beta-amyloid peptide. 
N-terminal analysis of the coomassie stained products yielded the 
sequences listed in the table below.

Table 5.

N-terminal sequences of major proteolytic products following 
incubation of purified cathepsin D with holo-APP 695.

• ·· ·• a»»»·

• · · · • · · ·
a a a

··• ·• ···• *• a

Proteolytic 
band #

(Fig. 12a)
product
size
(kDa)

Na-terminal sequence peptide bond 
hydrolyzed

1 3.9 R-V-I-Y-E-R-M-
Q-A-V-P-P-R-P-

-L-R-
-L-Q-

2 4.4 Q-A-V-P-P-R-P-
R-V-I-Y-E-R-M-

-L-E-
-L-R-

3 5.6 V-K-M-D-A-E-F-
Q-A-V-P-P-R-P-

-E-V-
-L-E-

4 6.3 V-S-D-A-L-L-V” -F-V-

5 10.0 V-S-D-A-L-L-V-
L-E-V-P-T-D-G-
V-K-M-D-A-E-F-

-F-V-
-A-L-
-E-V—

6 15.8 G-A-D-S-V-P-A- -F-G-

7 24.5 L-E-V-P-T-D-G -A-L-

8 56.2 l-e-v-p-t-d-g -A-L-
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• The amino acid sequences were determined with an Applied 
Biosystems model <»77A Protein Sequencer operated in the gas phase 
with on-line model 120A Analyzer and Nelson Analytical model 2600 
Chromatography Software.
Where: A = Ala, D = Asp, E = Glu, F = Phe, G = Gly, I = lie,
K = Lys, L - Leu, M = Met, P = Pro, Q = Gin, R = Arg, S = Ser,
T = Thr, V = Val and Y = Tyr.
With exception of band 7 all sequences were assigned for the first 
ten cycles. For band 7, sequencing was discontinued after cycle 6.

As expected several products were observed corresponding to 
cleavages that were largely consistent with those reported for 
cathepsin D hydrolysis of other substrates (Moriyama et al., 1980, 
J. Biochem, 88.:639). Exceptions to the reported cathepsin D 
specificity included the -Glu-Val- cleavage to form the major 
product of band 3, and the minor product of band 5, as well as the 
-Leu-Arg- cleavage products of bands 1 and 2 (Table 5).

The cleavage, of the -Glu-Val- bond at APP 593-594 is• ·
.... consistent with the observed capacity of the cathepsin D to cleave • ·
’“‘.the corresponding bond in the peptide substrate (as described··* *«·■

‘above) in a pepstatin inhibitable reaction. Cathepsin D usually
.1 ‘hydrolyses between pairs of certain hydrophobic residues. Cleavage• · · · ·
I. ..at the Glu-Val bond, though unexpected, probably occurs under 

‘acidic (pH 5) conditions due to protonation of the side chain of
......the glutamate residue (pKa = 4.25), rendering it neutral.
*....* Indeed, it can be calculated that 18% of the -Glu- side chains

‘should be protonated at pH 5.0. Such acidic conditions occur in 
.j..lysozomes and secretory granules, or could be induced upon tissue 
•.damage, or following hypoxia or local ischaemia.

Most significantly, cathepsin D generated a 5.6 kDa product
.··. ;(band 3, Table 5), by atypical hydrolysis at the -Glu-Val- bond • · ·
,··. jthree amino acid residues N-terminal to the purported N-terminalto · ·

-Asp- residue of the common form of beta-amyloid. The fragment was 
absent in the equivalent sections of the blot taken from the 
incubation without cathepsin D. Furthermore, the fragment is of

• · · ·• · ·• · · ·
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the right .size (5.6 kDa) . to contain full length -beta-tyyl.oid 

peptide, and its generation suggests that cathep!^:in D uust also 

cleave the APP at a second site close to the region of

the beta-auyloid peptide.
I

In fact, a precursor substrate for such a C^1ter^u.n<^l cleavage 

was also idenn.ifeed in band 5, which exlOlbited an Mr (10.0 kDa). 

The size of this fracuent suggests that it contains uost if not all 

of the C-teminal doyait and that it arose by a single -Glu-Val- 

cleavage at APP 593-594.

APP 695 contains nlyeroup other peptide bonds t^hat would s^e^u 

to have been -ideal. substrates for ca^epe^ D cleavage yet were not 

cleaved by cathepsin D. The fact that they were not hydrolyzed 

reflects the high degree of sequιeSratiot of these sites away frou 

ace^ to catoepsin D witoto the folded APP structure: uGot of the 

hydrophobic pairs would be expected to locate to the hydrophobic 

APP protein core. The saue considerations explain why the sites 

that were shown to be hyn^sed by ^^eps^n D (Table 5) did not

,, not always contain the optiya^L cathepsin D recognitiot rnotJE. To be 

,····, located on the protein surface, such sites would have to contain
• · · B

a greater degree of polarity or charge than would be ideal for
• ·

....... • ca^epe^ D catalysed cleavage. It is noteworthy in this regard• ■ ·
J’.... that three of the five internal cleavage sites contained two

:·,*·,proline residues each within eight residues of the scissile bond.• ·
Such residues are often associated with a brake in secondary

:·.··, stiucture or with tlrtp which often are found at the protein • ·
.··:·. surface.
·'

In a paaaaiel (Figure 12c) several of the product

·**’*· peptides (located with arrows), reacted with the yooioConai 

antibody C286.8A to the N^-ter^in^JL residues of beta-tyyloid. These
·**·.: included a band at Mr 5.6 which uigrated in the saue poostion as 

•*’·.· band 3 in Figure 12a (Table 5) a doubbet between Mr 9 to 10 kDa 

coyugratimg with band 5 in Figure 12a (Table 5 , and a doubb<ett at 

Mr 14 kDa, a douubet at 16 to 18 kDa coyigrating with band 6, 

Figure 12a, and a band at Mr 40 kDa. l£ the bands: sequenced (Table
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5), only bands 3, 5 and 6 comigrated with bands detected by
immunoblot in Figure 12c. Consistent with this, only these same 
three bands in Table 5 were of the appropriate N-terminal sequence 
and size to contain the beta-amyloid epitope.

The time course of formation of the beta-amyloid 
immunoreactive degradation products described in Figure 12 was 
performed under slightly different molar ratios of cathepsin D and 
APP (Figure 13), both in the absence and presence of pepstatin A. 
In the absence of inhibitor, a time dependent accumulation of low 
molecular weight fragments was observed, starting initially with 
the formation of a bands at Mr approx. 16-18 and 28 kDa 
respectively. At 2hr, a band at Mr approximately 40 kDa was 
observed. While the 16-18 and 40 kDa bands further intensified 
beyond 2 hr., the intensity of the 28 kDa band remained constant 
beyond this time point. The intensities of the 16-18 and 40 kDa did 
not increase further beyond 8 hr. Between 8 hr. and 21 hr. there 
was a substantial increase in the intensities of detectable bands

.. at Mr approx. 14, 10 and 5.6 kDa. Since these latter three bands 
.’’“•did not intensify in parallel with either the 16-18, or 40 kDa, it 
.....:is probable that the 14, 10 and 5.6 kDa bands were derived from 
"••••secondary degradation of either or all of the 16-18 or 40 kDa 
•‘••••bands. The 16-18, 10 and 5.6 kDa bands described in Figure 13 
•‘•“•correspond to the same Mr bands listed in Table 5 and shown in 

Figure 12c. All of the bands observed in Figure 13 were inhibited
:‘*”:by pepstatin A confirming that they arose by the action of 
•^2*Jcathepsin D.

«rhe implication of cathepsin D as a major protease in
..:“*amyloidosis of Alzheimer's Disease now explains other observations<···
‘••••’made concerning the disease. Firstly, there is growing evidence 

that APP accumulates in lysozomes, and is processed there to yield
• 9 9

‘•‘"amyloid bearing fragments (Haas et al., 1992, Nature 357:500).«■· ·
’· ‘"Amyloid deposition is favored at the acid pH of the lysosome 

(Burdick et al., 1992, J. Biol. Chem. 267:546). Secondly, while 
cathepsin D is a lyso2omal protease, it has also been shown by 
histochemistry to be present in significant levels associated with
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• ·.·· ■
·· a ·· · · • a

• ·• ·
• ·ft ·

amyloid depoosts in Alzheimer's brain (Cataldo et al., 1999, Proc. 

Naai. Acad. Sci USA 87:3861).

Thirdly, beta-amyloid released by cells in culture coimpises 

a minor ^terminal sequence starting at residue Val 594 (Haas et 

al., 1992, Nature 359:322) which is three amino acids N-terminal to 

the more abundant sequence beginning at the Asp 597 residue 

^οιβοπΙυ seem in Seta-amayoid 1-42. The sequence probably 

arises by direct endooproeeoysis at the -Glu-Vaa- bond at postim 

593-594, ie the same site as shown presently to undergoe spltifii 

proteolysis by cathespsin D. It is tapphaistd here that since 

cathepsin D can hydrolyse both the -Glu-Val- and -Met-Asp- bonds, 

it has the necessary spltiLiity to form both of the Seta-amyloid 

fragments sequenced by Haas et al.

Fourthly, the cysteine preoteases inhibitors E-64 and 

leu^pt^ were without effect on the release of beta-amyyoid by 

LC-99 cells while general lysozomal inhibitors blocked the release 

(Shooi et al., 1992, Science, 258:126), showing that b^^a-am^yl^id 

.formation by these cells was catalysed by a lysosomal enzyme other 

than a cysteine protease. A remaining candidate protease for such 

a rta^1;i^ot would be lysozomal .cathepsin D which is not itiiSittd by 

the cysteine protease inhibitors used in their studies.

Finally, APP contains a stretch of hydrophobic residues 

between the C-terminus of beta^amyXoid and the meim>rane anchore 

sequence. Some of the peptide bonds in this region could be 

hydrolysed by cathespin D. Indeed the -Le^-Vaa- peptide bond at 

p^s^l.t^c^n 6415-646 is highlighted by the PEPTICDESORT commuter program 

as being a probable catieusit D rtioggttiot site. This site is 

close to the position of three of the point maUations shown to 

co-segregatt with certain forms of Faailial Aliheiiee's Disease 

(FAD) . Cleavage within aiti region as wwei as the -Glu-Val- bond 

at uosStioti 593-594 could account for the size of band 3 in Table

5. The FAD matatiots at this site could augment the rates of APP 

cleavage within this region by cathepsin D.

Finally, a double aatattot of APP from -Lys-Met- to -Ast-Ltt- 

at uooitioti 595-596 also ^segregates with familial AD. This

).

I)
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meratnoi makes it u^ljkely that a speeific ammyoidogenic protease 

exists with speeificity for cleavage about the -Lys-Met- bond, 

since the eeratiln would be expected to abrogate rather than 

augment cleavage by such an enzyme. Rather, the Keeyyhood is 

increased that the primary endolPΌOtelysis yielding beta-amyloid 

occurs adjacent to and preferably ^terminal to this dipeptide. The 

-G]lUIVϊal.I bond represents the closest ^terminal site left 

unaffected in the SI and SI· pooi-tiens.

Conncevably, the -Asn-Lcu-·euUatnnn at S2'and S3· sites to the 

-Glu-Val- scissile bond could augment cleavage by catyeesin D. To 

test whether this was the case, we compared the cnpaacty of both 

cathepsin D nnd the P-2 enzyme peak B to hydrolyze the Sulstrnte 

'N-IdanislIICesCer-Gru-na--LyM-Cet“Sep-Ala-Glu-yeeAtg■-NHH2 (SEQ ID 
φ^ΝΟ: 77 nnd a similar peptide jin which toe K-M ^ir was re^ice 

with NL thereby mimicking the above described FAD mulatim (Figure 

14). Whhle both enzymes cleaved the wild type peptide at the M-D 

nnd EV bonds in longer time frames, very little cleavage was

,, observed in the short incubation time shown in Figure 14. By

,····.ϋη^η37 cleavage of the mmtant peptide by both enzymes occurred····
....... jwito initial vdocitees between 30 to 50 tmmes faster than observed

* a

.....Jwito the wild type peptide. The single eeCaasnitc thereby generated 

"....exhibited a retention time of 4.4 min, nnd had not been seen 

J·.··.previorsly using the wild type eθpetiac. This rnndeentfied product 

must therefore resin from hydrolysis either between the N~L pair

Γ.··.! C-terminal to the L residue. In either case, this resiTt is 

♦«JiiconiSstcnt with the notion that the -NL- observed in this
W ^aticular early onset FAD causes eniinnced rates of ^ta-amylo  ̂

,,·J··fnimatinn by providing a site that is more rapidly cleaved by the 
·‘“··amylnidngenic protease cathepsin D. Tto incrensed rates of

Seta-neyloid accumeratinn that could residt, could t^ri^ici the
’‘‘•.early onset form of Alztoimers Disease Inked to tois APP mmtotton. 

·Γ·.: The ^ennificadon o£ cnto^sin D ns a serious cnndidnte for

the primary nmmloidngenic protease of Alzheimer's Disease, 

significantly aids the effort o^ development o]f tocrnpeuric 

inhibitors for the disease. For example specifnc ^toepe^ D
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inhibitors could provide therapeutic benefit by inhibiting the 
toxic accumulation of beta-amyloid. The new information provided 
herein makes the comparatively straightforward to rationally design 
tight-binding inhibitors as has been accomplished for the design of 
novel inhibitors of other aspartic proteases such as renin and 
HIV-protease.

Alternatively cathepsin D can now be adapted for use in a high 
throughput screen using an in vitro peptidase assay so as to 
identify therapeutic inhibitors through random or semi-random 
search of chemical libraries. A suitable assay for such purposes 
could include the N-Dansyl-peptide assay described in Examples 2 
and 3 of the present invention.

Example 10. Identification of a serine protease with specificity 
for C-terminal APP processing.

Table 4, showed that human brain contains serine proteases 
,. capable of C-terminal processing of recombinant APP, and that it 

.••’•.some cases these serine proteases were inhibitable with aprotinin.• tt ··

...‘To attempt a more facile isolation of such proteases, an alternate• ·

.....: isolation scheme was devised (Example 1, Method 2) incorporating 
:‘....affinity purification on aprotinin-sepharose as an early step. 
j‘.“. Application of this procedure for the further purification of

the P-2 fraction was successful in the isolation of APP degrading 
• ‘•“•activity (Figure 15). The active fractions recovered from the 
*11·*: aprotinin-sepharose column by acid elution were further purified on 
W a mono-Q column (Figure 16). Active fractions (Figure 16a) 
„;··· exhibited the capacity to form APP c-terminal fragments of 11 kDa, 
·*«ο·14 kDa and 18 kDa, when analysed by immunoblot with a polyclonal 

antibody to the APP c-terminus (Figure 16b). The smallest products
•‘‘‘.i co-migrated with the recombinant C-100 standard. Reassay of APP 
·.”·.: degradation in the active fractions using an anti-beta-amyloid 

monoclonal antibody C286.8A led to the detection of the same three 
product bands (Figure 16b). Since the antibody C286.8A recognises 
the first seven amino acid residues of the beta-amyloid poptide, as

MS 1685



76 -

in Example 6 (iii), this experiment shows that all three products 

contained full length feta~iayyQid.

One or more of these product peptides could be affialoidit or 

give rise to flta-aaaloid by further processing of these peptides 

C-terminal to the blti~αaaloid region» The serine protease iciivitl 

in^oved in formation of these products co^ld therefore play a role 

in αmayoΐdosis.

The enzymic activites which formed the 11, 14 and 18 kDa

product bands described above eluted as a broad peak from mono-Q 

and could perhaps have resulted from the action of more than one 

protease Based on the recovery · of -280 nm absorbing components 

from the mono-Q column, three different pools of proteooytic 

accivity were prepared from the mono-Q column frattOoss temied pool
φΧ, Y and Z (Method 2, Exanfile 1)·

Enzyimaic activity was recovered in the void volume during 

chromatography of each pool on superd^ 75 (data not shown) , 

tinsistlnt with an apparent Mr >75 kDa, although possible protein

^aggregation during chromatography cannot be ruled fut. Pool Y

9···♦ιreppesentld the purest pool when analysed on SDS-PAGE, and
····

99,.9,;eeXhbitld a mai^r stained band at Mr of approx 100 kDa· Pool Y was
• · '
,,,,.;sllectld for further tharaitefizatiis. The pH dependence for APP
• ·

··...9hyldoiysiy by pool Y showed an optmrnum between pH 7 and 9 (Figure
9

:V,17a) , and the enzyme was graduaiy inhibited by istrfαsly
9 9

in sodium chloride tincilnration beyond 42 mM (Figure 17b) ■ Studies 

“.’’.of the inhibitor semstivity of the enzyme (Figure 18aa, confiraied 

."•‘.that it was a serine protease, being inhibited by PMSF and 
HI appoiisis but unaffected by peppsatin A, E-64 or EDTA (Figure 18a) « 

..♦;·»The serine protease inhibitor blnzamadinl was without effect on the 

‘““•enzyme, suggeeting that it was unlikely to be a trypsin-like 

lndoprotlαye. More likely the. enzyme is of the thymafrylPit family

• “•“with speecficity for cleavage of substrates containing a n^t^u^t^a^l 

’?’*:hl'dJlophoO>f·t residue at the SI subfite.

-ccifdisgll, further inhibitor studies (Figure 18b) showed 

that the activity of the pool Y protease was strongly inhibited by 

thyιnaOrypsis Inhibitor II, ilρhi~2~istipiasain and TPCK» Weak
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inhibition was also observed with chymostatin and 
alpha-1*-antichymotrypsin, but TLCK, did not inhibit at all. 
Cathepsin G has been suggested by others to play a role in APP 
processing,· however immunoblot analysis of the pool Y protease 
fraction using a polyclonal antibody to cathepsin G failed to 
detect the presence of this serine protease. N-terminal sequening 
of the 11, 14 and 18 kDa will identify the cleavage sites and is 
already ongoing.

Example 11. Design of therapeutic cathepsin D inhibitors.
This example utilizes the nomenclature of Schechter et al., 1967,
Biochem Biophys Res Comm. 27:157, to describe peptide specificity, 
wherein the amino acids in the substrate which flank the scissile 
bond are numbered according to their position relative to the 
peptide bond being cleaved by the enzyme. Peptide substrate amino• · · ®

’••••’acid side chains N-terminal to the scissile bond are numbered 
•’’’•consecutively as Pl to Pn with increasing distance from the 
’•’’’•scissile bond, peptide substrate amino acid side chains C-terminal
• ””to the scissile bond are numbered consecutively as Pl' to Pn'. The
* ’ ’pi and Pl’ amino acid side chains correspond to the amino acids

involved in formation of the peptide bond which is to be cleaved. 
•The side chains Pl to Pn and Pl' to Pn' are envisioned to form 
’specific interactions with a corresponding series of enzyme

. subsites SI to Sn and SI· to Sn ' respectively. The interactions• · · ·‘*’i. between the P side chains and corresponding S subsites contributeI ·’*’’ to the binding energy for stabilization of the protease-substrate 
lP .complex, and thus confer specificity to the interaction.

• · · ·» · ·• ·

The approach taken to the development of peptidomimetic inhibitors 
could utilize either the N-dansyl peptide substrate assays of
Examples 2 and 3, or the assay of holo-APP degradation described in 
Example 8, to make enzymologic measurements, in conjunction with 
purified cathepsin D.
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Quantification of optimal peptide length and sequence for 
proteolytic cleavage by cathepsin D in vitro. Starting with a 
dodecapeptide peptide of sequence Dns-lle-Ser-Glu-Val-Lys-Met-Asp- 
Ala-Glu-Phe-Arg-NH2 (SEQ ID NO: 7), the effect of shortening of the 
peptide either from the N-terminus or the C-terminus on the 
apparent kinetic parameters for enzymic hydrolysis would be 
determined at acidic pH and optimal ionic strength. The effect on 
Km and Vmax for hydrolysis of variation in the amino acids at each 
position in the peptide of optimal length would be determined.

Inhibitor synthesis. Peptidomimetic compounds would be synthesized 
containing essential amino acid sequences necessary for optimal 
cleavage (from 1 a,b above), and the appropriate spacer. The amino

’’ acid sequences in these peptides could be the same as those 
*♦*··* observed around the cleavage site in the APP substrate, eg. Glu- 
*J*“· Ile-Ser-Glu-Val-Lys-Met-Asp (SEQ ID NO: 4) and Trp-His-Ser-Phe-Gly- 
’·’* * Ala-Asp-Ser (SEQ ID NO: 5) or alternatively selected from those
7.. sequences found to confer optimal binding to cathepsin D based on
• * studies of their potency for in vitro inhibition of cathepsin D. In 
., ,. the case of Glu-Ile-Ser-Glu-Val-Lys-Met-Asp (SEQ ID NO: 4) and Trp-
7.. : His-Ser-Phe-Gly-Ala-Asp-Ser (SEQ ID NO: 5) the Pl-Pl' bond is E-V,
β β ·“ ‘and F-G respectively.

“ii. Peptidic inhibitors would be synthesized that contain cither the• ·
7* above sequences or sequences exhibiting optimal cathepsin D 
W. Inhibition (including shorter variants perhaps containing N- 
J./:and/or c- substitutions), in which the -CO-NH- atoms of the peptide
“bond between Pl and Pl' are replaced with any of the following 
standard spacer groups and using appropriate synthetic routes so as 
to obtain any possible stereo-chemical configuration thereof: 
reduced amide, hydroxy isostere, ketone isostere, dihydroxy 
isostere, statine analogs, phosphonates or phosphoamides, reversed 
amides. Most of these inhibitors would function as transition state 
analogs.
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The potency of these first genteatiot compounds as determined using 

either of ths in vitro assays of ths present invention 

(N-DDanyl-peptids assay of holo-APP degradation assay) could bs 

optimized by any or all of the foliowitg:

i) Addition or deletion of flanking am.no acid residues;

ii) Alteration of the type of amino acid side chain (D or .L) at 

each lOiStiot in ths inhibitor;

iii) N- and C-terminal subitetreiot with blocking groups such as 

boc or acetyl (N-tprmintaly), or Ο-Me , O-bennyl, N-benzyl 

(C-tenynnaiy).

Beside ths inhibitors rationally developed according to ths above 

methods, other known cathspsin D inhibitors either in whole or in 
φ part could bs used as thpanleurit inhibitors for Alzhsiyers

’* Disease, or as starting paints for optimization o^ inhibitory
• •••
’•♦••‘potency and the development of new derivatives for therapy o^

. ·
’!“’ί-lzhpiyes's Disease. Such inhibitors include: 1-Desxyiojiriyicin

ft
*·***• (Lsaansky et al., 1984, J. Biol Chem. 259:10129) ;β •
J . ”*‘DiazoaatSyl-torlsrcite mathyl sstsr .(Keilova at al., 1970, Fsbs 

5· ’Lett, £:348) j Gly-Glu-Gly-Phs-Lsu-Gly-Asp-Phe-Lsu (SEQ ID NO: 6) 

,, ,, (Gubenseck et al., 1976, Fsbs Leit, 21^42),· Pepsin inhibitor from 
•,*,,;Ascaris (Keilova et al^ 1972, Biochsa Biophys Acta. 284:461) ;

^epptatin (Yayamato et al^ 1978, Euro^an Journal of Biochemystry 

. 22:499).
ft · • *• •••

• ft • •• •«•ft·

ft ft
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Paul P. Tamburini and Robert N. Dreyer

(ii) TITLE OF INVENTION: Methods for Detecting
Beta Amyloid Precursor Protein 
Processing Enzyme

(iii) NUMBER OF SEQUENCES: . 8

(iv) CORRESPONDENCE ADDRESS:

• «
• · · ·• · ····

β β · · · · • ·
• ο• · · · ·
• · · ·« · ·• *

(A) ADDRESSEE: Miles Inc.
(B) STREET: 400 Morgan Lane
(C) CITY: West Haven
(D) STATE: Connecticut
(E) COUNTRY: USA
(F) ZIP: 06516

(V) COMPUTER READABLE FORM:

• · · ·• · ·
• · · ·• · ·• · ·

• · · · i ·• · · ·

(A) MEDIUM TYPE: Floppy diskette
(B) COMPUTER: IBM PC
(C) OPERATING SYSTEM: MS-DOS
(D) SOFTWARE: Word Perfect 5.1

(Vi) CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Jae H. Kim, Esq.
(B) REGISTRATION NUMBER: 32,907
(C) REFERENCE/DOCKET NUMBER: MTI 224
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(vvi.i) TELECOMMJNNCATION INFORMATION:

(A) TELEPHONE: (203) 937-2340
(B) TELEFAX: (203) 937-2795

(2) INFORMATION FOR SEQ ID NO: 1

(i) SEQUENCE CiHARACTRISTICS:

(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) TOPOLOGY: Uimr

(ii) SEQUENCE nT!CRIPTION: SEQ ID NO:1

lie Ser Glu Val Lys Met Asp Ala Glu 
15

Arg His Asp Asp Asp Asp 
15

Phe
10

: * *(3) INFORMATION FOR SEQ ID NO: 2• e · ·• · ·• · ·

·» · · · • · · ·
• · e ·• ·• · · ·

#.• o · • · ·
• ft ·• · ·• · ·

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 12 amino acids
(B) TYPE: amino acid
(C) TOPOLOGY: mear

(ii) SEQUENCE DESCRRPTION: SEQ ID NO: 2

lie Ser Glu Val Lys Met Asp Ala Glu 
15

Phe
10

Arc/ His
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(4) INFORMATION FOR SEQ ID NO: 3

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) TOPOLOGY: linear

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 3

He Ser Glu Val Asn Leu Asp Ala Glu Phe Arg 
15 10

.···*·(5) INFORMATION FOR SEQ ID NO: 4

(i) SEQUENCE CHARACTERISTICS:
• 0

00
• 0 0 0 0

*. .. (A) LENGTH: 8 amino acids
• ‘ · (B) TYPE: amino acid

(C) TOPOLOGY: linear
0 0 0 0
0 0 0
0 0

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 4

0000 
• 0

000 0

t.
0 0 0 

0 0 0

Glu lie Ser Glu Val Lys Met Asp 
1 5

INFORMATION FOR SEQ ID NO: 5

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(C) TOPOLOGY: linear
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(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 5

Trp His Ser Phc Gly Ala Asp Ser 
1 5

(7) INFORMATION FOR SEQ ID NO: 6

(i) SEQUENCE CIHAIkCCTEISTICS:

(A) LENGTH: 9 amino acids

(B) TYPE: amino acid
(C) TOPOLOGY: Ιήηι^

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 6

• ·· ·• ·• · · ·
·;···· Gly Glu Gly Phc Lcu Gly Asp Phe Lcu
....... : 1 5• ·
9 ·• · · · ·
• · · ·
: * :(8) INFORMATION FOR SEQ ID NO: 7

• · · ·• · ·• ·
• · · ·« · ·

• · · · ····
····• ·• · · ·
• .
• · · • · ·
• · · • · ·• · ·

(i) SEQUENCE CHMRATTRISTICS:

(A) LENGTH: 11 amino acids

(B) TYPE: amino acid
(C) TOPOLOGY: Umar

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 7

lic Ser Glu Val Lys Met Asp Ala Glu 
15

Phc
10

Arg
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(9) INFORMATION FOR SEQUENCE ID NO: 8

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 39 nucleotides
(B) TYPE: nucleic acids
(C) STRANDEDNESS: single strand
(D) TOPOLOGY: linear

(ii) MOLECULAR TYPE:

CDNA to mRNA

(iii) PUBLICATION INFORMATION:
····

a
a a a a aa 

a a (A) AUTHORS: Kang et
a

a a a a a a (B) JOURNAL: Nature
a a
a aaaa (C) VOLUME: 325
a
a a a a 
a a a (D) PAGE: 733
a a (E) DATE: 1987

(iv) SEQUENCE DESCRIPTION: SEQ ID NO: 8

CTCTAGAACT AGTGGGTCGA CACGATGCTG CCCGGTTTG 39
•

• a a a 
aa aa

aaaa 
a a

aaaa

• a a 
• · ·
• · a

• a · 
a a a
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for regulating formation of beta-amyloid protein 
with an inhibitor of at least one protease specific for the

5 Precursor to the Alzheimer’s Disease beta-amyloid protein, said 
inhibitor being specific for aspartic proteases and inhibiting 
cathepsin D.

2. The method of claim 1, wherein said inhibitor is selected
10 from the group consisting of 1-Deoxynojirimicin, Diazoacetyl-

norleucine methyl ester, Gly-Glu-Gly-Phe-Leu-Gly-Asp-Phe-Leu 
(SEQ ID NO: 6), Ascaris Pepsin Inhibitor, and Pepstatin.

·· · ·

3. A method for preventing the formation of amyloid plaques in· 
15 Alzheimer's Disease, comprising administering a therapeutic

amount of an inhibitor to cathepsin D.

4. The method of claim 3, wherein said inhibitor is a transition 
state analog containing a reactive spacer selected from the

20 group consisting of reduced amides, hydroxy isosteres, ketone
isosteres, dihydroxy isosteres, statine analogs, phosphonates, 
phosphoamides, and reversed amides.

• · · ·
♦ ····«

25 DATED this 21st day of February, 1997

BAYER CORPORATION
By Its Patent Attorneys 

30 DAVIES COLLISON CAVE
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ABSTRACT

• ·
··· · a ··«··

Disclosed are methods for regulating formation of beta-amyloid 
protein with inhibitors of proteases specific for the Precursor to 
the Alzheimer’s Disease beta-amyloid protein, such as inhibitors of 
•aspartic protease, cathepsin D, and a chymotryptic-like serine 
protease; a method for detecting in vitro protease activity for 
molecules which possess specificity necessary for the degradation 
of the Amyloid Precursor Protein; and assays for identifying 
inhibitors of proteases specific for the Amyloid Precursor Protein.

• »
• 0

0 0
0 0 0 0 0 
0

• 0 00 
• 0 0 
• 0

0000 
• 0

0 0 00

00 0 
• 0 0

0 0 0
• · 0 

0 0 0
0 0 0
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