
;RSTUVWXYZ[e3e"r"ol 46jT'mFWO 02/O1301  PCT/U S1111231!35 SUBSTRATES AND
ASSAYS FOR (3-SECRETASE ACTIVITY Field of the Invention The present
invention relates to methods and compositions for S identification of
modulators of (3-secretase activity. More particularly, the present
invention provides novel substrates for monitoring the i-secretase activity
of human Asp2 protease and methods of using the same. Such methods and
compositions will be useful in the identification of agents that modulate
i-secretase activity and thus may be used in the therapeutic intervention
of disorders characterized by the 10 presence of amyloid plaques.
Background of the Invention Alzheimer's disease (AD) causes progressive
dementia with consequent formation of amyloid plaques, neurfibrillary
tangles, gliosis and 15 neuronal loss. The disease occurs in both genetic
and sporadic forms whose clinical course and pathological features are
quite similar. Three genes have been discovered to date which, when
mutated, cause an autosomal dominant form of Alzheimer's disease. These
encode the amyloid protein precursor (APP) and two proteins, presenilin-1
(PSl) and presenilin-2 (PS2), which are structurally and 20 functionally
related. Mutations in any of the three proteins have been observed to
enhance proteolytic processing of APP via an intracellular pathway that
produces amyloid beta peptide (Apeptide, sometimes referred to as Abeta), a
40-42 amino acid peptide that is the primary component of amyloid plaque in
AD (Younkin, Brain Pathol.l(4):253-62, 1991; Haass, J Neunosci.I
I(la):3783-93, 1991). 25 Dysregulation of intracellular pathways for
proteoiytic processing may be central to the pathophysiology of AD. In the
case of plaque formation, mutations in APP, PS 1 or PS2 consistently alter
the proteolytic processing of APP so as to enhance formation of A3 1-42, a
form of the Ai peptide which seems to be particularly amyloidogenic, and
thus very important in AD. APP localizes to the 30 secretory membrane
structure including the cell surface, and has a single C-terminal    WO
02/11C>3(1l -7_ PCT/US01 /23035 transmembrane domain. Examples of specific
isotypes of APP which are currently known to exist in humans include the
69S-amino acid polypeptide described by Kang et. al. ( 1987), Nature 325:
733-736 which is designated as the "normal" APP; the 751 amino acid
polypeptide described by Ponte et al. (1988), Nature 331: 5 525-527 (1988)
and Tanzi et al. (1988), Nature 33l: 528-530; and the 770 amino acid
polypeptide described by Kitaguchi et. al., Nature 331: 530-532 (1988). 



The Ai peptide is derived from a region of APP adjacent to and containing a
portion of the transmembrane domain. Normally, processing of APP at the
a-secretase site cleaves the midregion of the A(3 sequence adjacent to the
10 membrane and releases the soluble, extracellular domain of APP from the
cell surface. This a-secretase APP processing creates soluble APP- a, which
is not thought to contribute to AD. However, pathological processing of APP
at the 3 and y-secretase sites, which are located N-terminal and C-terminal
to the a-secretase site, releases the Ai peptide. Processing at the (3- and
'y-secretase sites can occur in 15 both the endoplasmic reticulum (in
neurons) and in the endosomal/lysosomal pathway after re-internalization of
cell surface APP (in a11 cells). The i-secretase cleavage site is located
28 residues from the plasma membrane luminal surface and the 'y-secretase
cleavage site is located in the transmembrane region. The in vivo
processing of the i-secretase site is thought to be the rate limiting step
in Ai 20 production (Sinha and Lieberburg, Proc. Nat'l. Acad. Sci . , USA
96(4), 11049 11053, 1999) and as such is a favored target therapeutic
target. Recently, several groups of investigators have reported that a
human aspartyl protease (Hu-Asp2) has an activity responsible for the
processing of APP at the (3-secretase cleavage site. Hu-Asp2 is a
membrane-bound aspartyl protease (Yan 25 et al. , Nature 402:533-536, 1999;
Lin et al., Proc. Nat'l Acad. Sci., USA ., 97(4):1456-1460, 2000; Vassar et
al., Science, 286:735-741, 1999). Aspartyl proteases such cathepsin D,
Pepsin, renin, and viral aspartyl proteases comprise signature catalytic
triplets ...Asp-Thr-Gly... and...Asp-Ser-Gly.... In Hu-Asp2, these
signature catalytic triplets are harbored opposite to each other in the
bilobed 30 structure of Hu-Asp2. An important feature of Hu-Asp2 that is
absent from other   WO U2111(~311(~ -3 PCTIU SIl1 /23035 known manunalian
aspartyl proteases is a stretch of 27 amino acids located near the
C-terminus that anchors Hu-Asp2 to the membrane and is essential for the
enzyme function in cells. To date, in vitro assays with recombinant Hu-Asp2
or Hu-Asp2 purified from brain have relied on peptide substrates comprising
the -secretase recognition sequence of the ~i-amyloid precursor sequence
(ii. e. , APP sequence), such as the APP Swedish mutation sequence
...EVNL-DAEFR... {SEQ ID N0:113) in which the hyphen denotes the point at
which the peptide is cleaved by the ~3-secretase. The same approach has
been used for ~3-secretase assays in cell lines 



10 expressing Hu-Asp2. There presently exists a need to identify compounds
that may act as surrogates for the APP substrate of Hu-Asp2. Identifying
such substrates facilitates new in vitro and model in vivo assays for
identifying therapeutic agents that affect APP processing at the
(3-secretase site. Ultimately, the identification of such 15 substrates and
assays will lead to advances in the identification of therapeutic compounds
for the beneficial intervention of Alzheimer's Disease. SUMMARY OF THE
INVENTION The present invention provides novel substrates, assays and
methods 20 for conducting aspartyl protease assays. More particularly, one
aspect of the present invention provides an isolated peptide comprising a
sequence of at least four amino acids defined by formula PZP,--PI' P2'
wherein P2 is a charged amino acid, a polar amino acid, or an aliphatic
amino acid but is not an aromatic amino acid; P, is an aromatic amino acid
or an aliphatic amino acid but not a polar amino acid or a 25 charged amino
acid; P,' is a charged amino acid, or aliphatic amino acid, or a polar
amino acid but is not an aromatic amino acid; and Pz' is an uncharged
aliphatic polar amino acid or an aromatic amino acid but not a charged
amino acid; wherein the peptide is cleaved between P1 and Pl' by a human
aspartyl protease encoded by the nucleic acid sequence of SEQ ID NO:1 or
SEQ ID N0:3 and the peptide does 30 not comprise the corresponding
P2P,-Pi'P2' portion of amino acid sequences   VVO 02/063111 -4 PCT/US01
/23U35 depicted in SEQ ID N0:19; SEQ ID N0:20; SEQ ID N0:21; SEQ ID N0:26;
SEQ ID N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ
ID N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID
N0:39; or SEQ ID N0:40. 5 In certain embodiments, the isolated peptide
comprises an amino acid sequence defined by formula P2P,--P,'PZ'P3',
wherein P3' is any amino acid, and wherein said peptide does not comprise
the corresponding P2P,--P,' P2' P3' portion of amino acid sequences
depicted in SEQ ID N0:19; SEQ ID N0:20; SEQ ID N0:2I; SEQ ID N0:26; SEQ ID
N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; 10 SEQ ID N0:33; SEQ ID
N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID
N0:39; or SEQ ID N0:40. In more specific embodiments, the isolated peptide
comprises an amino acid sequence defined by formula P3P2P,--P~' P2' P3' ,
wherein P3 is an uncharged polar amino acid, an uncharged aliphatic amino
acid, or an aromatic 15 amino acid) and wherein the the peptide does not
comprise the corresponding P3P2P,--P,'PZ'P3' portion of amino acid
sequences depicted in SEQ ID N0:19; SEQ ID N0:20; SEQ ID N0:21; SEQ ID
N0:2b; SEQ ID N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID
N0:33; SEQ ID N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID
N0:38; SEQ ID N0:39; or SEQ ID N0:40. 20 In other embodiments, the isolated
peptide comprises an amino acid sequence 



defined by formula P4P3P2P,--P,' P2' P3' , wherein the P4 is a charged
amino acid, a polar amino acid or an aliphatic amino acid but not an
aromatic amino acid and the peptide does not comprise the corresponding
P4P3P2P1--P,' P2' P3' Portion of amino acid sequences depicted in SEQ ID
N0:19; SEQ ID N0:20; SEQ ID N0:21; SEQ 25 ID N0:26; SEQ ID N0:27; SEQ ID
N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ ID N0:34; SEQ ID
N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID N0:39; or SEQ ID
N0:40. In other particular embodiments, the peptide further comprises an
amino acid at position Pa' immediately to the carboxy-terminal position of
P3' , wherein the P4' is any amino acid and wherein the 30 peptide does not
comprise the corresponding P3P2Pz--Pl'P2'P3' P4' portion of amino   WO
02/Ofi3UG -5 PCT/US111/231)35 acid sequences depicted in SEQ ID N0:19; SEQ
ID N0:20; SEQ ID N0:21; SEQ ID N0:26; SEQ ID N0:27; SEQ ID N0:28; SEQ ID
N0:31; SEQ ID N0:32; SEQ iD N0:33; SEQ ID N0:34; SEQ ID N0:35; SEQ ID
N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID N0:39; or SEQ ID N0:40. 5 In
particularly preferred embodiments, P2 is an amino acid selected from the
group consisting of N, L, K, S, G, T, D, A, Q and E. In preferred
embodiments, P, is an amino acid selected from the group consisting of Y,
L, M, Nle, F, and H. In preferred embodiments, define Pl' as an amino acid
selected from 10 the group consisting of E, A, D, M, Q, S and G. In
preferred embodiments, P2' is an amino acid selected from the group
consisting of V, A, N, T, L, F, and S. In preferred embodiments, P3' is an
amino acid selected from the group consisting of E, G, F, H, cysteic acid
and S. 15 In preferred embodiments, P3 is an amino acid selected from the
group consisting of A, V, I, S, H, Y, T and F. In preferred embodiments, P4
is an amino acid selected from the group consisting of E, G, I, D, T,
cysteic acid and S. In preferred embodiments P4' is an amino acid selected
from the 20 group consisting of F, W, G, A, H, P, G, N, S, and E. Many
highly preferred residues will be apparent from the detailed description.
In preferred embodiments of the invention, the isolated peptide further
comprises a first label. In specific embodiments, the peptide comprises a
cysteic acid comprising a covalently attached label. Other preferred
embodiments 



25 contemplate that the peptide further comprises a second label. In this
aspect of the invention, it is contemplated that the label may be any label
commonly employed for the detection and/or quantification of a peptide. In
specific embodiments, the ' peptide of the instant invention may comprise a
detectable label and a quenching . moiety that quenches a detectable
property of the label when the label and quenching 30 moiety are in close
proximity. More specifically, the quenching moiety and label   w0
02/IlG3(IC PCTlUS01/231135 -h are selected such that cleavage of the
peptide between P1 and P1' will separate the quenching moiety to permit
detection of the label. Thus, in a preferred embodiment, the quenching
moiety and label are attached to the peptides on opposite sides of the
P,-P,' cleavage site. 5 In preferred embodiments of the present invention,
the invention provides a genus of peptides that are cleaved by the human
aspartyl protease HuAsp2 at a rate greater than the rate of cleavage of a
polypeptide comprising the human APP ~3-secretase cleavage sequence:
SEVKM-DAEFR (SEQ ID N0:20). Still more preferred embodiments provide a
genus of peptides cleaved by the human 10 aspartyl protease at a rate
greater than the rate of cleavage of a polypeptide comprising the human APP
Swedish KM~NL mutation, (3-secretase cleavage sequence SEVNL-DAEFR (SEQ ID
N0:19). Particularly preferred peptides of the present invention include
but are not limited to those comprising any one of the sequences set forth
in SEQ ID 15 N0:5; SEQ ID N0:6; SEQ ID N0:7; SEQ ID N0:8; SEQ ID N0:9; SEQ
ID NO:10; SEQ ID N0:11; SEQ ID N0:12; SEQ ID N0:13; SEQ ID N0:14; SEQ ID
N0:15; SEQ ID N0:16; SEQ ID N0:17, SEQ ID N0:18; SEQ ID N0:120; SEQ ID
N0:133; SEQ ID N0:134; SEQ ID N0:135; SEQ ID N0:136; SEQ ID N0:137; SEQ ID
N0:138; SEQ ID N0:141; SEQ ID N0:143; SEQ ID N0:144; ?0 SEQ ID N0:145; SEQ
ID N0:147; SEQ ID N0:148; SEQ ID N0:149; SEQ ID N0:150; SEQ ID N0:151; SEQ
ID N0:152; SEQ ID N0:153; SEQ ID N0:154; SEQ ID N0:155; SEQ ID N0:156; SEQ
ID N0:157; SEQ ID N0:158; SEQ ID N0:159; SEQ ID N0:160; SEQ ID N0:161; SEQ
ID N0:162; SEQ ID N0:163; SEQ ID N0:164; SEQ ID N0:165; SEQ ID N0:166; SEQ
ID N0:167; SEQ ID 25 N0:168; SEQ ID N0:169; SEQ ID N0:190; SEQ ID N0:191;
SEQ ID N0:192 and SEQ ID N0:193. An additional aspect of the present
invention relates to fusion polypeptides comprising the amino acid sequence
of a novel ~3-secretase cleavage site described by one of the peptides of
the instant invention and an additional amino 30 acid sequence. More
particularly, the invention contemplates a polypeptide   WO 112/IIl3UG
PCT/US01/23(13S comprising a peptide of the instant invention and further
comprising a transmembrane domain amino acid sequence. In specific
embodiments, the peptide containing the p-secretase cleavage site is
N-terminal to the transmembrane domain, but C-terminal also is
contemplated. In certain embodiments, the peptide and the 5 transmembrane
domain may be separated by a linker. More specifically, the linker may be a
peptide linker comprising about 20 to about 40 amino acids. In particularly
preferred embodiments, the transmembrane domain anchors the polypeptide to
an intracellular membrane selected from the group consisting of the Golgi
or the endoplasmic reticulum. As such, the transmembrane domain comprises
10 the transmembrane domain amino acid sequence of a protein that is
anchored to the Golgi or ER membrane of cells that express such a protein.
In preferred embodiments, the fusion polypeptide comprises a transmembrane
domain selected from the group consisting of the transmembrane domain of
galactosyltransferase, the transmembrane domain of sialyly transferase; the
transmembrane domain of human 15 aspartyl transferase 1; the transmembrane
domain of human aspartyl transferase 2; the transmembrane domain of
syntaxin 6; the transmembrane domain of acetyl glucosaminyl transferase;
and the transmembrane domain of APP. In preferred embodiments of the
invention the fusion protein may further comprise a reporter protein amino
acid sequence in addition to the peptide 



20 sequence and the transmembrane sequence. The reporter sequence
preferably provides a detectable and quantifiable characteristic (e.g. an
optical characteristic) or is an enzyme that catalyzes a substrate into a
product, wherein the substrate or product provides a detectable and
quantifiable characteristic. Also contemplated are, fusion polypeptides
comprising a reporter protein amino acid sequence and a ~i 25 secretase
cleavage site containing peptide sequence of the present invention. In
preferred aspects of the invention, the reporter protein is selected from
the group consisting of luciferase; alkaline phosphatase; ~i-galactosidase;
~3-glucorinidase; green fluorescent protein; and chloramphenical acetyl
transferase. In certain aspects, the present invention contemplates a
mutant or 30 derivative APP molecule in which the natural ~i-secretase
cleavage site of wild-type   W O U2l(IG3U(~ _g_ PCTlUS111123(135 APP has
been modified to contain a b-secretase cleavage site of one of the
substrates of the present invention. Such a mutant or derivative APP may be
generated by site directed mutagenesis or by peptide synthesis as described
herein. Additional aspects of the invention contemplate a polynucleotide
comprising a nucleotide sequences that encodes a fusion polypeptide of the
present invention. Other embodiments contemplate a poiynucleotide
comprising a nucleotide sequence that encodes a peptide substrate of the
present invention. Also contemplated herein is a vector comprising any of
the polynucleotides of the present invention. In preferred embodiments, the
vector comprises a polynucleotide 10 encoding a peptide or a fusion
polypeptide of the present invention, wherein the polynucleotide is
operably linked to a promoter to promote expression of the fusion protein
encoded by the polynucleotide in a host cell. Other embodiments contemplate
a host cell transformed or transfected with a polynucleotide or vector
described by the present invention. In a preferred embodiment, the host
cell is co 15 transfected with the polynucleotide/vector and a
polynucleotide/vector encoding HuAsp2. Also described herein is a method of
producing a substrate for a i secretase assay comprising growing a host
cell transformed or transfected with a vector of the present invention in a
manner that permits the expression of the 20 polypeptide. Additional
embodiments of this aspect of the invention may further comprise purifying
the polypeptide. In preferred embodiments, the host cell is selected from
the group consisting of a mammalian host cell, a bacterial host cell and a
yeast host cell. Also contemplated herein are transgenic animals comprising
an APP 25 mutant having as i-secretase cleavage one of the peptides of the
present invention. In a further aspect, the present invention provides a
method for assaying for modulators of (3-secretase activity, comprising the
steps of contacting a first composition with a second composition both in
the presence and in the absence of a putative modulator compound, wherein
the first composition comprises a 



30 mammalian (3-secretase polypeptide or biologically active fragment
thereof, and   V1'O 02/IIG311G PCT/USU1/231135 _9_ wherein the second
composition comprises a substrate, wherein the substrate comprises a
peptide or a fusion polypeptide of the present invention. In preferred
embodiments, the method further comprises measuring cleavage of the
substrate peptide in the presence and in the absence of the putative
modulator compound; and 5 identifying modulators of ~3-secretase activity
from a difference in cleavage in the presence versus in the absence of the
putative modulator compound, wherein a modulator that is a ~i-secretase
antagonist reduces such cleavage and a modulator that is a (3-secretase
agonist increases such cleavage. In specific embodiments, the first
composition may comprise a purified human Asp2 polypeptide. In other 10
embodiments, the first composition may comprise a soluble fragment of a
human Asp2 polypeptide that retains Asp2 (3-secretase activity. More
particularly, the soluble fragment may be a fragment lacking an Asp2
transmembrane domain. In preferred embodiments, the ~i-secretase
polypeptide of the first composition comprises a polypeptide purified and
isolated from a cell transformed or transfected 15 with a polynucleotide
comprising a nucleotide sequence that encodes the ~i-secretase polypeptide.
In other specific embodiments, the first composition comprises in a cell
transformed or transfected with a polynucleotide comprising a nucleotide
sequence that encodes the 13-secretase polypeptide, and the measuring step
20 comprises measuring APP processing activity of the cell. Further aspects
of the invention contemplate treating Alzheimer's Disease with an agent
identified as an inhibitor of Hu-Asp2 according to the methods of the
present invention. Preferred aspects further contemplate a isecretase
modulator identified according to the methods of the present invention. 25
Specifically contemplated are methods of inhibiting (3-secretase activity
in vivo comprising a step of administering a modulator identified by the
present invention, wherein the n~.odulator is a ~i-secretase antagonist, to
a mammal in an amount effective to inhibit ~i-secretase in cells of the
mammal. Also described herein is a pharmaceutical composition comprising a
30 ~i-secretase modulator identified by the present invention and a
pharmaceutically   WO 02/IlG30l - 10 PCT/US01 /23035 acceptable carrier.
Further aspects of the invention describe a method of treating a disease or
condition characterized by an abnormal ~i-secretase activity comprising
administering to a subject in need of treatment a pharmaceutical
composition as described above. Other embodiments describe the use of a
modulator identified 5 according to the present invention in the
manufacture of a medicament for the treatment of Alzheimer's Disease. In a
related aspect, the invention provides a container containing a composition
comprising a modulator identified according to the present invention, the
container containing a label describing the indication of the modulator for
10 treating Alzheimer's Disease. Preferably, the composition further
comprises a 



pharmaceutical carrier. Most preferably, the composition is a unit dose
formulation. Additional methods are described for identifying agents that
inhibit the activity of human Asp2 aspartyl protease (Hu-Asp2), comprising
the steps of 15 contacting a peptide or a fusion polypeptide of the
invention and a composition comprising an Hu-Asp2 activity in the presence
and absence of a test agent; determining the cleavage of the peptide or
polypeptide between the Pl and P,' by the Hu-Asp2 in the presence and
absence of the test agent; and comparing the cleavage activity of the
Hu-Asp2 in the presence of the test agent to the activity in the 20 absence
of the test agent to identify an agent that inhibits the cleavage by the Hu
Asp2, wherein reduced activity in the presence of the test agent identifies
an agent that inhibits Hu-Asp2 activity. In preferred embodiments, the
Hu-Asp2 is a recombinant Hu-Asp2 purified and isolated from a cell
transformed or transfected with a polynucleotide comprising a nucleotide
sequence that encodes Hu-Asp2. In 25 other embodiments, the Hu-Asp2 is
expressed in a cell, wherein the contacting comprises gr owing the cell in
the presence and absence of the test agent, and the determining step
comprises measuring cleavage of the peptide or fusion protein. In specific
embodiments, the cell further comprises a polynucleotide encoding the
polypeptide, and wherein the contacting step comprises growing the cell
under 30 conditions in which the cell expresses the polypeptide. In
preferred embodiments,   VVO 02/UG311h PCT/USII1/231135 -11 the cell is a
human embryonic kidney cell line 293 cell and a mouse Neuro-2a
neuroblastoma cell line. In other preferred embodiments, the nucleotide
sequence is selected from the group consisting of a nucleotide sequence
encoding the HuAsp2(a) amino acid sequence set forth in SEQ ID NO: 2; a
nucleotide sequence 5 encoding the Hu-Asp2(b) amino acid sequence set forth
in SEQ ID NO: 4; a nucleotide sequence encoding a fragment of Hu-Asp2(a)
(SEQ ID N0: 2) or HuAsp2(b) (SEQ ID NO: 4), wherein the fragment exhibits
aspartyl protease activity characteristic of Hu-Asp2(a) or Hu-Asp2{b); and
a nucleotide sequence of a polynucleotide that hybridizes under stringent
hybridization conditions to a Hu 10 Asp2-encoding polynucleotide selected
from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 3. An additional
aspect describes a method for identifying agents that modulate the activity
of Asp2 aspartyl protease, comprising the steps of contacting an Asp2
aspartyl protease and a peptide or fusion polypeptide of the present 15
invention in the presence and absence of a test agent, wherein the Asp2
aspartyl protease is encoded by a nucleic acid molecule that hybridizes
under stringent hybridization conditions to a Hu-Asp2-encoding
polynucleotide selected from the group consisting of SEQ ID NO: 1 and SEQ
ID NO: 3; determining the cleavage of the peptide or fusion protein between
the Pl and the P,' site by the Asp2 in the 20 presence and absence of the
test agent; and comparing the cleavage activity of the Asp2 in the presence
of the test agent to the cleavage activity in the absence of the agent to
identify agents that modulate the activity of the polypeptide, wherein a
modulator that is an Asp2 inhibitor reduces the cleavage and a modulator
that is an Asp2 agonist increases the cleavage. In preferred embodiments,
the method further 2S comprises the step of treating Alzheimer's Disease
with an agent identified as an inhibitor of Hu-Asp2 according to the
instant invention. Also described is a method for identifying agents that
inhibit the activity of human Asp2 aspartyl protease (Hu-Asp2), comprising
the steps of growing a cell in the presence and absence of a test agent,
wherein the cell 30 expresses a Hu-Asp2 or mouse Asp2 and expresses a
protein comprising a peptide   WO (12/0(v311() PCT/US01/23035 -12 



or fusion polypeptide of the present invention; determining the cleavage of
the protein at the site between the P1 and P,' in the cell in the presence
and absence of the test agent; and comparing the cleavage activity in the
presence of the test agent to the cleavage activity in the absence of the
test agent to identify an agent that 5 inhibits the activity of Hu-Asp2,
wherein reduced cleavage activity in the presence of the test agent
identifies an agent that inhibits Hu-Asp2 activity . In preferred
embodiments, the host cell either expresses endogenous Asp2 or has been
transformed or transfected with a polynucleotide comprising a nucleotide
sequence that encodes a Hu-Asp2, wherein the nucleotide sequence is
selected from the group 10 consisting of a nucleotide sequence encoding the
Hu-Asp2(a) amino acid sequence set forth in SEQ ID NO: 2; a nucleotide
sequence encoding the Hu-Asp2(b) amino acid sequence set forth in SEQ ID
NO: 4; a nucleotide sequence encoding a fragment of Hu-Asp2(a) (SEQ ID NO:
2) or Hu-Asp2(b) (SEQ ID NO: 4), wherein the fragment exhibits aspartyl
protease activity characteristic of Hu-Asp2(a) or Hu 15 Asp2(b); and a
nucleotide sequence of a polynucleotide that hybridizes under stringent
hybridization conditions to a Hu-Asp2-encoding polynucleotide selected from
the group consisting of SEQ ID NO: 1 and SEQ ID NO: 3. The invention also
contemplates the use of an agent identified as an inliibitor of Hu-Asp2
according the present invention in the manufacture of a medicament for the
treatment of 20 Alzheimer's Disease. The preceding paragraphs describe
methods for identifying modulators of aspartyl protease activity using
peptide substrates of the invention, or using polypeptides comprising the
peptides. With respect to each of those methods, a preferred embodiment
includes an additional step of synthesizing more of a 25 modulator that has
been identified as an aspartyl protease inhibitor. In a preferred
variation, the method further comprises synthesizing a composition
comprising the modulator in a pharmaceutically acceptable diluent,
adjuvant, or carrier. The methods optionally comprise still a further step
of administering the composition to a mammal to inhibit aspartyl protease
activity in the mammal. 30 Additionally, the invention contemplates kits
for performing a ~i   WO U2/Ufi311( PCT/USfll/23U3S -13 secretase assay
comprising a ~i-secretase substrate peptide of the present invention
packaged with a ~3-secretase enzyme. In specific embodiments, the
(3-secretase substrate may be a fusion polypeptide of the present
invention. Further embodiments contemplate that the kits may comprise
reagents for detecting the 5 cleavage of the peptide or fusion protein. The
invention also describes other preferred peptides which comprise a sequence
of at least 10 amino acids having the sequence SEISM-EVEFR (SEQ ID N0:152).
Also contemplated are peptides which comprise 3, 4, 5, 10, 12, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70) 75, 80, 85, 90, 95, or 100 amino acids
immediately to the carboxy-terminal of SEISM-EVEFR (SEQ 10 ID N0:152)
and/or inunediately to the amino-terminal of SEISM-EVEFR (SEQ ID N0:152).
Preferred peptides may be 10, 13, 15, 16, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 100, I I0, 120, 130, 140, 150, 160, l70, 180, 190,
200 amino acids or longer. Additional features and variations of the
invention will be apparent to 15 those skilled in the art from the entirety
of this application, including the drawing and detailed description, and
a11 such features are intended as aspects of the invention. Likewise,
features of the invention described herein can be re-combined into
additional embodiments that also are intended as aspects of the invention,
irrespective of whether the combination of features is specifically
mentioned above 20 as an aspect or embodiment of the invention. Also, only
such limitations which are described herein as critical to the invention
should be viewed as such; variations of the invention lacking limitations
which have not been described herein as critical are intended as aspects of
the invention. In addition to the foregoing, the invention includes, as an
additional 25 aspect, a11 embodiments of the invention narrower in scope in
any way than the variations specifically mentioned above. Although the
applicants) invented the full scope of the claims appended hereto, the
claims appended hereto are not intended to encompass within their scope the
prior art work of others. Therefore, in the event that statutory prior art
within the scope of a claim is brought to the attention of the 30
applicants by a Patent Office or other entity or individual, the
applicants) reserve the right to exercise amendment rights under applicable
patent laws to redefine the   WO 02!(1!3(1G PCTlUS111/23(135 -14 



subject matter of such a claim to specifically exclude such statutory prior
art or obvious variations of statutory prior art from the scope of such a
claim. Variations of the invention defined by such amended claims also are
intended as aspects of the invention. The detailed description presented
below, while providing preferred 5 embodiments of the invention, is
intended to be illustrative only since changes and modification within the
scope of the invention will be possible whilst still providing an
embodiment that is within the spirit of the invention as a whole. BRIEF
DESCRIPTION OF THE DRAWINGS The following drawing forms part of the present
specification and is included 10 to further demonstrate aspects of the
present invention. The invention may be better understood by reference to
the drawing in combination with the detailed description of the specific
embodiments presented herein. FIG. lA through FIG. ID depicts a contiguous,
complete sequence of an exemplified fusion polypeptide (SEQ ID N0:128) of
the present invention and the 15 nucleotide sequence encoding the
polypeptide (SEQ ID N0:127) . The entire coding sequence for secreted
alkaline phosphatase from MLLL (SEQ ID N0:44)... to DAAHPG (SEQ ID N0:45)
is shown in normal font. Sequences derived from insulin ~i-chain with the
modified ~i-secretase cleavage site are italicized. The transmembrane
domain from Asp2 454-477 is underlined. DYKDDDK (SEQ ID 20 N0:114) is a
flag tag sequence. FIG. 2 depicts proposed chimeras as substrates for Asp2
in cell based assays. The portion designated "ecto" refers to ectodomain,
the portion designated "endo" refers to endodomain and the portion
designated "memb" refers to the membrane domain of the chimeric protein
respectively. 25 FIG. 3 contains images depicting Western blot analysis of
APP processing by ~i-secretase. A stable HEK-293 cell line that expresses
higher levels of Asp2 was transfected with either wt-APP or different
mutant APP DNA constructs . After transfection for 48 hours, cell extracts
were analyzed by Western analysis. The antibody C8 which recognizes the
C-terminus of human APP was 30 used for detecting full-length APP and its
processing products. The /3-secretase activity was judges by the production
of CTF99 or the ratio of CTF99 over CTF83.   WO 02/11(30G PCT/US111/231135
-15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Alzheimer's disease
is a leading age-related disorder associated with progressive dementia and
pathology characterized by cortical atrophy and deposition of senile
plaques and neurofibrillary tangles. A primary component of the plaques 5
is the 40-42 amino acid long peptide, A~3 derived from a region of APP
adjacent to and containing a portion of the transmembrane domain of the
full length APP. This pathogenic peptide is generated as a result of
sequential processing due to Vii- and ysecretases activities. While there
has been extensive hunt for the identity of these enzymes, the exact
identity of the protein has remained elusive. Recently, however, 10
significant evidence has accumulated to suggest that Hu-Asp2 may be a
likely candidate for the ~3-secretase activity. There present invention
provides compounds, molecules or substrates that may be cleaved by Hu-Asp2
and act as surrogates for the APP substrate. Methods and compositions for
making and using these compounds are provided in further detail below. 15
VVO 02!(1G306 -16 I. Novel Peptide Substrates for Hu-Asp2 PCT/L1S111/23035
The present invention provides substrates for Hu-Asp2. Initially, a 



number of peptides were tested as potential substrates of Hu-Asp2. The
peptides: 5 AcGSESMDSGISL-DNKW (SEQ ID N0:115), WKKGAIIGL-MVGGVVKK (SEQ ID
N0:116), ANL-STFAQPRR (SEQ ID N0:117), 1'RYQSHDYAF-SSVEKLLHLGGC (SEQ ID
N0:118), YRYQSHDY-AFSSVEKLLHLGGC (SEQ ID N0:119) 10 are cleaved between the
two amino acids separated by a hyphen. Also (His)6Ubiquitin and the fusion
protein (His)6Ubiquitin-CTAPIII are cleaved at the C-terminal side of a Leu
residue in the sequence ..KTITL-EVEPS.... (SEQ ID N0:120) However, all
these substrates are cleaved less efficiently than the 15 peptide
corresponding to the Swedish mutant form of APP: SEVNL-DAEFR (SEQ ID N0:19)
. Interestingly, the oxidized insulin B chain is a substrate of Asp2 and is
cleaved at a rate comparable to SEVNL-DAEFR (SEQ ID N0:19). The cleavage
site for the insulin B chain is between Tyr and Leu in the sequence
VEALY-LVC(SO 3)GER (SEQ ID N0:121). An additional peptide with a Glu in 20
place of cysteic acid (VEALY-LVEGER (SEQ ID N0:122) also was tested and
found to be cleaved by the Hu-Asp2. Using these observations, the inventors
conducted further comparisons of the above Hu-Asp2 substrates with
additional known Hu-Asp2 substrates to elucidated information regarding
specific amino acid occupancy at and around the cleavage site. 25
Conventional abbreviations for amino acids are used herein, as follows:
Alanine, Ala, A; Arginine, Arg, R; Asparagine, Asn, N; Aspartic acid, Asp,
D; Cysteine, Cys, C; Glutamine, Gln, Q; Glutamic Acid, Glu, E; Glycine,
Gly, G; Histidine, His, H; Isoleucine, Ile, I; Leucine, Leu, L; Lysine,
Lys, K;   WO 02/OG3ilG PCTIUS01123035 -17 Methionine, Met, M;
Phenylalanine, Phe, F; Proline, Pro, P; Serine, Sex, S; Threonine, Thr, T;
Txyptophan, Trp, W; Tyrosine, Tyr, Y; Valine, Val, V; Aspartic acid or
Asparagine, Asx, B; Glutamic acid or Glutamine, Glx, Z; Norleucine, Nle;
Acetyl-glycine (Ac)G; Any amino acid, Xaa, X. Additional 5 modified amino
acids also may be used as described herein. For example, C(S03) refers to
cysteic acid. The peptides depicted in Table 1 comprise a hyphen to
indicate the la 15 estimated cleavage site for Hu-Asp2. Peptide
SequenceOrigin/identitySequenceidentifierSEVNL-DAEFR~3-secretase, A[3SEQ
IDSwedish MutantN0:19SequenceSEVKM-DAEFR~3-secretase, A~iSEQ IDNormal
SequenceN0:20SEVN(Nle)-DAEFR(3-secretase, A~iSEQ IDSwedish MutantN0:21L~
Nle(Ac)GSESMDSGISL-DNKWCasp-3 prosegemntSEQ
IDN0:22WKKGAIIGL-MVGGVVKK~-cleavage on A~iSEQ IDN0:23ANL-STFAQPRRNovel
SequenceSEQ IDN0:24....EFRHDSGY-EVHHQKLVFFAE....cleavage on AbSEQ IDN0:25  



W O Q2/(IG3(1(, PCT/U Sll l /23(135 -18 10 IS
....LTGKTITL-EVEPSDTL....(His)~Ubiquitin-CTSEQ IDAPIII
sequenceN0:26FVNQHLCoXGSHLVEALY-LVCoXGERoxidized Insulin BSEQ
IDGFFYTPKAchain sequenceN0:27GIVEQCoxCaXASVCoXSLY-QLENYCaXNoxidized Insulin
ASEQ IDchain sequenceN0:2$YRYQSHDY-AFSSVEKLLHALGGCNovel Sequence ofSEQ
IDthe presentN0:29inventionYRYQSHDYAF-SSVEKLLHALGGCSEQ
IDN0:30LVNM-AEGDPSI.SEQ IDN0:31RGSM-AGVLM2-ProSEQ IDN0:32GTQH-GIRLM2-ProSEQ
IDN0:33SSNF-AVGAM2SEQ IDN0:34GLAY-AEIAM2SEQ IDN0:35HLCG-SHLVOxidized
InsulinSEQ TDB-chainN0:36CGER-GFFYOxidized InsulinSEQ
IDB-chainN0:37GVLL-SRKNotchSEQ IDN0:38VGS-GULLNotchSEQ IDN0:39   W O
112/(1(3111r - 19 V-GSGV PCT/US01 /231135 Notch ~ SEQ ID N0:40 As used
herein throughout, CoX and ((S03) refer to oxidized cysteine otherwise
referred to herein as cysteic acid, these terms are used interchangeably
herein and in the art. It should be noted that wherever cysteic acid is
used at a 5 particular residue in peptide substrates of the present
invention, additional substrates that comprise cysteine at that residue
also are contemplated. In preferred embodiments, the cysteine in SEQ ID
N0:36 and SEQ ID N0:37 is oxidized to cysteic acid. The peptides of the
present invention are described using the 10 nomenclature by Schechter and
Berger (Bioclze~n. Biophys. Res. Comrnu~a. 27:157(1967) and Biochem.
Bioplzys. Res. Conanaun. 32:898 (1968), in which the amino acid residues in
the peptide substrate that undergo the cleavage are defined as Pl . . . P"
moving from the scissile bond toward the N-terminus and P,' . . . P"'
moving :from the scissile bond toward the C-terminus. Therefore, the
scissile bond 15 is between the Pz and the P,' residue of the peptide
subunits and is denoted herein throughout with a hyphen between the Pl and
the P,' . In the peptides of the present invention that were effective
Hu-Asp2 



substrates, Tyr/Phe and Leu were the most abundant amino acids at the Pt
site; Asn appeared several times at the PZ site; Glu, Asp, and Ala, were
prominent in the P,' ; 20 Val occurred frequently in the PZ'; the sequence
Glu-Val-Glu appeared at the Pl' Pz' P3' of ubiquitin, another Asp2
substrate; other positions did not show any obvious preferences . These
observations were used to make amino acid substitutions around the cleavage
site of the oxidized insulin B-chain, specifically at P2 P3' . The peptides
listed in Table 2 were designed, synthesized, and tested 25 for activity as
substrates for Hu-Asp2. 200,M of each test substrate was incubated with
210nM Hu-Asp2 enzyme at pH 4.5 at 37 C fox 3 hours. Of course it should be
understood that these ar a merely exemplary assay conditions, and those of
skill in the art will be able to vary these conditions and yet still
provide appropriate HuAsp2 activity. For example, it is envisioned that the
assays may be conducted at a 30 pH range of from between about 4.0 to about
7.0. The amount of enzyme added to   WO 112/111311f> -20 PCT/USII l /23035
a given reaction mixture may also be varied and those of skill in the art
will be able to perform assays defining the optimal enzyme concentrations
necessary for a given assay, as such 150nm; 200nm; 250nm; 300nm or more or
less enzyme may be added. Substrate concentration in those also may he
varied such that an assay may 5 use 100, 150M, 200wM, 250wM, 300M, 350M or
more or less of any given substrate. It may be that one substrate produces
an optimum activity at one concentration whereas another substrate is
needed to be present at a different concentration to produce an optimum
cleavage rate. However, such optimizations of enzyme assay conditions is
well within the skill of those in the art and will not 10 require undue
experimentation. In Table 2 below, substrates that produced activity are
indicated by " + " signs in which the greater the activity, the more +
signs are provided. Those substrates that were not cleaved by the Hu-Asp2
are indicated by a "-" sign.   WO 02/I1(3111 -21 5 10 Table 2
PCT/115111/231135 Peptide SequenceActivitySequence
IdentifierKVEALY-LV(S03-)GER-SEQ ID N0:41WRRVEALY-LVEGERK+ +SEQ ID
N0:42KVEANY-LVEGERKK+SEQ ID N0:43KVEANY-EVEGERKK+ + + +SEQ ID
NO:SKVEANY-AVEGERKK+ + + +SEQ ID N0:7KVEANY-DVEGERKK+SEQ ID
N0:46KVEANL-AVEGERKK+SEQ ID N0:47KVEALY-AVEGERKK+SEQ ID N0:48 From the
above list of putative substrates, KVEANY-EVEGERKK 



(SEQ ID NO:S) was selected for further studies. Specifically, a Cys was
inserted 15 between R and KK to yield the peptide KVEANY-EVEGERCKK (SEQ ID
N0:6). This peptide was a good substrate for Hu-Asp2. In additional steps
this peptide was N-terminally biotinylated, and made fluorescent by the
covalent attachment of Oregon green at the Gys residue. The resulting
compound, Biotin-KVEANY-EVEGERC(oregon green)KK (SEQ ID N0:49), was tested
in the 20 following conditions : 10 wM substrate, SOnM enzyme at 37  C .
The reaction was allowed to proceed for 2hrs and samples withdrawn at
several times. The results showed that 20 % , 37 % , 57 % , and 82 %
cleavage occurred after 15, 30, 60, and 120 minutes, respectively . Mass
spectrometry analysis showed that cleavage had occurred between Tyr and Glu
only . It was shown that the new biotinyIated 25 fluorescent peptide had
Vmax and Km values that were at least double the value obtained for a
previous biotinylated fluorescent substrate derived from the Swedish Mutant
peptide. The EVE and AVE sequences, that appear in positions P,' -P3' of
SEQ ID NO:S and SEQ ID N0:7, respectively (Table 2), were selected for   WO
112lIIfi30G -22 PCT/US(111231135 additional modification. As in the case of
development of the fluorescent substrate Biotin-ICVEANY-EVEGERC(Oregon
Green)KK (SEQ ID N0:49), the EVE sequence was selected as a starting point
fox modifications. Specifically, the EVE sequence in the context of the
decapeptide KTITL-~.-EVEPS (SEQ ID N0:120)was 5 selected, because the amino
acid sequence in this decapeptide is an exact mimic of a stretch of ten
anuno acids encompassing the cleavage site L-.~-E found in ubiquitin 10 15
20 (see SEQ ID N0:26 in Table 1). Table 3. Substrate optimization for Asp2
based upon a cleavage site in ubiquitin PeptidePeptide Sequence(SEQ ID
NO)Relative rate of Cleavage+APP-SwSEVNL- ~-DAEFR(SEQ ID
N0:19)100APP-WildtypeSEVKM-~.-DAEFR(SEQ IN0:20)2.1'iUbiquitin (Pep
1)KTITL-~.-EVEPS(SEQ ID N0:120)l3.1Peptide 2KTINL-~-EVEPS(SEQ ID
N0:133)92.0Peptide 3KTINnIe-~.-EVEPS(SEQ ID N0:134)92.6Peptide
4KTlNnle-.~-EVDPS(SEQ ID N0:135)93.6Peptide 5KTlNnle-~-DVDPS(SEQ ID
N0:136)12.2Peptide 6KTISL- ~.-DVEPS(SEQ ID N0:137)69.0Peptide 7KTISL-
.~-DVDPS(SEQ ID N0:138)20.5 nle=norleucine + Assay conditions were 200 nM
enzyme, and 200 ~,M substrate, 300 mM Naacetate, 4% DMSO, at pH 4.5, 37 C
for 4hr. 



25 * 24hr reaction In addition to modifications at the P,'-P3' (EVE) sites,
modifications were also made at the P2-P, sites. Six variants of
KTITL-~.-EVEPS (SEQ ID N0:120) were constructed and compared their
activities as substrates of Asp2 to the   W O 112/11G306 PCT/U SI11123U35
-23 activities shown by the Swedish mutation peptide, SEQ ID N0:19, and
wild type peptide, SEQ ID N0:20 (Table 3). The ubiquitin-derived peptide
having the sequence of SEQ ID N0:120, was six times better than wild type
peptide, SEQ ID N0:20, but had only about 13 % of the activity shown by the
Swedish mutation, 5 SEQ ID N0:19 (Table 3). However, substitution of the P2
Thr with Asn generated peptide having the sequence of SEQ ID N0:133 with
activity similar to that of the Swedish mutant, SEQ ID N0:19. Substitution
of Leu in position P, of peptide #2 SEQ ID N0:133 with the unnatural amino
acid norleucine (peptide #3 SEQ ID N0:134) gave activity similar to that of
the Swedish mutation. Also the substitution 10 of Glu of peptide #3 SEQ ID
N0:134 in P~' with Asp (peptide #4; SEQ ID N0:135) was very well tolerated.
Hov~rever, mutation of the two Glu residues that are at positions P~' and
P3' in peptide #3 (SEQ ID N0:134), with two Asp residues, to give peptide
#5 (SEQ ID N0:136), reduced the activity about 10 fold. Peptide #1, SEQ ID
N0:120 was modified by putting a serine residue in PZ and an Asp in
position P~' to 15 give KTISL-.~-DVEPS (peptide #6; SEQ ID N0:137). This
double substitution was well tolerated, giving about 35 times more activity
than wild-type peptide and 69 % of the activity of Swedish mutation SEQ ID
N0:19. However, when an Asp was put in place of Glu in the P3' position of
peptide #6 (SEQ ID N0:137), to give peptide #7 (SEQ ID N0:138), activity
dropped substantially. As observed with 20 peptide #S (SEQ ID N0:136), the
Glu residues at positions P,' and P3' are highly preferred to Asp residues
in the same positions. Optimization of the Asp2 substrate described above
leaves an Asn at P2 (Table 2 and 3). This is acceptable for an in vitro
assays because optimization was done within the context of insulin B-chain
and ubiquitm. However, in some 25 cases, it will be desirable to develop a
cell-based assay with minimal disruption of the APP sequence. To this end,
studies involving variations to the sequences of insulin B-chain and
ubiquitin have yielded a great deal of information about the effects of
amino acids at and near the a-secretase cleavage site of Asp2 and their
effects on APP processing by this enzyme. This information can be used to
modify 30 the Pz-P~' residues in the sequences SEVKM-.~-DAEFR (SEQ ID
N0:20)/ SEVNL-~. 



DAEFR (SEQ ID N0:19) (wild type/Swedish mutation) and produce minimally
WO (l2/fIG30f> PCT/USO1/23U35 -24 altered APP forms that are highly
susceptible to (3-secretase cleavage. Such substrates will be useful in
cell-based assays for APP processing, A~i production, and (3-secretase
modulation, as well as any other assay that play employ a wild-type or
mutant APP. 5 Using the above principles, the inventors further explored
the residues at the P2 position of APP to discover that serine is a good
replacement for Lys/Asn in the Asp2 substrates of the present invention.
Thus, in particularly preferred embodiments, the amino acid at position PZ
in the substrates of the present invention is serine. Accordingly,
replacement of the four amino acids surrounding 10 the (3-secretase
cleavage site in APP, i. e. . . ..KM-~.-DA. . ..(SEQ ID N0:139), with . ..
SY-.~-EV.. . (SEQ ID N0:140) produced the peptide SEVSY-~--EVEFR (SEQ ID
N0:141 ) that was hydrolyzed by Asp2 at a rate that was 70-fold greater
than that seen for wild tSTpe. Thus, the inventors have produced substrates
superior to the Swedish 15 mutation peptide (with respect to ~3-secretase
cleavage) by changing the four amino acids . . .NL-~-DA. . . (SEQ ID
N0:142) which encompass the (3-secretase cleavage site in APP Swedish
mutation to . . . SY-~-EV . . . .( SEQ ID N0:141 ). This discovery provides
the means fox producing a minimally alter ed APP that is highly susceptible
to ~i-secretase cleavage and therefore serves as the basis for improved
cell based 20 assays for testing for inlubitors of Asp2. Table 4. Substrate
optimization for Asp2 incorporating a11 available information Peptide
Sequence (Sequence Listing No.)Relative rate of Cleavage+25SEVNL-L-DAEFR
(SEQ ID N0:19)100.0SEVKM-L-DAEFR {SEQ ID N0:20)2.1SEVSY-G-DAEFR (SEQ ID
N0:143)l8.3SEVSY-~.-EAEFR (SEQ ID N0:144)77.1SEVSY-.~-EVEFR (SEQ ID
N0:141)141.8 30 + Assay conditions were 200 nM enzyme, and 200 p,M
substrate, pH 4.5, 3 7 C for l hr.   VI'O (12/0C>3(IC PCT/US01/231>35 - 25



* 24hr reaction In Table 4, the activity of Asp2 with three newly
synthesized compounds, wild type, and the Swedish mutant are compared. SEV
SY-~-DAEFR 5 (SEQ ID N0:143) activity has increased about 9 fold over
wild-type, but is still about five times less than that of the Swedish
mutation SEQ ID NO: I9. The substitution of the triplet KM-~-D with SY-~-E
to give SEVSY-.L-EAEFR (SEQ ID N0.144) produced improvement of activity of
the order of 40-fold over wild-type and had activity comparable to that of
the Swedish mutant. A near 70-fold increase of activity 10 over wild type
peptide and a 1.4-fold increase over Swedish mutant is obtained when the
fotu~ amino acids, KM-~.-DA (SEQ ID N0:139), at the active site of the wild
type peptide, are substituted with SY-.~-EV (SEQ ID N0:140) to give the
sequence SEVSY-~-EVEFR (SEQ ID N0:141). In addition, the inventors
generated additional substrates to furkher 15 improve on substrate
SEVSIT-~-EVEFR (SEQ ID N0:141) fox Asp2 cleavage 20 potential. The results
are summarized in Table 5. In one strategy, SEVSI'-.~-EVEFR (SEQ ID N0:141)
was N-terminally extended, specifically by 5-, 10-, and 15residues. All of
the amino acids comprised in these extensions are from the APP natural
sequence. Table 5. Substrate optimization for Asp2 25 30 Peptide Sequence
(Sequence Listing Entry)Relative rate of cleavageCleavage Activity
pmol/min/mgTRPGSGLTNIKTEEISEVSY-EVEFR (SEQ ID
N0:145)8401.35GLTNIKTEEISEVSY-EVEFR (SEQ ID N0:146)NDNDKTEEISEVSY-EVEFR
(SEQ ID N0:147)3600.58SEVSY-EVEFR (SEQ ID N0:141)1000.16TEVSY-EVEFR (SEQ ID
N0:148)l600.27SEVDY-EVEFR (SEQ ID N0:149)2400.38   WO 02l(IG3(IC -26
PCT/USlll/23(13S TEVDY-EVEFR (SEQ ID N0:150)2300.37TEIDY-EVEFR (SEQ ID
N0:151)3900.62SEISY-EVEFR (SEQ ID N0:152)5000.80SEIDY-EVEFR (SEQ ID
N0:153)4300.69 Assay conditions were 2 nM enzyme, and 50 ~,M substrate, 25
mM Sodium acetate, pH 4.4, 37 C for 2hr. Interestingly,
TRPGSGLTNIKTEEISEVSY-EVEFR (SEQ ID N0:145), is cleaved at a rate 8.4 tines
faster than SEVSY-~-EVEFR (SEQ ID 10 N0:141), Table 5. The peptide
KTEEISEVSY-EVEFR (SEQ ID N0:147) that is only 



5 residues longer than SEVSY-~-EVEFR (SEQ ID N0:141), is cleaved at a rate
3.6 times faster than the latter peptide (Table 5). In the second strategy,
the inventors modified SEVSY-~-EVEFR (SEQ ID N0:141) on the P side,
specifically at the P5, P3, and P1 positions to augment activity towards
Asp2. The inventors used this 15 strategy to yield substrates that achieved
levels of activity lugher thail the activity observed with SEV SY-.~-EVEFR
(SEQ ID N0:141 ) (Table 5). The particularly good substrate of the present
invention is SEISY-EVEFR (SEQ ID N0:152), where Ile is taking the place of
the P3 Val in SEVSY-~-EVEFR (SEQ ID N0:141). The substitution of Val with
Ile resulted in a 5-fold increase in activity. 20 The amino acid IIe in
position P3 corresponds with the ubiquitin cleavage site (see Table 3).
Based on the results of Table 5, the inventors expect that N-terminus
eartension of SEISY-EVEFR (SEQ ID N0:152) by, e.g., 5 to 15 residues, will
result in a substantial increase in activity. Examples of such extended
peptides include but are not limited to SEISY-EVEFRXKK (SEQ ID N0:154); 25
KTEEISEISY-EVEFRXKK (SEQ ID NO:155); GLTNIKTEEISEISY-EVEFRXKK (SEQ ID
N0:156); TRPGSGLTNIKTEEISEISY-EVEFRXKK (SEQ ID N0:157);
Biotin-SEISY-EVEFRXKK (SEQ ID N0:158); Biotin-KTEEISEISY-EVEFRXKK (SEQ ID
N0:159); Biotin-GLTNIKTEEISEISY-EVEFRXKK (SEQ ID NO:160);
Biotin-TRPGSGLTNIKTEEISEISY-EVEFRXKK (SEQ ID N0:161 ) in 30 which X is
ttyptophan and SEISY-EVEFRXKK (SEQ ID N0:162); KTEEISEISY EVEFRXKK (SEQ ID
N0:163); GLTNIKTEEISEISY-EVEFRXKK (SEQ ID   WO 02/0(3(1O PCT/USU1123035 -27
N0:164); TRPGSGLTNIKTEEISEIS1'-EVEFRXKK (SEQ ID N0:165);
BiotinSEISY-EVEFRXKK (SEQ ID NO:166);Biotin-KTEEISEISY-EVEFRXKK (SEQ ID
N0:167); Biotin-GLTNIKTEEISEISY-EVEFRXKK (SEQ ID N0:168);
BiotinTRPGSGLTNIKTEEISEISY-EVEFRXKK (SEQ ID N0:169) in which X is Oregon S
green or other fluorescent moiety. Given this disclosure, it is
contemplated that one of skill in the art may modify and extend any of the
peptide substrates disclosed herein to provide additional useful Asp2
substrates. Other prefezxed peptides of the present invention include SEISY
EVEFRWKK (SEQ ID N0:190), GLTNIKTEEISEISY-EVEFRWKK (SEQ ID 10 N0:191),
Biotin-KEISEISY-EVEFR(Cys-Oregon Green)KK (SEQ ID N0:192) and Biotin
-GLTNIKTEEISEISY-EVEFR(Cys-Oregon Green)KK (SEQ ID N0:193). In the latter
two peptides the biotin facilitates capture with streptavidin and the
Oregon Green provides fluorescent emission superior to the emission from
the tryptophan in the peptides of SEQ ID NO: 190 and SEQ ID N0:191. 1S In
the substrates SEISM-EVEFRWKK (SEQ ID N0:190) and GLTNIKTEEISEISY-EVEFRWKK
(SEQ TD N0:191), the 10 N-terminal amino acids of peptide SEISM-EVEFRVJKK
(SEQ ID N0:190) are identical to those of peptide SEISM-EVEFR (SEQ ID NO:1
S2). The difference between the two peptide is the presence of a tiyptophan
and two (ysines in the peptide of SEQ ID N0:190. 



20 SEISM-EVEFRWKK (SEQ ID N0:190) and SEISM-EVEFR (SEQ ID N0:152) have
comparable activities towards Hu-Asp, but the addition of the fluorescent
tryptophan increased the sensitivity of the HPLC assay. Moreover the
addition of two lysines increased solubility. Hu-Asp activity was tested
towards SEISM-EVEFRWKIt (SEQ ID N0:190) and GLTNIKTEEISEISY-EVEFRWKK (SEQ
ID N0:191). As expected 25 the peptide of SEQ ID N0:191 was much more
active than the peptide of SEQ ID NO: l90. The activity difference between
the two peptides was particularly dramatic in the pH range 4.0-4.6.
Specifically, it was 6.3-4.8 times higher for the peptide of SEQ ID N0:191.
The activity of peptide of SEQ ID N0:l90 decreased more rapidly than the
activity of peptide of SEQ ID N0:191 with increasing ionic strength. Both
30 peptides were inhibited by increasing concentrations of DMSO. In studies
conducted at 100 mM NaOAc/HOAc, pH 4.5, the peptide of SEQ ID N0:190
exhibited a VmaX-1 BSnmol/mg/min and a Km= 86.7M, while the peptide of SEQ
ID N0:191   W O 112/(IG311G - 28  PCT/U S1111231)35 exhibited a Vm~
1260ixmol/mg/min and a K",= 43. i g.M. As expected, the N-terminus
elongation increases activity. Moreover, the internally quenched peptide
substrate (MGA)Ac-SEVNL-DAEFRK(Dnp)RR-NH2 (SEQ ID N0:195), that was made
after the Swedish mutant APP encompassing the ~i-secretase cleavage site,
exhibited a 5 Vmax-l8nmol/mglmin and a K", = 7wM. Remarkably, a 70-fold
improvement in Vm~x was aclueved in going from the Swedish mutant peptide
of SEQ ID N0:195 to the peptide of SEQ ID N0:191. The development of the
substrates of SEQ ID NO:190 and SEQ TD N0:191 is of great value in Hu-Asp
inhibition studies and in studies concerning recombinant Hu-Asp refolding
from E. coif inclusion bodies. 10 The peptide substrates of the present
invention may be any length of amino acids so long as the amino acids
comprise a ~i-secretase cleavage site that is not depicted in any of the
sequences of SEQ ID N0:19; SEQ TD N0:20; SEQ ID N0:21; SEQ ID N0:26; SEQ ID
N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ ID
N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID 15 N0:37; SEQ ID N0:38; SEQ ID
N0:39; or SEQ ID N0:40. Preferably, the novel peptide substrates fox
Hu-Asp2, axe at least about five amino acids in length, in certain
embodiments the novel peptides of the present invention may comprise a
contiguous amino acid sequence of about 5, 6, 7, 8, 9, 10, 11, 12, 13, I4,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 20 38, 39, 40, 45, 50, or more amino acids. In general, the
peptides of the present invention may be defined by a basic motif which is
in conformance with the Schechter and Bexger nomenclature and comprises
PZPI-Py' PZ' P3' ; PzPnPI' P2' P3' Pa' ; P3PzP1-Pl' P~' P3; P3P2P, Pl' PZ'
P3P4' ; P4P3P2P1-Pl' P2' P3; P~P3P~PnP~' PZ' Pa' PQ' in which PZ is a
charged amino 25 acid, a polar amino acid, or an aliphatic amino acid but
not an aromatic; Pl is an aromatic amino acid or an aliphatic amino acid
but not a polar amino acid or a charged amino acid; P~' is a charged amino
acid, an aliphatic amino acid or a polar amino acid, but not an aromatic
amino acid; P2' is an aliphatic polar amino acid or an aromatic amino acid
but not a charged amino acid; P3' is preferably a charged 30 amino acid but
may be any other amino acid; P3 is a polar amino acid, an aliphatic amino
acid, or an aromatic amino acid but not a charged amino acid; P4 is a
charged   WO 112/f1C311(i 



- 29  PCT/11S111/23f13S amino acid, a polar amino acid or an aliphatic
amino acid but not an aromatic amino acid and P4' is preferably an aromatic
amino acid but may be any other amino acid. Ultimately, it is contemplated
that the sequences of the novel substrates may comprise a sequence of
Pn...P~-P,' .. .Pn' . The length of the peptide 5 may be of any length so
long as the substrate comprises a (3-secretase cleavage site that can be
cleaved by a Hu-Asp2. The integer defined by n may be any integer so long
as the substrate comprises a (i-secretase cleavage site that can be cleaved
by Hu-Asp2. Similarly, the integer defined by n' may be any integer so long
as the substrate comprises a ~i-secretase cleavage site that can be cleaved
by Hu-Asp2. It 10 is contemplated that n and n' may be the same or
different. Preferably, the ~i secretase cleavage site is capable of being
cleaved by a human aspartyl protease encoded by the nucleic acid sequence
of SEQ ID NO:1 or SEQ ID N0:3 (including the mature forms and biologically
active fragments thereof). The terms aromatic amino acid, charged amino
acid, aliphatic amino 15 acid and polar amino acid are well known to those
of skill in the art and their usage in the present invention is consistent
with the terms of the art. For example, the aromatic amino acids are
phenylalanine, tyrosine and tryptophan, the charged amino acids (at
physiological pH) are lysine, arginine, aspartate, glutamate and
occasionally histidine and the polar amino acids are aspartic acid,
glutamic acid, 20 asparagine and glutamine, the amino acids presenting
alipliatic side chains are glycine, alanine, valine, leucine, isoleucine,
serine and threonine. In considering the particular amino acid to be
positioned at any of the position of P4, P3, P2, Pl, Pl' , PZ' , P3' or P~'
it may be useful to consider the hydropathic index of amino acids at each
of the positions in a peptide known to be 25 an effective substrate fox
Hu-Asp2 as described herein and substitute a given amino acid with one of a
similar hydropathic index. It is accepted that the relative hydropathic
character of the amino acid contributes to the secondary structure of a
resultant protein or peptide, which in turn defines the interaction of that
protein with other molecules, for example, enzymes, substrates, receptors,
DNA, antibodies, 30 antigens, and the like. Each amino acid has been
assigned a hydropathic index on the basis of their hydrophobicity and
charge characteristics (Kyte & Doolittle, J.   W O 112/11G30( PCT/US111
/23035 -30 Mol. Biol. , 157(1):105-132, 1982, incorporated herein by
reference). Generally, amino acids may be substituted by other amino acids
that have a similar hydropathic index or score and still result in a
protein with similar biological activity i. e. , still 



obtain a biological functionally equivalent protein or peptide. In the
context of the 5 peptides of the present invention, a biologically
functionally equivalent protein or peptide will be one which is still
cleaved by ~i-secretase at a rate exceeding the rate of cleavage of a
nature APP peptide comprising SEQ ID NO: 20. In addition, the substitution
of like amino acids can be made effectively on the basis of hydrophilicity
. U . S . Patent 4, 554,101, incorporated 10 herein by reference, states
that the greatest local average hydrophilicity of a pxotein, as governed by
the hydrophilicity of its adjacent amino acids, correlates with a
biological property of the protein. As such, an amino acid can be
substituted for another having a similar hydrophilicity value and still
obtain a biologically equivalent and immunologically equivalent protein. 15
Table 6 depicts exemplary amino acids that will be useful at each of
positions P4, P3, P2, P,, P,' Pz' P3' and P4' 20 25
pap3pzPi~Pi'Pz~p3~Pa'B,EANYEVEFBzGVLLAAGWB3IIKMDNFGB4DSSNleMTHABSTHGFQLC*HB
6C*YTHSFSPB,STDGSGB8FANB~QSBloEIIJI E C* refers to Cysteic Acid 30   "X"
axaqnn `. (Z I I : OI~I QI b~S)  XXX-XH3X ~ ( i I I : OI~I QI b~S) ICI a
XX'X~dX (OI I : OI~I QI b~S) I~IXX-XH3X ` (60I : OIvI QI b~S) I~IXXO-X~'3X
~ (80I ~ OI~I 0  QI b~S) IvIXXX-~'dX `(LOI :OIvI QI b~S) I~IXXX-X3X (90i
~OI~I QI b~S) I~IXXX-X'dX `(SOi ~OI~I QI bHS) rIXXX-Xd3 `(~b0i :OI~I QI
bHS)XSJ-XQZS `(Oi :OI~I QI b~S) JaSJ-XQ,LS ~(ZOI :OI~I QI b~S) JXJ-XQZS
`(IOI ~OI~I QI b~S) rJXSO-XQ.LS `(00I :OIvI QI b~S) tJXS'J-Q.LS `(66 :OI~I
QI b~S) OXSJ -XZS `(86 ~OI~I QI b~S) JXSJ-XQS `(L6 :OI~I QI b~S) JXSJ-XQ,L
(96 SZ OI~I QI bdS) S3S-HZ~:~O `(S6 :OIvI QT b~S) da3S-H,LX:~~ `(fi6 :O1~I
QI b~S) dSS-HS~:r.~ `.(6 ~OI~I QI bHS) dSdO-H,L~.a:~ `.(Z6 :O1~I QI b~S)
dS3S-.L~*~ (I6 :OI~I QI b~S) dS3S-HA*~ ~(06 :OI~I QI b~S) dS3S-H,L*O `C68
:Old QI b~S) dSdS-HZr1 `(88 :OIvI QI b~S) *~'Tb-dJH,L ~(L8 :OI~I QI b~S)
Ha'Ib-3JHZ `C98 :OI~I QI bHS) H~:~b-dOH,L `(S8 :OI~I QI b~S) H~:~'IO-3iJH.L
OZ `(~8 ~ OhI QI b~S) H*~'Ib- JH,L ~ (8 :OIvI QI b~S) H:k~'Ib-dHS., ~ (Z8 :
OIvI QI b~S) H*~'Ib-dJ.I, `(I8 :O1~I QI b~S) H:~~'Ib-dOH `C08 ~OI~I QI
b~S)H.LY~I `~iIvISQ `(6L :OI~I QI bHS) ~a.LY~I-~II~TSQ `(8L :OI~I QI b~S)
~dHL~I-~iI~SSQ `(LL ~OI~I QI b~S) HHZO-~TI~ISSQ ~(9L :OI~I QI b~S)
'~'HZJ~I-SSQ `(SL ~Oi~i QI b~S) HHZY~I-~II~ISQ ~(~bL ~OI~I QI b~S)
dH,LY~I-~II~ISQ ~(L :OI~I QI b~S) Si ~dH.LLvI-~I~ISS `(ZL :OI~I QI
b~S)31~IQ-L~I~III `(I L ~ OI~I QI b~S) iJaI~IQ-YvI~ITI (OL : OI~I QI b~S)
J3 Q-L~III  (69 ~ OIS QI b~S) J3I~I0-Y~IrI ~ (89 : OI~I QI b~S)
LJdIvIQ-?III ~(L9 :OI~I QI bHS) Jdl~IQ-L~III `(99 :OI~I QI b~S) J3IvIQ-Y~II
(S9 : OIvI QI b~S) J31~TQ-L~TI ~ (t~9 ~ OIvI QI b~S) d Jrd ~W 'IAJ ~ (9 ~
OIvI QI b~S) 



Ma dd-'I ZAJ `(Z9 :OI~I QI b~S) MJ d-'I 'IAJ `(I9 ~OI~I QI b~S) M~J~dO OI
-'I 'IAJ -(09 :OI~I QI b~S) A~1J~'H- 'IAJ ~(6S :OI~I QI b~S) MJ~H-'IAJ ~(8S
: O ~I QI bdS) MJ~'~W'I J ~ (LS ~ O1~I QI b~S) MJH~'-'I'IA `(9S : OrI QI
b~S) ~A3-AI~IH~ `(SS :OBI QI b~S) 3aA~-hlvI~'~ `(tiS :Oi~T QI bHS)
3H~-~IvI~'~ `(S:OI~ QT b~S) d~AO-~IIvI~'~ `(ZS:OI~I QI b~S) 33A-IvI~'~
`.(TS:OI~I QI b~S) 3~A~-U'b'~ `(OS :OI~F QI b~S) 3~A~-~.I~I~ ~(61~~OI~I QI
b~S) 3~A~-AI~I~' S apnlaut uoi~uanur ~uasaxd at~~ Io txa~uoo a~ m intasn aq
~nuz ~e~ sa~n,~~sqns .~~Inayxnd snuZ wnnjoa ~d aq~ ui ~g q~no.nl~ ~g spun
oumze aq~ ~o dun `'d uoi~tsod ~n aldtunxa .~o~ an~~ ~e~ alqn~ anoq~ auk
uzox~ pa~anx~suoa aq r~nuz sapi~dad ~eu~ pauoistnua st ~r - I
s~u~z~~osni.~~d muo~zo onn   W O 02/0C30( -32 PCT/ U S01 /231I35 is any
amino acid; " " denotes for example, E, G, I, D, T, C* S; " " denotes for
example, A, V, I, S, H, Y, T, F; " " denotes for example, N, L, K, S, G, T,
D, A, Q, E; " " denotes for example, Y, L, M, Nle, F, H; "0 " denotes for
example, E, A, D, M, Q, S, G; "o " denotes for example, V, A, N, T, L, F,
S; 5 "~ " denotes for example, E, G, F, H, C*, S and "o " denotes for
exmple, F, W, G, A, H, P, G, N, S, E. Particularly preferred peptides of
the present invention include KVEANY-EVEGERKK (SEQ ID N0:5);
KVEANY-EVEGERCKK (SEQ ID N0:6); KVEANY-AVEGERKK (SEQ ID N0:7);
KVEANY-AVEGERCKK (SEQ 10 ID N0:8); EANY-EVEF (SEQ ID N0:9); GVLL-AAGW (SEQ
ID NO: 10); IIKM DNFG (SEQ ID N0:11); DSSNIe-MTHA (SEQ ID N0:12);
THGF-QLC*H (SEQ iD N0:13); CYTH-SFSP (SEQ ID N0:14); STFX-GSXG (SEQ ID
NO:15; XFAXXXXN (SEQ ID NO: 16); XXQX-XXXS (SEQ ID N0:17); and XXEX-XXXE
(SEQ ID N0:18). 15 The above teachings enable peptide substrates for
Hu-Asp2 that will prove useful in the identification of modulators of
Hu-Asp2 and/or modulators of A~3 plaque formation. Methods of making and
using the above-identified substrates and variants thereof are described in
greater detail herein below. 20 II. Derivatives of the Novel Hu-Asp2
Peptide Substrates The Hu-Asp2 substrate peptide herein provide useful core
structures to construct derivatives. Such derivatives may be fusion
proteins or peptides that comprise the above discussed substrates as part
of their sequence, or they may be 



labeled or otherwise modified Hu-Asp2 substrates in which the labeling or
25 modification may be used to facilitate the purification of the peptide,
detection of the peptide itself or a detection of the cleavage product of
the peptide substrate upon the action of Hu-Asp. Exemplary modifications
are described in further detail herein below. 30 A. Fusion Polypeptides In
addition to the novel peptide substrates described above, the   V1'O
(12/11C311( - 33  PCT/USO 1 /231135 present invention further contemplates
the generation terminal additions, also called fusion proteins or fusion
polypeptides, of the Hu-Asp2 substrates described above or identified
according to the present invention. This fusion polypeptide generally has
all or a substantial portion of the native molecule (i. e. , the Hu-Asp2
peptide 5 substrates discussed above), linked at the N- and/or C-terminus,
to a11 or a portion of a second or third polypeptide. It is contemplated
that the fusion polypeptide may be produced by recombinant protein
production or indeed by automated peptide synthesis as discussed elsewhere
in the specification. General principles for designing and making fusion
proteins are well 10 known to those of skill in the art. For example,
fusions typically employ leader sequences from other species to permit the
recombinant expression of a protein or peptide in a heterologous host.
Another useful fusion includes the addition of an immunologically active
domain, such as an antibody epitope, to facilitate purification of the
fusion polypeptide. Inclusion of a cleavage site at or near the 15 fusion
junction will facilitate removal of the extraneous polypeptide after
purification. The recombinant production of these fusions is described in
further detail elsewhere in the specification. Other useful fusions include
linking of functional domains, such as active sites from enzymes,
glycosylation domains, cellular targeting signals or transmembrane regions.
20 More particularly, the present invention contemplates a fusion
polypeptide in which there is a first component comprising the Hu-Asp2
cleavage site containing Hu-Asp2 peptide substrates of the present
invention attached to a second component comprising a transmembrane domain.
In additional embodiments, the fusion polypeptide further may comprise a
third component which 25 comprises a reporter gene product. In still
further embodiments, the fusion polypeptides may further comprise a tagged
sequence component. A particularly preferred fusion polypeptide is one
which comprises a reporter gene product on one side of an intracellular
transmembrane domain sequence, a short stretch of sequence containing the
Hu-Asp2 cleavage site attached to a transmembrane domain with an 30
ERlGolgi target signal, and tagged sequence on the other side of the
transmembrane domain.   WO 112/IIC311C 



-34 PCT/ll SII1 /23035 It is contemplated that the distance between the
cleavage site and the start of a transmembrane domain is about 20-40 amino
acids in order to mimic the steric properties of the APP ~i secretase
cleavage domain. This distance may be generated from the protein conferring
the transmembrane region or it may be 5 created by means of a heterologous
peptide linker. Preferably, this region is :From the transmembrane protein.
The transmembrane domain component of the fusion polypeptide may be
essentially any transrnembrane domain component that will target and locate
to the Golgi or endoplasmic reticulum of a given cell. Particularly
preferred membrane targeting sequences include but are not limited to the
10 transmembrane domain of galactosyltransferase (see for example Genbank
accession number AF155582), the transmembrane domain of sialyly transferase
(see for example Genbank accession number NM 003032); the transmembrane
domain of human aspartyl protease 1 (Asp(; see fox example Genbank
accession number AF200342); the transmembrane domain of human aspartyl
protease 2 (Asp2; see for 15 example Genbank accession number NM 012104);
the transmembrane domain of syntaxin 6 (see for example Genbank accession
number NM 005819); the transmembrane domain of acetylglucosaminyl
transferase (see fox example Genbank accession number NM 002406) and the
transmembrane domain of APP (see for example Genbank accession number
A33292). The Genbank accession numbers 20 given above detail the complete
protein sequence. For the purposes of the present invention a11 or part of
the transmembrane domains of these proteins may be used. In specific
embodiments, residues 454-477 of the Asp2, residues 598-661 of APP (e. g .
, of APP 695), residues 4-27 of galactosyltransferase, residues 470-492 of
Asp 1, residues 10-33 of sialyltransferase, residues 7-29 of
acetylglucosaminyl 25 transferase and residues 26l-298 of syntaxin 6 will
be particularly useful in this regard. The reporter gene product used in
the fusion polypeptides of the present invention may be any reporter
protein commonly used by those of skill in the art. Exemplary reporter
proteins include but are not limited to luciferase; 30 secreted allcaline
pliosphatase (SEAP); ~i-galactosidase; ~i-glucorinidase; green fluorescent
protein and chloramphenical acetyl transferase.   WO (12/11l311(
PCT/L1S111/23U3S -35 Other particular embodiments further contemplate a
tagged sequence as a fourth component of the fusion polypeptides of the
present invention. There are various commercially available fusion protein
expression systems that may be used to provide a tagged sequence in this
context of the present invention. Particularly 



5 useful systems include but are not limited to the glutathione
S-transferase (GST) system (Pharmacia, Piscataway, N3), the maltose binding
protein system (NEB, Beverley, MA), the FLAG system (IBI, New Haven, CT),
and the 6xHis system (Qiagen, Chatsworth, CA). These systems are capable of
producing recombinant polypeptides bearing only a small number of
additional amino acids, which axe 10 unlikely to affect the biologically
relevant activity of the recombinant fusion protein. For example, both the
FLAG system and the 6xHis system add only short sequences, both of which
are known to be poorly antigenic and which do not adversely affect folding
of the polypeptide to its native conformation. Another Nterminal fusion
that is contemplated to be useful is the fusion of a Met-Lys dipeptide 15
at the N-terminal region of the protein or peptides. Such a fusion may
produce beneficial increases in protein expression and/or activity.
Specific tagged sequences that are contemplated for use in the present
invention include the FLAG tag sequence DYKDDDDK (SEQ ID NO: 186) and
residues 662-695 of APP. A typical example of a preferred fusion protein of
the present 20 invention is one in which SEAP is fused to either partial or
full-length insulin B chain which comprises an Asp2 cleavage site
containing one of the novel Hu-Asp2 substrates described herein and the
transmembrane domain of Hu-Asp2 (residue 454-477) together with a short
C-terminal Flag-tagged tail. The sequence of an exemplary fusion
polypeptide is depicted in the FIG. 1 (SEQ ID N0:128). In order 25 to
monitor cleavage of the chimeric construct by Hu-Asp2, the chimeric
construct used alkaline phosphatase as a reporter protein. Since the
peptides that can be cleaved in an i;<Z >>itro assay may not be aligned
well with the protease in a cellular condition, the sequences inserted
between SEAP and transmembrane domain may subject to change to obtain
optimal condition. Such optimization may employ 30 peptide linkers that
will provide the optimum distance between the reporter protein and the
cleavage site. The Hu-Asp2 transmembrane domain will ensure efficient   WO
l12/OC3(IG -36 PCT/USO 1/23(135 delivery of the insulin or ubiquitin based
substrate to the cellular environment where it can bind active Hu-Asp2 and
be cleaved. An alternative design uses the C-terminal 97 amino acids from
APP to mimic its natural spacing and membrane domain. Essentially, this
construct will have APP transmembrane domain and most of A~3 peptide
sequences except that the cleavage site is mutated from KM-DAE (SEQ ID
N0:129} to a sequence of PZPIPi'Pz'P3' as defined above. When the fusion
protein co-expresses with Hu-Asp2 in a cell line or expresses in a cell
line that produces higher Hu-Asp2 activity, Hu-Asp2 will cleave 10 the
fusion polypeptide to release SEAP into the cell medium. Thus, the protease
activity may be monitored based on the SEAP activity in the medium. As
discussed in section I above, SEVSY-~-EAEFR (SEQ ID N0:144) and
SEVSY-~-EVEFR (SEQ ID N0:141) are exemplary Asp2 peptide substrates of 



the present invention based on mutations of the native structure of APP.
The former 15 peptide has activity comparable to the Swedish mutation, and
the latter peptide has activity superior to the Swedish mutation. In the
case of SEVSY-~-EVEFR (SEQ ID N0:141) the amino acids surrounding the
a-secretase cleavage site in APP have been changed from ...KM/NL-.~-DA...
(in the wild type SEQ ID N0:1391Swedish mutation SEQ ID N0:142) to . . .
SY-~.-EV . . . . (SEQ ID N0:140) 20 The experimental data herein indicates
that the above-indicated change of only four amino acids in the APP
sequence will produce an excellent APP-modified substrate for Asp2 that
will give easily measurable levels of A~3 (or other detectable cleavage
pxoducts) in cell-based assays. Thus, it is envisioned that the sequences
SY-~-EA (SEQ ID N0:187), or SY-~.-EV (SEQ ID N0:140), or SY-.~ 25 AV (SEQ
ID N0:188), or analogues thereof, be fused to sequences that have the
ability to anchor the fusion proteins to a desired intracellular membrane
such as the ER or Golgi compartments. The sequences SY-.~-EA (SEQ ID NO:
l87), SY-~-EV (SEQ ID N0:140), or SY-~.-AV (SEQ ID N0:188} are used to
replace the sequence KM-~.-DA (SEQ ID N0:139) in the wild type APP
according to the scheme of FIG. 2 30 under the coluuui labeled as "1". The
peptide data herein indicates that these constructs will be readily cleaved
by ~3-secretase, relative to cleavage rates of native   WO 02/(IG311G -37
APP. PCT/US111/231135 FIG. 2 also describes in general terms, chimeric
substrates for Asp2 cell based assays of the invention in which a reporter
gene product such as SEAP is used on the ectodomain of an intracellular
transmembrane segment. In a preferred 5 embodiment, such a chimeric protein
includes a short stretch of sequence containing the Asp2 cleavage site of
the peptides of the present invention attached to a transmembrane domain
with an ER/Golgi target signal in the middle, and a tagged sequence on the
opposing side of the membrane. An exemplary construct may be obtained by
fusing SEAP to APP 10 CT99. The junction between SEAP and APP-CT99 is
modified as shown in FIG. 2 



under "2" to enhance cleavage by Asp2. Another construct may be based upon
a cleavage site in ubiquitin (FIG. 2, column "3"). Specifically, SEAP is
fused to ubiquitin which is C-terminally extended with the transmembrane
domain of Asp2 (residue 454-477), and a short C-terminal Flag-tail. In this
construct, the cleavable 15 sequence of ubiquitin KTITL-.~-EVEPS (SEQ ID
N0:120) is modified to enhance cleavage. For example, T at PZ is
substituted by N or S, and L at P, is substituted by X . Other possible
substitutions are indicated in FIG . 2 next to each column, and in the
experimental details described herein. When ubiquitin is used as a fusion
protein, ubiquitin C-terminal 20 residues Gly-Gly are preferably changed to
some other amino acids to avoid cleavage after ubiquitin C-terminus by
ubiquitin hydrolases. The Asp2 transmembrane domain will ensure efficient
delivery of the construct of interest to the cellular environment where it
can be recognized by active Asp2, and cleaved. When the latter fusion
protein is co-expressed with Asp2 in a cell Iine or expressed 25 in a cell
line that produces higher Asp2 activity, Asp2 will recognize and cleave the
substrate. This event will release the polypeptide (located N-terminally to
the cleavage site) into the cell medium, thus allowing direct assay of the
protease activity. 30 B. Other Modifications In addition to providing
fusion polypeptides as already described, the   W O 112/IIG3UG _ 38 _ PCT/U
S01 /231135 invention provides fusion proteins or peptide substrates that
are further modified to incorporate, fox example, a label or other
detectable moiety. Preferred peptide substrates will comprise internally
quenched labels that result in increased detectability after cleavage of
the peptide substrates . The 5 peptide substrates may be modified to have
attached a paired flurophore and quencher including but not limited to
7-amino-4-methyl coumarin and 2,4dinitrophenol, respectively, such that
cleavage of the peptide by the Hu~Asp results in increased fluorescence due
to physical separation of the flurophore and quencher, which are attached
on opposite sides of the scissile bond. Other paired flurophores 10 and
quenchers include bodipy-tetramethylrhodamine and QSY-5 (Molecular Probes,
Inc.). In a variant of this assay, biotin or another suitable tag may be
placed on one end of the peptide to anchor the peptide to a substrate assay
plate and a flurophore may be placed at the other end of the peptide.
Useful flurophores include those listed above as well as Europium labels
such as W8044 (EG&g Wallac, Inc.). A 1 S preferred label is Oregon green
that may be attached to a Cys residue. Cleavage of the peptide by Asp2 will
release the flurophore or other tag from the plate, allowing compounds to
be assayed for inhibition of Asp2 proteolytic cleavage as shown by an
increase in retained fluorescence. Preferred colorimetric assays of Hu-Asp
proteolytic activity utilize other suitable substrates that include the P2
and PI amino 20 acids comprising the recognition site for cleavage linked
to o-nitrophenol through an 



amide linkage, such that cleavage by the Hu-Asp results in an increase in
optical density after altering the assay buffer to alkaline pH. Further,
the peptides may be labeled using labels well known to those of skill in
the art, e.g., biotin labels are particularly contemplated. The use of such
25 labels is well known to those of skill in the art and is described in,
e. g . , U. S . No . Patent 3,817,837; U.S. Patent No. 3,850,752; U.S.
Patent No. 3,996,34S and U.S. Patent No. 4,277,437. Other labels that will
be useful include but are not limited to radioactive labels, fluorescent
labels and chemiluminescent labels. U.S. Patents concerning use of such
labels include for example U.S. Patent No. 3,817,837; U.S. 30 Patent No.
3,850,752; U.S. Patent No. 3,939,350 and U.S. Patent No. 3,996,345. Any of
the peptides of the present invention may comprise one, two, or more of any
WO 02/11(311C -39 of these labels. PCT/U 5111 /231135 Other derivatives
specifically contemplated by the present invention include non-hydrolyzable
derivatives such as statine derivatives of the [i-secretase substrates of
the present invention. Statine-containing peptides are recognized as S
having inhibitory effects on aspartyl proteases (Shewale, J. G.;
Talcahashi, R.; Tang, J., Aspartic Proteinases and Their Inhibitors,
Kostka, V., Ed. Walter de Gruyter: Berlin ( 1986} pp. 101-116). Examples of
statine inlubitors of cathepsin D (Lin, T.-Y.; Williams, J. Biol. Clzenz.
(1979), 254, 11$7S-11883; Rich and Agarwal, N. S., J, ll~ed. Chem. (1986)
29 (2S 19-2524)), and for plasmepsin (Silva, A. M. et al., Proc. Natl 10
Acad Sci, 1996, 93, 10034-10039) also have been described. Statine is a
non-standard amino acid residue present in pepstatin and is known by the
chemical nan ie (3S, 4S)-4-amino-3 hydroxy-6 methylheptanoic acid and is
further identified in the Merck index (11`h Ed.) At monograph 8759. Statine
is readily commercially available, for example from Sigma-Aldrich (St
Louis. MO). 1 S The three letter abbreviation for statine is Sta in the
peptide art. Statine derivatives may be prepared by methods disclosed in
U.S. Patent 4,397,786. Other methods are described in The Peptides, Vol.
S:Af2alysis, Biolo~~; (Academic Press, NY; 1983); Kessler and Schudok,
Sy~ztlaesis (6) 4S7-8 (1990); Nishi and Morisawa, Heterocycles 29(9),
183S-42 (1989), each incorporated herein by reference. Thus, those of skill
in 20 the ai~t will be able to use such techniques to produce statine
derivatives of the present invention. WO 00/77030 describes statine-derived
peptide inhibitors of the 13-secretase enzyme and is specifically
incorporated herein by reference as teaching methods of producing statine
derivatives of peptides. In addition to statine derivatives, many other
non-hydrolyzable 



25 peptide bonds are known in the art, along with procedures for synthesis
of peptides containing such bonds . Non-hydr olyzable bands include
--[CH2NH]-- reduced amide peptide bonds, --[COCH2 ]-- ketomethylene peptide
bonds, --[CH(CN)NH]-(cyanomethylene)amino peptide bonds, --[CHZ CH(OH)]--
hydroxyethylene peptide bonds, --[CHZO]-- peptide bonds, and --[CH2 S]--
thiomethylene peptide bonds (see 30 e.g., U.S. Patent 6,I72,043). III.
Aspartyl Protease.   WO 02JIIG311G PCTJUSII1J23(13S -40 In addition to
novel peptide substrates, the present invention is directed to methods of
using such peptide substrates in various Hu-Asp2 assays. The present
section provides a discussion of these proteins that have a ~3-secretase
activity. 5 PCT Publication number WO 00I17369, specifically incorporated
herein by reference in its entirety, describes methods and compositions
relating to the identification and characterization of the (3 secretase
enzyme, termed herein throughout as Asp2. In addition, U.S. Patent
Application Serial No. 09I416,901 filed October 13, I999, also is
incorporated herein by reference in its entirety as 14 providing additional
disclosure regarding the nature, function, and characterization of Asp2 and
the role these proteases have in AD. These patent applications describe two
isoforms of Human Asp2 referred to as Hu-Asp-2(a) and Hu-Asp2(b), may be
employed in the context of the present invention, as well as fragments,
analogs, orthologs, and variants thereof. 15 A11 such forms may be employed
in the context of the present invention, with forms that axe most similar
to native forms in Alzheimer's patients being preferred. In particular
embodiments, the apartyl proteases useful in the present invention are
encoded by SEQ ID NO:1 or SEQ ID N0:3. The nucleic acid of SEQ ID NO:1 is
predicted to encode a sequence of SEQ ID NO: 2 which is the human 20
Asp-2(a), predicted amino acid sequence. The Asp2(a) amino acid sequence
includes a putative signal peptide comprising residues I to 21; and a
putative prepropeptide after the signal peptide that extends through
residue 45 (as assessed by processing observed of recombinant Asp2(a) in
CHO cells), and a putative propeptide that may extend to at least about
residue 57, based on the observation of 25 an observed GRR 1 GS sequence
which has characteristics of a protease recognition sequence. The Asp2(a)
further includes a transmembrane domain comprising residues 455-477, a
cytoplasmic domain comprising residues 478-5Q1, and a putative
alpha-helical spacer region, comprising residues 420-454, believed to be
required for proper folding of Asp2, between the protease catalytic domain
and the 30 transmembrane domain. The nucleic acid sequence of SEQ ID N0:3
is predicted to encode a sequence of SEQ ID NO: 4 which is the Human
Asp-2(b), predicted amino   WO 1i2111(>311G -41  PCT/US(11/23(135 acid
sequence. The Asp2(b) amino acid sequence includes a putative signal
peptide, pre-propeptide, and propeptide as described above for Asp2(a). The
Asp2(b) further includes a transmembrane domain comprising residues
430-452, a cytoplasmic domain comprising residues 453-476, and a putative
alpha-helical spacer region, comprising residues 395-429, believed to be
required for proper folding of Asp2, between the protease catalytic domain
and the transmembrane domain. As used herein, a11 references to "Hu-Asp2"
should be understood to refer to both Hu-Asp2(a) and Hu-Asp2(b). The
invention also contemplates the use of isolated or mutant Hu-Aspl,
Hu-Asp2(a), and Hu-Asp2(b) polypeptides, as well as 10 fragments thereof
which exhibit aspartyl protease activity. In an exemplary assay to
determine the cleavage of the substrates of the present invention, Asp2 was
prepared from High Five TM insect cells. Generally, 



the assasy are run in solution at acidic pH (4.0 to 5.0), at 25-37C in the
presence of nM or sub-nanomolar enzyme. After a suitable period of
incubation the reaction is 15 stopped at a desired time by addition of 4%
triflnoracetic acid (TFA). Substrates and products are separated using
reverse phase HPLC. The disappearance of the substrates and the appearance
of the products are moivtored by continuous measurement of the absorbance
of the effluent at 220nM. Furthermore, if the peptide comprises a
tryptophan residue, the monitoring may additionally or alternatively 20
involve continuous monitoring of fluorescence of tryptophan fluorescence
(excitation at 280 nM, emission at 248 nM) of the effluent. Peptides of the
present invention wluch comprise an Oregon Green label either alone or in
addition to biotin label are particularly suitable for high throughput
screening . To this end, the peptides BiotinKEISEISY-EVEFR(Cys-Oregon
Green)KK (SEQ ID N0:192) and Biotin  25 GLTNIKTEEISEISY-EVEFR(Cys-Oregon
Green)KK (SEQ ID N0:193) are particularly suited to high throughput
screening assays. In a typical assay, 210 nM enzyme and 200 ~M substrate
were incubated in 0.2 M sodium acetate at pH 4.5 in 100A volume at 37C for
1 to 3 hours. The assay was stopped by the addition of 501 4 % TFA to lower
the pH 30 below the active range of the enzyme. Subsequently, I00,1 of this
mixture was injected into a Hewlett Packard Model 1090 HPLC equipped with a
Vydac column   WO 112/lIG3(Il PCT/US(11/231135 -42 (4.6mm i.d. x 150 mm, 5
pm) pre-equilibrated with 95% A (0.15% TFA in water), 5% B (0.15% TFA in
acetonitrile). The constituents were then eluted from the column with the
following linear gradients: 0-15 min:5-50% B; 15-17 min: 50100%B; 17-20
min: 100-5 %B; 20-22 min:5 % B). The cleavage products were then 5
quantitated using an enhanced integrator, In a variation of the above assay
fox substrates of SEQ ID N0:190 or its N-terminally extended version
depicted in SEQ ID N0:191), the substrates are incubated with the enzyme to
a final reaction solution volume of 200p,1 (although reaction mixtures of
50-100p,1 also were used) composed of 5-50p,M peptide 10 substrate, 1-10 nM
enzyme, 0.1 M sodium acetate buffer at pH 4 to 5. The reaction is allowed
to proceed at 37  C for 1 to 3 hrs and is terminated by addition of 100p,1
4% TFA. Subsequently, an aliquot e.g., 50p.1 to 100p1 of the mixture are
injected into an HPLC apparatus (Agilent 1100 series) equipped with an
Alltech C,8 3p~M Rocket column(53mm length, 7mm ID, part No. 50605).
Solvent A for the HPLC elution of 15 the substrates from this column was
0.1% TFA in water; Solvent B was 0.1% TFA 11 acetonitrile. The substrates
were then eluted from the column with the following linear gradients: Time
0: 12 % Solvent B; Time 4 30 % Solvent B; Time 6 50 % Solvent B; Time 6.5
90 % Solvent B; Time 7 12 % Solvent B; Time 8 12 % Solvent B. 20 In
addition to Hu-Asp, it is contemplated that the substrates of the present
invention also may prove useful in assays employing other aspartyl
proteases such as, for example, Aspl, Pepsin, gastricsin, cathepsin D,
cathespin E and Renin. IV. Protein or Peptide Production and Purification
25 The present invention provides proteins and peptide for use in the
identification of modulators of Hu-Asp2. Such proteins or peptides may be
produced by conventional automated peptide synthesis methods or by
recombinant expression. 30 A. Synthetic Peptide Production The peptides or
indeed even the full length fusion polypeptides of the   



WO 02/(IC311G PCT/USII1/23(135 - 43  invention can be synthesized in
solution or on a solid support in accordance with conventional technidues .
Various automatic synthesizers are commercially available and can be used
in accordance with known protocols. See, for example, Stewart and Young,
Solid Phase Peptide Synthesis, 2d. ed. , Pierce Chemical Co. , 5 (1984);Tam
et a.l., J. Ani. Chem. Soc., 105:6442, (1983); Merrifield, Science, 232:
341-347, {1986); and Barany and Merrifield, The Peptides, Gross and
Meienhofer, eds, Academic Press, New York, 1-284, (1979), each incorporated
herein by reference. The novel Asp2 substrates of the invention which
comprise the (3secretase cleavage site, can be readily synthesized and then
screened in Hu-Asp2 10 screening assays. In particularly preferred methods,
the peptides of the present invention were synthesized by solid-phase
technology employing a Model 433A from Applied Biosystems Inc) The purity
of any given peptide substrate, generate through automated peptide
synthesis or through recombinant methods may be 15 determined using reverse
phase HPLC analysis. Chemical authenticity of each peptide may be
established by any method well known to those of skill in the art. In
preferred embodiments, the authenticity is established by mass spectrometry
as described in the examples. Additionally, the peptides may be quantitated
using amino acid 20 analysis in which microwave hydrolyses are conducted.
Such analyses may use a microwave oven such as the GEM Corporation's MDS
2000 microwave oven. The peptide (approximately 2 ~Lg protein) is contacted
with 6 N HCl (Pierce Constant Boiling e.g., about 4 ml) with approximately
0.5% (volume to volume) phenol (Mallinckrodt). Prior to the hydrolysis, the
samples are alternately evacuated and 25 fluslied with N2. The protein
hydrolysis is conducted using a two-stage process. DLU ing the first stage,
the peptides are subj ected to a reaction temper ature of about 100 C and
held that temperature for 1 minute. Immediately after this step, the
temperature is increased to l50 C and held at that temperature for about 25
minutes. After cooling, the samples are dried and amino acid from the
hydrolysed peptides 30 samples are derivatized using
6-aminoquinolyl-N-hydroxysuccinimidyl carbamate to yield stable areas that
fluoresce at 395 nm (Waters AccQTag Chemistry Package).   WO 112/11(30G
PCT/USII1/231135 -44 The samples may be analyzed by reverse phase HPLC and
quantification may be achieved using an enhanced integrator. B. Recombinant
Protein Production. 5 As an alternative to automated peptide synthesis,
recombinant DNA technology may be employed wherein a nucleotide sequence
which encodes a peptide of the invention is inserted into an expression
vector, transformed or transfected into an appropriate host cell and
cultivated under conditions suitable for expression as described herein
below. Recombinant methods are especially 10 preferred for producing longer
polypeptides that comprise peptide sequences of the invention. From the
disclosure of novel HuAsp2 substrate peptides sequences, it is possible to
produce the peptides and fusion polypeptides by recombinant techniques. A
variety of expression vector/host systems may be utilized to contain 15 and
express the peptide or fusion polypeptide coding sequence. These include
but are not limited to microorganisms such as bacteria transformed with
recombinant bacteriophage, plasmid or cosmid DNA expression vectors; yeast
transformed with yeast expression vectors; insect cell systems infected
with virus expression vectors (e. g. , baculovirus); plant cell systems
transfected with virus expr ession vectors 20 (e.g., cauliflower mosaic
virus, CaMV; tobacco mosaic virus, TMV) or transformed with bacterial
expression vectors (e.g., Ti or pBR322 plasmid); or animal cell systems.
Mammalian cells that are useful in recombinant protein productions include
but are not limited~to VERO cells, HeLa cells, Chinese hamster ovary (CHO)
cell lines, COS cells (such as COS-7), W 138, BHK, HepG2, 3T3, 25 RIN,
MDCK, A549, P(12, K562 and 293 cells. Exemplary protocols for the recon
ibinant expression of the peptide substrates or fusion polypeptides in
bacteria, yeast and other invertebrates axe described herein below.
Expression vectors for use in prokaryotic hosts generally comprise one or
more phenotypic selectable marker genes. Such genes generally encode, 30
e.g., a protein that confers antibiotic resistance or that supplies an
auxotrophic requirement. A wide variety of such vectors are readily
available from commercial   WO 02/(1!;311G 



-45 PCT/USI11/231135 sources. Examples include pSPORT vectors, pGEM vectors
(Promega), pPROEX vectors (LTI, Bethesda, MD), Bluescript vectors
(Stxatagene), pET vectors (Novagen) and pQE vectors (Qiagen) . The DNA
sequence encoding the given peptide substrate or fusion polypeptide is
amplified by PCR and cloned into such a 5 vector, for example, pGEX-3X
(Pharmacia, Piscataway, NJ) designed to produce a fusion protein comprising
glutathione-S-transferase (GST), encoded by the vector, and a protein
encoded by a DNA fragment inserted into the vector's cloning site. The
primers for the PCR may be generated to include for example, an appropriate
cleavage site. Treatment of the recombinant fusion protein with thrombin or
factor 10 Xa (Pharmacia, Piscataway, NJ) is expected to cleave the fusion
protein, releasing the substrate or substrate containing polypeptide from
the GST portion. The pGEX3X/HuAsp2 peptide construct is transformed into E,
toll XL-1 Blue cells (Stratagene, La Jolla CA), and individual
transformants were isolated and grown. Plasmid DNA from individual
transformants is purified and partially sequenced 15 using an automated
sequencer to confirm the presence of the desired peptide or polypeptide
encoding nucleic acid insert in the proper orientation. While certain
embodiments of the present invention contemplate producing the peptides or
polypeptides using synthetic peptide synthesizers and subsequent FPLC
analysis and appropriate refolding of the cysteine double bonds, it 20 is
contemplated that recombinant protein production also may be used to
produce the peptide compositions. For example, induction of the
GST/substrate fusion protein is achieved by growing the transformed XL-1
Blue culture at 37C in LB medium (supplemented with carbenicillin) to an
optical density at wavelength 600 nm of 0.4, followed by further incubation
for 4 hours in the presence of 0.5 mM 25 Isopropyl
~3-D-Thiogalactopyranoside (Sigma Chemical Co., St. Louis MO). The GST
fusion protein, expected to be produced as an insoluble inclusion body in
the bacteria, may be purified as follows. Cells are harvested by
centrifugation; washed in 0.15 M NaCI, 10 mM Tris, pH 8, 1 mM EDTA; and
treated with 0.1 mg/ml lysozyme (Sigma Chemical Co.) for 15 minutes at room
30 temperature. The lysate is cleared by sonication, and cell debris is
pelleted by centrifugation fox 10 minutes at 12,000 X g. The fusion
protein-containing pellet is   w0 U2/1163(1(. -46 PCTlUSU1l231135
resuspended in 50 mM Tris, pH 8, and 10 n~Ivl EDTA, layered over 50%
glycerol, and centrifuged for 30 min. at 6000 X g. The pellet is
resuspended in standard phosphate buffered saline solution (PBS) free of
Mg~+ and Ca++. The fusion protein is further purified by fractionating the
resuspended pellet in a denaturing SDS polyacrylamide gel (Sambrook et al.
, supra). The gel is soaked in 0.4 M KCl to visualize the protein, which is
excised and electroeluted in gel-running buffer lacking SD S . If the GST
/HuAsp2 fusion protein is produced in bacteria as a soluble protein, it may
be purified using the GST Purification Module (Pharmacia Biotech). The
fusion protein may be subjected to thrombin digestion to cleave IO the GST
from the mature HuAsp2 substrate peptide or the HuAsp substrate containing
polypeptide. The digestion reaction (20-40 wg fusion protein, 20-30 units
human thrombin (4000 U/mg (Sigma) in 0.5 m1 PBS) is incubated 16-48 hrs. at
room temperature and loaded on a denaturing SDS-PAGE gel to fractionate the
reaction products. The gel is soaked in 0.4 M KCl to visualize the protein
bands. 



15 The identity of the protein band corresponding to the expected molecular
weight of HuAsp2 substrate or fusion polypeptide may be confirmed by
partial amino acid sequence analysis using an automated sequencer (Applied
Biosystems Model 473A, Foster City, CA). Alternatively, the DNA sequence
encoding the predicted substrate 20 containing fusion polypeptide may be
cloned.into a plasmid containing a desired promoter and, optionally, a
leader sequence (see) e.g., Better et al., Scierzce, 240: l041-43, 1988).
The sequence of this construct may be confirmed by automated sequencing.
The plasmid is then transformed into E. coli using standard procedures
employing CaClz incubation and heat shock treatment of the bacteria 25
(Sambrook et al. , supra). The transformed bacteria are grown in LB medium
supplemented with carbenicillin, and production of the expressed protein is
induced by growth in a suitable medium. If present, the leader sequence
will effect secretion of the mature HuAsp2 substrate or fusion protein and
be cleaved during secretion. The secreted recombinant protein is puri~xed
from the bacterial 30 culture media by the method described herein
throughout. Similarly, yeast host cells from genera including
Saccharomyces,   W O 1)21t163110 PCT/U S(11 /23(135 -47 Picl2ia, and
.lfla~veronayces may be employed to generate the recombinant peptide.
Preferred yeast hosts are S. cerevisiae and P. pastoris. Yeast vectors will
often contain an origin of replication sequence from a 2T yeast plasmid, an
autonomously replicating sequence (ARS), a pxomoter region, sequences for
polyadenylation, 5 sequences for transcription termination, and a
selectable marker gene. Vectors replicable in both yeast and E. coli
(termed shuttle vectors) may also be used. In addition to the
above-mentioned features of yeast vectors, a shuttle vector will also
include sequences for replication and selection in E. coli . Direct
secretion of polypeptides expressed in yeast hosts may be accomplished by
the inclusion of 10 nucleotide sequence encoding the yeast I-factor.leader
sequence at the 5' end of the substrate-encoding nucleotide sequence.
Generally, a given substrate may be recombinantly expressed in yeast using
a commercially available expression system, e, g. , the Pichia Expression
System (Invitrogen, San Diego, CA), following the manufacturer's
instructions. 15 This system also relies on the pre-pro-alpha sequence to
direct secretion, but transcription of the insert is driven by the alcohol
oxidase (AOX1) promoter upon induction by methanol. The secreted
recombinant substrate is purified from the yeast growth medium by, e.g. ,
the methods used to purify substrate from bacterial and 20 mammalian cell
supernatants. Alternatively, a synthetic DNA encodi~~g the novel substrate
of the invention may be cloned into the baculovirus expression vector
pVL1393 (PharMingen, San Diego, CA; Luckow and Summers, BiolTechnology 6:47
(1988)). This substrate-containing vector is then used according to the 25
manufacturer' s directions (PharMingen) to infect Spodoptera frugiperda
cells in sF9 protein-free media and to produce recombinant protein. The
protein or peptide is purified and concentrated from the media using a
heparin-Sepharose column (Pharmacia, Piscataway, NJ) and sequential
molecular sizing columns (Amicon, Beverly, MA), and resuspended in PBS.
SDS-PAGE analysis snows a single band 



30 and confirms the size of the protein, and Edman sequencing on a Porton
2090 Peptide Sequencer confirms its N-terminal sequence.   WO 02/11630G -
q~g PCT/US01 /23035 Alternatively, the HuAsp2 substrate may be expressed in
an insect system. Insect systems for protein expression are well known to
those of skill in the art. In one such system, Autographs califorr~ica
~auclear polylaedrosis ~~irus (AcNPV) is used as a vector to express
foreign genes in Spodoptera frugiperda cells 5 or in Triclaoplusia larvae.
The substrate coding sequence is cloned into a nonessential region of the
virus, such as the polyhedrin gene, and placed under control of the
polyhedrin promoter. Successful insertion of substrate will render the
polyhedrin gene inactive and produce recombinant virus lacking coat protein
coat. The recombinant viuruses are then used to infect S. fi-ugiperda cells
or Triclaoplusia 10 larvae in which the substrate is expressed (Smith e1
al., J Virol 46: 584, 1983; Engelhard EK et al., Proc Nat Acad Sci 91:
3224-7, 1994). Mammalian host systems for the expression of recombinant
proteins also are well known to those of skill in the art. Host cell
strains may be chosen for a particular ability to process the expressed
protein or produce certain post 15 translation modifications that will be
useful in providing protein activity. Such modifications of the polypeptide
include, but are not limited to, acetylation, carboxylation, glycosylation,
phosphorylation, lipidation and acylation. Post-translational processing
which cleaves a "prepro" form of the protein may also be important for
correct insertion, folding and/or function. Different host cells such 20 as
CHO, HeLa, MDCK, 293, WI3$, and the like have specific cellular machinery
and characteristic mechanisms for such post-translational activities and
may be chosen to ensure the correct modification and processing of the
introduced, foreign protein. It is preferable that the transformed cells
are used for long-term, 25 high-yield protein production and as such stable
expression is desirable. Once such cells are transformed with vectors that
contain selectable markers along with the desired expression cassette, the
cells may be allowed to grow for 1-2 days in an enriched media before they
are switched to selective media. The selectable marker is designed to
confer resistance to selection and its presence allows growth and 30
recovery of cells which successfully express the introduced sequences.
Resistant clumps of stably transformed cells can be proliferated using
tissue culture techniques   



WO 02/IIG3(IG -49 appropriate to the cell. PCT/US01 /231135 A, number of
selection systems may be used to recover the cells that have been
transformed for recombinant protein production. Such selection systems
include, but are not limited to, HSV thymidine kinase, hypoxanthine-guanine
phosphoribosyltransferase and adenine phosphoribosyltransferase genes, in
tk-, hgprt- or aprt- cells, respectively. Also, anti-metabolite resistance
can be used as the basis of selection for dhfr, that confers resistance to
methotrexate; gpt, that confers resistance to mycophenolic acid; neo, that
confers resistance to the aminoglycoside G418; als which confers resistance
to chlorsulfuron; and hygro, that 10 confers resistance to hygromycin.
Additional selectable genes that may be useful include trpB, which allows
cells to utilize indole in place of tryptophan, or hisD, which allows cells
to utilize histinol in place of histidine. Markers that give a visual
indication for identification of transformants include anthocyanins,
(3-glucuronidase and its substrate, GUS, and luciferase and its substrate,
luciferin. 15 C. Site-Specific Mutagenesis. Site-specific mutagenesis is
another technique useful in the preparation of individual Hu-Asp2 substrate
peptide and more particularly fusion polypeptides that comprise as a
component one of the Hu-Asp2 substr ate peptides of 20 the present
invention. This technique employs specific mutagenesis of the underlying
DNA (that encodes the amino acid sequence that is targeted for
modification) . The technique further provides a ready ability to prepare
and test sequence variants, incorporating one or more of the foregoing
considerations, by introducing one or more nucleotide sequence changes into
the DNA. Site-specific 25 mutagenesis allows the production of mutants
through the use of specific oligonucleotide sequences which encode the DNA
sequence of the desired mutation, as well as a sufficient number of
adjacent nucleotides, to provide a primer sequence of sufficient size and
sequence complexity to form a stable duplex on both sides of the deletion
junction being traversed. Typically, a primer of about 17 to 25 30
nucleotides in length is preferred, with about 5 to 10 residues on both
sides of the junction of the sequence being altered.   W O 112111G31IG -so
PCT/U Sll l /23035 The technique typically employs a bacteriophage vector
that exists in both a single stranded and double stranded form. Typical
vectors useful in site-directed mutagenesis include vectors such as the M
13 phage. These phage vectors are commercially available and their use is
generally well known to those s skilled in the art. Double stranded
plasmids also are routinely employed in site directed mutagenesis, which
eliminates the step of transferring the gene of interest from a phage to a
plasmid. 



In general, site-directed mutagenesis is performed by first obtaining a
single-stranded vector, or melting of two strands of a double stranded
vector which 10 includes within its sequence a DNA sequence encoding the
desired protein. An oligonucleotide primer bearing the desired mutated
sequence is synthetically prepared. This primer is then annealed with the
single-stranded DNA preparation, taking into account the degree of mismatch
when selecting hybridization (annealing) conditions, and subjected to DNA
polymerizing enzymes such as E. coli polymerase 15 I Klenow fragment, in
order to complete the synthesis of the mutation-bearing strand. Thus, a
heteroduplex is formed wherein one strand encodes the original non-mutated
sequence and the second strand bears the desired mutation. This
heteroduplex vector is then used to transform appropriate cells, such as E,
coli cells, and clones are selected that include recombinant vectors
bearing the mutated 20 sequence arrangement. Of course, the above described
approach for site-directed mutagenesis is not the only method of generating
potentially useful mutant peptide species and as such is not meant to be
limiting. The present invention also contemplates other methods of
achieving mutagenesis such as fox example, treating the recombinant 2s
vectors carrying the gene of interest mutagenic agents, such as
hydroxylamine, to obtain sequence variants. D. Protein Purification. It
will be desirable to purify the peptides of the present invention. 30
Protein purification techniques are well known to those of skill in the
art. These techniques involve, at one level, the crude fractionation of the
cellular milieu to   WO (12/(Ifi30() PCT/USII1l23(13S -51 polypeptide and
non-polypeptide fractions. Having separated the peptide or polypeptides of
the invention from other proteins, the polypeptides or peptides of interest
may be further purified using chromatographic and electrophoretic
techniques to achieve partial or complete purification (or purification to
5 homogeneity) . Analytical methods particularly suited to the preparation
of a pure peptide are ion-exchange chromatography, exclusion
chromatography; polyacrylamide gel electrophoresis; isoelectric focusing. A
particularly efficient method of purifying peptides is fast protein liquid
chromatography (FPLC) or even high performance liquid chromatography
(HPLC). 10 Certain aspects of the present invention concern the
purification, and in particular embodiments, the substantial purification,
of an encoded polypeptide, protein or peptide. The term "purified
polypeptide, protein or peptide" as used herein, is intended to refer to a
composition, isolated from other components, wherein the polypeptide,
protein or peptide is purified to any degree relative to its 15
naturally-obtainable state. A purified polypeptide, protein or peptide
therefore also refers to a polypeptide, protein or peptide, free from the
environment in which it may naturally occur. Generally, "purified" will
refer to a polypeptide, protein or peptide composition that has been
subjected to fractionation to remove various other 20 components, and which
composition substantially retains its expressed biological activity. Where
the term "substantially purified" is used, this designation will refer to a
composition in which the polypeptide, protein or peptide forms the major
component of the composition, such as constituting about 50 % , about 60 %
, about 70 % , about 80 % , about 90 % , about 95 % or more of the proteins
in the 25 composition. 



Various methods for quantifying the degree of purification of the
polypeptide, protein or peptide will be known to those of skill in the art
in light of the present disclosure. These include, for example, determining
the specific activity of an active fraction, or assessing the amount of
polypeptides within a fraction by 30 SDS/PAGE analysis. A preferred method
for assessing the purity of a fraction is to calculate the specific
activity of the fraction, to compare it to the specific activity of   WO
02/11G311( PCT/USf111231135 -5~ the initial extract, and to thus calculate
the degree of purity, herein assessed by a "-fold purification number." The
actual units used to represent the amount of activity will, of course, be
dependent upon the particular assay technique chosen to follow the
purification and whether or not the expressed polypeptide, protein or 5
peptide exhibits a detectable activity. Various techniques suitable for use
in protein purification will be well known to those of skill in the art.
These include, for example, precipitation with ammonium sulphate, PEG,
antibodies and the like or by heat denaturation, followed by
centrifugation; chromatography steps such as ion exchange, gel filtration,
reverse 10 phase, hydroxylapatite and affinity chromatography; isoelectric
focusing; geI electrophoresis; and combinations of such and other
techniques . As is generally known in the art, it is believed that the
order of conducting the various purification steps may be changed, or that
certain steps may be omitted, and still result in a suitable method for the
preparation of a substantially purified polypeptide, protein 15 or peptide.
There is no general requirement that the polypeptide, protein or peptide
always be provided in their most purified state. Indeed, it is contemplated
that less substantially purified products will have utility in certain
embodiments . Partial purification may be accomplished by using fewer
purification steps in 20 combination, or by utilizing different forms of
the same general purification scheme. For example, it is appreciated that a
cation-exchange column chromatography performed utilizing an HPLC apparatus
will generally result in a greater "-fold" purification than the same
technique utilizing a low pressure chromatography system. Methods
exhibiting a lower degxee of relative purification 25 may have advantages
in total recovery of protein product, or in maintaining the activity of an
expressed protein. It is known that the migration of a polypeptide can
vary, sometimes significantly, with different conditions of SDS/PAGE
(Capaldi et al. , Bioc7Zena. Biophys. Res. Cornm., 76:425, 1977). It will
therefore be appreciated that under 30 differing electrophoresis
conditions, the apparent molecular weights of purified or partially
purified expression products may vary.   VVO 02/(1(r301> -53
PCT/US01/231135 V. Expression Constructs for use in the Production of the
Substrates of the Invention. In the present invention, it may be necessary
to express the peptide substrates or the peptide-substrate fusion proteins
of the present invention. To 5 achieve such expression, the present
invention will employ vectors comprising 



polynucleotide molecules for encoding the peptide substrates or the fusion
proteins of the present invention, as well as host cell transformed with
such vectors. Such polynucleotide molecules may be joined to a vector,
which generally includes a selectable marker and an origin of replication,
for propagation in a host. These 10 elements of the expression constructs
used in the present invention are described in further detail herein below.
The expression vectors include DNA encoding any of the given peptide or
fusion polypeptide Hu-Asp2 substrates described above or below, operably
linked to suitable transcriptional or translational regulatory sequences,
15 such as those derived from a mammalian, microbial, viral, or insect
gene. Examples of regulatory sequences include transcriptional promoters,
operators, or enhancers, mRNA ribosomal binding sites, and appropriate
sequences which control transcription and translation. The terms
"expression vector," "expression construct " or 20 "expression cassette "
are used interchangeably tluoughout this specification and are meant to
include any type of genetic construct containing a nucleic acid coding for
a gene product in which part or a11 of the nucleic acid encoding sequence
is capable of being transcribed. The choice of a suitable expression vector
fox expression of the 25 peptides or polypeptides of the invention will of
course depend upon the specific host cell to be used, and is within the
skill of the ordinar y artisan. Examples of suitable expression vectors
include pcDNA3 (Invitrogen) and pSVL (Pharmacia Biotech) . A preferred
vector for expression in the present invention is pcDNA3.1-Hygro
(Invitrogen). Expression vectors for use in mammalian host cells 30 may
include transcriptional and translational control sequences derived from
viral genomes. Commonly used promoter sequences and enhancer sequences
which may   WO U2/11(311(> -54 PCT/U S111 /23U35 be used in the present
invention include, but are not limited to, those derived from human
cytomegalovirus (CMV), Adenovirus 2, Polyoma virus, and Simian virus 40
(SV40). Methods for the construction of mammalian expression vectors are
disclosed, for example, in Okayama and Berg (Mol. Cell. Biol. 3:280
(1983)); 5 Cosman et al. (Mol. Inanamaol. 23:935 (1986)); Cosman et al.
(Nature 312:768 (1984)); EP-A-0367566; and WO 91I18982. The expression
construct will comprise a nucleic acid region that encodes the particular
peptide substrate or fusion polypeptide of the present 



invention. Coding regions for use in constructing such expression vectors
should 10 encode at least the (3-secretase cleavage of the peptides
described herein although it is contemplated that larger polypeptides may
be encoded as long as one the peptide generated comprises a (3-secretase
cleavage site that is amenable to cleavage by an aspartyl protease and
preferably Hu-Asp. In certain aspects of the present invention, the
expression construct 15 may further comprise a selectable marker that
allows for the detection of the expression of the peptide or polypeptide.
Usually the inclusion of a drug selection marker aids in cloning and in the
selection of transformants, for example, neomycin, puromycin, hygromycin,
DHFR, zeocin and histidinol. Alternatively, enzymes such as herpes simplex
virus thymidine kinase (tk) (eukaryotic), ~i 20 galactosidase, luciferase,
or chloramphenicol acetyltransferase (CAT) (prokaryotic) may be employed.
Immunologic markers also can be employed. Fox example, epitope tags such as
the FLAG system (IBI, New Haven, CT), HA and the 6xHis system (Qiagen,
Chatsworth, CA) may be employed. Additionally, glutathione S-transferase
(GST) system (Pharmacia, Piscataway, NJ), or the maltose binding 25 protein
system (NEB, Beverley, MA) also may be used. The selectable marker employed
is not believed to be important, so long as it is capable of being
expressed simultaneously with the nucleic acid encoding a gene product.
Further examples of selectable markers are well known to one of shill in
the art. Particularly preferred selectable markers that may be employed in
the present invention are neomycin 30 resistance or a GFP marker.
Expression requires that appropriate signals be provided in the   WO
f12!(1(3(16 -55 PCTIU S01!231135 vectors. The present section includes a
discussion of various regulatory elements, such as enhancers/promoters from
both viral and mammalian sources that may be used to drive expression of
the nucleic acids of interest in host cells. Elements designed to optimize
messenger RNA stability and translatability in host cells also are defined.
The conditions for the use of a number of dominant drug selection markers
for establishing permanent, stable cell clones expressing the products also
are provided, as is an element that links expression of the drug selection
markers to expression of the mutant phenotype. In preferred embodiments,
the nucleic acid encoding the given 10 peptide or the nucleic acid encoding
a selectable marker is under transcriptional control of a promoter. A
"promoter" refers to a DNA sequence recognized by the synthetic machinery
of the cell, or introduced synthetic machinery, required to initiate the
specific transcription of a gene. Nucleotide sequences are operably linked
when the regulatory I S sequence functionally relates to the DNA encoding
the peptide substrate or the fusion poiypeptide. Thus, a promoter
nucleotide sequence is operably linked to a given DNA sequence if the
promoter nucleotide sequence directs the transcription of the sequence.
Similarly, the phrase "under transcriptional control" means that the
promoter is in the correct location and orientation in relation to the
nucleic acid to 20 control RNA polymerase initiation and expression of the
gene. The team promoter will be used here to refer to a group of 



transcriptional control modules that are clustered around the initiation
site for RNA polymerase II. Much of the thinking about how promoters are
organized derives from analyses of several viral promoters, including those
for the HSV thymidine 25 kinase (tk) and SV40 early transcription units.
These studies, augmented by more recent work, have shown that promoters are
composed of discrete functional modules, each consisting of approximately
7-20 by of DNA, and containing one or more recognition sites for
transcriptional activator or repressor proteins. At least one module in
each promoter functions to position the start 30 site for RNA synthesis.
The best known example of this is the TATA box, but in some promoters
lacking a TATA box, such as the promoter for the mammalian   WO (12!(1C3(1(
PCT/US(11/23035 -56 terminal deoxynucleotidyl transferase gene and the
promoter for the SV40 late genes, a discrete element overlying the start
site itself helps to fix the place of initiation. Additional promoter
elements regulate the frequency of 5 transcriptional initiation. Typically,
these are located in the region 30-110 by upstream of the start site,
although a number of promoters have recently been shown to contain
functional elements downstream of the start site as well. The spacing
between promoter elements frequently is flexible, so that promoter function
is preserved when elements are inverted or moved relative to one another.
In the tk 10 promoter, the spacing between promoter elements can be
increased to 50 by apart before activity begins to decline. Depending on
the promoter, it appears that individual elements can function either
co-operatively or independently to activate transcription. The particular
promoter employed to control the expression of a 15 nucleic acid sequence
of interest is not believed to be important, so long as it is capable of
directing the expression of the nucleic acid in the targeted cell. Thus,
where a human cell is targeted, it is preferable to position the nucleic
acid coding region adjacent to and under the control of a promoter that is
capable of being expressed in a human cell. Generally speaking, such a
promoter might include 20 either a human or viral promoter. In various
embodiments, the human cytomegalovirus (CMV) immediate early gene promoter,
the SV40 early promoter, the Rous sarcoma virus long terminal repeat,
~i-actin, rat insulin promoter, the phosphoglycerol kinase promoter and
glyceraldeliyde-3-phosphate dehydrogenase promoter, all of which are 25
promoters well known and readily available to those of skill in the art,
can be used to obtain high-level expression of the coding sequence of
interest. The use of other viral or mammalian cellular or bacterial phage
promoters which axe well-known in the art to achieve expression of a coding
sequence of interest is contemplated as well, provided that the levels of
expression are sufficient fox a given purpose. By 30 employing a promoter
with well known properties, the level and pattexn of expression of the
protein of interest following transfection or transformation can be   WO
02/0(30l -57_ optimized. PCT/US01/23035 



Selection of a promoter that is regulated in response to specific
physiologic ox synthetic signals can permit inducible expression of the
gene product. Several inducible promoter systems are available for
production of viral vectors. 5 One such system is the ecdysone system
(Invitrogen, Carlsbad, CA), which is designed to allow regulated expression
of a gene of interest in mammalian cells. It consists of a tightly
regulated expression mechanism that allows virtually no basal level
expression of the transgene, but over 20D-fold inducibility. Another useful
inducible system is the Tet-Off' or Tet-On~' system 10 (Clontech, Palo
Alto, CA) originally developed by Gossen and Bujard (Gossen and Bujard,
Proc Natl Acad Sci U SA. 15;89(12):5547-51, 1992; Gossen et al., Scierace,
268(5218):1766-9, 1995). In mammalian cells, the CMV immediate early
promoter if often used to provide strong transcriptional activation.
Modified versions of the CMV 15 promoter that are less potent have also
been used when reduced levels of expression of the transgene are desired.
Retroviral promoters such as the LTRs from MLV or MMTV are contemplated to
be useful in the present invention. Other viral promoters that may be used
include SV40, RSV LTR, HIV-1 and HIV-2 LTR, adenovirus promoters such as
from the ElA, E2A, or MLP region, AAV LTR, 20 cauliflower mosaic virus,
HSV-TK, and avian sarcoma virus. In some embodiments, regulatable promoters
may prove useful. Such promoters include for example, those that axe
hormone or cytokine regulatable. Hormone regulatable promoters include
MMTV, MT-1, ecdysone and RuBisco as well as other hormone regulated
promoters such as those responsive to thyroid, 25 pituitary and adrenal
hormones. Another regulatory element contemplated for use in the present
invention is an enhancer. These are genetic elements that increase
transcription from a promoter located at a distant position on the same
molecule of DNA. Enhancers are organized much like promoters. That is, they
are composed of many 30 individual elements, each of which binds to one or
more transcriptional proteins. The basic distinction between enhancers and
promoters is operational. An enhancer   VV O 112/11( 30G 



-ss PCT/U S111 /231135 region as a whole must be able to stimulate
transcription at a distance; this need not be true of a promoter region or
its component elements . On the other hand, a promoter must have one or
more elements that direct initiation of RNA syntliesis at a particular site
and in a particular orientation, whereas enhancers lack these specificities
. Promoters and enhancers are often overlapping and contiguous, often
seeming to have a very similar modular organization. Enhancers useful in
the present invention are well known to those of skill in the art and will
depend on the particular expression system being employed (Scharf D et al (
1994) Results Probl Cell Differ 20: 125-62; Bittner et al {1987) Metlzods
ifa E~azynaol 153: 516-544). 10 Where an expression construct employs a
cDNA insert, one will typically desire to include a polyadenylation signal
sequence to effect proper polyadenylation of the gene transcript. Any
polyadenylation signal sequence recognized by cells of the selected
transgenic animal species is suitable for the practice of the invention,
such as human or bovine growth hormone and SV40 15 polyadenylation signals.
Also contemplated as an element of the expression cassette is a terminator.
These elements can serve to enhance message levels and to minimize read
through from the cassette into other sequences . The termination region
which is employed primarily will be one selected for convenience, since
termination 20 regions for the applications such as those contemplated by
the present invention appear to be relatively interchangeable. The
termination region may be native with the transcriptional initiation, may
be native to the DNA sequence of interest, or may be derived for another
source. In certain embodiments of the invention, the use of internal
ribosome 25 entry site (IRES) elements is contemplated to create multigene,
or polycistronic, messages. IRES elements axe able to bypass the ribosome
scanning model of 5' methylated Cap dependent translation and begin
translation at internal sites (Pelletier and Sonenberg, Nature,
334:320-325, 1988). IRE5 elements from two members of the picornavirus
family (poliovirus and encephalomyocarditis) have been described 30
(Pelletier and Sonenberg, 1988 supra), as well an IRES from a mammalian
message (Macejak and Sarnow, Nature, 353:90-94, 1991). IRES elements can be
linked to   WO 112/11C311fi -59 PCTl1JS011231135 heterologous open reading
frames. Multiple open reading frames can be transcribed together, each
separated by an IRES, creating polycistronic messages. By virtue of the
IRES element, each open reading frame is accessible to ribosomes for
efficient translation. Multiple genes can be efficiently expressed using a
single promoterlenhancer to transcribe a single message. Any heterologous
open reading frame can be linked to IRES elements. This includes genes for
secreted proteins, mufti-subunit proteins, encoded by independent genes,
intracellular or membrane-bound proteins and selectable markers. In this
way, expression of several proteins can be simultaneously 10 engineered
into a cell with a single construct and a single selectable marker. 



VI. Use of the Substrates in Hu-Asp2 assays In specific embodiments, the
present invention involves assays to monitor the activity and/or function
of Hu-Asp2 and more specifically, the ~3 15 secretase activity andlor
function of Hu-Asp2. These assays will involve incubating in solution an
Hu-Asp2 polypeptide with a suitable substrate of the present invention,
using cleavage of the peptide substrate as a measure of Hu-Asp2 proteolytic
activity. 20 A. Assay Formats In specific embodiments, the invention
relates to a method for the identification of agents that modulate the
activity of human Asp2 aspartyl protease (Hu-Asp2). For example, in one
variation, such method comprises steps of: (a) contacting any of the
peptides or fusion proteins of the present 25 invention and a composition
comprising an Hu-Asp2 activity in the presence and absence of a test agent;
(b) determining the cleavage of said peptide or fusion protein at the site
between said Pl and Pl' by said Hu-Asp2 in the presence and absence of the
test agent; and 30 (c) comparing said cleavage activity of the Hu-Asp2 in
the presence of the test agent to the activity in the absence of the test
agent   WO (l2ltIG30C -60 PCT/U S111 /23()35 to identify an agent that
modulates said cleavage by the Hu Asp2, wherein an alteration in the
Hu-Asp2 activity in the presence of the test agent identifies an agent that
is a modulator of the Hu-Asp2 activity. 5 Agents that cause increased
cleavage relative to the control (no test agent) are scored as agonists or
stimulators of Asp2 proteolytic activity, whereas agents to cause decreased
cleavage are scored as inhibitors. The inhibitors are of special interest
because inhibitors of Asp2 activity have therapeutic and prophylactic
indications for the treatment and prevention of Alzheimer's Disease or its
10 symptoms or progression. Exemplary assays which can be modified by the
use of peptides and fusion proteins of the invention (in place of APP and
APP peptide sequences) are described in PCT Publication number WO 00/
17369, and in U. S . Patent Application Serial No . 09I416, 901, filed
October 13 , 1999, both incorporated herein by 15 reference for their
teachings relating to Asp2 activity assays and assays for modulators of
Asp2 activity. The Asp2 may be Hu-Asp2(a), Hu-Asp2(b), or 



biologically active fragments, analogs, or variants, thereof, for example.
Non human orthologs of human Asp2 also may be used in assays. Such assays
may be performed with Hu-Asp polypeptide in a cell free 20 system or with
cultured cells that express Hu-Asp as well as variants or isoforms thereof.
For example, in a cell-free system, the contacting step may be performed by
mixing the Hu-Asp2 enzyme with the peptide or protein substrate of the
invention, in the presence or absence of the test agent. For optimal
results, the enzyme and the substrate preferably are substantially
purified, mixed in defined and 25 controlled quantities, and mixed in
appropriate buffers that optimize enzymatic activity and/or mimic
physiological conditions. The determining step may involve a measurement of
an N-terminal fragment, a C-terminal fragment, or both, or may involve
measurement of another parameter indicative of cleavage. For example, the
peptide substrate rnay contain a quenched Iabel that becomes more
detectable only 30 upon cleavage to separate the label from the quenching
moiety. Alternatively, the peptide substrate may be fixed at the N-terminal
or C-terminal end to a solid   WO (12/0l311( -61 PCT/US(11/23(13S support.
In this arrangement, cleavage may be measured by release from the solid
support of a cleavage fragment. The release may be measured by increased
label in the media, or decreased label attached to the solid support.
Alternatively, the release may be measured by quantitative capture of the
released peptide (e. g. , with an antibody}. In an exemplary capture assay,
384-well micro-titer plates are blocked with BSA enzyme (7.SnM) and SO~,M
of the compound to be tested are incubated for 1 hour and the xeaction is
initiated by the addition of 250nM substrate, for example
Bition-KVEANYEVEGERC[cys-Oregon green]KK. In the final assay 10 conditions,
the volume is 30p,1/well (pH5 .0); SO~M compound; 7. SnM Enzyme (or
l5ng/well); 250nM substrate; 5 % DMSO and 0.001 % TWEEN-20. The assay is
incubated overnight at room temperature and the reaction is terminated by
the addition of Tris-HCl , pH 8.3. An aliquot containing 6.25 pmoles of
substrate is removed and the cleaved and/or uncleaved biotinylated
substrate is captured in a 15 streptavidin coated plate. The plate is
washed 3 time and buffer is added. The capture assay is monitored by
reading the fluorescence emission of the Oregon green on an LJL Analyst (Ex
485/Em 530). Another assay that may be used herein is a fluorescent
polarization assay. Fluorescence polarization is a sensitive, facile and
non-destructive assay that 20 can be exploited to monitor the effects of
the (3-secretase substrates of the present invention. It can be used to
monitor the interaction of these substrates with the HuAsp2 enzyme. Under
controlled conditions, fluorescence polarization measurements can reveal
the extent of "molecular tumbling" of a fluorescent molecule in solution.
For example, a small molecule with a compact molecular 25 volurxie would be
expected to tumble rapidly. If irradiated with polarized light the rapid
movement of the molecule in solution would result in extensive
depolarization of the light, and would yield a readout of "low"
polarization value. Under the same conditions, the increased molecular
volume of a large molecule or a large complex would slow the molecular
rotation (tumbling) process. As a result, less polarization of 



30 the incident plane polarized light would result and a higher
polarization value would be measured.   WO 02/11630G -62 PCT/US111/231135
By labeling a small ligand with a fluorescent probes, changes in the
fluorescence polarization resulting from the interaction of the ligand with
another system component can be measwed. Such a method may be applied to
measure the strength of interaction between an enzyme (HuAsp2) and a
fluorescent enzyme 5 substrate. In an exemplary fluorescence polarization
assay, in pre-blocked low affiiuty, black plates {384-wells) enzyme (O.SnM)
and compound (10-20,M) are incubated for 30 minutes and the reaction
initiated by the addition of 150nM substrate (e.g.,
Biotin-GLNIKTEEISEISY-EVEFR[cys-Oregon green]KK or a similar substrate 10
containing a non-hydrolyzable bond at the Pl--P,' position) to a final
volume of 30w1/well. The final assay conditions are: 30~1/well volume at
pH4.5; SO~M compound, O. SnM enzyme or 1 ng/well; 150nM substrate, 2 % DMSA
and 0.001 TWEEN-20. The assay is incubated for 3 hours at 37C and the
reaction terminated by the addition of a saturating concentration of
immunopure streptavidin. The plate is 15 then incubated at room temper
ature for 15 minutes and the fluorescent polarization measured on an LJL
Acquest (Ex 485/Em 530 ). Also contemplated by the present invention is a
binding assay for detecting compounds that bind to the active site or at an
allosteric site of the enzyme. For such determinations, the use of
non-hydrolyzable derivatives of the 20 substrates of the present invention
is particularly preferred. In exemplary derivatives for such assays, the
presence of a statine derivative at PI renders the peptides of the present
invention non-hydrolyzable at the P,--P1' position. The substrates further
may be modified with the addition of an appropriate fluorescent tag e.g.,
BODIPY FL to facilitate detection. 25 In a specific example, a
statine-containing peptide (SEVN[Sta]VAEFRGGC; SEQ ID N0:196) is
synthesized and shown to inhibit HuAsp enzyme activity. A fluorescent
derivative of this inhibitor, (SEVN[Sta]VAEFRC(Bodipy FL)), also was
synthesized and employed as described below. The fluorescence polarization
of these statine-derived substrates in solution is 30 minimal. However,
upon interaction with HuAsp2 a dramatic increase in fluorescence
polarization results. While the examples discussed in the present section
refer to statine derivatives, it is contemplated that other
non-hydrolyzable derivatives 



VVO 02/(Ifi311(> - 63 _ PCTIUS(11/23(13S containing a fluorescent moiety
may be used in the fluorescence polarization assays. A substrate of the
present invention may be labeled as discussed above and used to develop a
fluorescence polarization binding assay fox the HuAsp2. The equilibrium
dissociation constant (KD) for the interaction between the enzyme and the
substrate is determined by measuring fluorescence polarization changes
which result from titrating the substrate with the enzyme. To determine the
KD for the interaction of a substrate of the present invention with HuAsp2,
various quantities of p-secretase may be combined with 3 nM fluorescent
substrate and incubated at room temperature for 3 hours. Following 10 the
incubation, fluorescence polarization is determined using an LJL Analyst
(96 well format) or a PanVera Beacon (single cuvette format). An exemplary
assay is performed in 25 mM svdiwn acetate, 20% glycerol, pH 4.75. A
graphic plot of the data obtained providing the polarization values on the
vertical axis and the concentration of enzyme on the horizontal axis
provides the binding isotherm for the 15 determination of the KD for the
interaction of the enzyme with the substrate. The data may then be analyzed
using the relation Px=PF+(PB-PF)'x [E]/(K~+[E]), where P=polarization
value, x=sample, F=flee inhibitor, B=bound inhibitor, E=p-secretase
(Fluorescence Polarization Applications Guide, 1998; PanVera, Madison, WI)
to obtain the KD. Tlus assay can be used to scx een for compounds that bind
to the active 20 site of the enzyme. Using the above assay, the
fluorescence polarization binding assay may be validated and the KD
measured for a peptide substrate containing the wild-type or Swedish
mutation. For example, such a iiutial assay may be performed using the
fluorescent derivative, (SEVN[Sta]VAEFRC(Bodipy FL)). Subsequently, the
assay 25 may be modified fox use in a competitive binding format for use in
determining the activity of useful substrates of the present invention. A
solution containing the SEVN[Sta]VAEFRC(Bodipy FL) substrate is titrated
with a prospective competitive inhibitor, for example, 3.lnM
SEVN[Sta]VAEFRC{Bodipy FL) substrate, 48nM enzyme and various
concentrations of the prospective competitive inhibitor axe 30 incubated
for an appropriate time to allow the reaction to progress. The data from
this assay may be plotted on a graph where the vertical axis represents the
polarization and the horizontal axis represents the competitive inhibitor
concentration.   W O U21UG3UG -64 PCT/USU1/23035 



Numerous cell-based embodiments also exist. For example, in one variation,
the Hu-Asp2 is expressed in a cell, and the contacting comprises growing
the cell in the presence of the peptide and in the presence and absence of
the test agent. Cells which naturally express Asp2 may be selected. In a
preferred 5 embodiment, a cell is recombinantly modified to express
increased amounts of Asp2. Irrespective of which variation is used, the
substrate peptide or fusion protein may be added to the cell system (e. g.
, in the medium), or may be coexpressed by the cell along with the Asp2.
Fox example, in a preferred embodiment, the cell xecombinantly expresses a
fusion polypeptide described herein 10 that includes a transmembrane domain
that causes the peptide to localize to the ER or Golgi, and further
includes appropriate tags, labels, fusion partners, reporter protein or the
like as described herein to facilitate detection of cleavage. In an
exemplary cellular assay, a stable HEK-293 cell line expressing HA-gagged
enzyme is transfected with APP variants. After transfection for 48 hours,
15 cell extracts are prepared for measuring Hu-Asp cleavage products C99 by
Western blot with antibody C8. Equal amount of conditioned mediwn are used
for measuring the levels of total secreted APP fragments with antibody 22C
11 (Boehringer Mannheim) and secreted APPa, a fragment cleaved by
a-secretase, with antibody 6E10 (Senetek, St. Louis, MO). 20 It will be
appreciated that the activity measurements in the presence and absence of a
test agent can be performed in parallel, or sequentially, in either order.
Moreover, it may not be necessary to repeat the control measurements (i. e.
, the measurements of cleavage in the absence of a test agent) in parallel
with respect to every test agent, once a reliable baseline of enzymatic
activity for particular 25 reaction conditions has been obtained. Gained
knowledge of the enzymatic activity of Asp2 towards a particular substrate
in the absence of inhibitors can be used as the basis for performing the
comparison step. Also, while the above discussion is generally made with
reference to modulators of Hu-Asp2 activity, the assays of the invention
also will identify 30 candidate substances that alter the production of
Hu-Asp2, thereby increasing or decreasing the amount of Hu-Asp2 present as
opposed to the per unit activity of the Hu-Asp2. Agents that decrease
production of Hu-Asp2 also have indications for   W O 112/IIG30G -65
treatment or prevention of Alzheimer's disease. B, Candidate Substances.
PCT/U S111 /231135 



As used herein the term "candidate substance" or "test substance" 5 refers
to any molecule that is capable of modulating Hu-Asp2 activity, and
preferably Hu-Asp2 (3-secretase activity. In specific embodiments, the
molecule is one which modulates Hu-Asp2 activity. The candidate substance
may be a protein or fragment thereof, a small molecule inhibitor, or even a
nucleic acid molecule. It may prove to be the case that the most useful
pharmacological compounds for 10 identification through application of
the.screening assay will be compounds that are identified through screening
large compound libraries or that are structurally related to other known
modulators of APP processing. The active compounds may include fragments or
parts of naturally-occurring compounds or may be only found as active
combinations of known compounds which are otherwise inactive. However,
prior 15 to testing of such compounds in humans or animal models, it will
be necessary to test a variety of candidates to determine which have
potential. Accordingly, the active compounds may include fragments or parts
of naturally-occurring compounds or may be found as active combinations of
known compounds which are otherwise inactive. Accordingly, the present
invention 20 provides screening assays to identify agents which stimulate
or inhibit cellular APP processing . It is proposed that compounds isolated
from natural sources, such as animals, bacteria, fungi, plant sources,
including leaves and bark, and marine samples may be assayed as candidates
for the presence of potentially useful pharmaceutical agents. 25 It will be
understood that the pharmaceutical agents to be screened could also be
derived or synthesized from chemical compositions or man-made compounds.
Thus, it is understood that the candidate substance identified by the
present invention may be polypeptide, polynucleotide, small molecule
inhibitors or any other inorganic or organic chemical compounds that may be
designed through 30 rational drug design starting from I:nown stimulators
or inhibitors of Hu~Asp2 activity and/or APP processing. The candidate
screening assays axe simple to set up and perform.   W O 112!f1(30(.
PCT/US111/23(135 -66 Thus, in assaying for a candidate substance, after
obtaining a cell expressing functional Hu-Asp, one will admix a candidate
substance with the cell, under conditions which would allow measurable
Hu-Asp2 activity to occur. In this fashion, one can measure the ability of
the candidate substance to stimulate the 5 activity of the cell in the
absence of the candidate substance. Likewise, in assays for inhibitors
after obtaining a cell expressing functional Hu-Asp, the candidate
substance is admixed with the cell. In this fashion the ability of the
candidate inhibitory substance to reduce, abolish, or otherwise diminish a
biological effect mediated by Hu-Asp2 from said cell may be detected. 10
"Effective amounts" of the substance in certain circumstances are those
amounts effective to reproducibly alter a given Hu-Asp2 activity or APP
processing in the form of cleavage of the (3-secretase cleavage site of the
peptide substrates of the present invention in comparison to their normal
levels of cleavage in the absence of the candidate substance. Compounds
that achieve significant 15 appropriate changes in activity will be used.
Significant changes in Hu-Asp2 activity or function, e. g. , as measured
using cleavage of the novel Hu-Asp2 peptide substrates of the present
invention (see e. g. , Example 1 ) are represented by an increase/decrease
in activity of at least about 30 % -40 % , and most preferably, by changes
of at least about 50 % , 20 with higher values of course being possible.
The assays described above employing the novel Hu-Asp2 substrates of the
invention are amenable to numerous high throughput screening (HTS) methods
(For a review see Jayawickreme and Kost, Curr. Opi~a. Biotech~aol. 8:
629634 (1997)). Automated and miniaturized HTS assays are also contemplated
as 



25 described for example in Houston and Banks Curr. Opin. Biotechnol. 8:
734-740 (1997) There are a number of different libraries used for the
identification of small molecule modulators including chemical libraries,
natural product libraries and combinatorial libraries comprised or random
or designed peptides, 30 oligonucleotides or organic molecules. Chemical
libraries consist of structural analogs of known compounds or compounds
that are identified as hits or leads via natural product screening or from
screening against a potential therapeutic target.   WO 02/Ul3UC> -67 PCT/U
S111 /23U35 Natural product libraries are collections of products from
microorganisms, animals, plants, insects or marine organisms which are used
to create mixtures of screening by, e.g. , fermentation and extractions of
broths from soil, plant or marine organisms. Natural product libraries
include polypeptides, non-ribosomal peptides and non-naturally occurring
variants thereof. For a review see Science 282:63-68 (i998). Combinatorial
libraries are composed of large numbers of peptides oligonucleotides or
organic compounds as a mixture. They are relatively simple to prepare by
traditional automated synthesis methods, PCR cloning or other synthetic
methods . Of particular interest will be libraries that include peptide,
protein, 10 peptidomimetic, multiparallel synthetic collection,
recombinatorial and polypeptide libraries. A review of combinatorial
libraries and libraries created therefrom, see Myers Curr. Opin.
Biotechnol. 8: 701-707 (1997). A candidate modulator identified by the use
of various libraries described may then be optimized to modulate activity
of Hu-Asp2 through, for example, rational drug design. 15 It will, of
course, be understood that a11 the screening methods of the present
invention are useful in themselves notwithstanding the fact that effective
candidates may not be found. The invention provides methods for screening
for such candidates, not solely methods of finding them. 20 C. ha Vivo
Assays. The present invention also encompasses the use of various animal
models . Given the disclosure of the present invention, it will be possible
to produce non-human models of APP precessing in which the normal APP
(3-secretase cleavage site has been replaced by the peptide substrates of
the pxesent invention. 25 This will afford an excellent opportunity to
examine the function of Hu-Asp2 in a whole animal system where it is
normally expressed. By developing or identifying mice that express the
novel (3-secretase substrates of the present invention, one can provide
models that will be highly predictive of Alzheimer's disease in humans and
other mammals, and helpful in identifying potential therapies. Methods of
creating 30 such animals are detailed elsewhere in the specification.
Txeatment of animals with test compounds will involve the administration of
the compound, in an appropriate form, to the animal.   WO 112/11l>>311G
PCTIUSI11/23(135 -68 Administration will be by any route that can be
utilized for clinical or non-clinical 



purposes, including but not limited to oral, nasal, buccal, rectal, vaginal
or topical. Alternatively , administration may be by intratracheal
instillation, bronchial instillation, intradermal, subcutaneous,
intramuscular, intraperitoneal or intravenous 5 injection. Specifically
contemplated are systemic intravenous injection, regional administration
via blood, cerebrospinal fluid (CSF) or lymph supply and intratumoral
injection. Determining the effectiveness of a compound in vivo may involve
a variety of different criteria. Such critexia include, but are not limited
to, survival, 10 increased activity level, and improved food intake. Other
methods of evaulation include pathological examination, especially of brain
tissue, to look for indicia of altered beta secretase activity, such as
reduced production of amyloid beta or amyloid beta plaques and reduced
atrophy of the brain. 15 D. Manufacture of Medicaments The assays of the
invention will identify beta secretase modulators that represent candidate
therapeutics for treatment of diseases characterized by aberrant levels of
beta secretase activity, including Alzheimer's disease. Thus, after
identifying modulator agents, the methods of the invention optionally
include 20 the additional step or steps of manufacturing/synthesizing the
agents, and of formulating the agent into a composition using
pharmaceutically acceptable diluents, adjuvants, or carriers.
Pharmaceutical compositions are described in greater detail below. 25 VII.
Methods of Making Transgenic Animals As noted above, particular embodiments
of the present invention contemplate the production of transgenic animals
comprising an APP mutant having as ~i-secretase cleavage one of the
peptides of the present invention. Exemplary transgenic animals of the
present invention are constructed using an expression 30 cassette which
includes in the 5' -> 3' direction of transcription, a transcriptional and
translational initiation region associated with expression in the host
animal (a promoter region as described below), a DNA encoding a mutant APP
gene that   



WO 112/IIC30G PCT/US111/23(13S -69 when expressed as a protein Iacks the
wild-type or Swedish sequence at the ~secretase cleavage site and instead
comprises a sequence of one of the novel HuAsp2 peptide substrates of the
present invention andlor a selectable marker gene, and a transcriptional
and translational termination region functional in the host animal. The
transgenic animals will provide models for the study of the function of
Hu-Asp2 and for the development of protocols and regimens for the
therapeutic intervention of AD. Preferred animals exhibit characteristics
associated with the pathophysiology of AD. Transgendc animals expressing
the mutant APP 10 transgenes, recombinant cell lines derived from such
animals, and transgenic embryos are all within the purview of this aspect
of the invention. A. Animals Used. In certain instances, it may be useful
to set up a colony of mice for 15 the production of transgenic mice and
also for the production of colonies that may be employed for testing the
effects of various antidepressant agents. The animals used as a source of
fertilized egg cells or embryonic stem cells can by any animal. However, it
is generally preferred that the host animal is one which lends itself to
mufti-generational studies . Transgenic animals may be produced from the
fertilized 20 eggs from a number of animals including, but not linuted to
reptiles, amphibians, birds, manunals, and fish. Within a particularly
preferred embodiment, transgenic mice are generated which express a mutant
form of APP which comprises a (3secretase cleavage site of one of the
peptides of the present invention in place of the wild-type or Swedish
mutation sequence. While this section generally discusses 25 mouse
colonies, it should be understood that similar considerations will apply to
any animals that are employed in or generated according to the present
invention. The animals of a colony for the production and analysis of
transgenic animals can be divided into five categories: female animals for
matings to produce fertilized eggs; fertile stud males; sterile stud males
for producing pseudo-pregnant 30 females; female mice to act as
pseudo-pregnant recipients and foster mothers; and transgenic animals,
including founder animals and transgenic lines derived from such founders.
WO 02/fIC3(IG -70 PCT/U S111 /231I35 The C57BLl6J inbred strain of females
are, to date, the most widely used for mating to produce the fertilized
eggs. However, injection often can be performed with F2 hybrids generated
from matings of F 1 hybrid male and female mice (e.g., C57BL/6J, x CBAIJ)F1
female x C57BLI6J, x CBA/J)F1 male). F2 5 hybrid zygotes from F 1 hybrids
have been successfully employed to produce transgenic mice. These F1
hybrids include but are not linuted to C57BLl6J x CBA/J; C57BL/6J x SJL;
C3H/HeJ x C57BLI6J; C3HIHeJ x DBA/2J and C57BL/6J x DBAl2J. Those of skill
in the art will be aware of other strains of female nuce from which fertile
embryos could be generated. In certain 10 embodiments, the transgenic mice
of the present invention are created using ES cells from a 129sv mouse
strain that are grown in 129sv females . These transgenic mice are then
back crossed against C57BL/6 strain. In general, the generation of
transgenic animals and their subsequent breeding is more efficient if F2
zygoytes are used for microinjection. 15 A colony for generating transgenic
mice also contains fertile studs males. Such males are housed in a separate
cages to avoid fighting and injury. These males should be placed in
separate cages a few weeks prior to being presented to a superovulated
female mouse that will be used for the production fertile eggs. This is
necessary because the dominant male will suppress the testosterone and thus



20 sperm production of his littermates. Each superovulated female is placed
individually with a stud male. Sterile males are required for mating to
generate pseudo-pregnant recipients and usually are produced by vasectomy.
Alternatively genetically sterile studs can be used. Pseudo-pregnant female
mice are generated by mating females in 25 natural estrus with vasectonuzed
or genetically sterile males. Pseudo-pregnant females are is competent to
receive embryos but do not contain any fertilized eggs. Pseudo-pregnant
females are important for making transgenic animals since they serve as the
surrogate mothers for embryos that have been injected with DNA or embryonic
stem cells. The best pseudo-pregnant recipients are females that have 30
already reared a litter of animals. Mice that develop from the injected
eggs are termed "founder mice" . As soon as a founder mouse is identified
it is mated to initiate the transgenic line.   WO (1?/lll3(1()
PCT/11S111/231135 _71_ The potential founder transgenic mice are usually
screened for the presence or absence of the injected gene by performing a
Southern or dot blot hybridization to DNA extracted from the tail, The
protein and RNA expression are analyzed and the transgene copy number
and/or level of expression are determined using methods 5 known to those of
skill in the art. The protein, RNA expression, and transgene copy numbers
are determined in weanling animals (4-S weeks) . When a promoter is used
which is constitutively active in animals of weanling age and older, it is
not expected that there will be changes in levels of transgenic RNA
expression animals beyond weanling age. When a developmentally andlor
tissue specific promoter is 10 used, the protein levels are monitored to
determine expression levels with age. The transgenic animals also are
observed for clinical changes. Examples of neurobehavioral disorders for
evaluation are poor mating response, agitation, diminished exploratory
behavior in a novel setting, and inactivity may well be important
behavioral traits associated with depression. Certain transgenic animal 15
models for AD have been described in e. g . , U.S , Patent I~To.5,877,399;
U.S. Patent No. 5,387,742; U.S. Patent No 5,811,633 B. Methods of Making
Transgenic Animals. A transgenic animal can be prepared in a number of
ways. A 20 transgenic organism is one that has an extra or exogenous
fragment of DNA incorporated into its genome, sometimes replacing an
endogenous piece of DNA. At least for the purposes of this invention, any
animal whose genome has been modified to introduce a mutation in the native
APP, as well as its mutant progeny, are considered transgenic animals. In
order to achieve stable inheritance of the 25 extra or exogenous DNA, the
integration event must occur in a cell type that can give rise to
functional germ cells. The two animal cell types that are used for
generating transgenic animals are fertilized egg cells and embryonic stem
cells. Embryonic stem (ES) cells can be returned from i~a vitro culture to
a "host" embryo where they become incorporated into the developing animal
and can give rise to 30 transgenic cells in a11 tissues, including germ
cells. The ES cells are transfected in culture and then the mutation is
transmitted into the germline by injecting the cells into an embryo. The
animals carrying mutated germ cells are then bred to produce   V1'O
02/IIG3(IC PCT/US(I1/23(135 _72 transgenic offspring. The use of ES cells
to make genetic changed in the mouse germline is well recognized. For a
reviews of this technology, those of skill in the art are referred to
Bronson and Smithies, J. Biol. Clzeni., 269(44), 27155-27158, (1994);
Torres, Curr. Top. Dev. Biol., 36, 99-114; 1998 and the references 



5 contained therein. Generally, blastocysts are isolated fiom pregnant mice
at a given stage in development, for example, the blastocyst from mice may
be isolated at day 4 of development (where day 1 is defined as the day of
plug), into an appropriate buffer chat will sustain the ES cells in an
undifferentiated, pluripotent state. ES cell lines 10 may be isolated by a
number of methods well known to those of skill in the art. For example, the
blastocysts may be allowed to attach to the culture dish and approximately
7 days later, the outgrowing Timer cell mass picked, trypsinized and
transferred to another culture dish in the same culhu~e media. ES cell
colonies appear 2-3 weeks later with between 5-7 individual colonies
arising from each explanted 15 inner cell mass. The ES cell lines can then
be expanded for further analysis. Alternatively, ES cell lines can be
isolated using the immunosurgery technique (described in Martin, Proc.
Natl. Acad. Sci. USA 78 :7634-763 8 ( 1981 )) where the trophectodei~n
cells are destroyed using anti-mouse antibodies prior to explanting the
iruier cell mass. 20 In generating transgenic animals, the ES cell lines
that have been manipulated by homologous recombination are reintroduced
into the embryonic environment by blastocyst injection (as described in
Williams et al., Cell 52:l21-13l (1988)). Briefly, blastocysts are isolated
from a pregnant mouse and expanded. The expanded blastocysts are maintained
in oil-drop cultures at 4C for 10 min prior to 25 culture. The ES cells ar
a prepared by pickitng individual colonies, which are then incubated in
phosphate-buffered saline, 0.5 mM EGTA for 5 min; a single cell suspension
is prepared by incubation in a trypsin-EDTA solution containing 1% (v/v)
chick serum for a further 5 min at 4C. Five to twenty ES cells (in
Dulbecco's modified Eagle's Medium with 10% (v/v) fetal calf serum and
3,000 units/ml DNAase 30 1 buffered in 20 mM HEPES [pH 8]) are injected
into each blastocyst. The blastocysts are then transferred into
pseudo-pregnant recipients and allowed to develop normally. The transgenic
mice are identified by coat markers (Hogan et al.,   WO 02/11(3I1(
PCT/USU1/23U3S -73 Manipulating the Mouse Embryo, Cold Spring Harbor, N.Y.
{1986) ). Additional methods of isolating and propagating ES cells may be
found in, for example, U . S . Patent No. 5,166,065; U.S. Patent No.
5,449,620; U.S. Patent No. 5,453,357; U.S. Patent No. 5,670,372; U.S.
Patent No. 5,753,506; U.S. Patent No. 5 5,985,659, each incorporated herein
by reference. An alternative method involving zygote injection method fox
making transgenic animals is described in, for example, U. S. Patent No. 4,
736, 866, incorporated herein by reference. Additional methods for
producing transgenic animals are generally described by Wagner and Hoppe
{U. S. Patent No. 4, 873,191; 10 which is incorporated herein by
reference), Brinster et al. Proc. Nat'l Acad. Sci. USA, 82{I3) 4438-4442,
1985; which is incorporated herein by reference in its entirety) and in
"Manipulating the Mouse Embryo; A Laboratory Manual" 2nd edition (eds. ,
Hogan, Beddington, Costantimi and Long, Cold Spring Harbor Laboratory
Press, 1994; which is incorporated herein by reference in its entirety). 15
Briefly, this method involves injecting DNA into a fertilized egg, or
zygote, and then allowing the egg to develop in a pseudo-pregnant mother.
The zygote can be obtained using male and female animals of the same strain
or from male and female animals of different strains. The transgenic animal
that is born, the founder, is bred to produce more animals with the same
DNA insertion. In this 20 method of making transgenic animals, the new DNA
typically randomly integrates into the genome by a non-homologous
recombination event. One to many thousands of copies of the DNA may
integrate at a site in the genome Generally, the DNA is injected into one
of the pronuclei, usually the larger male pronucleus. The zygotes are then
either transferred the same day, or 25 cultured overnight to form 2-cell
embryos and then transferred into the oviducts of pseudo-pregnant females.
The animals born axe screened for the presence of the desired integrated
DNA. DNA clones for microinjection can be prepared by any means known in
the art. For example, DNA clones for microinjection can be cleaved with 30
enzymes appropriate for removing the bacterial plasmid sequences, and the
DNA fragments electrophoresed on 1 % agarose gels in TBE buffer, using
standard techniques. The DNA bands are visualized by staining with ethidium
bromide, and 



V1'O 112/(1G301> -74 PCT/USII1/23(135 the band containing the expression
sequences is excised. The excised band is then placed in dialysis bags
containing 0.3 M sodium acetate, pH 7.0. DNA is electroeluted into the
dialysis bags, extracted with a 1:1 phenol:chloroform solution and
precipitated by two volumes of ethanol. The DNA is redissolved in I ml of
low 5 salt buffer (0.2 M NaCI, 20 mM Tris, pH 7.4, and 1 mM EDTA) and
purified on an Elutip-D'~' column. The column is first primed witli 3 m1 of
high salt buffer ( 1 M NaCI, 20 mM Tris, pH 7.4, and 1 mM EDTA) followed by
washing with 5 nil of low salt buffer. The DNA solutions are passed through
the column three times to bind DNA to the column matrix. After one wash
with 3 ml of low salt buffer, the 10 DNA is eluted with 0.4 ml high salt
buffer and precipitated by two volumes of ethanol. DNA concentrations are
measured by absorption at 260 nm in a UV spectrophotometer. For
microinjection, DNA concentrations are adjusted to 3 mglml in 5 mM Tris, pH
7.4 and 0.1 mM EDTA. Additional methods for purification of DNA for
microinjection are 15 described in Hogan et al. Manipulating the Mouse
Embryo (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1986), in
Palmiter et al. Nataire 300:611 (1982); in The Qiagenologist, Application
Protocols, 3rd edition, published by Qiagen, Inc., Chatsworth, CA.; and in
Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY, 20 1989). In an exemplary
microinjection procedure, female mice six weeks of age are induced to
superovulate. The superovulating females are placed with males and allowed
to mate. After approximately 21 hours, the mated females are sacrificed and
embryos are recovered from excised oviducts and placed in an 2S appropriate
buffer, e. g., Dulbecco's phosphate buffered saline with 0.5 % bovine serum
albumin (BSA; Sigma). Surrounding cumulus cells are removed with
hyaluronidase ( 1 mglml) . Pronuclear embryos are then washed and placed in
Earle' s balanced salt solution containing 0.5 % BSA in a 37 . 5  C
incubator with a humidified atmosphere at 5 % CO2, 95 % air until the time
of injection. Embryos 30 can be implanted at the two-cell stage. Randomly
cycling adult female mice are paired with vasectomized males. C57BL/6 or
Swiss mice or other comparable strains can be used for this   WO 02/Ol3fIG
PCT/US111/231135 - 75  purpose. Recipient females are mated at the same
time as donor females. At the time of embryo transfer, the recipient
females are anesthetized with an intraperitoneal injection of 0.015 m1 of
2.5 % avertin per gram of body weight. The oviducts axe exposed by a single
midline dorsal incision. An incision is then 



5 made through the body wall directly over the oviduct. The ovarian bursa
is then torn with watchmakers forceps . Embryos to be transferred are
placed in DPBS (Dulbecco's phosphate buffered saline) and in the tip of a
transfer pipette (about 10 to 12 embryos) . The pipette tip is inserted
into the infundibulum and the embryos transferred. After the transfer, the
incision is closed by two sutures. The pregnant 10 animals then give birth
to the founder animals which are used to establish the transgenic line.
VIII. Pharmaceutical Compositions The modulators of Hu-Asp, APP processing,
and/or ~i-secretase 15 cleavage identified by the present invention may
ultimately be formulated into pharmaceutical compositions i. e. , in a form
appropriate fox in vivo applications. Generally, this will entail preparing
compositions that are essentially free of pyrogens, as well as other
impurities that could be harmful to humans or animals. One will generally
desire to employ appropriate salts and buffers to 20 render the
compositions stable and allow for uptake by target cells. Buffers also will
be employed when recombinant cells are introduced into a patient. The
phrase "pharmaceutically or pharmacologically acceptable" refer to
molecular entities and compositions that do not produce adverse, allergic,
or other untoward reactions when administered to an animal or a human. As
used herein, "pharmaceutically 25 acceptable carrier" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents and the like. The use of such media
and agents for pharmaceutically active substances is weh known in the art.
Except insofar as any conventional media or agent is incompatible with the
modulators identified by the present invention, its use in 30 therapeutic
compositions is contemplated. Supplementary active ingredients also can be
incorporated into the compositions. The modulator compositions of the
present invention include classic   WO 02!(1(3(1G -76 PCT/US(111231135
pharmaceutical preparations. Administration of these compositions according
to the present invention will be via any common route so long as the target
tissue is available via that route. The pharmaceutical compositions may be
introduced into the subject by any conventional method, e. g. , by
intravenous, intradermal, 5 intramusclar, intramammary, intraperitoneal,
intrathecal, intraocular, retrobulbar, intrapulmonary (e. g. , term
release); by oral, sublingual, nasal, anal, vaginal, or transdermal
delivery, or by surgical implantation at a particular site, e. g. ,
embedded under the splenic capsule, brain, or in the cornea. The treatment
may consist of a single dose or a plurality of doses over a period of time.
10 The modulator compounds identified using the present invention may be
prepared for administration as solutions of free base or pharmacologically
acceptable salts in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions also can be prepared in glycerol,
liquid polyethylene glycols, and mixtures thereof and in oils. Under
ordinary conditions 15 of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms. The pharmaceutical
forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. In all cases the form must 20
be sterile and must be fluid to the extent that easy syringability exists.
It must be stable under the conditions of manufacture and storage and must
be preserved against the contaminating action of microorganisms, such as
bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene 25 glycol, and the like),
suitable mixtures thereof, and vegetable oils. The proper 



fluidity can be maintained, for example, by the use of a coating, such as
lecithin, by ` the maintenance of the required particle size in the case of
dispersion and by the use of surfactants . The prevention of the action of
microorganisms can be brought about by various antibacterial an antifungal
agents, for example, parabens, 30 chlorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use
W O 112/(163U6 PCT/U SU 1 /231135 in the compositions of agents delaying
absorption, for example, aluminum monostearate and gelatin. Sterile
injectable solutions are prepared by incorporating the active compounds in
the required amount in the appropriate solvent with various of the 5 other
ingredients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the
various sterilized active ingredients into a sterile vehicle which contains
the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of 10 preparation are
vacuum-drying and freeze-drying techniques which yield a powder of the
active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof. As used herein, "pharmaceutically
acceptable carrier" includes any and a11 solvents, dispersion media,
coatings, antibacterial and antifungal agents, 15 isotonic and absorption
delaying agents and the like. The use of such media and agents for
pharmaceutical active substances is well known in the art. Except insofar
as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients also can be incorporated into the
compositions. 20 For oral administration the modulators identified by the
present invention may be incorporated with excipients and used in the form
of non-ingestible mouthwashes and dentifrices. A mouthwash may be prepared
incorporating the active ingredient in the required amount in an
appropriate solvent, such as a sodium borate solution (Dobell's Solution).
Alternatively, the active 25 ingredient may be incorporated into an
antiseptic wash containing sodium borate, glycerin and potassium
bicarbonate. The active ingredient may also be dispersed in dentifrices,
including: gels, pastes, powders and slurries. The active ingredient may be
added in a therapeutically effective amount to a paste dentifrice that may
include water, binders, abrasives, flavoring agents, foaming agents, and
humectants. 30 The compositions of the present invention may be formulated
in a neutral or salt form. Pharmaceutically-acceptable salts include the
acid addition salts (formed with the free amino groups of the protein) and
which are formed with   WO 021013fIG PCT/US01/23035 -78inorganic acids such
as, for example, hydrochloric or phosphoric acids, or such oxganic acids as
acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the
free carboxyl groups also can be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and
such 5 organic bases as isopropylamine, trimethylamine, histidine, procaine
and the like. The compositions of the present invention may be formulated
in a neutral or salt form. Pharmaceutically-acceptable salts include the
acid addition salts (formed with the free amino groups of the protein) and
which axe formed with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such 10 organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl groups also can
be derived from inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, histidine, procaine and the like. 



Upon formulation, solutions will be administered in a manner 15 compatible
with the dosage formulation and in such amount as is therapeutically
effective. The formulations are easily administered in a variety of dosage
forms such as injectable solutions, drug release capsules and the like. For
parenteral administration in an aqueous solution, for example, the solution
should be suitably buffered if necessary and the liquid diluent first
rendered isotonic with sufficient 20 saline or glucose. These particular
aqueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. "Unit dose" is defined as
a discrete amount of a therapeutic composition dispersed in a suitable
carrier. For example, parenteral administration may be carried out with an
initial bolus followed by continuous infusion to maintain 25 therapeutic
circulating levels of drug product. Those of ordinary skill in the art will
readily optimize effective dosages and administration regimens as
determined by good medical practice and the clinical condition of the
individual patient. More particularly, the dose should be selected to
reduce, inhibit, decrease or otherwise abrogate the formation of
A~3-peptide and more particularly, plaque formation in the 30 brain of a
subject exhibiting AD. To this effect, those of skill in the art will be
able to employ animal models of AD (e.g., as disclosed in U.S. Patent
No.5,877,399; U.S. Patent No. S,387,742; U.S. Patent No 5,811,633) in order
to optimize dose   WO U2/IIC30fi - 79  PCT/U Sfl l /231l35 administration
protocols and predict the relevant amounts of pharmaceutical agents
required for intervention of AD in a human subject. The frequency of dosing
will depend on the pharmacokinetic parameters of the agents and the routes
of administration. The optimal 5 pharmaceutical formulation will be
determined by one of skill in the art depending on the route of
administration and the desired dosage. See for example Remington's
Pharmaceutical Sciences, 18th Ed. (1990, Mack Publ. Co, Easton PA 18042) pp
1435-1712, incorporated herein by reference. Such formulations may
influence the physical state, stability, rate of a~z vivo release and rate
of ifa vivo 10 clearance of the administered agents . Depending on the
route of administration, a suitable dose may be calculated according to
body weight, body surface areas or organ size. Further refinement of the
calculations necessary to determine the appropriate treatment dose is
routinely made by those of ordinary skill in the art without undue
experimentation, especially in light of the dosage information and 15
assays disclosed herein as well as the pharmacokinetic data observed in
animals or human clinical trials. Appropriate dosages may be ascertained
through the use of established assays fox determining blood levels in
conjunction with relevant dose response data. The final dosage regimen will
be determined by the attending 20 physician, considering factors which
modify the action of drugs, e. g. , the drug's specific activity, severity
of the damage and the responsiveness of the patient, the age, condition,
body weight, sex and diet of the patient, the severity of any infection,
time of administration and other clinical factors. As studies are
conducted, further information will emerge regarding appropriate dosage
levels and 25 duration of treatment for specific diseases and conditions.
It will be appreciated that the pharmaceutical compositions and 



treatment methods of the invention may be useful in fields of human
medicine and veterinary medicine. Thus the subject to be treated may be a
mammal, preferably human or other animal. For veterinary purposes, subjects
include for example, 30 farm animals including cows, sheep, pigs, horses
and goats, companion animals such as dogs and cats, exotic and/or zoo
animals, laboratory animals including mice rats, rabbits, guinea pigs and
hamsters; and poultry such as chickens, turkey, ducks   VVO 02/OC30G
PCT/US(11/23(135 -80 and geese. IX. Examples The following examples present
preferred embodiments and 5 techniques, but are not intended to be
limiting. Those of skill in the art will, in Light of the present
disclosure, appreciate that many changes can be made in the specific
materials and methods which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of the
invention. 10 EXAMPLE 1 (3-Secretase Assays Activity assays for Asp2(a) may
be performed using synthetic peptide substrates of the present invention as
follows . Reactions may be are performed in a suitable buffer such as for
example, 50 mM 15 2-[N-morpholino]ethane-sulfonate ("Na-MES," pH 5.5) or
SOmM sodium acetate at a pH range of between 4.0 and 6.0 , 70 mM peptide
substrate, and recombinant Asp2(a) ( 1-5 ~.g protein) for various times at
37  C . An exemplary buffer comprises containing 1 % ~i-octylglucoside. The
reaction products are quantified by RP-HPLC using a linear gradient from
0-70 B over 30 minutes (A=0.1 % TFA in water, 20 B =0.1 % TFA/ 10 %
water/90 %AcCN). The elution profile is monitored by absorbance at 214 nm.
In such an assay, two product peaks elute before the intact peptide
substrate, may be confirmed as the Pn. . . P~ sequence and the Pl' . . .
P"' sequence using for example, Edman sequencing or mass spectrometry.
Percent hydrolysis of the 25 peptide substrates is calculated by comparing
the integrated peak areas for the two 



product peptides and the starting material derived from the absorbance at
214 nm. The sequence of cleavage/hydrolysis products may be confirmed using
Edman sequencing and MADLI-TOF mass spectrometry. The specificity of the
protease cleavage reaction can be determined 30 by performing the
~i-secretase assay in the presence of 8 p,M pepstatin A and the presence of
a cocktail of protease inhibitors (e. g . , 10 wM leupeptin, 10 p,M E64,
and 5 mM EDTA). A [i-secretase proteolytic activity insensitive to
pepstatin   W O o2inG3U6 -81 PCT/US111/231135 (inhibitor of cathepsin D and
other aspartyl proteases) or the cocktail (inhibitors of serine proteases,
cysteinyl proteases, and metalloproteases, respectively) is indicative of
the specificity of the (i-secretase activity . Alternative assays may
employ Hu-Asp2(b) expressed in CHO cells 5 and purified using identical
conditions for extraction with (3-octylglucoside and sequential
chromatography over Mono Q and Mono S. An alternative (3-secretase assay
utilizes internally quenched fluorescent substrates to monitor enzyme
activity using fluorescence spectroscopy in a single sample or multiwell
format. Each reaction contains for example, 50 mM 10 Na-MES (pH 5.5), a
peptide substrate of the present invention (50 ~M) and purified Hu-Asp-2
enzyme. These components are equilibrated to 37 C for various times and the
reaction initiated by addition of substrate. Excitation is performed at 330
nm and the reaction kinetics are monitored by measuring the fluorescence
emission at 390 nm. To detect compounds that modulate Hu-Asp-2 activity,
the test compounds 15 are added during the preincubation phase of the
reaction and the kinetics of the reaction monitored as described above.
Activators are scored as compounds that increase the rate of appearance of
fluorescence while inhibitors decrease the rate of appearance of
fluorescence. In yet another alternative, the Hu-Asp2 ~i-secretase assay is
conducted 20 using a cell based assay system in which cells such as, for
example, HEK293 cells expresses a fusion polypeptide comprising a first
portion comprising an Hu-Asp2 substrate peptide of the present invention, a
second portion comprising a transmembrane domain that anchors the peptide
to the Golgi or endoplasmic reticulum of the cell, and a third portion
comprising a reporter gene, such as for 



25 example, SEA. The transmembrane domain will act to ensure efficient
delivery of the peptide substrate to the cellular environment where it can
bind active Hu-Asp2 and be cleaved. The cleavage ~ is detected as a measure
of the SEAP activity released into the medium. 30 EXAMPLE 2 Method for
Peptide Quantitation by Amino Acid Analysis The present example provides an
exemplary method for the   WO U2/UG311C -82 PCT/USU1l231135 quantitition of
peptide substrates by amino acid analysis. This method was used to quantify
the various substrates of the present invention. The peptides were
quantitated using microwave hydrolyses using CEM Corporation's MDS 2000
microwave oven. Hewlett Packard 300 pl microvials 5 containing
approximately 2 ~,g protein were placed inside a Teflon PFA digestion
vessel (CEM Corporation) containing 4 ml of 6 N HCl (Pierce Constant
Boiling) with 0.5% (volume to volume) phenol (Mallinckradt). The samples
were then alteniately evacuated and flushed with Nz five times. The protein
was hydrolyzed using a twostage process. During the first stage 50% of full
power (about 650 W) increased the 10 temperature to 100 C and held that
temperature for 1 minute. Immediately following, 75% power increased the
temperature to 150 C and held that temperature for 25 minutes. After
cooling, the samples were dried (Savant SpeedVac). Amino acid analyses were
performed on samples derivatized using 6-aminoquinolyl-N
hydroxysuccinimidyl carbamate to yield stable areas that fluoresce at 395
nm (Waters 15 AccQTag Chemistry Package). The samples were analyzed by
reverse phase HPLC on a Hewlett Packaxd 1100 system and quantification was
performed using Hewlett Packard's ChemStation enhanced integrator. EXAMPLE
3 20 Testing an Exemplary Peptide of the Invention based on the Structure
of Ubiquitin/Oxidized Insulin B Chain The present Example describes the
production of an exemplary Hu Asp2 substrate of the present invention and
use in an Hu-Asp2 assay of the 



invention. 25 The substrate KVEANY-EVEGERKK (SEQ ID NO:S) was synthesized
using by solid-phase technology employing a Model 433A from Applied
Biosystems Inc. The purity of this substrate was assessed by HPLC analysis.
Briefly, crude peptide was dissolved in dilute acetic acid, filtered and
loaded on preparative reverse phase column (Vydac C-19, 22 x 250 mm, 10
micron) at 4 3 0 ml/minute 100 % A (A : 0.1 % TFA in water, B : 0. 07 % TFA
in acetonitrile) . Gradient used was 0-~ 10 % B, 10 minutes then 10- > 50 %
B, 200 minutes. The column effluent was monitored by absorbance at 220nm
and 280nm. Fractions were   WO U2/(1130() PCT/USO1/231t3S -83 monitored on
an analytical reverse phase system (Vydac C18, 4.6 x 250 mm, 5 micron).
Solvents and wavelengths as above. The linear gradient for this RPHPLC was
from 0-70 ~ B in 20 minutes at 1.0 ml/min. The chemical authenticity of the
peptide was determined using mass 5 spectrometry analysis. More
particularly, the chemical authenticity of each peptide was established by
mass spectrometry employing a Micromass Platform II mass spectrometer
equipped with a Hewlett Packard Series 1050 HPLC system. The identify of
the peptide was confirmed by injecting 5 ,ul of sample into the flow of 100
~, l /min of 1:1= methanol : water . The mass spectrometer was operating in
10 electrospray ionization mode with needle voltage 3KV, temperature 120C
and cone voltage 30 V . The above-described peptide was tested as a
substrate for Hu-Asp2 activity in a reaction comprising 200mM sodium
acetate, pH4.5, 200,M substrate, 200nM Hu-Asp2 enzyme at 37 C. The reaction
mixture was allowed to proceed I 5 for between 1 and 3 hours. The reaction
products were monitored as described in Example 1 and it was found that
KVEANY-EVEGERKK (SEQ ID NO:S) was a good substrate for Hu-Asp. The
KVEANY-EVEGERKK (SEQ ID N0:5) peptide was further modified by the insertion
of a cys residue was inserted between R and KK to give 20 the peptide
KVEANY-EVEGERCKK (SEQ ID N0:6). This peptide was N-terminally biotinylated,
and made fluorescent by the covalent attachment of Oregon green at the Cys
residue. Briefly, for biotinylation, resin-bound peptide was suspended in
(approx. 10 ml) dimethylformamide containing diisopropylethylamine (0.15
ml) and reacted with 50 mg EZ-link NHS-LC-biotin (Pierce} at room 25
temperature. The reaction was allowed to proceed for 24 hours (or until
ninhydrin negative). The biotinylated peptide was then cleaved in 10 m1
trifuluoroacetic acid containing ethyl methyl sulfide : anisole
:1,2-ethanedithiol ( 1:3 :1; total 5 % ) for 2 hours at room temperature.
The cleavage solution was filtered through a sintered glass funnel and
evaporated to near dryness under reduced pressure. The crude 30 peptide was
precipitated from the cleavage solution with cold diethyl ether. The
precipitated peptide was collected on a sintered glass funnel, washed with
diethyl ether, dissolved in dilute acetic and evaporated to dryness under
reduced pressure.   W O 11210630G -84 The residue was dissolved in glacial
acetic acid and lyophilized. 



PCT/USO 1 /23035 The purified biotinylated peptide was dissolved in
approximately 5 m1 (0.1N) NaHZP04 (pH 8.0) that had been previously
degassed. 5 mg of Oregon Green 488 maleimide (Molecular Probes) dissolved
in 0.5 m1 dimethylformamide 5 was then added and the mixture stirred in the
dark for 30 minutes at room temperature. Following the reaction, unreacted
reagent was quenched by addition of 15 mg of L-cysteine for an additional
30 minutes. The final mixture was then filtered through a sintered glass
funnel, acidified by addition of glacial acetic acid, and purified by
preparative reverse phase HPLC as described above except the 10 initial
elution conditions ( 100 % A) were held constant until the break-through
DMF peak eluted. The resulting compound, Biotin-KVEANY-EVEGERC(oregon
green)KK , was tested as a substrate for Hu-Asp2 activity using the
following conditions: 200 mM sodium acetate, pH 4.5, 10 ~,M substrate, SOnM
enzyme at 37 15 C. The reaction was allowed to proceed for 2hrs and samples
withdrawn at several times . The results showed that 20 % , 37 % , 57 % ,
and 82 % cleavage occurred after 15, 30, 60, and 120 minutes, respectively.
Do they have comparative #'s for Nature or APP-SW? Mass spectrometry
analysis showed that cleavage had occurred 20 between Tyr and Glu only.
This new biotinylated fluorescent peptide had V",~ and K", that were at
least twice better than a previous biotinylated fluorescent substrate
derived from the Swedish Mutant peptide: SEVNL-DAEFR (SEQ ID N0:19).
EXAMPLE 4 25 APP Constructs Containing Mutated (3-Secretase Cleavage Site
This example describes a method for creating mutations of APP using
recombinant methods, to introduce sequences of synthetic Asp2 substrates of
the invention. 30 A mammalian cell expression bicistronic construct named
125, which contains a Swedish mutant APP695 and extra dilysine residues at
the C-terminus, was used as a starting material to generate novel APP
mutants containing sequences   



W O 112/0C>311l PCT/U S01 /23f135 -ssof the invention. The sequences
encoding VNLDA at residues 593 to 597 of this APP695 were replaced with
VSYEA (SEQ ID N0:189), ISY-EV (SEQ ID N0:179) or VSYEV (SEQ iD N0:177)
using site directed mutagenesis. The site-directed mutagenesis was
performed with a commercial kit 5 (QUICKCHANGE, site-directed mutagenesis,
Strategene, La Jolla, CA) using the following primers: #ISYEVS 5'-GAG ATC
TCT GAA ATT AGT TAT GAA GTA GAA TTC CGA CAT GAC TCA GG-3' (SEQ ID N0:171)
10 #ISYEV3 5'-TGA GTC ATG TCG GAA TTC TAC TTC ATA ACT AAT TTC AGA GAT CTC
CTC-3' {SEQ ID N0:172) #VSYEVS 5'-GAG ATC TCT GAA AGT AGT TAT GAA GTA GAA
TTC 15 CGA CAT GAC TCA GG-3' (SEQ ID N0:173) #VSYEV3 5'-TGA GTC ATG TCG GAA
TTC TAC TTC ATA ACT ACT TTC AGA GAT CTC CTC-3' (SEQ ID N0:174) 20 #VSYEAS
5'-GAG ATC TCT GAA ATT AGT TAT GAA GCA GAA TTC CGA CAT GAC TCA GG-3' (SEQ
ID N0:175} #VSYEA3 5'-TGA GTC ATG TCG GAA TTC TGC TTC ATA ACT AAT TTC AGA
GAT CTC CTC-3' (SEQ ID N0:176) 25 The PCR conditions for performing the
site-directed mutagenesis were as follows : denaturing at 95  C for 1 min.
, annealing at 56  C for 30 sec and amplifying at 68C fox 16 min. The
reaction was performed in 50~.~1 of reaction solution which contained 150ng
each of primer , SOng of template DNA, 2. 5u of pfu 30 Turbo DNA polymerase
and 200.M of dNTP. The amplified products were digested with restriction
enzyme Dpn I for 60 minutes followed by transformation. Mini-preps of
plasmid DNA were prepared and DNA sequencing was performed to   



WO f12/UG3(IC -86 PCT/US111/23U35 identify mutated clones containing the
desired modified sequences.   W O 02/IIG3(Il~ PCT/U S(11 /23U35 -87 EXAMPLE
5 Cell-Based Testing of Peptide Sequences of the Iavention Designed into
Wild-type APP Sequence The inventors modified APP expression constructs
with the mutation KM-DA594-597 (SEQ ID N0:139) to SYEV594-597 (SEQ ID
N0:140) or SYEA59a-s~~ (SEQ ID N0:187) as described in the preceding
example 4 to test whether these mutations would allow an efficient
proteolytic processing of the resulting modified (mutant) APP by
(i-secretase in cells. The resultant expression constructs contained 10 a
CMV promoter to drive expression of a wildtype APP695 sequence modified to
include a C-terminal dilysine, and further modified with the specific
mutations described above. Since APP variants were subcloned into a
pIRES-EGFP vector Clonetech, Palo Alto, CA), the efficiency of expression
can be monitored by the presence of green fluorescent signal. After HEK 293
derivative cells that express 15 higher levels of Hu-Asp2 were transfected
with different APP variants for 48 hours, the cell extracts were prepared
and analyzed by Western blots transferred from a 412 % SDS-PAGE gel. The
Hu-Asp2 activity can be monitored by observing the increase of the
~i-secretase cleavage product CTF-99 that is recognized by a specific
antibody C8. As shown in FIG. 3, both mutant APP variants were proficiently
20 cleaved by Asp2. Similar to tb.e i~a >>itro enzymatic assay, APP with
SYEV594-597 (SEQ ID N0:140) was cleaved more eff ciently than APP with
SYEA59a.ss~ (SEQ ID N0:187). As one indicator of APP processing, levels of
secreted A~i from the medium of the transfected HEK-293 cells were
measured. Measluements were by 25 ELISA using antibody 6E10 (Syntek, St.
Louis, MO) to capture A(3 and antibody 208 for A(340 and antibody 165 for
A~i42. Both 208 208 and 165 were purchased from Research Foundation of
Mental Hygiene (Staten Island, NY), and it was independently determined
that the mutation of D59sAs9~ to either E59sAs97 or ES9eV597 (which affects
the N-terminus of A~3) did not affect ELISA detection of A(3 peptides. 30
Increased production of secreted A(340 and A(342 was observed with cells
transfected with these two mutated forms of APP. Using additional
constructs in peptide activity assays, it was determined that if an Asn
residue was substituted in place of a Ser to   



W O 02/11G3116 _88, PCTIUS1111231135 give SEVNY-~-EVEFR (SEQ ID N0:170),
this peptide has ail activity that is only 1 /5 than that of SEVSY-~.-EVEFR
(SEQ ID N0:141; Table 4). This observation r eaffirms that amino acid
optimization at a certain position depends on the rest of the substrate
sequence. 5 Additional cells useful for such assays include In summary,
SEVSI'-.~-EVEFR (SEQ ID N0:141) is an excellent APP-modified substrate for
Asp2 that gives easily measurable levels of A(3 in cell based assays. 10
Example 6 Cell Lines Expressing Mutant APP Forms The preceding describes
assays that employed a transformed HEK 293 cell line. Other useful cell
lines include, but not limited to, human HeLa, IMR 32, SK-N-MC, SHY-SY
cells, Chinese Hamster Ovary cells, mouse Neuro-2a cell, 15 and rat PC 12
cells . All of these cells are readily available from ATCC . In preferred
embodiments, the vector used to introduce the modified APP form also
includes an antibiotic resistance gene, e. g . , so that the stable cell
lines can be selected under G418 resistance conditions. In another
preferred embodiment, cell lines are generated that express both mutant APP
as described herein and that also 20 recombinantly express Asp2. In one
variation, the Asp2 is introduced using a second construct that permits
selection under a separate selective antibiotic (e. g. , hygromysin
selection). Such cell lines are considered especially well suited for high
throughput screening for modulators of Asp2-mediated APP processing.   V1'O
l12/OC301~ _89_ Example 7 PCT/US(I1/231135 High Throughput Cell-Based Assay
for Asp2 Modulators Assays such as those described in Example 5 are most
useful when they can be conducted quickly, with automation, and with the
screening of several S samples in parallel. The general procedure described
hereafter is applicable for a 



variety of cell lines including those identified above. Preferably, the
cell-based assay is conducted in 96-well format and each candidate compound
is measured in duplicates. About 25,000 cells will be plated onto each well
the day before the 10 treatment and grown in normal cell culture conditions
(37C, 5 % C02). An appropriate concentration of compound stock is prepared
in. DMSO. The idea stock solution is about 1,000 times the highest
concentration to be tested. On the microplate, compounds are serially
diluted 1:3 with DMSO (25,u1 + 200,u1 DMSO), and then diluted in media at a
ratio 1:5 v/v compound:media (50.1 15 + 200.1 media) to yield an
intermediate plate used for further dilutions. The intermediate plate is
diluted 1:20 (13 ~,1 + 247,u1 media) to yield concentrations that are ten
times the final desired concentrations in duplicate. To begin the assays,
20 ~ul of final compound dilution is added to cell plates that contain 180
,ul of media, and the plate is put back to the tissue culture 20 incubator
for continuing culture. After three hours of incubation, media is collected
and the cells are again treated with 180 ~1 of media plus 20 ~1 of
compound, and then cultured overnight. Media from the cells is collected
the next day and assayed to measure evidence of APP processing. For
example, A~i levels axe measured from the collected media by ELISA.
N-terminal fragments resulting from APP 2S processing also can be measured.
Example $ Chimeric Protein Comprising MBP and APP and Asp2 Recognuition
Sequences of the Invention 30 A fusion protein comprising a maltose binding
protein (SEQ ID N0:194) with 125 amino acids from APP C-terminus was
produced by synthesizing an expression of MBPC 125 construct and
transforming the construct into an E. toll   WO 02/(1G3(1( PCT/US111/231135
-90 host. The MBP (NEB, Beverley, MA) provides a useful detection substrate
fox detecting cleavage following Asp2 cleavage of substrates of the
invention. Fusions of APP and maltose-binding protein (MBP) are produced
essentially as described in U . S . Patent No . 5744345 and U . S . Patent
No. 



5 5,942,400, (except that 13-secretase substrates of the invention are
included in the fusion protein). These documents also describe assays,
which are run by exposing the fusion polypeptide to (3-secretase which
cleaves the 125 amino acid portion of APP at the amino-terminus of the ~iA.
The MBP portion may then be captured, and the carboxy-terminus of the APP
fragment which is exposed by cleavage with (3 10 secretase may be
identified with 192 antibody specific for said terminus. In the present
invention, the APP employed in these assays will comprise the peptides of
the present invention at the ~i-secretase cleavage site. The approach for
mutating the (3-secretase cleavage site of normal APP (VKM-DA, SEQ ID
N0:180) to VSY-EV (SEQ ID N0:177), VSY-DA (SEQ 15 ID N0:178) or ISY-EV (SEQ
ID N0:179) is described in a preceding example. In a related procedure, the
MBPC 125 construct containing MBPC 125-VSYEV was further modified by
introducing a stop codon after residues VSY, which corresponds with
position P3PzPl. This construct permits one to produce a truncated version
of MBPC 125 fusion protein that ends at ---- V SY . This 20 truncated
protein is useful to set up a standard assay curve for measuring Asp2
cleavage products of the MPBC125 proteins because it corresponds to the
expected cleavage product. The following pair of primers can be used for
the mutagenesis . #VSYENDS 5'-GAC ATC TCT GAA GTG AGT TAT TAG GCA GAA TTC
25 CGA CAT GAC TCA GG-3 (SEQ ID N0:181) #VSYEND3 5'-TGA GTC ATG TCG GAA TTC
TGC CTA ATA ACT CAC TTC AGA GAT CTC CTC-3' (SEQ ID N0:182) PCR procedures
as described iu a preceding example can be used to introduce the 30
mutation. EXAMPLE 9   WO (12/lIC3(Il) PCTIUS01/23035 -91 Creation of
Exemplary Fusion Protein Comprising SEAP, Insulin B chain, and Asp2
Recognition Sequences of the Invention The present Example describes a
fusion protein in which secreted alkaline phosphatase (SEAP) is fused to
either partial or full-lengtli insulin B chain 5 with modified optimal Asp2
cleavage site and the transmembrane domain of 



Hu-Asp2 (residue 454-477) together with a short C-terminal Flag-tagged
tail. The sequence of such peptide/construct depicted in FTG. 1. When the
fusion protein is recombinantly co-expressed with Hu-Asp2 in a cell line or
expressed in a cell line with endogenous Hu-Asp2 activity, Hu-Asp2 10 will
cleave the fusion protein to release SEAP into the cell medium. Thus, the
protease activity may be monitored based on the SEAP activity in the
medium. Genercttiort of the ftisio~t proteins: To make a fusion protein
with secreted alkaline phosphatase as a 15 reporter, the pCMV/SEAP vector
DNA from Topix (Bedford, MA) was used. The stop codon TTA of the SEAP
coding region was then mutated to an EcoRI site GAATTC by site directed
mutagenesis. The mutated plasmid was then digested with EcoRI completely
and treated with calf intestine alkaline phosphatase to dephosphorylate the
vector DNA. This treated vector DNA was used for the 20 subsequent
insertion of DNA fragments covering the components 2 to 4 in Table 4 below
. A single chain cDNA fragment encoding human insulin ~i-chain was
synthesized and the double strand DNA was produced by PCR amplification
using this chain as a template, The 5'-primer contains an overhang of EcoRI
cleavage 25 site. The 3'-primer contains a Bgl II site. The transmembrane
domain of human Asp2 was also produced by PCR amplification with 3'-primer
overhanged with a flag-tag coding sequences and an EcoRI cloning site and
5'-primer with a, Bgl II site. The two DNA fragments were digested with
restriction enzymes EcoRI and BgIII and subsequently Iigated into the above
vector DNA. 'Various peptides of the 30 present invention spanning the
~i-secretase cleavage site were generated by site-directed mutagenesis.
w0 U2/fIC30l~ -92 5 10 15 Table 7 PCT/U S01 /23035 Component 1Component
2Component 3Component 4(reporter)(cleavage site)(membrane target(cytosol
tail)sequence)SEAP SequenceVEANY-EVEGEAsp2 transmembraneflag tag(residue
1-506(SEQ ID N0:184)~sequenceluciferase (fullVEANY-AVEGEAPP residue
598-661DYKDDDDKlength)(SEQ ID NO: l85)(SEQ IDN0:186)CAT (full length)APP
residue662-695(3-galactosidasegalactosyltransferase(full length)(residue
4-27)Asp 1 transmembranedomain (residue470-492)sialytransferase(residue
10-33)syntaxin 6(residue 261-298)acetyl glucosaminyltransferase
(residue7-29) Another type of fusion protein contemplated employs the
C-terminal region of APP. A PCR product corresponding to the C-terminal 97
amino acids of 



APP (residue 598-695) is generated. There is a natural EcoRI site at the
residue 598 and an EcoRI site may be included at the 3' -primer. The PCR
product is 20 digested with EcoRI and then inserted into the SEAP vector.
DNA sequences coding the various Hu-Asp2 peptide substrates described in
the present invention are inserted into the ~i-secretase cleavage region of
the APP by the site directed mutagenesis approach. 25 Example 10 Generation
of constructs for producing mutant APP transgenic mice.   WO U2/ll(r3(IC -
93  PCT/USIl1/23l135 As described above, transgenic animals comprising the
synthetic beta secretase recognition sequences of the present invention
comprise useful animal models for disease states. For example, these
animals will be useful models for Alzheimer's Disease. This example
describes a suitable construct for introducing such sequences into mice.
Materials and methods for creating transgenic mice are now well known and
have been described in the literature, and are easily adapted to make
transgenic mice of the invention. For example, U.S. Patent No. 5,877,399
(incorpor ated herein by reference) describes transgenic mice that express
an APP 10 Swedish mutation. Additional transgenic mice are described in
U.S. Patent 5,387,742. It is contemplated that techniques similar to those
described in the aforementioned patents may be used in conjunction with the
teachings of the present invention to yield mouse models. Specifically, the
constructs for producing the transgenic mice in the present invention will
comprise an APP that has been mutated 15 (preferably at or near the codons
for its natural (3-secretase recognition sequence) to include sequence
encoding one of the peptides of the present invention. In specific
exemplary transgenic mice the mutant APP will have a replacement of the
four amino acids surrounding the ~-secretase cleavage site in APP, i.e.
....KM-.~-DA....(SEQ ID N0:139), with ...SY-~-EV...(SEQ ID N0:140). 20 In
other specific embodiments, it is contemplated that the mutant APP (e. g. ,
mutant of human APP695) will comprise any of the peptides of the present
invention with a C-terminal dilysine addition. A preferred construct is a
mutant human APP695 with a C-terminal dilysine addition and with the SYEV
beta secretase recognition sequence of the invention. 25 A commercially
available murine prion (PrP) protein vector from Life Tech was selected for
experimentation. The vector was digested with Xho I 



and blunt-ended. Attr sequence was blunt cloned into the Xho I site of PrP
vector and orientation selected by sequence analysis. The beta secretase
substrate selected for introduction into the mouse 30 comprised human
APP695 with a C-terminal dilysine addition and with the SYEV beta secretase
recognition sequence of the invention (APP-kk-syev, SEQ ID   WO 02/Ofi311C~
PCTIUS01123035 -94 N0:183). This modified APP sequence was cloned into
pDONR201 and the recombination reaction inserted the APP-kk-syev sequence
into the PrP vector downstream of the mouse priors promoter and upstream of
mouse PRP 3' flanking sequence. 5 Using homologous recombination techniques
known in the art and/or described above, this construct can be used to
introduce the modified APP sequence into murine embryonic stem cells, and
the cells can be used to generate transgenic mice harboring an APP
containing the artificial beta secretase substrate sequences of the present
invention. 10 It will be clear that the invention may be practiced
otherwise than as particularly described in.the foregoing description and
examples. Numerous modifications and variations of the present invention
are possible in light of the above teachings and, therefore, are within the
scope of the invention. The entire disclosure of a11 publications cited
herein are hereby 15 incorporated by reference.   WO 021Ofi311G
PCT/US(Il/23(135 -95 WHAT IS CLAIMED IS: 1. An isolated peptide comprising
a sequence of at least four amino acids defined by formula P2P,--P,'P2'
wherein 5 P2 is a charged amino acid, a polar amino acid, or an aliphatic
amino acid but is not an aromatic amino acid; P1 is an aromatic amino acid
or an aliphatic amino acid but not a 



polar amino acid or a charged amino acid; P,' is a charged amino acid, or
aliphatic amino acid, or a polar amino 10 acid but is not an aromatic amino
acid; Pz' is an uncharged aliphatic polar amino acid or an aromatic amino
acid; and wherein said peptide is cleaved between P, and P,' by a human
aspartyl 15 protease encoded by the nucleic acid sequence of SEQ ID NO: l
or SEQ ID NO: 3 and said peptide does not comprise the core esponding
P2P,--P,' Pi' portion of amino acid sequences depicted in SEQ ID N0:19; SEQ
ID N0:20; SEQ ID N0:21; SEQ ID N0:26; SEQ ID N0:27; SEQ ID N0:28; SEQ ID
N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ ID N0:34; SEQ ID 20 N0:35; SEQ ID
N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID N0:39; or SEQ ID N0:40. 2. The
isolated peptide of claim 1, comprising an amino acid sequence defined by
formula PZP,--P,' P2' P3' , wherein P3' is any amino acid, and wherein said
25 peptide does not comprise the corresponding PZP~--P~' Pz' P3' Portion of
amino acid sequences depicted in SEQ ID N0:19; SEQ ID N0:20; SEQ ID N0:21;
SEQ ID N0:26; SEQ ID N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ
ID N0:33; SEQ ID N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID
N0:38; SEQ ID N0:39; or SEQ ID 30 N0:40.   WO 02/1IG311G PCTlUS111l23035
-96 3. The isolated peptide of claim 1, comprising an amino acid sequence
defined by formula P3P2P,---P,' P2' P3' , wherein P3 is an uncharged polar
amino acid, an uncharged aliphatic amino acid, or an aromatic amino acid,
and wherein said said peptide does not comprise the corresponding
P3P2P~--P~' P2' P3' 5 portion of amino acid sequences depicted in SEQ ID
N0:19; SEQ ID 10 N0:20; SEQ ID N0:21; SEQ ID N0:26; SEQ ID N0:27; SEQ ID
N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ ID N0:34; SEQ ID
N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID N0:39; or SEQ ID
N0:40. 4. The isolated peptide of claim 3, comprising an amino acid
sequence defined by formula P4P3PZP, --P,' Pi' P3' , wherein said P4 is a
charged amino acid, a polar amino acid or an aliphatic amino acid but not
an aromatic amino acid 



and said peptide does not comprise the corresponding P4P3PzP1--P,' PZ' P3'
15 portion of amino acid sequences depicted in SEQ ID N0:19; SEQ ID 20
N0:20; SEQ ID N0:21; SEQ ID N0:26; SEQ ID N0:27; SEQ ID N0:28; SEQ ID
N0:31; SEQ ID N0:32; SEQ ID N0:33; SEQ ID N0:34; SEQ ID N0:35; SEQ ID
N0:36; SEQ ID N0:37; SEQ ID N0:38; SEQ ID N0:39; or SEQ ID N0:40. 5. The
isolated peptide of any one of claims 2 through 4, further comprising an
amino acid at position P~' immediately to the carboxy-terminal position of
P3' wherein said P4' is any amino acid said, and wherein the peptide does
not comprise the corresponding P3PZP1--P1'PZ'P3' P4' portion of amino acid
25 sequences depicted in SEQ ID N0:19; SEQ ID N0:20; SEQ ID N0:21; SEQ ID
N0:26; SEQ ID N0:27; SEQ ID N0:28; SEQ ID N0:31; SEQ ID N0:32; SEQ ID
N0:33; SEQ ID N0:34; SEQ ID N0:35; SEQ ID N0:36; SEQ ID N0:37; SEQ ID
N0:38; SEQ ID N0:39; or SEQ ID N0:40. 30 6. The isolated peptide of claim
1, wherein said P2 is an amino acid selected from the group consisting of
N, L, K, S, G, T, D, A, Q and E.   VVO 02/0C3(1( PCT/US(11/23(135 _97_ 7.
The isolated peptide of claim 1, wherein said P~ is an amino acid selected
from the group consisting of Y, L, M, Nle, F, and H. 8. The isolated
peptide of claim 1, wherein said Pl' is an amino acid selected 5 from the
group consisting of E, A, D, M, Q, S and G. 9. The isolated peptide of
claim 1, wherein said PZ' is an amino acid selected from the group
consisting of V, A, N, T, L, F, and S. 10 10. The isolated peptide of claim
2, wherein said P3' is an amino acid selected from the group consisting of
E, G, F, H, cysteic acid and S. I 1. ~ The isolated peptide of claim 3 ,
wherein said P3 is an amino acid selected from the group consisting of A,
V, I, S, H, Y, T and F. 15 12. The isolated peptide of claim 4, wherein
said P4 is an amino acid selected from the group consisting of E, G, I, D,
T, cysteic acid and S. 13. The isolated peptide of any one of claims 4-12,
wherein said P4' is an amino 20 acid selected from the group consisting of
F, W, G, A, H, P, G, N, S, and E. 14. The isolated peptide of any one of
claims 1 throughl3 further comprising a 



first label. 25 15. The isolated peptide of claim 14 further comprising a
second label. 16. An isolated peptide according to any one of claims 1-13,
further comprising a detectable label and a quenching moiety, wherein
cleavage of the peptide 30 between Pl arid P~' separate the quenching
moiety from the label to permit detection of the label.   WO 021OG30G
PCT/US(11123035 -98 17. The isolated peptide of claim 10 or 12, wherein
said cysteic acid further comprises a covalently attached label. 18. The
isolated peptide of any one of claims 1-17, wherein the rate of cleavage 5
of said peptide by said human aspartyl protease is greater than the rate of
cleavage of a polypeptide comprising the human APP ~i-secretase cleavage
sequence: SEVKM-DAEFR (SEQ ID N0:20). 19. The isolated peptide of any one
of claims 1-17, wherein the rate of cleavage I O of said peptide by said
human aspartyl protease is greater than the rate of cleavage of a
polypeptide comprising the human APP Swedish KM~NL mutation, ~i-secretase
cleavage sequence SEVNL-DAEFR (SEQ ID N0:19). 20. The isolated peptide of
claim 1, wherein said peptide comprises an amino 15 acid sequence selected
from the group consisting of SEQ ID N0:5; SEQ ID N0:6; SEQ ID N0:7; SEQ ID
N0:8; SEQ ID N0:9; SEQ ID N0:10; SEQ ID NO:11; SEQ ID N0:12; SEQ ID N0:13;
SEQ ID N0:14; SEQ ID NO:15; SEQ ID N0:16; SEQ ID N0:17, SEQ ID N0:18; SEQ
ID N0:120; SEQ ID N0:133; SEQ ID N0:134; SEQ ID N0:135; SEQ ID N0:136; 20
SEQ ID N0:137; SEQ ID N0:138; SEQ ID N0:141; SEQ ID N0:143; SEQ ID N0:144;
SEQ ID N0:145; SEQ ID N0:147; SEQ ID N0:148; SEQ ID N0:149; SEQ ID N0:150;
SEQ ID NO:151; SEQ ID N0:152; SEQ ID N0:153; SEQ ID N0:154; SEQ ID N0:155;
SEQ ID N0:156; SEQ ID N0:157; SEQ ID N0:158; SEQ ID N0:159; SEQ ID N0:160;
25 SEQ ID N0:161; SEQ ID N0:162; SEQ ID N0:163; SEQ ID N0:164; SEQ ID
N0:165; SEQ ID N0:166; SEQ ID N0:167; SEQ ID N0:168; SEQ ID N0:169; SEQ ID
N0:190; SEQ ID N0:191; SEQ ID N0:192 and SEQ ID N0:193. 30 21. An isolated
peptide comprising a sequence of at least four amino acids   W O
l12/(1C3(IC> PCT/USIII/231135 -99 D; defined by formula PzPI--P~'PZ',
wherein: PZ comprises an amino acid selected from the group consisting of
N, S, and P~ comprises an amino acid selected from the group consisting of
Y, L, arid 5 Nle; 



D; and P,' comprises an amino acid selected from the group consisting of E,
A, and PZ' comprises an amino acid selected from the group consisting of A
and V; . 10 wherein a human Aspartyl protease encoded by the nucleic acid
sequence of SEQ ID NO: 1 or SEQ ID NO: 3 (Hu-Asp2) cleaves said peptide
between P, and p ~. with the proviso that if P1'P2' comprise the sequence
DA, PzP~ do not comprise the sequences NL or NNIe. 15 22. An isolated
peptide according to claim 21, wherein the peptide amino acid sequence
consists of 4-50 amino acids. 23 . An isolated peptide according to claim
21, wherein the Hu-Asp2 cleaves the 20 peptide at a rate greater than the
Hu-Asp2 cleaves a corresponding peptide having the PZP,--P,'P2' amino acid
sequence KMDA. 24. An isolated peptide according to claim 21, wherein the
Hu-Asp2 cleaves the peptide at a rate greater than the Hu-Asp2 cleaves a
corresponding peptide 25 having the PZP,--P,'P2' amino acid sequence KMDA.
25. A peptide according to claim 21, further comprising a label. 26. A
peptide according to claim 21, further comprising a label and a quenching
30 moiety that quenches the label, wherein the label and quenching moiety
are   WO 1121fIti3Ul PCT/US111/23f13S - 100  attached on opposite sides of
the P,--P, peptide bind, whereby cleavage of the P,--P, peptide bond
separates the label and quenching moiety. 27. A polypeptide comprising a
peptide sequence according to claim 21, and 5 further comprising a
transmembrane domain to localize the polypeptide to a cellular membrane
when the polypeptide is expressed in a eukaryotic cell. 28. A polypeptide
comprising a peptide according to any one of claims 1 through 10 20 and
further comprising a transmembrane domain amino acid sequence. 29. A
polypeptide according to claim 28, wherein the peptide is N-terminal to the
transmembrane domain. 15 30. The polypeptide of claim 28 or 29, wherein the
peptide and the transmembrane domain are separated by a linker. 



31. The polypeptide of claim 30, wherein said linker is a peptide linker
comprising between about 20 to about 40 amino acids. 20 32. The polypeptide
according to any one of claims 28-31, wherein said transmembrane domain
anchors said polypeptide to an intracellular membrane selected from the
group consisting of the Golgi or the endoplasmic reticulum. 25 33. The
fusion protein of any of claims 28-32, wherein said transmembrane domain is
selected from the group consisting of the transmembrane domain of
galactosyltransferase, the transmembrane domain of sialyly transferase; the
transmembrane domain of human aspartyl transferase 1; the 30 transmembrane
domain of human aspartyl transferase 2; the transmembrane   WO (12/(1(3(1C
-101 PCT/USO1/23(135 domain of syntaxin 6; the transmembrane domain of
ubiquitin; the transmembrane domain of insulin B chain and the
transmembrane domain of APP. 5 34. The polypeptide according to any one of
claims 28-32, further comprising a reporter protein amino acid sequence.
35. The polypeptide of claim 34, wherein said reporter protein is selected
from the group consisting of luciferase; alkaline phosphatase;
~i-galactosidase; ~i 10 glucorinidase; green fluorescent protein;
chloramphenical acetyl transferase; 36. A polynucleotide comprising a
nucleotide sequence that encodes a polypeptide according to any one of
claims 20-35. 15 37. A polynucleotide comprising a nucleotide sequence that
encodes a peptide according to any one of claims 1-27. 38. A vector
comprising a polynucleotide according to claim 36. 20 39. A vector
comprising a polynucleotide according to claim 37. 40. A vector according
to claim 38 wherein said polynucleotide is operably linked to a promoter to
promote expression of the fusion protein encoded by the polynucleotide in a
host cell. 25 



41. A host cell transformed or transfected with a polynucleotide according
to claim 36. 42. A host cell transformed or transfected with a vector
according to any one of 30 claims 38-40.   WO 0211163f1( - 102
PCT/US1111231135 43. A method for assaying for modulators of ~i-secretase
activity, comprising the steps of: {a) contacting a first composition with
a second composition both in the presence and in the absence of a putative
modulator compound, 5 wherein the first composition comprises a mammalian
~i-secretase polypeptide or biologically active fragment thereof, and
wherein the second composition comprises a substrate, wherein said
substrate comprises a peptide according to any of claims 1 through 26 or a
polypeptide according to any of claims 27-35; 10 (b) measuring cleavage of
the substrate peptide in the presence and in the absence of the putative
modulator compound; and (c) identifying modulators of (3-secretase activity
from a difference in cleavage in the presence versus in the absence of the
putative modulator compound, wherein a modulator that is a ~i-secretase 15
antagonist reduces such cleavage and a modulator that is a (i-secretase
agonist increases such cleavage. 44. The method of claim 43, wherein said
first composition comprises a purified human Asp2 polypeptide. 20 45. The
method of claim 43, wherein said first composition comprises a soluble
fragment of a human Asp2 polypeptide that retains Asp2 ~i-secretase
activity. 46. The method of claim 45, wherein said soluble fragment is a
fragment lacking 25 an Asp2 transmembrane domain. 47. A method according to
claim 43, wherein the ~3-secretase polypeptide of the 



first composition comprises a polypeptide purified and isolated from a cell
transformed or transfected with a polynucleotide comprising a nucleotide 30
sequence that encodes the ~i-secretase polypeptide.   V4'O (12/tIG3(Ifi
PCTIUSIII/23(135 -103 .48 A method according to claim 43, wherein the
polypeptide of the first composition is expressed in a cell transformed or
transfected with a polynucleotide comprising a nucleotide sequence that
encodes the polypeptide, and wherein the measuring step comprises measuring
APP 5 processing activity of the cell. 49. The method claim of any of
claims 43-48, further comprising a step of treating Alzheimer's Disease
with an agent identified as an inhibitor of HuAsp2. 10 50. A ~i-secretase
modulator identified according to the method of any of claims 43-48. 51. A
method of inhibiting ~i-secretase activity in vivo comprising a step of 15
administering a modulator according to claim 50 that is a (3-secretase
antagonist to a mammal in an amount effective to inhibit ~3-secretase in
cells of said mammal. 52. A method of producing a substrate for a
~i-secretase assay comprising: 20 growing a host cell transformed or
transfected with a vector of claim 40 in a manner allowing expression of
said polypeptide. 53. The method of claim 52, further comprising purifying
said polypeptide. 25 54. The method of claim 52, wherein said host cell is
selected from the group consisting of a mammalian host cell, a bacterial
host cell and a yeast host cell. 55. A pharmaceutical composition
comprising a modulator of claim 50 and a 30 pharmaceutically acceptable
carrier.   W O 02/IIG30G - 104  PCT/USO1/23f135 56. A method of treating a
disease or condition characterized by an abnormal ~i secretase activity
comprising administering to a subject in need of treatment 



a pharmaceutical composition of claim 55. 5 57. A use of a modulator
identified according to the method claim 43 in the manufacture of a
medicament for the treatment of Alzheimer's Disease. 58. A method for
identifying agents that inhibit the activity of human Asp2 aspartyl
protease (Hu-Asp2), comprising the steps of: 10 (a) contacting a peptide of
any of claims 1 through 26 or a polypeptide of any of claims 27-35 and a
composition comprising an Hu-Asp2 activity in the presence and absence of a
test agent; (b) determining the cleavage of said peptide or polypeptide 15
between said Pl and Pl' by said Hu-Asp2 in the presence and absence of the
test agent; and (c) comparing said cleavage activity of the Hu-Asp2 in the
presence of the test agent to the activity in the absence of the test agent
to identify an agent that inhibits said cleavage by the 20 Hu-Asp2, wherein
reduced activity in the presence of the test agent identifies an agent that
inhibits Hu-Asp2 activity . 59. A method according to claim 58, wherein the
Hu-Asp2 is a recombinant Hu-Asp2 purified and isolated from a cell
transformed or transfected with a 25 polynucleotide comprising a nucleotide
sequence that encodes Hu-Asp2. 60. A method according to claim 58, wherein
the Hu-Asp2 is expressed in a cell, wherein the contacting comprises
growing the cell in the presence and absence of the test 30 agent, and   WO
02/UC311G PCT/US111/23035 - 1 OS  wherein the determining step comprises
measuring cleavage of said peptide or fusion protein. 61. A method
according to claim 60, wherein the cell further comprises a 5
polynucleotide encoding the polypeptide, and wherein the contacting step
comprises growing the cell under conditions in which the cell expresses the
polypeptide . 62. A method according to claim 60 or 61, wherein the cell is
a human 10 embryonic kidney cell line 293 cell. ' 63. A method according to
any one of claims 59-62 wherein the nucleotide sequence is selected from
the group consisting of: (a) a nucleotide sequence encoding the Hu-Asp2(a)
amino acid 15 sequence set forth in SEQ ID NO: 2; (b) a nucleotide sequence
encoding the Hu-Asp2(b) amino acid sequence set forth in SEQ ID NO: 4; 



(c) a nucleotide sequence encoding a fragment of Hu-Asp2(a) (SEQ ID NO: 2)
or Hu-Asp2(b) (SEQ ID NO: 4), wherein 20 said fragment exhibits aspartyl
protease activity characteristic of Hu-Asp2(a) or Hu-Asp2(b); and (d) a
nucleotide sequence of a polynucleotide that hybridizes under stringent
hybridization conditions to a Hu-Asp2encoding polynucleotide selected from
the group consisting of 25 SEQ ID NO: 1 and SEQ ID NO: 3. 58. A method for
identifying agents that modulate the activity of Asp2 aspartyl protease,
comprising the steps of: (a) contacting an Asp2 aspartyl protease and a
peptide of any of claims 1 30 through 26 or a polypeptide of any of claims
27 through 35 in the   WO (12/U1311(> - 106  PCT/U SU 1 /23035 presence and
absence of a test agent, wherein the Asp2 aspartyl protease is encoded by a
nucleic acid molecule that hybridizes under stringent hybridization
conditions to a Hu-Asp2-encoding polynucleotide selected from the group
consisting of SEQ ID NO: 1 5 and SEQ ID NO: 3; (b) determining the cleavage
of said peptide or fusion protein between said P~ and said Pl' site by said
Asp2 in the presence and absence of the test agent; and (c) comparing the
cleavage activity of said Asp2 in the presence of the 10 test agent to the
cleavage activity in the absence of the agent to identify agents that
modulate the activity of the polypeptide, wherein a modulator that is an
Asp2 inhibitor reduces said cleavage and a modulator that is an Asp2
agonist increases said cleavage. 15 65. A method according to 58 or 64,
further comprising a step of treating Alzheimer's Disease with an agent
identified as an inhibitor of Hu-Asp2. 67. A method for identifying agents
that inhibit the activity of human Asp2 aspartyl protease (Hu-Asp2),
comprising the steps of: 20 (a) growing a cell in the presence and absence
of a test agent, wherein the cell expresses an Hu-Asp2 and expresses a
protein comprising a peptide of any of claims 1 through 26 or a polypeptide
of any of claims 27 through 35; (b) determining the determining the
cleavage of said protein at the 25 site between said P1 and P,' in said
cell in the presence and absence of the test agent; and (c) comparing said
cleavage activity in the presence of the test agent to the cleavage
activity in the absence of the test agent to identify an agent that
inhibits the activity of Hu-Asp2, 30 wherein reduced cleavage activity in
the presence of the test  



W O 02/1IG30G - 107  PCT/US01/231135 agent identifies an agent that
inhibits Hu-Asp2 activity. 68. A method according to claim 67, wherein the
host cell has been transformed or transfected with a polynucleotide
comprising a nucleotide sequence that 5 encodes a Hu-Asp2, wherein said
nucleotide sequence is selected from the group consisting of: (a) a
nucleotide sequence encoding the Hu-Asp2(a) amino acid sequence set forth
in SEQ ID NO: 2; (b) a nucleotide sequence encoding the Hu-Asp2(b) amino
acid 10 sequence set forth in SEQ ID NO: 4; (c) a nucleotide sequence
encoding a fragment of Hu-Asp2(a) (SEQ ID NO: 2) or Hu-Asp2(b) (SEQ ID NO:
4), wherein said fragment exhibits,aspartyl protease activity
characteristic of Hu-Asp2(a) or Hu-Asp2(b); and 15 (d) a nucleotide
sequence of a polynucleotide that hybridizes under stringent hybridization
conditions to a Hu-Asp2 encoding polynucleotide selected from the group
consisting of SEQ ID NO: 1 and SEQ ID NO: 3. 20 68. A method according to
any one of claims 66-67, further comprising a step of treating Alzheimer's
Disease with an agent identified as an inhibitor of Hu Asp2 according to
steps (a)-(c). 69. The use of an agent identified as an inhibitor of
Hu-Asp2 according to any 25 one of claims 66-67 in the manufacture of a
medicament for the treatment of Alzheimer's Disease. 70. A kit for
performing a -secretase assay comprising a ~3-secretase substrate
comprising a peptide according to any of claims 1 through 27 and a ~i 30
secretase enzyme.   WO U2/(IC3(Il PCT/US(11/23U35 -108 71. The kit of claim
70, wherein said (i-secretase substrate is a polypeptide according to any
of claims 28-35. 72. The kit of claim 70 or 71, further comprising reagents
for detecting the 5 cleavage of said peptide or fusion protein. ?3. An
isolated peptide comprising a sequence of at least 10 amino acids having
the sequence SEISM-EVEFR (SEQ ID N0:152). 10 74. The isolated peptide of
claim 73, wherein said peptide comprises at least 3 amino acids immediately
to the carboxy-terminal of SEISM-EVEFR (SEQ ID N0:152). 75. The isolated
peptide of claim 73, wherein said peptide comprises at least 3 15 amino
acids immediately to the amino-terminal of SEISM-EVEFR (SEQ ID N0:152) .
76. The isolated peptide of claim 73, wherein said peptide comprises at
least 5 amino immediately to the carboxy-terminal of SEISM-EVEFR (SEQ ID 20
N0:152). 77. The isolated peptide of claim 73, wherein said peptide
comprises at least 5 amino immediately to the amino-terminal of SEISM-EVEFR
(SEQ ID N0:152). 25 



78. The isolated peptide of claim 73, wherein said peptide comprises at
least 10 amino immediately to the amino-terminal of SEISM-EVEFR (SEQ ID
N0:152). 30 79. The isolated peptide of claim 73, wherein said peptide
comprises at least 13   WO 02/UG30G - 109  amino acids. PCT/US111 /23113S
80. The isolated peptide of claim 73, wherein said peptide comprises at
least 15 amino acids. 5 81. The isolated peptide of claim 73, wherein said
peptide comprises at least 20 amino acids. 82. The isolated peptide of
claim 73, wherein said peptide comprises at least SO 10 amino acids.
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`DbU4  #3 10%$&'()-#3  10%$&'()- 10%$&'()- 10%$&'()- 10%$&'()- "#-<{_?bU4
# 10%$&'()- 10%$&'()-#3  10%$&'()- 10%$&'()- 10%$&'()-<LQR\m}_?bU4  #
10%$&'()- 10%$&'()- 10%$&'()-#3  10%$&'()- 10%$&'()-}_?bU4  # 10%$&'()-
10%$&'()- 10%$&'()- 10%$&'()-#3  10%$&'()-`<bU4  #3  10%$&'()- 10%$&'()-
10%$&'()- 10%$&'()-#3 `DbU4  #3 10%$&'()-#3  10%$&'()- 10%$&'()- 10%$&'()-
10%$&'()-/?DEFU{`?bU4  # /10%$&'()- 10%$&'()-#3  10%$&'()- 10%$&'()-
10%$&'()-U#m|[NA410$10$10$( 3:S 10%$&'()- f810%$&'()-  f6@10%$&'()-
4M10%$&'()- 010%$&'()-7o|[:NA410 f#10%#&'()-( 10%#&'()- @10%#&'()-
10%#&'()- `M!10%#&'()-y `M!10%#&'()-yoRM|[:NA410 $10%"&'()-( f 10%#&'()-
@10%#&'()- 10%#&'()- -#10%#&'()- Y10%7#&'()-M-^|[:NA410 ,10%#&'()-(
y+S10%#&'()- S)M10%#&'()- '#10%#&'()-  10%#&'()- $10%#&'()-C<1|[:NA410
,6$10%^#&'()-( 510%#&'()-  s3s10%#&'()- 110%#&'()- 0#10%#&'()- l.
10%#&'()-1yz{|?vU4 ff 10%$&'()- f 10%$&'()- `M!10%D!&'()-
`M!10%,$,&'()-10#10#10# 3:'10%#&'()-90|[:vU4  ys10%$&'()- f 10%$&'()-
f&10%$&'()- fl10%$&'()- @ 10%$&'()- f 10%$&'()-0/?|[:vU4  "10%$&'()-
@10%$&'()- y3-10%$&'()- yz 10%$&'()- 10%$&'()-  "10%$&'()- 2-[|[:vU4  l+g
10%$&'()- (10%$&'()- S&:10%$&'()- $10%$&'()- "M10%$&'()-  ! 10%$&'()-
jJ*.`$10%$&'()-.`$10%$&'()-.`$10%$&'()-'_$.`$10%$&'()-.`$10%$&'()-.`$10%$&'
()-8<=>]hL,.`$10%$&'()-.`$10%$&'()-'_$.`$10%$&'()-.`$10%$&'()-.`$10%$&'()-'
_$]bcdeG+.`$10%$&'()-'_$.`$10%$&'()-.`$10%$&'()-.`$10%$&'()-'_$.`$10%$&'()-



eXK>.`$10%$10i+$i10i+$i10i+$i
IF:@#10%i+$i&'()-.`$10%$&'()-'_$-.`$10%$&'()-.`$10%$&'()-6F(l{Z9XK>.`$10%
l#10%$&'()- yg 10%$&'()-$ @#10%$&'()-( sM!10%!&'()-!CsM!10%PP&'()-
sM!10%$&'()-d|[:XK>.`$10%  s'10%$&'()- !10%$&'()-  SS10%$&'()- s10%$&'()-
z10%$&'()-   10%$&'()- @CFp~|\<XK>.`$10%  * 10%$&'()-* 10%$&'()- :10%$&'()-
,210%$&'()- )Z10%$&'()-   z 10%$&'()-'~eEXK>.`$10%  * 10%$&'()-* 10%$&'()-'
* 10%$&'()-* 10%$&'()-* 10%$&'()-eEXK>.`$10%  * 10%$&'()-* 10%$&'()-*
10%$&'()-' * 10%$&'()-* 10%$&'()- ,056ReG+>* 10%$&'()-' * 10%$&'()-*
10%$&'()-* 10%$&'()-' * 10%$&'()-RV[\x|eE+>* 10%$&'()-* 10%$&'()-*
10%$&'()-* 10%$&'()-' -* 10%$&'()-* 10%$&'()-hM@3*10$10$* 10%$&'()-' *
10%$&'()-* 10%$&'()-* 10%$&'()-' pP03 10%#&'()-3 10%#&'()-3 10%#&'()-3
"`10%#&'()- L10%#&'()- s10%#&'()-10$8<hL,3 10%#&'()-3 10%#&'()-3'!
10%#&'()-3 10%#&'()-3 10%#&'()-30'! <AB^bghieG,3 10%#&'()-3'!  10%#&'()-3
10%#&'()-3 10%#&'()-3'!  10%#&'()-3iLA|[:,3 10% fS10%$&'()- f&10%$&'()-
ffM$10%$&'()- f&10%$&'()-  ff10%$&'()- f310%$&'()-A: h|[:,3 10% f&,&
10%$&'()- f&"10%$&'()- f& - 10%$&'()-  fyYG"10%$&'()- f10%$&'()-
fY10%$&'()- hU+|[:,3 10% fy&0:$10%$&'()- f9l.10%$&'()- f9,m10%$&'()- f& +
10%$&'()- f&y) 10%$&'()- ff's!10%$&'()-+k'p|[:-310$ fLF:10%$&'()-
fy8z#10%$&'()- fL610%$&'()- fL@5`10%$&'()- f9310%$&'()- f9110%$&'()-0bA310$
f !9M$10%P"&'()- fs10%$&'()- L&$10%$$$&'()- L&$10%$&'()-
L&$10%{z#{&'()-10$10$0H|[:A310$ f,)&$10%T#&'()- 4,)&$10%$&'()- f
`$10%$&'()- 9 `$10%$&'()- f9M$10%0!&'()- !N9M$10%$&'()-)vU410
f,10%38%3&'()- f`10%38%3&'()-10$10$10$ /;&3`$10%$&'()-: /&3`$10%,$&'()-:
fyl1 10%$&'()-0k5a|[:vU410 f fsy 10%38%3&'()-f f3#10%38%3&'()-
f3F10%38%3&'()- f#10%38%3&'()- f@ 10%38%3&'()- f!L10%38%3&'()-a"h|[:vU410 f
f,F10%38%3&'()-f f*F10%38%3&'()- f @)z10%38%3&'()- f3'10%38%3&'()- f
10%38%3&'()- f33`$10%38%3&'()-eY|[NA4101038%31038%31038%3f f: 10%38%3&'()-
fYf8#10%38%3&'()- f1@ 10%38%3&'()- fF0S#10%38%3&'()- fF.S 10%38%3&'()-
-|[:NA41010 f@@f10%sx$s&'()-f f10%sx$s&'()- ff 10%sx$s&'()-
fY"L10%sx$s&'()- f10%sx$s&'()- f`10%sx$s&'()-lY|[:NA41010 ff 10%sx$s&'()-f
f10%sx$s&'()- f!10%sx$s&'()- fF10%sx$s&'()- fS#10%sx$s&'()-
f10%sx$s&'()-'\|[:NA41010 fy)F10%sx$s&'()-f f'!10%sx$s&'()- f!y
10%sx$s&'()- fY#10%sx$s&'()- fSf10%sx$s&'()- f10%sx$s&'()-\KA|[:NA41010
f8S#10%sx$s&'()- f f1z 10%sx$s&'()- f90#10%sx$s&'()- f.10%sx$s&'()-
f,f10%sx$s&'()- ff +10%sx$s&'()-A avU410 f,m10%:?$:&'()- fsf 10%:?$:&'()-
ALM!10%?$&'()-z LM!10%f?$f&'()-z10sx$s10sx$s10sx$s fF: 10%sx$s&'()-
j>|[:vU410 f fL`10%:?$:&'()-f fy10%:?$:&'()-A f 10%:?$:&'()- fF10%:?$:&'()-
f"10%:?$:&'()- f10%:?$:&'()-[|[:vU410 f f@210%:?$:&'()-f f@)10%:?$:&'()-A
f!410%:?$:&'()- f@Yf#10%:?$:&'()- f 10%:?$:&'()- f,$10%:?$:&'()-dDvU410 f
f9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-7DvU410 G{ > SF 9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-dHvU410 G{ > S9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-7HvU410 G{ > SF 9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-dHvU410 G{ > S9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-7HvU410 G{ > SF 9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-dHvU410 G{ > S9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-7HvU410 G{ > SF 9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-dHvU410 G{ > S9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-7HvU410 G{ > SF 9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()- 



dHvU410 G{ > S9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-7HvU410 G{ > SF 9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-!#%'(dHvU410 G{ > S9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-(*,.017HvU410 G{ > SF 9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-1468:;<>hL,49$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()->@ACDGH[?#9$ 10%:?$:&'()-9$ 10%:?$:&'()-G{ > SF 9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-HJLMNOPQkO39$ 10%:9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-QSTWXY{_CkO39$ 10%:9$ 10%:9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-G{ > SF 9$ 10%:?$:&'()-Y[\]^_`boS39$ 10%:9$
10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-bcghikldD(39$ 10%:?$:&'()-%9$ 10%:?$:&'()-9$
10%:?$:&'()-$9$ 10%:?$:&'()-$9$ 10%:?$:&'()-$G{ > SF lmoqswd(39$
10%:?$:&'()-%9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$ 10%:?$:&'()-9$
10%:?$:&'()-9$ 10%:?$:&'()-wxy|[NA49$ 1010$10$10$ ,S,;10%$&'()-
,910%$&'()-9$ 10%:?$:&'()-:G{ > SF mR|[:49$ 1010 ,&10%#&'()- ,m10%#&'()-
,Y!10%#&'()- ,yLM$10% &'()-` ,vyLM$10%#&'()-` =yLM$10% &'()-`R.k|[:49$ 1010
| &$10%#&'()- $ &$10% &'()- ,Ly10%#&'()- ,9$10%#&'()- ,310%#&'()- ,
sM10%#&'()-Q|[:49$ 1010 ,`S510%#&'()- ,310%#&'()-  &$10%#&'()- , &$10%(
&'()- , &$10%#&'()- , &$10% &'()-Q"|obU49$ 10 ,`10%`}$`&'()-10#10#10#
,=9!10%#&'()- ,:10%#&'()- ,810%#&'()- ,L610%#&'()-"':r|[:bU49$ 10 ,
,10%`}$`&'()- ,SY10%`}$`&'()- ,,"10%`}$`&'()- ,@ 10%`}$`&'()-
,3"`10%`}$`&'()- ,10%`}$`&'()-TA|[:bU49$ 10 , ,f!m10%`}$`&'()-
,l#10%`}$`&'()- ,S 10%`}$`&'()- ,M$10%`}$`&'()- ,S` 10%`}$`&'()-
,S10%`}$`&'()-AU|[:bU49$ 10 , ,y,m10%`}$`&'()- ,f3+m10%`}$`&'()-
,,y)@10%`}$`&'()- ,'10%`}$`&'()- ,fs$10%`}$`&'()- ,f"-
10%`}$`&'()-DPj|[:-410`}$`, ,@Y:&10%`}$`&'()- ,8S10%`}$`&'()-
,y310%`}$`&'()-g ,f1 10%`}$`&'()- ,90`$10%`}$`&'()-
,y.10%`}$`&'()-)bA410`}$`, , ,@#10%s$s&'()- ,@ 10%s$s&'()-' ,3"`10%s$s&'()-
,10%s$s&'()- ,`10%s$s&'()-10`}$`10`}$`"Y4|[:A410`}$`, ,f10%s$s&'()-
,"10%s$s&'()- ,`g10%s$s&'()- ,f@10%s$s&'()- ,S10%s$s&'()- ,SY
10%s$s&'()-4m|[:A410`}$`, ,y1g 10%s$s&'()- ,&0 10%s$s&'()- ,yy)
10%s]#s&'()- ,'M!10%s$s&'()- ,f!310%s$s&'()- ,l10%s$s&'()-"':vU410
,l"L10%$&'()- ,910%$&'()- ,`10%$&'()-10s$s10s$s10s$s ,F:'10%s$s&'()-
,8$10%s$s&'()-:"n |[:vU410 , ,FT 10%$&'()-, ,#10%$&'()-, ,10%$&'()-
,@10%$&'()- ,10%$&'()- ,@10%$&'()- Q F|[:vU410 , ,y)10%$&'()-,
,@'y#10%$&'()-, ,!S 10%$&'()- ,Sl#10%$&'()- , 10%"&'()-
,@&$10%$&'()-)z|[:vU410 , ,S8!10%$&'()-, ,&610%$&'()-, ,&@5Z10%$&'()-
,310%$&'()-  ,&110%$&'()- ,S90m"10%$&'()-[\]^m~vU410 ,f10%$&'()- ,10%$&'()-
, "`10%$&'()- ,s10%$&'()-10$10$10$ ,&Y:10%$&'()- mG|[:vU410 , ,'$10%$&'()-,
,fYm10%$&'()-, , "10%$&'()-, ,f10%$&'()- ,S@10%$&'()- ,Sf
10%$&'()-/P|[:vU410 , ,,&10%$&'()- , ,s$10%$&'()-, ,y"10%$&'()-, ,y&!g
10%$&'()- ,l3"10%$&'()- ,f 10%#&'()-P7w|[:-410$, ,Y:410%$&'()-,
,8#10%$&'()-, ,110%$&'()-, ,90S#10%$&'()- ,)T 10%$&'()-
,'"10%$&'()--2CbA410$, , ,@10%$&'()- ,@ 10%$&'()- ,"L10%$&'()- ,10%$&'()-
,L10%$&'()-10$10$U@|[:A410$, ,f10%$&'()- ,"10%$&'()- ,SL 10%$&'()- ,
-10%$&'()- ,@S 10%$&'()- , ,10%$&'()-@  b |[:A410$, ,fs$10%$&'()-  ,S"@
10%$&'()- Jl#10%J#J&'()- ,S10%$&'()- ,S10%$&'()-3 , ,10%$&'()- b
5!!-"~"|[:A410$, ,0"10%$&'()-  ,f&-f 10%$&'()- ,yl+10%$&'()- ,y)`10%$&'()-
,(!10%$&'()- ,f,&10%$&'()- ~""n##$i$j$k$l$|[NA41010$10$10$ ,:10%$&'()-  ,9
10%$&'()- 



,yF7S 10%$&'()-  ,y3@ 10%$&'()- ,y@2 10%$&'()-l$z$$$$$.%|[:NA41010 ,@
10%&C$&&'()- ,@@10%&C$&&'()- ,Y"L10%&C$&&'()- ,10%&C$&&'()- ,10%&C$&&'()-
,`10%&C$&&'()-.%%%#&s&&&|[:NA41010 ,@`10%&C$&&'()- ,10%&C$&&'()-
,10%&C$&&'()- ,F10%&C$&&'()-  ,f#10%&C$&&'()-
,10%&C$&&'()-&/'q(()m))|[:NA41010 ,$10%&C$&&'()- ," 10%&C$&&'()- ,&!
10%&C$&&'()- ,F-#10%&C$&&'()-  ,10%&C$&&'()-
,#10%&C$&&'()-))'*g++,`,|[:NA41010 ,310%&C$&&'()- ,110%&C$&&'()-
,L0#10%&C$&&'()- ,)10%&C$&&'()- ,' 10%&C$&&'()-
,S,&10%&C$&&'()-`,j,,,,,,,,vU410 ,10%`}$`&'()-
,`10%`}$`&'()-10&C$&10&C$&10&C$& ,fY:10%&C$&&'()-  ,8g10%&C$&&'()-
,S510%&C$&&'()-,,L---&.t.|[:vU410 , ,,z 10%`}$`&'()-, ,S 10%`}$`&'()-
,@f10%`}$`&'()- ,f@10%`}$`&'()- ,S10%`}$`&'()-
,"L10%`}$`&'()-t./0U112Q3|[:vU410 , ,':$10%`}$`&'()-, ,y!z 10%`}$`&'()-
,l@#10%`}$`&'()- ,fS 10%`}$`&'()- ,#10%`}$`&'()- ,fY@
10%`}$`&'()-Q333!4y44!6|[:vU410 , ,1- 10%`}$`&'()-, ,90#10%`}$`&'()- ,.
10%`}$`&'()- ,,,10%`}$`&'()- ,3+@10%`}$`&'()-
,)10%`}$`&'()-!6s66666666vU410 ,,10%$&'()- ,y10%$&'()-
,s10%$&'()-10`}$`10`}$`10`}$` ,Y:f 10%`}$`&'()-
,8y#10%`}$`&'()-67E777F89|[:vU410 , ,@Yy 10%$&'()-, ,"10%$&'()-, ,,
10%$&'()- ,,S10%$&'()- , 10%$&'()- ,!s10%$&'()-99"::;s;<|[:vU410 , ,@
10%$&'()-, , "10%$&'()-, ,@y10%$&'()- ,@@ 10%$&'()- ,10%$&'()-
,f10%$&'()-<=i===4>>|[:vU410 , ,/#10%$&'()-, ,.10%$&'()-, ,Sf,10%$&'()-
,S*F10%$&'()- ,S)m10%$&'()- ,s'$10%$&'()->?????@$@AvU410 jfL"10%dC$d&'()-:
fL"10%C$&'()-:10$10$10$ ,f;m 10%$&'()- ,,810%$&'()- ,fl1
10%$&'()-AUAB'CeCDD|[:vU410 j X$10%C$&'()-M $10%C$&'()-M ,fS10%&C$&&'()-
SF#10%C$&'()-M F#10%C$&'()-M ,fL"10%&#&&'()-:DDBEE GuGH|[:vU410 j
,1:$10%"&'()-t ,&M$10%&#&&'()- &M$10%-#&'()- ,&M$10%&#&&'()- ,`$t
10%&C$&&'()- ,y"10%&C$&&'()-HNIOIPIQIaIgIxI6LvU410 , 10%#&'()-f
,"`10%#&'()- ,910%#&'()- ,s10%#&'()-10C$10C$10C$
J,1:$10%C$&'()-t6LuLLMfMMN|[:vU410 , ,fY#10%#&'()-, ,F10%#&'()-,
,10%#&'()-, ,S 10%#&'()-  ,-10%#&'()- ,S10%#&'()-NJOOP!QZQQ|[:vU410 ,
,L310%#&'()-, ,110%#&'()-, ,f/ 10%#&'()-, ,S) 10%#&'()- ,S'$10%#&'()- ,!@
10%#&'()-QQ0RRRRRRR|obU410 f`@#10%C$&'()-910#10#10#, ,&910%#&'()-,
,fS8m"10%#&'()- ,&610%#&'()- ,&510%#&'()-RWTUU-WWqX|[:bU410  &!`$10%k#&'()-
,:$10%&C$&&'()-, :$10%C$&'()-, ,YM$10%&C$&&'()- YM$10%C$&'()-
,Hf`@#10%&C$&&'()-9qXXbYYZZZZ|[:-410&C$& ,l:10%&C$&&'()- ,,810%&C$&&'()-,
;.z#10%C$&'()-, .z#10%X&'()- ,) 10%&C$&&'()-
,&!`$10%&"&&'()-ZZZ[Q\\\]bA410&C$& , ,F+#10%"$&'()- ,l10%%&'()-
,s#10%%&'()-9 es#10%%&'()-9 s#10%q#q&'()-910&C$&10&C$&]_'`f`aEbc|[:A410&C$&
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