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Alzheimer’s disease (AD) causes progressive dementia with

consequent formation of amyloid plaques, neurofibrillary 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 (PS1) 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 AI"P via an intracellular pathway that produces
amyloid beta peptide (AP peptide, sometimes referred to as Abeta), a 40-42 amino
acid peptide that is the primary component of amyloid plaque in AD (Younkin,
Brain Pathol.1(4):253-62, 1991; Haass, J. Neurosci.11{12):3783-93, 1991).
25 Dysregulation of intracellular pathways for proteolytic processing may be
central to the pathophysiology of AD. In the case of plaque formation, mutations in
APP, PS1 or PS2 consistently alter the proteolytic processing of APP so as to
enhance formation of A 1-42, a form of the AP 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



transnmenbrane domai n. Exanpl es of specific isotypes of APP which are
currently known to exist in humans include the 695-am no acid pol ypeptide
described by Kang et. al. (1987), Nature 325: 733-736 which is designated
as the "nowvomb/ie306\PP; the 751 amino acid pol ypepti de descridEduday2Ront e et
al . (1988), Nature 331: 5 525-527 (1988) and Tanzi et al. (1988), Nature
331: 528-530; and the 770 am no acid pol ypept| de descri bed Z)yFHB r2aggichi et.
al ., Nature 331: 530-532 (1988). The A(3%eptide is derived froma region
of APP adjacent to and containing a portion of the transnenbrane donain.
Normal |y, processing of APP at the a-secretase site cleaves the mnidregion
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prot ease ( Yarsurfabe.et Thik .o-sebldtase A PPOBroo&3ip3freatd O Puble iAPPetn, &thich #¥moec. Nat ' |
Acad. Sci., USA 97(4):1456-1460, 2000; Vassar et al., Science, 286: 735 741,
1999). Aspar ttppugqért@p@a%@gtestge%bc éicmygr rPa@OI‘P@EﬁJ ikocessng Af ARRAt ther fr
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i nport ant feature of Hu- Asp2 that is absent fromother WO 112/06306 PCT/ U SO

1 /23f135 2 REgh zlmaldopmmlmtmalmwhn aspans)yandpn theeerslosomal/Iysosomelt ch of 27
amino acids | O(f\l'?&/e%g aggrarﬁa 1}1ternahzat10n of cell surface APP (in all cells). The f-secretase
cleavage site is located 28 residues from the plasma membrane luminal surface and
the y-sécretase cleavage site is located in the transmembrane region. The in vivo
processing of the -secretase site is thought to be the rate limiting step in Ap
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 asparty! 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



C-term nus that anchors Hu-Asp2 to the nmenbrane and is essential for the
enzynme function in cells. To date, in vitro assays with reconbi nant Hu- Asp2
or Hu-Asp2 5 purified frombrain have relied on peptide substrates

conpri si ngvPH@/EB6secr et ase recognition sequence of the (3KBWV$OHQB<
precursor sequence (i.e., APP sequence), such as the APP Swe h mut at i on
sequence ...EVNL-DAEFR. .. (SEQ ID NO 113) ., in which the hyphe da%c?@&& t he
poi nt at which the peptide is cleaved by Phe (3-secretase. The sane
approach has been used for (3-secretase assays in cell lines 10 expressing

Hu- Asp2. There presently exists a need to identify ca t hat nma act as
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am no aci d, asuchas tre AHPrSmedtshd:thorascqad:ncphaENNIamArEFlhcl (SEQuItD NO:htd) an
aromati c am no aC|d P, .is_an aromatic amnho acid or .an ali &JIC am no

acid but not ¥ WaFkhediphen deniesghe BOIQSa‘c‘N]élFBé%e BFAtE 1%61%“6‘1#93’ ¢s a charged
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aromati c am no acl an uncharged ali p ar amno acid or
an aronatic aefnplﬂ@smgi}m-msp? not a charged am no acid; V\/ner ein the peptide is
cl eaved between P, and P,' by a human aspartyl protease encoded by the

nucl ei ¢ acid sequence ofhGEQIesERNCExIStE A ISEEY] PendyFoapeudrethplapey a adoes 30

not conprise fhe c [ r.espo or of aming acid nces WO
02/ 06306 PeT/ UAPEASS 63l Eﬂif %‘Eé@ﬁ&’f ’@e‘é?@t e@eiﬂﬁ WESRES%?&S f%é%af
NO: 20; SEQ | Dhd¥Oir2liiroeR thddelNih %96 &E@ for RidNErdhg ¢ @E%eh@c r@&ha@ﬁ@ct D
NO 31; SEQ ID NO 32; SEQ ID NG 33; S | D NO"34; SE 1 35; SEQ
NG 36; SEQ | DARDpBquSQE@at e Iﬁese(éﬂ:tasSEIte 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 P,P,--P,'P,' wherein P, 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 P,' is an uncharged aliphatic
polar amino acid or an aromatic amino acid but not a charged aniino acid; wherein
the peptide is cleaved between P, and P,' by a human aspartyl protease encoded by
the nucleic acid sequence of SEQ ID NO:1 or SEQ ID NO:3 and the peptide does

30 not comprise the corresponding P,P,-P,'P," portion of amino acid sequences



ID NO.39; or SEQID NO40. 5 In certain enbodi nents, the isolated peptide
conprises an am no acid sequence defined by formula P2P,--P,' P2' P3",

wherein P3' is any amno acid, and wherein said peptide does not conprise

t he corredPBHYPHRE6 P2P1- - P1' P2' P3' portion of amino acid safteHEEE3Epi ct ed
in SEQID NG 19; SEQ ID NO 20; SEQ ID NO 21; SEQ ID NG 26; Iﬁ_Q_IDNQZ?;
SEQ I D NO 28; SEQ ID NG 31; SEQ ID NO 32; ,10 SEQ I D NO 33; SEEWER NEEB4; SEQ

ID NO 35; SEQ ID NO 36; SEQ ID NO 37; SEQ ID NO38; SEQID NGO 39; or SEQID
NGO 40. In nore specific enbodiments, the isolated peptide conprises an an no

aci d sequenc i a .Fd. &AR3 vher i IS 3

unchar ged poﬁg %%%qﬁéﬁ%qm%gﬁbuﬁgﬁ’:ﬁggg’ g ’igﬁgtlﬁcNgﬁﬁo%@ilﬁﬁqQ?égﬁEQ
aromati c 15 [pMNORAGED 1PNYOWEE SEQTD N©:81esPERD Ne):92esE0 D KoMy, isiy) t he
correspondi ng P3P2P1--P1 P2  P3" portion of am no acid sequences dépicted in
SEQ ID NO 13D NO34; SEQIDNO: ISEQEQIINS(R36; SEQ IDINRCS 265EGHD NO:I9OSER  SEQ
| D NG 28; SE? I.D NO 31; SE&ID NO 32; SEQ ID NO 33; SEQ ID NO 34; SEQ ID
NO 35; SEQ HD Ng:3s.orSEQ [BN487: SEQ ID NO 38 SEQ ID NO. 39; or SEQ ID

NO 40. 20 In other enmb i:rgﬁgs .50l E%P o ise - am aci d
sequencse defined by fgl?rru aﬁllﬂﬁg&gwlﬁ?ﬁé %gl éép\?\ﬁgrcgﬁ%&sgsewg%?@
charged am n@e@fenée d_é‘fmd@l%ffor@ﬁlaﬂ%P p, 0p,0p, ' aRthéreindPAtid Bny2dthil® a@fd, dn@ut not
an aromatic amno acid and the pep |de does not conprise the corresponding
P4P3P2Pi - P, ' Mehepdn spdrpeptide doesanat gomprisy de sotresprodingB A, cPel, Py pSE®n of

NO 19; SEQ | D_NO 20;, SEQ | D . 21 . I SVACH I ) 20 | D
NO. 28: SE8 | 37N 3q1d Sé@%“Fﬁ %@%ﬁ@%ﬁﬁéﬁ%ﬁ@%&

NO 35; SEQ | REEAIBNO I6RSHS KNY:27:51) IDQ\IUQS'%%}E%E@ NG NOSFY 1IPNEE. | D
NGO 40. In other particular enbodi nents, the peptide further conprises an

am no Hri d atSEIDINOB3PSEQ Ibrd:a4 eSO D NOe35; SHQ IRYNOSGyiSEL) 1Ip 0ED 370N * of
P3', wherein the P4 i am no _acid_and wherein the 30 peptide does not

conprise the & F@%@iﬁsﬁ;an QHP¥0): 39 pay P BBy NQA“O-porti on of am no WO
N 19; SEQ 1D NG 20;  Seb e gt eapatiealifh RAAYRRC FRbBIREaR", 50 10
NG 35! SEQ 1 DNG 36 S 1D No37” SEQ 1D NG 3B’ SEQ 1D NG 39, “or SEQ 1D
NO 40. 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
P,P,P,--P,'P,'P;" portion of amino acid sequences depicted in SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ
ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ
ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; or SEQ ID NO:40.
20 In other embodiments, the isolated peptide comprises an amino acid sequence
defined by formula P,P,P,P,--P,'P,'P,', wherein the P, is a charged amino acid, a
polar amino acid or an aliphatic amino acid but not én aromatic amino acid and the
peptide does not comprise the corresponding P,P,P,P;--P,'P,'P," portion of amino
acid sequences depicted in SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ
25 ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ
D NO:38; SEQ ID NO:39; or SEQ ID NO:40. In other particular embodiments,
the peptide further comprises an amino acid at position P,' immediately to the

carboxy-terminal position of P;', wherein the P, is any amino acid and wherein the

30 peptide does not comprise the corresponding P,P,P,--P,’P,'P,’ P,’ portion of amino



5 1n particularly preferred enbodi nents, P2 is an amno acid selected from
the group consisting of N, L, K S G T, Db A Qand E. In preferred
enbodi ments, P, is an anmino acid selected fromthe group consisting of Y,
L, M NeWER2HEI6H In preferred enbodi nents, define P,' RCHWSEABEPS aci d
selected from 10 the group consisting of E, AA Db M Q S an? ,Q,r I Ros
preferred enbodi nents, P2' is an am no aci.d selected fromthe @%‘612{943
consisting of V, A° N, T, L, F, and S. In-preferred enbodi nents, P3' is an
am no acid selected fromthe group consisting of Ef G F, H, cysteic acid

IR L2 N S G e ST RS
(520, am o ap/Sosmkatiet No be i RWa6o0s0sl RO.SL, S0 0B O

fromthe 20IDrNOmB3;GE) 8D INQ:3df SEQ WY NQ:3%, SEQ 1P, NG:34dY, SER) IBrNIOB7; BEQY
highly preferred residues wll be a&)arent fromthe detail ed description.
1n preferred PO GRQ IINQRE; prEBERAIDNO:4Pe i sol at ed peptide further

[ first |abel,. 1n. ifi ' t h t.i de . i
O S cor o e VB G o € B O SRR °
embodi ment s 2g,f A @GR bidthglofNEL PRPSI i@%aﬁqj,t}g’eQ &RNPri ses a second

| abel . In this aspect of the "invention, i's contenplated that the | abel
may be any | abel comordhyprefaptdygmbiodiorents, P idat aminocavidsaléaved fromrtbe f i cati on

of a peptide. In specific odi nent th pepti de of the instant invention
may conprise géo‘élé?‘gqfis&ﬁgé’f&ggel am)e’}’(ﬁ!i‘gﬁ‘éhi ng noiety that quenches a
detectabl e property of I‘h*b‘?edeﬁPﬁ?!emeﬁﬁ;ne&lﬁ deARED ' 3NG,YANG Q&iﬂ%e%@tleg‘g}eq%’i %Dar €

in close proximty. More- specifica € quenthing noiety an

02/ 06306 PCT/ihk gfbhp/codsising & 2, AFD, 2008, 8raad<®l ect ed such that cl eavage of
the peptide between P, and P,' will separate the quenching nbiety to permt
detection of the |abel Inprefsrred gmhodimengs; rRd is anp@iiomsid selegied foendei ng

ety a0 | 3Blo AR AVEIG, PIE, BemhySes on oppost e stdes of he
the invention In preferred embodiments, P,' is an amino acid selected from the
group consisting of E, G, F, H, cysteic acid and S.
15 In preferred embodiments, P, is an amino acid selected from the
group consisting of A, V, 1, S, H, Y, Tand F.
In preferred embodiments, P, is an anmiino acid selected from the
group consisting of E, G, I, D, T, cysteic acid and S.
In preferred embodiments P,' 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

|\
wh

contemplate that the peptide further comprises a second label. In this aspect of the
invention, 1t i1s contemplated that the label may be any label commonly employed for
the detection and/or quantification of a peptide. Inlspecific 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 mojety are in close proximity. More specifically, the quenching moiety and label



provi des a genus of peptides that are cleaved by the human aspartyl protease
Hu- Asp2 at a rate greater than the rate of cleavage of a pol ypeptide
conprising the human APP (3-secretase cl eavage sequence: SEVKM DAEFR ( SEQ

| D NO 20) WO8P436 hpre preferred embodi nents provide a genBCHYSWEHFdes

cl eaved by the human 10 aspartyl protease at a rate greater t aﬁ&gt@ rate of
cl eavage of a pol ypeptide conprising the sJuman APP Swedi sh K p%lti on,
(3-secretase cl eavage sequence SEVNL-DAEFR (SEQ ID NO 19). Particuiariy
prcfclll pcptidcs G uic preSeni tuventivn irlCuuc but are not limted to

B NG 6 "B TRSRY SR B ORR-BE SEMIERBREE REL S, bl PR GerdBa it o1y
SEQ | D NO 12;queléBihdniidtil g6 p&inidt Heletidrléf th&hBel DThiMid 2;préfefled D NO 16; SEQ
ID NO. 17, SEQ ID NO 18; SEQ ID NO 120; SEQ ID NO 133; SEQ ID NO 134; SEQ I D

NO 135; SEQ |emiGimes; thierpenchingigoiaty; andixbdel BreNGiachedigio tBEpERtidenm 141; SEQ
ID NO 143; SEg |.D l\% C%féﬂ; 20 ,gg%l D NO 145; SEQ ID NO 147; SEQ ID NO 148;
SEQ | D NO 149°PPesit§ 5i¢ss qidpq Bgb VeBERES-151; SEQ I D NO 152; SEQ I D NO 153;
SEQ IDNO 154; SEQ ID : : " NO 158;
SEQ | D d\ﬁo 159; SEQ | D%;éﬁgg;ai@é@%&@?%ﬁ g"gﬁ{Q v%ﬁ?@ﬁeﬁ@éﬂ&a D NO
163; SEQ | D peoviledta gl dfpeditidsthat HeQldaed\by iethunShQspRtNPra6ase HREQ | D 25

NO 168; SEQ ID NO 169; SEQID NO 190; SEQ ID NO 191; SEQ ID NO 192 and
SEQ | D NO 19AspArat adaterSretar thasfee rate of £lsavage &€ @molypepidn ¢umprisiledbes t o

fusion poly Id glé%gsrst’g?{reiéfsigr&geatvgg% & %g&gagbq/mﬂgggggt@g@ﬂ;&b?%@I nst ant

a
f3-secretase C egv escri ne o

i nvention andStanmestipicl@fal erabddidenfd pR6Vide 5%@3@1&@3 Ioésecl el ibgtﬂﬁeamhﬁan t he
i nvention contenpl ates a pol ypepti de WO 02/ 06306 / US01/ 23035 2 FEB 20G5

-7 conpl i si npspantdprpigasecdt atniate gnagten ithani the zate pHeleavage fofia pobypeptidepri si ng a
t ransmenbr ane _dongi n 1 N0 _acj eqye . speci fig enbodi ments, the
bept 1 de - cont e 8 nnad ek SEEHRE vy M HBERbA: £ RIPBIFERE o 1 ne
t ransnmenbr anegg QéﬁéE'SEVI@HID,QEFRr(B‘E@%‘iDNQQ%S contenplated. In certain
enbodi nents, the peptide and the 5 transnmenbrane donmain may be separated by
a linker. Mre specifi ceditigylatiheriferded peptiviey off éheaprpsgmt indentfismiselude dopri si ng
about 20 to about 40 am ng acids. In _
are not limited to those comprising any one of the sequences set forth in SEQ ID
15 NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:§; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID
NO:15; SEQ ID NO:16; SEQ ID NO:17, SEQ ID NO:18; SEQ ID NO:120; SEQ
ID NO:133; SEQ ID NO:134; SEQ ID NO:135; SEQ ID NO:136; SEQ ID
NO:137; SEQ ID NO:138; SEQ ID NO:141; SEQ ID NO:143; SEQ ID NO:144;
20  SEQID NO:145; SEQ ID NO:147; SEQ ID NO:148; SEQ ID NO:149; SEQ ID
NO:150; SEQ ID NO:151; SEQ ID NO:152; SEQ ID NO:153; SEQ ID NO:154;
SEQ ID NO:155; SEQ ID NO:156; SEQ ID NO:157; SEQ ID NO:158; SEQ ID
NO:159; SEQ ID NO:160; SEQ ID NO:161; SEQ ID NO:162; SEQ ID NO:163;
SEQ ID NO:164; SEQ ID NO:165; SEQ ID NO:166; SEQ ID NO:167; SEQ ID
NO:168; SEQ ID NO:169; SEQ ID NO:190; SEQ ID NO:191; SEQ ID NO:192

and SEQ ID NO:193.
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An additional aspect of the present invention relates to fusion
polypeptides comprising the amino acid sequence of a novel f-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



particularly preferred enbodi nents, the transnmenbrane domain anchors the

pol ypeptide to an intracellul ar nmenbrane sel ected fromthe group consisting
of the Golgi or the endoplasmc reticulum As such, the transnmenbrane domain
conprises 10 the transnenbrane donmain am no acid sequence of a protein that
i s anchor W3 HE ol gi or ER nenbrane of cells that expr%ggUQEEHWa
protein. In preferred enbodi nents, the fusion pol ypeptide coﬁpFEﬁqﬁga
transnenbrane domain selected fromthe grpup consisting of the N
transnmenbr ane domai n of gal actosyltransferase, the transnenbrane domai n of
sialyly transferase; the transmenbrane domain of human 15 aspartyl

transferase 1; : W : k o TR, ‘o nsferase 2; |
t he transnenb?%ﬁlnlg&é%%rg??l 0 i@ﬁ?é&?@gﬁeﬁ l%mtranéﬁlgp r%%llém(tﬁ%%ai n of acetyl

gl ucosami nyl trassnshtbrasedorasnid anfifo teidRequiibe. alespaoifiai emt@diAdHies, thepgptifeer r ed
enbodi ments of the invention the fusion protein nmay further conprise a
reporter prot&Haigmeibe Aoeeretse leavage sife aubirterminak © the rapupembrene domaiaguence
and the trans rane sequence. The repprter. sequence preferab rovi des a
det ect abl e ang&qr%éml?aﬁfgﬁoels Sﬂ%ﬁeﬁ]@faé?cfs e e@“qbozpﬁmglﬂ)t% {g‘SIpeﬁtﬁCL%i]@ttg?i stic)
or is ap enzy{Bndritaibrasd @&ﬁéiﬁ%néy §é1§%>¥3fa@é@b>l ik W/I@féuéﬁeciﬁé’ﬁ'lw,%@liﬁm_ _
substrate or product provides a deteéectabl e and quantifiable characteristic.
Al so cont enpl aiagdearpeptidé liskarrcopgirispepbode?) woabpni 40 animo acgsorliner prot ein

am no acid sequence and a (3 25 secretase cl eavage sjte containing peptide
sequence of tR&UEYaEY preferge AmbeRIanEs. the EansmepWrapesiamain grchoRetienyent i on,
the reporter [ 3% 1 J St - UGl ase;
al kal i ne phosgﬂgk’ ‘?g@e t‘?é‘ﬁgﬂé“?%tceggls# g{%{s}lg}ﬁﬁfg %P%ggoﬁﬁi a@gwgaﬁsetﬁbﬁfﬁﬁ escent

protein; and GolgoatiphaidopRbmacetighlut. aAs teoha s rdmneaibr &lendoasdhe coraprisdse
present invention contenplates a nutant or 30 derivative APP nolecule in

whi ch tifle nat tedransmembeanétdomain painpAstd saquencefof winratein,fat innolnred sode
PCT/ USO /230%%%g_i%r %ﬂ;&é{nﬁ%{% E?tgpgfﬂégpf@?ss{g}'ﬁ.e' %bg&eﬁo I.(ﬁoeée %r@da b- secret ase

cl eavage site of>one e su Sent i I'on. Such a

nutant or der EMBbdliﬁﬁm‘éPﬁlenﬁB’io??mg%ﬁﬁ@_t &inflesh tansiHéhBGhe domMbinagRBRAI S Or
by peptide synthesis as described herein. "Additional aspects of the

i nventi on confrempihatgeoup guisisHog bé e terms Bembrape idoimatn of grlateyliianefesssquénces
enbod mont s c FAESHENEEE: 4O BORATTA Dy A BlniEr SeRYRa DAL A2BEPaE "B Bence
that engodes gshept irfRGHAST T Bk frafimdHibraRE 85BN JIfMARN SPartyM B Asferase 2;
the transmembrane domain of syntaxin 6; the transmembrane domain of acetyl
glucosaminy] 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 [3-

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; 3-galactosidase; -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 B-secretase cleavage site of wild-type



contenpl ated herein is a vector conprising any of the pol ynucl eoti des of the
present invention. In preferred enbodi nents, the vector conprises a

pol ynucl eoti de 10 encoding a peptide or a fusion polypeptide of the present

i nventi on, Wh&/¥3¢ t he pol ynucl eotide is operably |inked t 8CA/USPHRBRr to
pronote expression of the fusion protein encoded by the polyggﬁéggmbge in a
host cell. O her enbodi nents contenpl ate aghost Cell transfor r
transfected with a polynucleo tide of vector described by the present
invention. In a preferred enbodi nent, the host cell is co- 15 transfected

w th the pol ynus 1@33&%‘?4&’0%%&&' toad?)‘ﬂta[%hggal%&é‘gérsgghéég%vsg&tsoﬁgong’L??t?'é %Gh%stﬂ{éﬁ:

Asp2. Al so descri erernis a ne strate tTor a P-

secretase assay tHePFNehs iNen@SRWSHich Anfuemt of Gédivdtive ISP hik heenbiapatyesiteed
with a vector of the present invention in a manner that permts the

expressi on of dirage®@mupagenesinor b peptistei synthasit ag dessaiibadhexinf t his aspect of
the invention may further. . conprise purifying.the pol ypeptide. In . preferred
embodi nents, the host céé?qdltil%ng?gﬁe@ét‘g&hq %ﬁﬁ&%coé&?ﬁég@@rﬁqqﬂqchﬁua? a
mammal i @an hos b j I : o]
conte rrpi%at ed tﬁg r g%lgrﬁm%r%eﬁtelr%gﬁgg gén ulg ngtrsiitﬁrr%leé C%c%?r%ri?gllxﬁ gﬁgﬁ? @Q\%Iif 5@&% R{Jétg‘grﬁt

havi ng as ( 3- seentdas Otiedreavddémens codtetnplatee poiydedeqidet dogppisapent
invention. In a further aspect, the present invention provides a nethod for
assayi ng for rveleotideciequesice thatsagpdes aneptde subistrpte of dhp preserignyansion: édso of
contacting a first ositign with a second ¢ 0si,t10 th in the
oresence ana_ icAnFREIBERRER 1 §etlop doleiEe At 6F TR uistnts ol PERRRG ne
first conmposi tihRRt6R NP befsred SHboBMERLs! AR vedto @6&3&1@&% C?_&Ziafmwtidée or
biologically active fragment thereof, and WD 02/ 06306 PCT/USOL/ 23035 -9 2

FEB 2008 wher eneodinga peptisiechrcofusioni polypeptidmef the @sesansinyentica, evherdiethei n t he
substrate co ises a peptide or a fusion pol ypeptide of the pfesent. ’
Cnvent ion. | n ONEREPPEG 1S GRGFRI ERKC 1O ARIORBIes S0l DFORY GRPRESTHER PLUE THESR ur i ng
cl eavage of | RodiREbddDy ARMolfificleBiddh PLES eBRE cildt dbddifielosence of the
put ati ve rmdulqg(t)or corrpour‘?ld; w&qjgﬂc%edént:ﬁlf yfling nodul ators o flg-secret ase
activity fromcan@inpiax ehost dell icdnefvmgé ot tratidfected wéthanpaly medisuiigle ion vedter
absence of the putative nodul ator conpound, wherein a nodulator that is a

(3-secretase AFARSALYDG BEAERIIUIERD ¢ 1B 4 PARfETTAA GTROHBRAN alh6 MOS aRHUS FE a
(3-secrpfase 3gQNeska WIR BB PO mMUERi FRYARa o fhiFRRHdaeeBRP gh¥R S ut Ne

Asp2.
Also described herein is a method of producing a substrate for a -
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 f-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 B-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 P-secretase polypeptide or biologically active fragment thereof, and



first conposition nmay conprise a purified human Asp2 pol ypeptide. In other
10 enbodi nents, the first conposition may conprise a soluble fragnent of a
human Asp2 pol ypeptide that retains Asp2 (3-secretase activity. Mre
particularly, the soluble fragnment may be a fragnent |acking an Ang
transnenbMP82Eai n. In preferred enbodi nents, the (3-sed¥%¥%§%ﬂy3°

pol ypeptide of the first conposition conprises a polypeptide7p§g%fied and
isolated froma cell transforned or transtected 15 with a ponH &t 684 de
conprising a nucl eoti de sequence that encodes the (3-secretase polypeptide.
In other specific enbodinents, the first conposition conprises in a cel

transf or ned : i . J at 0, .81 | eoti de
sequence tha’Ew %&%@E@i&%hggf%ég%ﬁ%lfg@éﬁg%F%p%Bg?%g @g%ﬂgﬁ{t@g Sﬁ%%!éﬁeri ng step
20 conpri ses JoRPSIHET NPepRR cﬁrm@mip@gjp%?ﬁde/@ﬁ the Predefiin@@htion. FrgrbRfreaspect s
of the invention ponten‘gl ate treating zheiner"s Disease with an agent
identified asmbedingdrityithe mettodfiirthepcomprises dicaguning ¢lhavagewof Hedwbssfate he
present invention.. Preferred aspects further contenplate a (3- secretase
Todul at or | AdPIIG BhSEEGERTHI D e RIIILE BHaGE T BLAoR CmPBR: 81 25
Speci figal |y :gQn: I = r activity in
v!ovo cgrrpriyé?%g@ﬂgtﬁﬁg?t%goﬁ%ég?ég%e%tl{z]ﬂl%hrmhgﬁ %’? g?e(r?nc%ﬁf[ﬁicﬁ% g%%blgq{l%e Y

present i nvernjresence verey i the bbens®ofithatpatative neoduBtsecomspamd, aht@goni st, to a
manmal in an anmpunt effective to inhibit (3-secretase in cells of the
mamal . Al so editehdat et Bisperpsanpganish sednces slichcdeayags enda mogW##rsi ng a

oharmmceut i ety e Era G Rah e shOF SRR GRE 1o PYGRL LBBaRMR, ey
carrier. FurtfielconsBion Bhy LhBpiRvepiif Kasal ABS olBipRe. Bf othéeat i ng a

di sease or condition characterized by an abnornmal P-secretase activity
conpri $0ng aahiodineends,i thg first compokifien mayrcompaise af solutde fragmentaofgHammaaceut i cal

conposition as .descri hed above. géh enbodi nent. scribe the use of a

modul at or i dgis(p,zfqo eplide T Z5tAgs plf hésef)rrﬁg’ﬁg ﬁftl‘flﬁ'v_ PRCRT ‘?Ftlzl‘rﬁ'e nuf act ure

of a medi cangg Iubieoﬁa%rﬂgnt thiF 8t TeRbmieht ALGRE LA P8 (RAnSHeRBrank Momale! BI €d

aspect, the invention provi'des a contalner containing a conposition

conpri si ng a prefdtredteaboddeeits, fthe (-sacemse polgptmidelof the serbmposidot | on,  t he

contai ner containjing a | abel _describing the indicatjion of the nodul ator for
comprises a polypeptide purified and 1solated from a cell transformed or transfected

15 with a polynucleotide comprising a nucleotide sequence that encodes the B-secretase
polypeptide.

In other specific embodiments, the first compoéition comprises in a
cell transformed or transfected with a polynucleotide comprising a nucleotide
sequence that encodes the f-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 f3-
secretase modulator identified according to the methods of the present invention.

25 Specifically contemplated are methods of inhibiting -secretase activity in vivo
comprising a step of administering a modulator identified by the present invention,
wherein the modulator is a B-secretase antagonist, to a mammal in an amount
effective to mhibit -secretase in cells of the mamumal.

Also described herein is a pharmaceutical composition comprising a

30 p-secretase modulator identified by the present invention and a pharmaceutically



10 treating Al zheiner's D sease. Preferably, the conposition further
conprises a pharmaceutical carrier. Most preferably, the conposition is a
unit dose fornulation. Additional methods are described for identifying
agents thaoonmhidsit the activity of human Asp2 aspartyl peotragse23(iiu- Asp2),
conprising the steps of 15 contacting a peptide or a fusion pol ypeptide of
the invention and a conposition conprising an Hu-Asp2 acti vi fEBnZﬂ[}ﬁe
presence and absence of a test agent; dégerm' ning the cl eavage of the

pepti de or pol ypeptide between the P, and P, by the Hu-Asp2 in the
presence and absence of the test agent; and conparing the cleavage activity
of the Hu- AsisSeRtablearnigre danter @spectseofitbe invageon dQS@rlgﬁé methadofttyeating @he 20
absence of the test a to identify an .agent,that jnhibits the cleavage by
the P AspAisnept Rl babctEbian s AT abiiey balurkl iR sbBcfiggens .
identifies ajundgff; EtstBai subjet Bl heed'df 1RaREeR G dhhkhcentith] RbRIDELTi 6 as

enbodi nents, the Hu-Asp2 is a reconbinant Hu-Asp2 purified and isol ated
froma cell deseanbddabrord. ddthtr enbédnend devdritie the pod yhHaimodokriodddentifipdi si ng a

nucl eoti de sequence that encodes Hu-Asp2. In 25 other enbodi nents, the
14u- AsP2 i s S&PRARE tythe presepeinvent smapafacike gE @ megicamsailor s growi ng

the cell in &&%ngﬁte&eﬂfzﬁeﬂfég’sa@ﬁ&ﬂge of the test agent, and the determ ning
uring clea

step conpri ses neas vage of the peptide or fusion protein. In

speci fic enbodi ments, nherélglel abpict,hBe ifeon pRVidesRoriir eBkthEgngencodi ng
the polypeptide, and wherein the contacting step conprises grow ng the cell

under 30 cornedmpasHion ePmyTisitg @ medulatar idswiesisasconding toche pegsent dev entin,
preferred enpodi nents, 02/ 06306, PCT/ USQ1/ 23035. -11. .2 FE3 2005 the cell is
B uman enbr GoAPRBRICE YR 2 FAERLASET0RE e SR Tomgt I MeTHaoDTr o O
neur olhast onRefRls| Alzhéither s'DiS¢A3ET PREfREMIY, Qe _@&’ﬁﬁ@giﬁ&{‘ﬁ&hef B&nﬁ}‘i's‘ék goti de
sequence is selected fromthe group corisisting of a nucl eotide seqguence
encodi ng t hephdumagapizéladaraen. ndoatprifarabjyetheeconpositiontiha unit 868@ | D NO 2; a
nucl eot i deNgﬁguenc,e 5 encodi ng the Hu- Asp2(b) am no acid sequence set forth
in SEQ I D NC 1E}lla‘é“’nnucl eoti de sequence encodi ng a fragnment of Hu-Asp2(a)

(SEQ ID NG 2) or Hu- ﬁ%ﬁﬁﬁ%ﬁ%&é‘ﬁ 1d Be%@scr‘i‘t)efd %?&@B%ﬁ%"&%@&mﬁﬁ%ﬁx?xm bi t s

aspartyl protease activity aracteristic o b); and
a nucl eot i deths ectigine 6f iiman Ap? NspaeryEpioteige (HatASpERrdodipziemgihdsiepssft i ngent
hybridization conditions to a Hu 10 Asp2-encodi ng pol ynucl eoti de.  sel ect ed
from tihe gr oUPMASHAS aREPHEE OF a $psipn pplypeptide 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 P, and P,’ by the
Hu-Asp2 in the presencé 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 iéolated 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
COmIprises grqwing 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,



and SEQ ID NO 3. An additional aspect describes a nmethod for identifying
agents that nodulate the activity of Asp2 aspartyl protease, conprising the
steps of contacting an Asp2 aspartyl protease and a peptide or fusion

pol ypept i dMOAE/¢Ie present 15 invention in the presence andP@ewned3sf a
test agent, wherein the Asp2 aspartyl protease is encoded &ymngﬁl eic acid
mol ecul e that hybridizes under stringent 1h_ybri di zation con itendlldo a

Hu- Asp2- encodi ng pol ynucl eoti de sel ect ed ]from the group consisting of SEQ
IDNO 1 and SEQ ID NO 3; determning the cleavage of the peptide or

fusion protei we e and Lhe P, . .sitg. by .the Asp2 in the 20
presence and tg geglhgeae@%&{}]n%ﬁP%@Pmé‘é@ﬁy ;degr%ﬁleczgl%pcépiaﬁg atrﬂ‘gus&l‘g%’\r/%fg% activity
of the ASP2 jjefirobiRtdMLEANRRe. Oln Sthé& Prefireddiodiferdtdane hEAYASR RGldnkety 1N
t he absence of the agent to identify agents that nodulate the activity of

t he pol ypept isdlectedtfemeite groupodnsisingrof ahmicléosdaseghep@ émchding oy Hoeduces t he
cl eavage and a nodul ator that is an_Asp2 agonist increases the cleavage. In
preferred enfSPife AEN0 AHd SREHCAGRISTE lﬁ‘?rlt}h@rs}éé IDoNEY: i25 @ ducleatidg squeRcet r eat i ng

Al zheiner's D ih - ifi . | ohh ki .of _Hu- Asp2
accor dinﬁg togf)g(gdﬁ%g)@a%{} A?S%\%g)ﬁt%ﬁ%%d Qci:ﬁ' é%({dgggecérae?g%gh fﬂsggbﬁgﬁgdqf Br
identifying amerbadd ffuehdténebding Agragafeht ¥f - p2(W) BBQATPR AP aF il
protease (Hu-Asp2), conprising the steps of growing a cell in the presence
and absence dispa()dSE MO: dhwhesiein thadraggient ghibkixpasparelspratepie ASHRY or
nouse Asp2 and expresse r in.conprj.sing.a peptide WO 02/06306 PCl / U
S01 /23035 - 122 C’I%E‘S%C ﬁﬁ@-&ﬁaﬁmﬁrg&%}ﬁtéﬂ&e@%&%ﬁaSwsg%en? 4 nventi on:
det er m ni ng Rk RBYEYEaP hybritGzesAnat Citindént HyBridizhGol EniRfihs k) § Hy- and P,
in the cell i'n"the presence and absence of the test agent; and conparing

t he cl édvage Aplienicoging polymaclpotadeseteetedfirdrhahd goupagesistingt of SE@ IRIN@Vage
activity in theﬁ&% cig of the test agent to identify an agent that 5
inhibits the &t 113 P ﬁu-AspZ, wherei n reduced cl eavage activity in the
presence of the test a kd tnhi: ki - 2
activity. In preferred glgq %H?]?rﬁetr?%éécﬁéﬁgﬁﬁ%gfﬂ{gte#o:aa%f H‘}'g{r@éﬁ ¢ ggs':ﬁgﬁ
endogenous Aspadubste Higsadtiey of tAspD i tyegrodéast | eursfreiigethe Wtdph ofl contacting

pol ynucl eoti de conprising a nucl eotide sequence that encodes a Hu- Asp2,
wher ei n the rAfchudtaspartdayaeasecands: peptide pefusiqropaly peptige ofire1esedhsi st i ng of

'S0 D o SR RGP b Rl IR M AR R SRR R T

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 P, 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 ihhibitor reduces the cleavage and a modulator that is an
Asp2 agonist increases the cleavage. In preferred embodiments, the method further
25 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



acid sequence set forth in SEQ ID NO 4; a nucleotide sequence encoding a
fragment of Hu-A~ Y2'Cal ~1 ' "SEQID NO 2)1 or Hu-AsPO 2 b (SE~ID NO 4),
wherein ~ J the fragnent exhibits aspartyl protease activity characteristic
of Hu- Asp2XQ)yz/6630¢iu- 15 Asp2(b); and a nucl eoti de sequence RET/HS01/23035

pol ynucl eoti de that hybridi zes under stringent hybridization conditions to a
Hu- Asp2- encodi ng pol ynucl eoti de sel ected 1Izrom t he group con? Fttn@(}pf SEQ
IDNO 1 and SEQ ID NO 3. The invention” & contenpl ates th s of an
agent identified as an inhibitor of Hu Asp2 according the present |nvent| on
in the manufacture of at men ier's

D sence The Ot Tt Bhly Pelide SE Destttin Bioys SR Habtg he GRATREE N HE
modul at or s of r@éﬁﬁétttxé 1% BLiGRS gttfbcl“'éﬂdtﬁ’ s R enqmﬂedﬁg%g@ééé@%b%én&foﬁ he

i nvention, usi ng pol ypeptides conpri'sing the pept respect to

each of thosehm’etshmgmt and qoigfaéihp ¢k clebhage menvity cthe @esere oddll tebtap@ht st ep
of synthesizing nore of a 25 nodul ator that has been identified as an
aspartyl pr ott@gsfédﬂiiﬂﬁgﬁ jagdyity inthe apseace pf Big tCSﬁeiilin‘IﬁttD ddentifihan agenh@at f ur t her

conpri ssn aco S|t n..co ulator in a

ooy mmcout | Larp ey STRRE b WIEAFREficad slehana RGN il PRy
optional Iy CQmid &8t Sfeint 1deﬂt1f1b§ éﬂ‘ﬁenﬂtﬁ?ﬂﬁb@s‘jﬂhms?ﬁ%Eﬁﬂ@ tﬁ%r@féfﬂéﬁs' tion to
a manmal to inhibit aspartyl protease activity in {he manmal

Addi t i onal | y entbodimententhe dostomstitedthpt evtpafsssks t=:1:izi(1‘gczmousebﬂsfp@rom1h1%1gbc:z€n~ V\D

02/ 06306 PCT/ USO1/23Q35 2 c_7 g 3][ secret ase assay conprisin

(3- secr et ase TEARSOIMGH OF %Bﬁﬁeﬂté ?1801?59%@%‘?{% & GPRISING# I g &¢ ?eh a

3- I
(3-secretase @zhlaes MHANEGH! WheRAP A dRMofde Mfichdd R RAEGEAHOm Hgg&gﬁms

may be a fusion polypepti e present 1 nventio

cont enpl at e tdoasistiteoka hecledidecseqierics encRHge tHesHb-Arsp2i@y aﬁinormxd fquéncel eavage
of the peptide or fusion protein. The invention al so describes other

preferred peptt st iphtEQ IDMNP: 25 @ nuclsetidresequense eacoding e H@Aéﬁa(hba@éﬂods
papt i des whi AR EONEISEast ri i B0 5 oD it thyra B RIS <7 ™ 5
car boxy- Lol i na o St SY EVERR (G 10 1DNGL 163) ANy or 1 el ately o the
ami no-t er m nahe ﬁfagsemswdmgmwsﬂcpro@asmnym)chanaﬁtenetm ddlpdpspl@per be
10, 1315 15, 1.§§p2%l%’; arzlé a n%gleot?igé se%(l)len 45df a ;?dlynuc’leotlgé 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 inhibitor of Hu-Asp2 according the
present invention in the manufacture of 2 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 j3-



65, 70, 75, 80, 85, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200
am no acids or longer. Additional features and variations of the invention
will be apparent to 15 those skilled in the art fromthe entirety of this
appl i cati OO u2496306di ng the drawi ng and detail ed descri pti onPCEBESNMABN3SSUCH
features are intended as aspects of the invention. Likemﬁse,,fegpu%%s of
the invention described herein can be re-ggnbined into additifoh&l Z063
enbodi ments that also are intended as aspects of the invention,
irrespective of whether the conbipation of features i pecifi cal

ment i oned abC\fETORTE 3853 FORYPIHE Hb-SerRsEaT sEhsiralgpepHde 5%@5@@?56% inm%ie,n only
pned ab: as ' par e T .
Shoul d be. ui dERedB i 31 ARG RAGe Th ShlifCafibddinERts, B2 AR eI OF

whi ch have nafubbes nitgss 4 BRINRIISHeptias of ke préstht &fventior)t Baviied as aspects of
the invention. In addition to the foregoing, the invention includes, as an

addi ti onal Z3nkaiveents cahtempiaio thatthet kitsahay pempniseancegents foadetsoing tha scope in
any way_than the variationg specificall. nti oned aboye. Al t hough the
Sl | oot (o) letvaat BEUEREDNOs pT Gl ol B LVERIAR AEREIIELo. 1 he

cl ai rs appen : i - £ Nl i ope the
B o ar t wor b ST LR s S e R e e 3 O ot

wi t hin the scegeemt SEISYakE VEFR (BEQUINNO: 16 2) hetlsatbmamphtedafre péysidd®waimhl | cant s

Cheright 1 o SOHBIEFde  ahmihent> Al J0uHdP. HpsPi ABPpdber: etk Do -

redefine the é’éoo?%@%%% A%ﬁrst %@%{%ﬁ@ﬁs él?é‘c%:@ox@ﬁeﬁx%%él o°f‘§ﬁ'1§?lEoﬂ§§%3§EQf such

aclaimto speéitically exc utory prior art or

vari at i@ns ofIDsN&t: tiDrayidfor imamediately tootie ahgns eepmabbdf SEISY-BVEFRI (SEQMD | at i ons

of the inventian defined %sgéh anmended cl ai.ns_al are intended as aspects
9P

of ‘the i nverD6H2)TRETEEIERPEAIBEE PF 01 bh 151 Hs ek But Bel bild: 4nid0e 0wl di ng
preferred 5 e5hop R Ss ol dhnfrd fi’é@“fs‘oo?%),'r}%g'f%togg‘i’%cisbol%ezbé bYSErRIdve.

only since chariges da ificationw he scope of the invention wll
be possi bl e whilosgerstill providing an enbodinent that is within the spirit
of the invention as a whole. BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | ow ng

drawi ng forms part of tAddpioBallsatusgsersidragiationsrridhelinventioewilieeiappaoent ¢o
urt s Serog A PR e e RGO RYFPShn, MG PRTA R ©°
det ai | ed desciiddédt@iled description, and all 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
describéd 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, all embodiments of the invention narrower in scope in any way than the
variations specifically mentioned above. Although the applicant(s) 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 applicant(s) reserve

the right to exercise amendment rights under applicable patent laws to redefine the



of the specific enbodi ments presented herein. FIG 1A through FIG 1D
depicts a contiguous, conplete sequence of an exenplified fusion
pol ypeptide (SEQ ID NO 128) of the present invention and the 15 nucleotide
sequence woaadsivg t he pol ypeptide (SEQ I D NG 127). The enti«musmdzismg
sequence for secreted al kaline phosphatase from M.LL (SEQ I D {}O%
DAAHPG (SEQ I D NG 45) is shown in normal font. Sequences deri & f)rﬂ}ﬁn
insulin n-chain with the nodified (3- sethdrase cl eavage site are italicized.
The transrrerrbr ane domajin from Asp2 454-477 is underlined. DYKDDDK (SEQ I D
20 NO 114) i Sbyect mager glsuck qurimeo speeficalygeisiude sueh Spuiay Rfl*ﬂfr?étr%Fs as
substrates f e S S e a to"
I gﬁ;ra . la{}?lﬁ Ar‘ s gﬂprd& gy e@'& el d&f s%’&hg c%@fp ‘vgﬂ it

refers to ecl esigna ers omai n
and the portfofie ﬁﬁr%hﬁ@@&% fB?,frﬂihch affeBddl d19inisTiso e TReAR] A08bdis ef thehe
chimeric protein respectively. 25 FIG 3 contains inmages depicting Western
bl ot anal ysi mvcxﬁloAPPThpdoradsd;dwgrlpyon Bresetedbeew, whilstpadwidingiKeBddcel | i ne

t hat expresses, higher | evels of Asp2 was transfected th either wt-APP or
di fferent meBPRATAEEHS Bjpe IBB%PPu&@tenﬁ?q torbe ’u“élﬁé%té’@tqnmms%? changebeRd, cel |

extracts wer :

r)écogni zes t 081%%%%@;%}@56 }){F%O Rt "ﬁ%&wﬁi e’g& %ib?eogﬁ%lg tﬂ@rggd ’Tg | ength
APP and its pf efiesiimest thaodwithin th“Ek@uﬁﬁofaﬁ@mtem a9gwhulel y was j udges by
the production of CTF99 or the ratio of CITF99 over CTF83. WD 02/ 06306 PCT/ U
S01 /23035 EBIEFQE%CBIREH)IEQTAHL@DJESﬁﬂWm OF THE PREFERRED

EMBODI MENTS Al z S .di §ease e-re dis

associated with Bﬁ& élé)év e @gﬁ% qrgxs% %J&S%BTC %B} sgﬁ%ﬁ%ag}o&q éﬁl%)]ludegrti cal

atrophy and geppagét d@ﬂonsﬁﬁte%ﬁé&tﬁoﬁ@%@énﬁﬂdsﬂ%ﬂr Olfﬂetlh{/éﬂtﬁfnYmﬁyaBQb%er f
prinmary conponent of the plaques 5 is the 40-42 amino acid |ong peptide, AP .

derived fromuzdersgidby oiferaPR @dhadmwing m cembinationt withithegdetaipat désaniptadn t he
transnenbrane onai n_ of g ul'l Ien tg'EAPP This pat hogenic peptide is
gener at ed as®hUlif SRGAUHC G ‘%‘ﬁﬁ]ﬁﬁﬁtﬂr%ﬁen%g Bd%ing due to (3- and y- secretases
activities. Wil e v, 0 Y t hese
enzynes, the exaglfk?dgﬁtﬂ#}t%g %?ﬁ?h?tgr% {esiaﬁcﬁiﬁ crnfasn%?ng t¢ %ﬁ@l i\)/ég of fgcent ly,
however, 10 sieguplified fotioe polypeptide (EEQATCNOUI2E) exd th@pms&ggeﬂenhbﬁhmﬂ-lﬂieﬁs p2 may
be a Ilkely candi date for the (3-secretase activi %\]y here present

i nvent?on prBYS %@eégw%ggco ing the polypeptide (SEQ ID NO:127). The entire coding

sequence for secreted alkaline phosphatase from MLLL (SEQ ID NO:44)... to
DAAHPG (SEQ ID NO:45) is shown in normal font. Sequences derived from

insulin B-chain with the modified p-secretase cleavage site are italicized. The
transmembrane domain from Asp2 454-477 is underlined. DYKDDDK (SEQ ID

20 NO: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 P-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 f-secretase
activity was judges by the production of CTF99 or the ratio of CTF99 over CTF83.



nol ecul es or substrates that may be cl eaved by Hu- Asp2 and act as surrogates
for the APP substrate. Methods and conpositions for nmaking and using these
conpounds are provided in further detail below 15 WD 02/ 06306

PCT/ USOl / 2803%/0930pLa 2U05 -16 |. Novel Peptide Substrates fRET/BRRIRSPHE The
present invention provides substrates for Hu-Asp2. Initially, JQumber  of
peptides were tested as potenti al substraﬁs of Hu- Asp2. The pzpﬁu ’

o8y
AcGSESMDSG SL- DNKW ( SEQ | D NO 115), WKKGAI T G- WGGWKK (SEQ | D NO: 116)

ANL- STFAQPRR R - W 118),
YRYQSHDY- AFSS‘&/@&%ELEBQEE%%P TBWWRﬁwb he two

am no acids separated b ) i : }

protein (H s)6Ubiquiti nXlélﬁ'eAl%}/eI?Qedlgiagé %anl(g(l‘;&elgé g%{mﬁée%%d '?S g?‘?rl‘gnag éafté(sizwg? a Leu
resi due in thEogegsiendementia. 468l pethddPSaracter(zSEQy |cort@l 220phyHmuedepiositianh |

t hese substrat es are cleaved less efficiently than the 15 peptide
cor r espondi ng® tS@mt 1o, BlagygsAnd epipftatllary fanglss. Apprimapi/s@mppuEnRo{ Be@laques NO

19). | t h di zed ub 2 and
19 ol ehved b B Yored W AcL it agtilen Rp Al olets fhel Bl AR Raftbel0° "
cl eavage si tﬁldf&)'hta‘i:hﬁ G%%Hﬁdrﬂoﬁh@ R SmémbRat WeRRinoA the fel1 kgt APPhernis

sequence VEALY- LVC( SO R (SEQ ID NO 121). An additional peptide with a Qu
in 20 pl ace pAthagesicgieptide iseprtddvasiMESHRf SHQeNtial Nrcetda) da¢ wopwasl t-est ed

vent o, coGAPEGTRIGRr VEBRIIT Do eeeBeXPHEVE DOV RS (R SHSeET e
Wi th addi U ongl,okoap et AARSUPSL ERLER e EhHELIB SR RE%{ L hever

regardi ng specific amno a occup aroun t he vage site. 25

Conventiponal sipiifieatit avidence Hasracaimﬁiateaao dsggesethatsiid- AwpR @hay bas hkélgl | ows:

AI an| ne, Ala, A, Arginine, Arg, R Asparagine, Asn, N_ Aspartic acid, Asp,
Cyst ei ne, C@watecfor the ft- a%rﬁése gty QThea iprasane NenHOD pr qyides:comypprndse,

G y, G

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



Hi stidine, Hi

Prol i ne,

Tyr osi ne, WIg#2/06996 \al i ne, Val, V;
Gutamc acid or Gutamne, Ax, Z; Norleucine, Ne; Acetyl-glygi

Pr o,

s, H Isoleucine, Ile, I; Leucine, Leu, L; Lysine, Lys, K WO
02/ 06306 PCT/U SA /23035 -17- Methionine, Met, M Phenyl al ani ne, Phe,

P, Serine, Ser. S; Threonine, Thr, T, Tryptophan, Trp,

Any am no acid, Xaa, X Additional 5 nodi{ied amno acids also may be
as described herein. For exanple, C(S03) 'fefers to cysteic acid. The
pepti des depicted in Table |I conprise a hyphen to indicate the estinated
cl eavage site for Hu-Asp2. 10 15 Peptide SequenceOrigin/identitySequen

i dentifier SEVNL- @ﬁﬁ%ﬁpgpﬁggsggﬁ§§besf@ﬁ5ﬁg_Aﬁ,ZSV\edi sh Mutant NGO 19 Sequ
QI Seq

SEVKM DAEFRP- secr et ase, ARSE

D Nor ma enceNQO 20

SEVN( NI e) - DAEFR( 3- secr éftggsresoiPHE@ntibh Preddes subkttaes NOHMAkp N sitially, a
( Ac) GSESMDSA SL- DNKWCasp- 3 prosegemt SEQ | D NO. 22 _
WKKGAHGL - MVGBYRRRE O E Pepsifas) &vess teafed rapptautiabsybaptesrEHapRRo vEIe Pepidashc e SEQ

IDNC1254.

10

15

20

EFRHDSGY- EVHHQKLVFFAE. . . . cl eav?\ﬁ(%: on AbSE% I D NO 25 5 10
AcGSESMDSGISL-DNKW (SEQ ID NO:115),

WKKGAIIGL-MVGGVVKK (SEQ ID NO:116),
ANL-STFAQPRR (SEQ ID NO:117),
YRYQSHDYAF-SSVEKLLHLGGC (SEQ ID NO:118),

YRYQSHDY-AFSSVEKLLHLGGC (SEQ ID NO:119)
are cleaved between the two amino acids separated by a hyphen.
Also (His);Ubiquitin and the fusion protein (His),Ubiquitin-CTAPII
are cieaved at the C-terminai side of a Leu residue in the sequence
...KXTITL-EVEPS.... (SEQ ID NO:120)

However, all these substrates are cleaved less efficiently than the

F;

w
Aspartic acid or Aspar adlGT&)SOn33035 B;
7805 AC) G

used

ce
ence

peptide corresponding to the Swedish mutant form of APP: SEVNL-DAEFR (SEQ -

ID NO:19). Interestingly, the oxidized insulin B chain is a substrate of Asp2 and is
cleaved at a rate comparable to SEVNL-DAEFR (SEQ ID NO:19). The cleavage
site for the insulin B chain is between Tyr and Leu in the sequence
VEALY-LVC(SO ,)GER (SEQ ID NO:121). An additional peptide with a Glu in
place of cysteic acid (VEALY-LVEGER (SEQ ID NO: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.

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, Gin, Q; Glutamic Acid, Glu, E; Glycine, Gly, G;

Histidine, His, H; Isoleucine, Ile, I; Leucine, Leu, L; Lysine, Lys, K;



15 WO 02/ 416306 -18 PCi 7US01 /23035 2 FEB 2005 ....

LTCKTI TL- EVEPSDTI . . . .. (Hs),Ubiquitin-CTSEQ I D API R sequenceNO 26

FVNQHL 00, GSHLVEAL Y- LVCMGERoxi di zed | nsulin BSEQ | D GFFYTPKAchai n
sequenceNQO 27 d VEQCox(C0, ASVCO, SLY- QLENYCO, Noxi di zed I nsulin ASEQ I D chain
sequenceNOVER MROSHDY- AFSSVEKLLHALGGCNovel Sequence of SEQ FE)T/ﬂ;ﬁi,éjfé"3°
present NO 29 i nvention YRYQSHDYAF- SSVEKLLHALGGCSEQ I D NO 30 L V KW 23(8J
GLJPS1SJ: Q I D NO 31 RGSM AGVLM2- ProSEQ | D{MQ 32 GTQH G RLM2- ProSEQ | D NO 33
SSNF- AVGAMRSEQ | D . NO 34 GLAY- AEI AVRSEQ | D NO 35 HLCG SHLVOxi di zed

G L SRRt el TR R0 55 Vos IR RO Eh O | bR g o> Serné S8t 37

Threonine, Thr, T; Tryptophan, Trp, W; Tyrosine, Tyr, Y; Valine, Val, V;

Aspartic acid or Asparagine, Asx, B; Glutamic acid or Glutamine, GIx, 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(SO;)
refers to cysteic acid.
The peptides depicted in Table 1 comprise a hyphen to indicate the

estimated cleavage site for Hu-Asp2.

10 | Peptide Sequence Origin/identity Sequence
| identifier
SEVNL-DAEFR | B-secretase, AP SEQ ID
Swedish Mﬁtant NO:19
Sequence
SEVKM-DAEFR B-secretase, AP SEQID
Normal Sequence I NO:20
SEVN(Nle)-DAEFR B-secretase, A SEQ ID
Swedish Mutant NO:21
L-Nle
(Ac)GSESMDSGISL-DNKW v Casp-3 prosegemnt | SEQ ID
NO:22
15 WKKGAIIGL-MVGGVVKK O-cleavage on Af SEQ ID
NO:23
ANL-STFAQPRR Novel Sequence SEQID
NO:24
....EFRHDSGY-EVHHQKLVFFAE.... | cleavage on Ab SEQ ID

NO:25




WD 112/ 06306

addi ti onal
cont enpl at ed.

Co, and C(SO

In preferred enbodi ments,

19 V-GSGV Notch PCT/US01123035 2 r
herei n throughout,

referred to herein as cysteic acid,
herein andVPA2PHE6 ar t

that conprise cystgj ne at that residue al

ot herw se

2

2U55 SEQ ID NO 40 As used
refer to oxidized cysteine
these terns are used interchangeably

It should be noted that wherever cystE/ESUEHPSi s used
at a 5 particular residue in peptide substrates of the present
substrates

T

e cysteine in SEQ I D NO 36 and

SEQ I D NGO 37
i nvention aré
(Bi ochem Bi ¢
Conmun. 32: 8¢
substrate th{

oxtdrzed—to—ecysterec—actd:

. deJKDERL-IEBVERSDTe.... 10 nomen
pphys. Res. COnnnUJ7. 27:157(19
D8 (1968), in which the amno
it undergo the cl eavage are def

The—peptitdes—of
oltE$ UkiqhitinSCThied
67% and Bi ochem
2 PH pesypRifes in
ined as P3 ...

the—present-
EQ) land Ber
Bi ophys. Re
N@e&opept i de
P. nmoving fr

ger
S.

om

the scissilelhond toward the Nterm nus. and P_! Pn' myving fromthe
scissile bonqiptqug ¢ Nesis VAT S C @%Ref Y:8dizd skl B8S1 & 15 i s
bet ween the P1 an H’?hé’@ reéAi ue of*the pept(iﬂlée su unlﬁts an |n§ denotjed
herein throy@EEYTRKAh a hyphen between tHechRin seqderdee P, '|.NOr27t he pepti des
of the preseft—TTventiom that were ef fecti e Hu-AspZ—sutstirates; Tyr7/ ffhe
and Lelb wer e | {HY BQISoxGabdenSLYRDhENAC N |anxidined Iysubin the; |ASIQ I ppear gd
several tinmeg at the P, site; @u, Asp, and Ala, were prom jt,)gin t he {P1" ;
20 Val occurfed frequently in the Pz': the SERULIFAECREE - vall WY F appear dd at
the PL' P, F@Y@EH@Y%%WEKW%WG@SDZ NoPg e e%'ce‘&%h”sé{g tions |did
not show any |obvi gus™ preferences. esé observations were [use 0 make
am no acid sybstitutions around the cl eavagge§)}ésentof t he gxiigizmed insylin
B- chai n, speﬂi fically at P2P3'. The peptidgs listed in Tablle 2 were
desi gned, synthesized, and tested 25 for gopv&itop as substirates for
Hu- Asp2. 200M ch.test trate was |1 ncubated wth 210n u- Asp?
enzyme at pH AﬁgYég@Yé f%ﬁs\y]%gweﬁ%c}@ cqurse it should tﬁ% er st oqd
that these arfe nerely exenplary assay condijtions, and those \gh.apki |l in
LVNM-AEGD PS1 SEQID
NO:31
RGSM-AGVL M2-Pro SEQ ID
NO:32
10 GTQH-GIRL M2-Pro SEQ ID
NO:33
SSNF-AVGA M2 SEQID .
NO:34
GLAY-AEIA M2 SEQID
NO:35
HLCG-SHLV Oxidized Insulin SEQID
B-chain NO:36
CGER-GFFY Oxidized Insulin SEQID
B-chain NO:37
15 GVLL-SRK Notch SEQID
NO:38
VGS-GVLL Notch SEQ ID

NO:39




the art will be able to vary these conditions and yet still provide
appropriate Hu- Asp2 activity. For exanple, 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 anount Wé¥ 024346ne added to WO 02/ 06306 PCT/ USOL/ 23035 - 2BCDUPHER32H05 a
given reaction mxture may al so be varied and those of skill ?n{rhe‘,}@” wi ||
be able to perform assays defining the (_)%i_mal enzyme concerft r &t &
necessary for a given assay, as such 150nm 200m; 250nm 300nm or nore or
| ess enzyne nmaytbe—addec—Substrate—conceniratt+on—t+n—those—atso—tray
vari ed such t{héiG$BVassay may 5 use 100; 15pMotdaOOM 250M [SSEMID350M ar
nore or |ess [of any given substrate. It nmay be that one substrate produces
an optimum acitivity at one concentration whereas_anot her sS4t e i s

needed to be present at a different concentrati to produce_an opti nmum
cl eavage rate. However, ASUHeH Beinionehoits o@%ﬂdégmmi%rs@f%ﬁﬂ AR i s

well withint d 1 rt.: ' ' due
experinmentati %%CI%YK# #ﬁg‘%{r%& Q’qﬁg‘f%\%s Egﬁglgtarrcg‘?éﬁ% S%éar%n S%? %aﬁecq?ce{g{eg(g}%%%bw are
i ndi cated by héréin #iddAshd art Wi shbukdne @ieditar whbevacisid ¥oid ifesedmt e + signs

are provided. Those substrates that were not cleaved by the Hu-Asp2 are
i ndi cat&d by particulasregisiue Wopepidg 68b®ratesiof the presentanyenhior/ additional uigragss 2

FL :1 HU Peptide S ActivityS | dent i f i EALY- LV( SO3- ) GER- SE
| D NO 41I V\ReR\féﬂp IL&‘ERGI uen%«eﬁlﬁéélbyﬁatt‘)}lﬁéﬁie.[‘%%q%\%ce ﬂlﬁgﬂ‘l‘?}{?@é%r KWPSJEGX?IB\‘{(NQ 43) °
KVEANY- EVECERKK B iheRS) 1he cﬁ@eﬁe W%Wrﬁﬁ%@*éﬁdﬁ@@ﬁ% éxidized to

KVEANY- DVEGERKK+SEQ | D NO 46 KVEANL-AVEGERKK+SEQ I'D NO 47

cysteic acid.

The peptides of the present invention are described using the
10 nomenclature by Schechter and Berger (Biochem. Biophys. Res. Commun.
27:157(1967) and Biochem. Biophys. Res. Commun. 32:898 (1968), in which the
amino acid residues in the peptide substrate that undergo the cleavage are defined as
P, . . . 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 P, and the P,’ residue of the peptide subunits and is denoted herein
throughout with a hyphen between the P, 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 P, site; Asn
appeared several times at the P, site; Glu, Asp, and Ala, were prominent in the P,';
20 Val occurred frequently in the P,'; the sequence Glu-Val-Glu appeared at the P,' P,'
P.' 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 P,-P;'.
The peptides listed in Table 2 were designed, synthesized, and tested
25 for activity as substrates for Hu-Asp2. 200uM of each test substrate was incubated
with 210nM Hu-Asp2 enzyme at pH 4.5 at 37°C for 3 hours. Of course it should
be understood that these are merely exemplary assay conditions, and those of skill in
the art will be able to vary these conditions and yet still provide appropriate Hu-
Asp2 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



KVEALY- AVEGERKK+SEQ I D NO 48 From the above |ist of putative substrates,
KVEANY- EVEGERKK (SEQ I D NO 5) was selected for further studies.
Specifically, a Cys was inserted 15 between R and KK to yield the peptide
KVEANY- EVEGERCKK (SEQ ID NO 6). This peptide was a good substrate for

Hu- Asp2. WR @d&didi onal steps this peptide was N-term nal | §JCHUSIIPIat ed,

and nmade fluorescent by the covalent attachnent of oregon green at the Cys
resi due. The resulting conpound, Bioti r_1-,)l§VEANY- EVEGERC( or egon/ d’?ﬁéb@ﬁw ( SEQ
I D NO 49), was tested in the 20 following conditions: 10 M substrate, 50nM

enzynme at 37 C. The r.eact.ion was . allowed to oceed. for 2hrs a S | es
oo aan 12 EeRrectin ST RS A e g e bl BS oI ds B

82% cl eavag 15, - B0, i i . Mass
spectronetr 3e/t Ogﬁgﬁ/@ ?Asésaiﬁfggg £ r%%gg?ggv%gggﬁﬁgc%d?g E%@%C gestg %@gta \Eénzmd Gu
only. It wasassfgus stictal50nne 208w i260huny Bo0wd o2 mdrk woless eanimerpy bde had Vimax

and Kmval ues that were at |east double the value obtained for a previous
bi ot i nyl at edaddedio SubsiEate cengsBiratinneindBpse/asp Mmayhetvascdsrad bt anassahmapept i de.
The EVE and AVE .se e t.ha i itions P, '-P3" of SEQID NOS5
and SEO | b NBLA00; JSRAT Aoai” osGB: Yookt PRBM B0k on S oy SGsatio
PCT/USO 1 / 2g3ddade> I?mﬁyf bR 1% @Re 's@l?stra@éjﬂﬂohhé‘élaén %Jm G&iiQht ofi€ I N the case
of devel opnent of the fluorescent substrate Bioti n- KVEANY- EVEGERC( Or egon

G een) KK ( SE@ncéntiNGioaWhertdsanBler swmsgratnis mepdes ®dlequesedt st diffsteat t i ng poi nt
for nodifications. ,S%eci fically, the EVE sequen in the context of the
decapept i de $OPF§IIIatioNEC/PRAIUCERMOPHITNG 4lopyaggdats. JEQRMEEFUCh QPUMEIPRE ant i no
aci d sequencgy | i i i . R ¥ an ] : ten

i no" aci do. CheByinl el S6ARERN EREWARPIRRIIMMedh de o RRERI B 20 seq

| D NO1@6 i n fegbire uhdue éspedimer@tidabl e 3. Substrate optini zation for Asp2
based upon a cleavage site in_ubiquitin Relative rate Pepti dePeptide

Sequence( SEQ | D NO)of In Table 2 below, substrates that produced activity are indicated by
“+7” 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.



Cl eavage+ APP- SWSEVNL- 1. - DAEFR(SEQ I D NG 19) 100

APP- W | dt ypeSEVKMA- DAEFR( SEQ NO 20) 2. 1* Ubiquitin (Pep 1)KTI TL4- EVEPS(SEQ | D
NO ] 20)13.1 Peptide 2KTI NL-4P- EVEPS(SEQ | D NO 133)92. 0 Peptide

3KTI Nnle4-\EQERS(®EQ | D NO: 134) 92. 6 Pepti de 4KTI Nnled- EVDPS(ISBEQUSID/23035

NO: 135) 93. 6 Peptide 5KTI Nnl e4- DVDPS(SEQ | D NO: 136) 12. 2 Pepti de 6KTI SL-

i - DVEPS(SEQ | D NO 137) 69. 0 Peptide 7KTISL- J.-DVDPS(SEQ | D N ﬁ@:@)‘%&grS

nl e=nor| euci ne + Assay conditions were 2061nMm enzynme, and 200 M su s?rate,
300 MM Na- acetate, 4% DMSO, at pH 4.5, 37 C for 4hr. 25 * 24hr reaction In
addition to nodifications at the Pt'-P3" (EVE) sites, nodifications were

al so made at leePzZP, sites. Six variants of KTITL4-EVEPS (SEQ ID NO 120)
were constructed and conpared their activities as substrates of Asp2 to the
WD 02/ 06306 HCI/US01123635 -23 2 1TT~J i activitjes shown by fjhe Swedi sh
mut ati on peptj dPNISPENEECRO 19, and wi KEtiVihe p!eﬁftqua%%e SEQ | q) NO 20 (Tabl e
3). The ubiquitin-derived peptide havifpg the seq @&gﬁé}f SEQ I|D NG 120, was
six times better than wild type peptideé SEQID 0 —but had only about

13% of the acft kit BhMBoBYGHIe Swedi $b nut ati onl spOIEQIHANO| 19 (Tabl e
h 1 I f th d neal
U L —PD

3). However, substtut+on—of o2 Fhi—wi-th—Asn—gerarat-ed- tide having
the seqgence OWIBBEADYNOVEGERKth actiwity sim | asEQaDtNet4Df |t he Swedi sh
mut ant, SEQ | BNO—19—Substi+tut+on—oftten—tn PoS t+onm—P—of Pg ptl de #2 SEQ
| D NO 133 wi t hKVEANNYAMEGERKA no aci ¢l #nor | euci nﬁ]ﬁ@dth@MS#B SEQ ID

NO 134) gave facltivity simlar to that ¢f the Swe rom (Al so the
substitution 15V@A¥¥@YEGEBM de #3 SEG +0 NO 1RIEQADANO:RitH Asp (peptide

#4; SEQ I D NGO e[| tol érated. Howe , ion of the two
G u residues ﬁﬁ@‘é\@\%&g tti ons Pl | fafid P3' i nggéépﬁgéaifB (SEQ 1 D NO
134), with t [ESd ] ive eptide #5 136), reduced
t hé) ac}[N: vity X %W%gﬁﬁﬁ Yol ?jljx #1 P_}FQ)FIQ LD ( db\%ﬁg@%ﬁ)m%l ed b;
puttingea ser|ReEA9 FUEEGRRREK and an Asp in posiftepq 1B No:4P

KVEALY-AVEGERKK + SEQ ID NO:48

From the above list of putative substrates, KVEANY-EVEGERKK
(SEQ ID NO:5) was selected for further studies. Specifically, a Cys was inserted
15 between R and KK to yield the peptide KVEANY-EVEGERCKK (SEQ ID NO:6).
This peptide was a good substréte for Hu-Asp2. In additional steps this peptide was
N-terminally biotinylated, and made fluorescent by the covalent attachment of
oregon green at the Cys residue. The resulting compound,
Biotin-KVEANY-EVEGERC(oregon green)KK (SEQ ID NO:49), was tested in the
20 following conditions: 10 uM substrate, 50nM 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 biotinylated
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,'-P;' of
SEQ ID NO:5 and SEQ ID NO:7, respectively (Table 2), were selected for



15 give KTI SL-1--DVEPS (peptide #6; SEQ ID NO 137). This doubl e substitution
was well tolerated, giving about 35 tines nore activity than wld-type
pepti de and 69% of the activity of Swedish nmutation SEQ I D NO 19. However,
when an AS® (@&30@ut in place of Qu in the P3' position off(igpoi/dw3#e ( SEQ
ID NO 137), to give peptide #7 (SEQ ID NO 138), activity dr?p?gq e
substantially. As observed with 20 peptideg, #5 (SEQ | D NO 136) ,* t he 308
resi dues at positions P1' and P3' are hif preferred to Asp residues in

y
t he sanme positions. i.m zation of the 2 substra escri bed above .
| aves an AsAIALonE TRUERET Sni G o Ll RER RO e dOEHCa SHR RS 1 o

assays becau ) AP i . SR TR fR8t4Rf etk i n B-chain
and ubi qui ti Eﬁoﬁﬁé\%\{/ﬁe%ﬁw: %Ogome %@gg@ggk@ﬂk@\ﬁﬁ@gg Igaeﬁé?glaabqee to devel op a
cel | -based asgsguenté tvas BlBdte@bs gisetit paift o mddificafiBhs.s Speehcaly, the EVES end,
studies involving variations to the sequences of insulin B-chain and

ubi qui ti n hawequene¢ iethezogientof the alecapepiide KTHEL NoRVEBS (SEQH® Nefi28pwas of
am no acids at., and near the (i-secyjetase ¢l eavage site.of Asp2 and their
effect® on Appieﬁtﬁ&f&ggv%ﬁéhw 19; 2610569y FRee s detAPRIdE s AnERRERICRIA] ¢ o
nodi fy 30 the,P2.P i : - C | 1 20) /
SEVNLL 4 - DAEE?Q%P ﬁgﬁeﬁuﬁ%‘?‘?‘&% @?‘Evé?'?l’ﬁ?@%@% e ?ﬁ%?ﬁ n @E@"‘ﬁ@é@ﬁ:e :

m ni mal 'y WO (6e&/ SERI 06 NRG:26 WST4bR3IO35 -24 2 E 2005 altered APP forns that are
hi ghly susceptible to P-secretase cleavage. Such substrates wl|

in cell-based assays for APP processing,

nodul ati on, | S
nmut ant APP. gﬁ&’i@g S‘f Sé'%g

I Ny

her .as
e princi

Ap producti on,

entors

lﬁ{i

er ex

residugs at the P. position of APP to discover that serine is a good

repl acenent f

Qr

Iy:/ Asn in the quz substrates of the present

be useful
and (3-secretase
BB B b7 palet wilEy S vR 1 WBBsfHrea e

Lnvention.

Thus, in partligeghgd |y pr ef PLpes eydiadidrent s, D Ryaci d | RejapQs rhik 9N P2 |
in the substriates of the pjesent 1nvention is} serine. ccorﬁlngly,
repl acement of the four amjno acids surrounding 10 the (3-sedpétase cl J;avage
site in APP, li.e..... KM 14{DA. ... (SEQ ID NO 189), with ...ES}-.L-E\{F..(SEQ
I D NO. 140) produced the peptide SEVSY-J--EVEFR (SEQ ID NO _14157%P&&t \as
hydr ol yzed by 2,At a raf -fold g th seen flor
wld type. This, s e_invent %&%‘vﬁ‘?‘ Bced qu@@ﬁéﬁﬂ?@peﬁ ?b)OL to the
Swedi sh APP-Wildtype | SEVKM-J-DAEFR(SEQ 1D NO:20) 2.1
Ubiquitin (Pep 1) | KTITL-\-EVEPS (SEQ ID NO:120) | 13.1
15 Peptide 2 KTINL-\-EVEPS (SEQ ID NO:133) | 92.0
Peptide 3 KTINnle-J-EVEPS (SEQID NO:134) {92.6
Peptide 4 KTINnle-\-EVDPS (SEQ ID NO:135) |93.6
Peptide 5 KTINnle-}-DVDPS (SEQID NO:136) |12.2
Peptide 6 KTISL- \-DVEPS (SEQID NO:137) |69.0
20 Peptide 7 KTISL- 4-DVDPS (SEQID NO:138) |20.5
nle=norleucine
+ Assay conditions were 200 nM enzyme, and 200 pM substrate, 300 mM Na-
acetate, 4% DMSO, at pH 4.5, 37 °C for 4hr.
25 * 24hr reaction

In addition to modifications at the P,'-P,' (EVE) sites, modifications

were also made at the P,-P, sites. Six variants of KTITL-\-EVEPS (SEQ ID

NO:120) were constructed and compared their activities as substrates of Asp2 to the



15 nmutation peptide (Wwth respect to (3-secretase cl eavage) by changing the
four amno acids ...NL4-DA .. (SEQ I D NO 142) which enconpass the R-secretase
cl eavage site in APP Swedish nutation to ...SY-.L-EV.... ( SEQ ID NG 141).
Thi s di scoW&42/063%6ovi des t he nmeans for produci ng a nini mal | 5CHUSEYBE3SAPP
that is highly susceptible to P-secretase cleavage and therefore serves as
the basis for inproved cell based 20 assaygisfor testing for i rthirhit Eﬁ.’ of
Asp2. Table 4. Substrate optim zation for p2 incorporating all. avai I abl e

oo A Ry SRS R SR GRS IADIROL BB e i ©
NG 20) 2. 1* sa@f DS‘EQRH RER20 Pravi 3)14$hé8b1§uﬁ536e§%d BORIER KoVl the NO |
44)77.1 SEVS EVEFR (SEQ I D NO 141)141.8 + Assay conditions were 200 nM

enzyne, and 26gjukheuifsitQil, NQH204 was sErin®sfstter than wild (ype pepdie] SEQ 1D

PCT/ USO1/ 2303 * 241t t I Tab] 4 t t f Asp2 th

three newy S&Q ﬁg’sti"%é‘&d Ogib’rn?hﬂeach‘ﬁlélgg vﬁbagﬁtﬁ@ Sh8W8 yh‘g;' S ng%’%%fi(ght Wlar e
SEV fold

Coar s By Dy SEGIRARERI (Fais) Ok Suniibligh f’%@??ﬂa‘ﬁﬁ‘aﬁg gBpasbad LOLH

nutation SEQ b@)tfd@haikﬁx tﬁ@@ecﬁ!&bcsd oft SEQ@ 0D N©:133 hiethtactipitetinkli do Batéflthe SY- 4- E
to give SEVSY- -EAEFR SE | D NO 144) produced inprovenent of activity of

the order of Soefishmuganss SHRID- NQJ8. eﬁﬁhStﬁ‘aTépn %ﬁkqurpps@éﬁﬁapémpéldﬁé”t hat of
the Swedi sh ggml\lﬁdfﬁ il G QoL %{ne nor?% e(%aé’%%cf #%Vﬁ ld type

pepti de and ncrease over nut an al ne en t he

four am no aciNi.134dave a@ﬁdyﬂﬁﬁlhﬂohﬁtb@ﬂﬂe Svaetdlslhhﬁutaﬁbm vms@lth@sw‘sntuhenw I d
type peptide, are substituted with SY4-EV (SEQ | D NO 140) élglvethe
sequencd SEVEYGlu ghzrepRdg SESEQIINSOr 13 in R rwiduder (Remtide il SEQ NP4 35)

%E{]/g{?t ﬁdEe/ggﬁg (c,%nalvr%l'j tr%t%cie tfv%vf urs Pa%f)g;‘gg)&g&oqyl% rgsrllduesl?lsa}t LA

positions P, and P, in peptlde #3 (SEQ ID NO:134), with two Asp residues, to give
peptide #5 (SEQ ID NO:136), reduced the activity about 10 fold. Peptide #1, SEQ ID
NO:120 was modified by putting a serine residue in P, and an Asp in position P,' to

15 give KTISL-{-DVEPS (peptide #6; SEQ ID NO: 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 NO:19. However, when an Asp was
put in place of Glu in the P;' position of peptide #6 (SEQ ID NO:137), to give
peptide #7 (SEQ ID NO:138), activity dropped substantially. As observed with

20 peptide #5 (SEQ ID NO:136), the Glu residues at positions P," and P,' are highly
preferred to Asp residues in the same positions.

Optimization of the Asp2 substrate described above leaves an Asn at

P, (Table 2 and 3). This is acceptable for an in vitro assays because optimization

was done within the context of insulin B-chain and ubiquitin. However, in some

N
h

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 f-secretase cleavage site of Asp2 and their
effects on APP processing by this enzyme. This information can be used to modify
30 the P,-P,' residues in the sequences SEVKM-V-DAEFR (SEQ ID N0:20)/ SEVNL-{-
DAEFR (SEQ ID NO:19) (wild type/Swedish mutation) and produce minimally



potential. The results are sunmarized in Table 5. In one strategy,

SEVSY4- EVEFR (SEQ ID NO 141) was N-termnally extended, specifically by
5-, 10-, and 15- residues. Al of the am no acids conprised in these

ext ensi onV@PE6BYom t he APP natural sequence. 20 Tabl e 5. PEIHS0#/A08S
optim zation for Asp2 25 30 Peptide Sequence (Sequence Listing

Entry)Rel ative rate C eavage Activity of %I eavagemol /nin/nmg 2 FES 2005
TRPGSGLTNI KTEEI SEVSY- EVEFR (SEQ 8401. 35 1D NO  145) GLTNI KTEEI SEVSY- EVEFR
(SEQ | D NDND EEI SEVS - EFR | D.NO 147 3600 58 SY- EVEFR
(SEQ ID NO | 3%%%%)91 %"Fﬁg& fOP TAE RSP 619 VAEEEVBT EVEFR ( SEQ

1D NG 150) 23085 %%%%” i éébg%ﬁ %%%éf@%%ﬁé@ééﬁ&ﬁ%%ﬁ%é i

NO: 152) 5000. gfd Sktd¥tab/bRulaB86R) ds&dﬁ@shﬁ?bth&%@ﬁyﬁﬁat%a@ﬁéﬁa/m?@Wﬂdttly &8r Wer e
2 nM enzyne, and 50 M substrate, 25 mM Sodi um acetate 4.4, 37 C for

2hr. | nt er estittapt WPPFRPGSGLTNI KTEEI SEVSY- EVEFR (SEQ | D NO ] 45), is cleaved
at argte 8.4 times faster fhan SEVSY-.4- EVEFR .D..10 4 Tabl e 5.
The pef# i de KTEEI SEVSY- ﬁe@%@& PRRGRIES 4 ?"E“é?é’f‘gﬁ Jurghgr £Xp ored thé

residues at the P, 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 P, in the substrates of the present
invention is serine. Accordingly, replacement of the four amino acids surrounding
10 the B-secretase cleavage site in APP, i.e. ... KM-{-DA....(SEQ ID NO:139), with
...SY-4-EV...(SEQ ID NO:140) produced the peptide SEVSY-{-EVEFR (SEQ ID

NO:141) that was hydrolyzed by Asp2 at a rate that was 70-fold greater than that seen
for wild type.

Thus, the inventors have produced substrates superior to the Swedish
15 mutation peptide (with respect to f-secretase cleavage) by changing the four amino
acids ...NL-4-DA...(SEQ ID NO:142) which encompaés the B-secretase cleavage site
in APP Swedish mutation to ...SY-4-EV....(SEQ ID NO:141). This discovery
provides the means for producing a minimally altered APP that is highly susceptible
to P-secretase cleavage and therefore serves as the basis for improved cell based

20 assays for testing for inhibitors of Ast.

Table 4. Substrate optimization for Asp2 incorporating all available information

Peptide Sequence (Sequence Listing No.) Relative rate of Cleavage+
25 SEVNL-J-DAEFR (SEQ ID NO:19) 100.0

SEVKM-{-DAEFR (SEQ ID NO:20) 2.1%

SEVSY-4-DAEFR (SEQ ID NO:143) 18.3

SEVSY-J-EAEFR (SEQ ID NO:144) 77.1

SEVSY-J-EVEFR (SEQ ID NO:141) 141.8
30 + Assay conditions were 200 nM enzyme, and 200 uM substrate, pH

4.5,37°C for 1hr.



5 residues | onger than SEVSY-1l--EVEFR (SEQ ID NO 141), is cleaved at a rate
3.6 tinmes faster than the latter peptide (Table 5). In the second strategy,
the inventors nodified SEVSY-L-EVEFR (SEQ I D NO 141) on the P side,

speci fi cal W 03(0630e P5, P3, and P, positions to augnent actP&TAUFIWENEr ds
Asp2. The inventors used this 15 strategy to yield substrates that, achi eved
| evel s of activity higher than the acti Vi%%{- observed with SEYSY-+-EVEFR
(SEQ ID NO 141) (Table 5). The particularfy good substrate of the present
invention is SEl Sy- EVEFB%&SE LD NO 152), where Ile is taking the place of
the P3 Val in SEVSY4-EVE “(r%ééol‘D NO 141). The substitution of Val with
Ile resulted in a 5-fold increase in activity. 20 The amno acid Ile in

position P3 correspondsln%%}%egf’gﬁet je\ iotfiP&lIﬁ%\lfim?}e%\?%g}{&ﬁﬁ%?egabl e 3).

Based on the results of nventors expe term nus

ext ension of BEPBNEYRRR {55 @nH Bhd¥Wddid) mlyant Bredcompardde SEVIESLOABSR Wi | |
result in a substantial increase in activity. Exanples of such extended

peptides i nolSEQIILNO:¥D anbvity hasiinerdased abpptSyioky/erxikid-{ysadut D stithabosy) ; 25
KTEEI SEI SY- EVEFRXKK (SEQ |1 D NO.155): .G TNI KTEEL SEI.SY- EVEFRXKK |

NO. 156); TRP tﬁft‘%%ﬁé%t&é%&%&%ﬁ%ﬁ (’%ég‘r?’bgﬁé Iﬁﬁg’;@ e Subdsidition of

Bi oti n- SEl SY-@EEE@%W&E%M N B aPlive %Wslxﬂ:uﬁﬁﬁﬁbﬁggg)éjl%%ﬁ% (SEQ 1D

NO 159); Biotin-G SEI SY- EVE KK (SEQ I D NO

Bi ot i n- TRPGSGrdMicdd Bp e S¥nEMEeRXIKo{ BEQrded oN@0A61H) ovienwildQypAtdndthali s

trypt ophan and SEI SY- EVEFRXKK SE(P | D NO, 162); KTEEI SEI SY-. EVEFRXKK (SEQ I D
NO 163); GLTNKYEEFerpawbievetrkrkile Spdish mpgant/ Haste/ dold ingreejei@ssvilp7 NO

D No166) | i O v R a2 Meleghy Blen @ o SSoiaeTGHER (552

Bi ot i n- GLTNI KhERBah$Yo EMEE RMK -DIEQH@IDINAG8Y), aBihetactive site of the wild type
TRPGSGLTNI KTEEI SEI SY- EVEFRXKK (SEQ | D NG 169) in which Xis oregon 5 . green

or ot her fl uopeptidarre sistted Gt Y-+ \s (W Q EDASUrIE0) ot givesthe sequengd at ed t hat
one of skill i h (fy.and extend any of the peptide substrates
di scl osed her ﬂsﬁbﬁﬂ#ﬁ%@h{%?ﬁl I useful Asp2 substrates. O her
preferred peptides of t €360k ihvh [ [Walc]| A EFRWKE: (SEQ 1D
NO. 190), GLTNI KTEEI SEI s@%&% ‘%%ég}F B 65111%1%61?%%0’?‘5 sttfirafey
Bi ot i n1KEl SEl impr&EMdR{besatOSBREY -GrECBFKKSEQHD NO: NQ) fd:989p2aehvagd ot i n
- GLTNI KTEEI SEI SY- EVEFR( Cys- Oregon G een) KK SSEQ ID NGO 193). In

) potential. The results are summarized in Table 5. In one strategy, SEVSY -J-EVEFR

(SEQ ID NO:141) was N-terminally extended, specifically by 5-, 10-, and 15-

residues. All of the amino acids comprised in these extensions are from the APP

natural sequence.

Table 5. Substrate optimization for Asp2

Peptide Sequence (Sequence Listing Entry) Relative rate Cleavage Activity
of cleavage pmol/min/mg
TRPGSGLTNIKTEEISEVSY-EVEFR (SEQ | 840 1.35
1D NO:145)
25 GLTNIKTEEISEVSY-EVEFR (SEQ ID ND ND
NO:146)
KTEEISEVSY-EVEEFR (SEQ ID NO:147) | 360 0.58
SEVSY-EVEFR (SEQ ID NO:141) 100 0.16
TEVSY-EVEFR (SEQ ID NO:148) 160 0.27
30 SEVDY-EVEFR (SEQ ID NO:149) 240 0.38




the latter two peptides the biotin facilitates capture with streptavidin and
the Oregon G een provides fluorescent em ssion superior to the em ssion
fromthe tryptophan in the peptides of SEQ ID NO 190 and SEQ I D NO 191. 15
In the substrates SElI SY-EVEFRWKK (SEQ I D NG 190) and

GLTNI KTEEWSE263E/EFRWKK (SEQ | D NO 191), the 10 N-ter m nalPCAHNB2303Ti ds of
peptide SEI SY- EVEFRWKK (SEQ I D NO 190) are identical to those of pept| de
SEl SY- EVEFR (SEQ I D NO 152). The differepgce between the two peptide?isg the
presence of a trypt ophan and two IyS| nes ih the peptide of SEQ ID NO .190.

20 SEI SY- EVEFRWKK—-SEQ 1+ DNO-190)—and—SE-SY-RvEFRSEQ+B-NS—352)—have -
conpar abl e ad tTBNIDYeEVEE\Re(IS(EQ }HUN@sIﬁO)but t he| 280di ti on of| @8 fl uorescgnt
trypt ophan ifAcreased tThe SENSI TV tiv)] of the HPCCassay—[Woreover—the—

addi tion of §WEIPHSEYSER (TR Had&18b) ubi | i ty)3%u- Asp act|i¥bly was testjed
| D'NG. " 151) | AEIEYORVEER BEQ NG dde. of  SEGWD NO L ol] G4 mich mor g
the Lo pept ILAEoRE VEF R (SERDIOU har 1 o 1 nf “lhe pi La a@igfieefet ="
ol 1Y o1t s, 8 Ao ST ey t?i@aﬁﬁﬁwﬁﬁaﬁﬁtrﬁ% he

activity of peptide of %@@JP@"F«I@%B@ 3 prf@¥%lHS| ng ionic strength. Both 30
pepti des were inhibited by increasing concentrations of DMSO. In studies

duct ed t 100 mM NaQAc/ HOA 190
ggﬂi g::t gd aaV n,r 185n %%@Ynﬁﬁ@mﬁm%ﬁ#@)@& de of SEQ
ID NO'] 91 M@J@%@@%@@leﬁ@ A:J%%{e%@éées atef tR)SE VORI -BYRERI kEO 1B V. N,

1260nnol / ng/ mi n and As expected, the N-term nus el ongation
i ncreabks actNOiidyl), Weﬁwé‘he p¢}hﬁell<ﬁﬂ§ﬂSEMS]{ GVERRNESEQPHP NG £473 tlics i s arilg
( MCA) Ac- SEVNL- DAEFRK( Dnp) RR- NH2 after the

Shod) o ot ari TeAes GRS PRTS hg%‘éEFs%é%Qéﬁé“QIléé};ab@e%vetiéta@%ﬁ 6iicda

Umx wns. acnrousth il e gepfitt CRIEDKHR dhe sfor sl WERVBIERTE) (o
195 to the paptifdd SHVSEQ EDEF@(SE@HDNGﬂQ@‘bﬁHWFBﬂE @Emﬁbﬁlyseh”ﬂ&n’ at es of
SEQID NGO 190 and SEQ ID NO 191 is of great value in Hu-Asp inhi Bi ti on

studi es and i, 3de8| pesitigsrie eugmtmj agtegomtovasdstAsgd- ABye inednpdrdiusegl thisom E.  col |
;2;' FZL%? hbgg s!tg%egy 0 yie qg sgbs rates ?ha% ac S1<§vre gvselsogf atcgvn)p fuegﬁ than i %%Qttnlzn%fn ey 'be
observed with SEVSY-V-EVEFR (SEQ ID NO:141) (Table 5). The particularly good
substrate of the present invention is SEISY-EVEFR (SEQ ID NO:152), where lle is
taking the place of the P, Val in SEVSY-J-EVEFR (SEQ ID NO:141). The

substitution of Val with Ile resulted in a 5-fold increase in activity.

20 The amino acid Ile in position P, corresponds with the ubiquitin
cleavage site (see Table 3). Based on the results of Table 5, the inventors expect that
N-terminus extension of SEISY-EVEFR (SEQ ID NO:152) by, e.g., S to 15 residues,
will result in a substantial increase in activity. Examples of such extended peptides
include but are not limited to SEISY-EVEFRXKX (SEQ ID NO:154);

25 KTEEISEISY-EVEFRXKK (SEQ ID NO:155); GLTNIKTEEISEISY-EVEFRXKK
(SEQ ID NO:156); TRPGSGLTNIKTEEISEISY-EVEFRXKK (SEQ ID NO:157);
Biotin-SEISY-EVEFRXKK (SEQ ID NO:158); Biotin-KTEEISEISY-EVEFRXKK
(SEQ ID NO:159); Biotin-GLTNIKTEEISEISY-EVEFRXKK (SEQ ID
NO:160);Biotin-TRPGSGLTNIKTEEISEISY-EVEFRXKK (SEQ ID NO:161) in

30 which X is nyi:)tophan and SEISY-EVEFRXKK (SEQ ID NO:162); KTEEISEISY-
EVEFR’XKK (SEQ ID NO:163); GLTNIKTEEISEISY-EVEFRXKK (SEQ 1D



am no acids so long as the am no acids conprise a p-secretase cl eavage site
that is not depicted in any of the sequences of SEQ ID NGO 19; SEQ ID

NO 20; SEQ ID NGO 21; SEQ ID NGO 26; SEQ ID NG 27; SEQ ID NG 28; SEQID

NO 31; SEQVOD2/00®632; SEQ I D NO 33; SEQ I D NO 34; SEQ | D NO*GBUSBESISD

NO 36; SEQ I D 15 NO 37; SEQ ID NGO 38; SEQ ID NO 39; or SEQ I D NG 40.
Preferably, the novel peptide substrat es%%or Hu- Asp2, are at [Je@st abeut
five amno acids in length, in certain énmbodi nents the novel pepti “de8Y of

bhour ooCa, RUETRa IR BR O rRer§ S BHREIE BES 1 NG RSHUE05T ©L,
23, 24, 25, 2@53217}3\/%%}0&2}{ (§fiQ Iﬂezﬁg’*g@ﬁéﬁuﬁ‘kﬁéﬁggg ﬁgﬂ%ﬁr esgsq%?m‘lo

45, 50, or nbre am no aci

i nventi on rrayNOel(ﬂ’ej‘ Bioziah- GETNIKHTEEISEI&X ENBBR)QIHKI(SEQFID:NO)‘ D63YRBRRInW t h the
Schechter and Berg nonencl ature and c%gprl ses P2PI -P1' P2' P3' ;

P, P1- Pr' P2' P3TREGSGRAPHKITHHISEIS YEVEBREKK (35Q B ' NQA4Y), inpuipgipXRs opgop2' P3;
P4P3P, P1- PI' P2' P3' P4. i ar.ge m no .25 acjd, .a | ar am
he o ot an g el ot REER IR GoD i RsRSieipiied el
amno acid Orslé‘lmlr?dhblati%é}ﬁn@mfﬂﬂn@&t@n@%y H0he %e;ﬁﬁie%bﬁﬁ'té@%@%sgd Qérefh to

charged amno acid; P1'" i's a arged am o acid,” an aliphatic amno acid or
a pol ar am noowsdE ddditionalnsefvhAsp? swtstiatesani no acid; P2' is an al i phatic
pol ar am no acid or romat i c m n. but not a .charge 0 acid;
P3' is preferably a chapa??dpé“ée Pt E?‘ﬂtltgﬁﬁ’r‘?ﬁ%}“b\éenaﬂ’i‘/ Ji}no aci d:

P3 is a polarg t - anm no

acid but not avgﬁarge am(%ID acl 5%3 g is a CE%?I@I‘S? %@8% 61%’[3?8%@ CI%I i S01

/230351029 anN@ol9j Bjota- KE[%IS&’P(EVEFR(QC}Z& @ﬁegi)lﬂ @’eerr)Kth (SEQD hN: a&’l)dnﬂ)ut not

an. aromatic amno _acid a is preferably an aromatic am ng acid but may
Serey SE

be any ot her %’(ﬁ“ﬁo%lﬁKﬂiﬁlﬁ FRﬁcbiSso@éﬁ? Orpnidte SSEQID NRelBeqdRnces
f th | tid
0 € nove fhlétiz?&ee%g%ﬁﬁpegﬁ%f sCth'Bfoltflefg&h §fnée Qi s ?r%gég@ﬁ% %ﬁgﬁo g REPL T de

5 may be of any Subst T secretase

cl eavage sit eGrdadrovides ﬂ@oxféb@avaﬁlsbmmutum%a@zhe élihﬁmbﬂtﬁ%eﬂlec{gfptmﬁnbu n

may be any integer so |long as the substrate conprises a (3-secretase

cl eavage si t ethetpgptidesrpf$EQ MéeN/@dI%yand—ﬁEQéPZNOSl% larly, the integer
P secr diase of cavage of FbIERAU AL BUSSrBAGER D5 TeERdp3G; 0Tk 5°° °
contenpl at ed Gmemlnmmcﬂsms\rr@wmm E@E@m NG S et NIrefied aklivo the (3-
secretase cleavage site is capable of being cleaveéd by a human aspartyl
prot ease acids of peptide SEISY- EVEFRWI\.K (SEQ ID NO:190) are identical to those of

peptide SEISY-EVEFR (SEQ ID NO:152). The difference between the two peptide is

the presence of a tryptophan and two lysines in the peptide of SEQ ID NO:190.

20 SEISY-EVEFRWKK (SEQ ID NO:190) and SEISY-EVEFR (SEQ ID NO: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. vHu—Asp activity was tested towards SEISY-EVEFRWKK (SEQ
ID NO:190) and GLTNIKTEEISEISY-EVEFRWKXK (SEQ ID NO:191). As expected

25 the peptide of SEQ ID NO:191 was much more active than the peptide of SEQ 1D
NO:190. 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 NO:191. The activity of peptide of SEQ ID NO:190 decreased more rapidly than
the activity of peptide of SEQ ID NO: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 NO:190 exhibited a
V_,.=185nmol/mg/min and a K_= 86.7uM, while the peptide of SEQ ID NO:191



encoded by the nucleic acid sequence of SEQID NO | or SEQ ID NO 3
(including the mature fornms and biologically active fragnents thereof). The
ternms aromatic am no acid, charged am no acid, aliphatic amno 15 acid and
pol ar am nWw@edehstxre wel | known to those of skill in the artcCankot/bmss usage
in the present invention is consistent with the terns of the art. For
exanple, the aromatic am no acids are phepnyl al ani ne, tyrosine anbts 2305
tryptophan, the charged am no acids (at 'ﬁ%si ol ogical pH) are lysine,

t t d 'y histidi th |
Ao ac do. aFENRLEhR Hher MBI BHA B0t R 430 1Mb bt e e AoV ne,
h |
Lhe 2 n0_aC! gkt abt ARG A0 1RRIRRI Ren BN GRS ShaRDS

val i ne, |eucin eucl ne reoni ne n con

particul ar anKME@)@iodSEVNDeDJ&EFRK(Dﬂp}R}aNHZIQSEQ I he): 1 PF)s that Qs ﬁi‘adE’éﬁexPB
P21 P" P1, P, or Pa' it may be useful to consider the &mgdropat hi c
i ndex of ani n@%%W@hSlamu@abAP Bfent:mm@mgtth@h@eqrﬁa%@ Pegyegelsitek guhnhiteda be 25 an

ef fectiye sub H ubst it ut gi ven
amino 3cid WI%)';["W gg pmg}ﬁélpr?ﬁﬁﬁaﬁhygﬁ@ﬂa?ﬁf}@gfah r}gl ‘glpé@éeé?)et“g&‘aywt t he
relative hydraRaEREGedRFOBG RIm e $\b€d1§mnﬁl9an@ﬁéﬁ1d6 ‘M‘SEQbHﬁ R®:195 fohge
secondary structure of a resultant protein or peptid which in turn

defines the i meptidecafi FiQ 8P Nha®1.phetdsivel opinehit Ofdhmmbswmciﬁlé@ IDND: 18Ranpl e,
enzynes, substr ept.ars,. DNA, antibodj es ens, .and.the |ike.
Each anino amaﬂgﬁggj %@@ g@s‘?ﬁﬁéﬁ%"%%ﬂ’b‘g‘éﬁﬁpdﬂp ﬁ‘ﬁl cSaRd IHSOAES of ¢ hei r
hydr ophobi ci tléoﬁ&ﬁuﬁ@?é&ﬁlbﬁﬂﬂf ﬁﬁl éfdléﬁ% HOH £, &Zﬂgahhﬁ)hlbgdleg WO 02/ 06306
PCT/ US01/ 2303.5 -30 r . Biol 57(1) 05 132, 1982, incorporated herein
by refdfence). Cenerall ﬁhe mmldﬂ)SlﬂDsﬁ'd‘SS nﬁghetmesubmtvemtwnena&)ye et Emginoho

acids that have.a sinla ydropathic ,jndex or score and still ult ina .
protein wth $HY %‘ild%?‘b{%% e éhe apinp \Acidy comprise %E* rYeFretasp Ciernags %ﬁedﬁ%}dﬁ cal '

functional |y aRiiAbERtn BOSGhE sOiuchERId B0 D NOoCSBO Nefobhen6 1pEPt | des

of the present ntion, ctionally équi valent ot ein or

peptide w il RNOQ@IeSHEY IﬁlN(BZ&tSEG) IDI RevEY SBO 3 N2 S BQADRNGA3T aSEQ 1D
exceeding the rate of cl eavazqe of a nature APP peptide colgrl sing SEQ ID
NO. 20. I'n addY@i38hSELhD NGb3TiSERIBNG34;iSEQ 38cPHQ IEANQ;30:mde@

“ncor porat e R SR By NPsrr e db NPLA% or SEQ 1T R0 PRI HE: e 108} age
hydrophi i ci t Yepfideasubk@ited for Hid 3 sED“RE AERafYabbiierieyAhiaBhcids Gh Yshgl iht S
adj acent am no acids, correlates with a
certain embodiments the novel peptldes of the present invention may comprise a
contiguous amino acid sequence of about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 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 Berger nomenclature
and comprises P,P,-P,'P,'P;'; P,P-P,'P,'P,'P,’; P.P,P,-P,'P,'P;; P,P,P;-
P,'p,'P.P,'; P,P,P,P,-P,'P,'P;; P,P.P,P,-P,'P,'P,'P,’ in which P, is a charged amino
25 acid, a polar amino acid, or an aliphatic amino acid but not an aromatic; P, 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 pot an aromatic amino acid; P,'is an aliphatic polar amino acid or
an aromatic amino acid but not a charged amino acid; P,’ is preferably a charged

30 amino acid but may be any other amino acid; P; is a polar amino acid, an aliphatic

amino acid, or an aromatic amino acid but not a charged amino acid; P, is a charged



bi ol ogi cal property of the protein. As such, an am no acid can be
substituted for another having a simlar hydrophilicity value and still
obtain a biologically equivalent and i mrunol ogically equival ent protein. 15
Tabl e 6 depN@oEB%enpl ary am no acids that will be useful ai’C?/a,l@m/Z;IﬂSS
positions P41 P31 P' P11 P,' P2' P3' and P4' 20 25 P4P3P2PI Pi% P,“-piHn
B1EANYEVEF B2GVLLAAGW B3I | KMDNFG B4DSSN eMEHA B5THGFQLC*H B6C* YTHSFSP
B7STDGSG BSFAN B9QS B10OEE C* refers to Cysteic Acid 30 WO 02/ 06306 -31 PCT/

tl S61 /231135 2 F -: L | fJ It.js envisioned.that peptides nmay.be .
constructed fFABM ?’féd’aac)%%}%'{ %“&‘BP@CI‘i Pladn #RPEU¢ 8?“%%8% gt aB(%?‘P%/tbcnarﬁmoany
of the am no gagj ' ' ’ . ' . .
substrates t hgt& ldg’ég @Be{sl%ée?#%mﬁn %ﬁéﬁ al(f:llgrélltlIDn eu%(t) 9@? %Fﬂ’émg?’g?e’ﬁ{ﬁ ﬁéﬁ%\l’/ﬂéﬁ({ ?%“rjf

i ncl ude 5 ANY- EVEF ( SEQUMImAIY}9) is dohbénipidted (HaEMel sBqidDceSO) the BAGS- EVEF  ( SEQ
ID NO 51); EAN-EVEF (SEQ I D NO 52); EANY-OVEF (SEQ I D NO53); EANY-ELEF
(SEQ | D NO  54ybstiaigsmanfomprise@ se@aqce o6 B).:. PERNY- BveThe(l lobtheaepsds ;

\5/;;‘_ AéVG‘Lg/ f iﬁgﬂl}agég’\gfla%y? ﬁ%g%lﬁ‘g I%%g\% (tﬁeE&bls{zx)atlélcclomp;‘_}IES3 sa @é&&éé@%eﬁv%%%’sh? NO
that can be cleaved by a Hu-Asp2. The integer defined by n may be any integer so
long as the substrate comprises a (-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 f3-secretase cleavage site that can be cleaved by Hu-Asp2. It

10 is coniemplated that n and n' may be the same or different. Preferably, the f3-
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 NO: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 aliphatic 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 P,, P;, P,, P;, P,", P,', P;' 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 for 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.



10 CAGW (SEQ ID NO 61); GVL L-A AGW(SEQ ID NO 62); GVL L-AA PW (SEQID
NO 63); GVL L-AAGL (SEQ ID NO 64); |KMDNFG (SEQ ID NO  65); | KW DNFG
(SEQ ID NO 66): II'MDNFG (SEQ ID NO 67); |IK+-DNFG (SEQ ID NO 68);

| | KM ONFG (SEQ ID NO 69); |1 KM DLFG (SEQ ID NO 70); |1KMDNFG (SEQ I D NO
71); || KNMBNFRLGSEQ | D NO. 72); SSNLE-MIHA 15 (SEQ | D NO  73CT/US0SRE0BES MIHA
(SEQ ID NO 74); DSNLE-MIHA (SEQ ID NO 75); DSS-MIHA (SEQ | D NO 76);
DSSNI E- OTHA (SEQ ID NO. 77); DSSN E- M. SEQ ID NO 78); DéMl&Wmﬁ(SEQ

ID NO 79); DSNIE- MIHL(SEQ I D NO 80) “QLC*H (SEQ ID NO 81):
TVGF- QLCH TH F- SEQ | D NO. 83): THG+Q C'H (SEQ ID
NO. 84): (%Bb’?oﬁ% E@5r °° PEaTEdReEe ‘{ysﬁzf?fFE}‘eNoGeW)aﬂy {

89): aiv B %@ SBWE &&%ﬁ ey S i i BB,
NO 92); C YTidtefobRcdread!sBliNesulOm) d Rlxg’{éﬁ[lvhﬁi-ﬁﬂula( 615%5@1@1 A&viBA)¢., Y TH SFPP
(SEQ ID NO. 95); C-YTH-SFSL (SEQ ID NO_ 25 96); TDX-GSXG (SEQ'ID NO. 97);

SDX- GSXG ( SEQbiaim mel%stal fsuo(wnm@up&ﬂcgm o oopyptidsT - tiesxmtaxspiieD NO
100) ; STDX- GSXG. D NO, .101).: X 2) ; STDX- GSoG ( SEQ
I D NO °103); Pe@ g@&lzfgéf‘@t ’fb ‘)Oloﬁi%iymo@éﬁbeﬂ‘ﬂ"%&t PIBISIR OT Ax- XXXN

SEQ I D NO : 108) ;
s, OO (s |Xd5 %ﬁoﬁ%la%% “h§€§A§3~"“>‘<IE’§%QZC %7P Seﬁ%@‘géﬂx’[‘o’% ;ra(tec"%g 4 Qgﬁiﬁ]\?&EQ b
NO. 111); XFAXchiddge(SEQanBeNPP péftide cohprisingSEQEDILO0EB06 PCT/ USO1/ 23035

-32 2 Rj 2005 is any amno acid; " " denotes for exanple, E, G |, D T, C*
S; " denotes for exanphadditonythesubstitutipn of like ampino-acilsrap b Mage exanpl e, N,

L, K S G T f F, H "
" denotes for ffg{%ﬁa\/ﬁ%}fm 9]5 ‘%,&IS (Bhyﬁfél%ﬁﬁcity 25' §)ﬁ dghsostxélsd-lf 5‘% ﬁég&ﬁ e, V, A
N, T, 10 F,  SereiPby @(Ia:fereiﬁ@@ 0§Ctiﬁ§s ftat ﬂﬁg}@ﬁlbﬁ ,lodil a@ra{e hydrofHilici®y éfMlprogein,

denot es for exnpl e, F, Particul arly pref erred
pepti des of tala@omres@hy thmhwiwpluhcm@f umdjaw&»mmommel(agwnhm NQO 5) ;

w&m %E% 1% F_ggoperty 'S'P the p.rotgrllEAANg( éﬁbc‘: ECERKK 5 aci can be subs)ntuted 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 P,, Py, P,, P,, P," P,' P;" and P,’

P, P, | P, | P BRI AR AN AN S A
B, E A N E A\ E F

20 B, \ L L A | A G | W )
B, I 1 K D N F G
B, S S | Nl M T H A
B, T H G F Q L | ¢+ | H
B, | C* | Y T H S F S P

25 B, S T D G S G
B, F A N
B, Q S
By, E E

C* refers to Cysteic Acid
30



10 1D NG 8); EANY-EVEF (SEQ ID NO 9); GVLL-AAGW (SEQ ID NO 10); |1 KM DNFG
(SEQ ID NG 11); DSSNI e-MIHA (SEQ ID NG 12); THG-- Q.C'H (SEQ 1D NGO 13);
CYTH SFSP (SEQ I D NO 14); STFX-GSXG (SEQ ID NO 15; XFAX- XXXN (SEQ I D NO -
16) ; XXQX- WOB/CSBEQ | D NO 17); and XXEX- XX. XE (SEQ | D NO P8J/USeB237Be above
t eachi ngs enabl e peptide substrates for Hu-Asp2 that wll pr \Fé:yZSul in
the identification of nodulators of Hu-Asp2 and/or nodul ators of pl ague
formati on. Met hods of making and using. the ‘above-identified substrates and
vari ants thereof are described.in.greater.detai] herein | ow, 20 11, ,
Dor i vat tves of the Novelt InkGisnendi Rushashibel be BSThBediont s Dotk able: o
pepti de herei i I tpr u I i VBS.
Such derivati ?ggﬁﬁ»)‘gyﬁggﬂ?ﬁg%éoarﬁfbg%%{) gipﬁl’sﬂr @%%ﬁ%ﬁ%&uﬁg%‘%%r%\ég%eh% above
di scussed substlnamesTlas pratitulaf subseates dagmagpde, useful idey coagxbel the pheéed or

ot herwi se nodified Hu- Asp2 substrates in which the | abeling or 25

nodi fi cati on HYGDERN W§BWeEt o facilitate the purification of the peptide,

The peptide sMENEFEH (0 IRRO. LY, B N5 EFEFISER m Mo ST ATS RV BE LT
are descri bed(SpQ IDrvbdes1)denaN 4 -eER(SEQ B! N1: 5230EAN Y48/ 1o (S0 YD eyd isdes 1 n

addition to the novel peptide substrates descri bed above, the WD 02/ 06306
PCT/ U S01 / 23B3NY-E I3 (SIQ 1DSNO3 34) ; EANYRE VP FVERQI Idh NQuSoheEANYRE¥Ep! at es

EQFygng{SLL?@Sﬁﬁﬁébﬁ B aodof B G Reardysh! HadeRath¥ Gintin N S‘h"”
[ : . i . :

oo Asubst o PLREARGWSROTBING, 308 GVE PR RIR IINQERS, By nes
pepti dd05 subSGIVESEQ Hb G e6l jaliie L-Al AGWeSRQ ID MNON2)aG/IoL-AA 3V ni nus,

to all or a portion _ of a second or third polypeptide. It is contenplated
that the fus GEPOPYIEHEAU Wyl -AAGH{SEQIBUNDY o bcukbI-RAKC §0 dPO:

1t he. speot 1 P2ty S DAY (GROPINGR R e B oo 16 M0 SR FRG -PhaRen ™ ©
proteins are ygEd IDLVOKBOYWITKM-ONIRS (SHQ $KINO: 69); thieVab i FGRSEQEANU: €0);
fusions typically enploy |eader '
IIKM-DN»>G (SEQ ID NO: 71); IKM-DNFA(SEQ ID NO: 72); «SSNIE-MTHA
15 (SEQ ID NO: 73); D¥SNIE-MTHA (SEQ ID NO: 74); DS<NIE-MTHA (SEQ ID
NO: 75); DSS¢-MTHA (SEQ ID NO: 76); DSSNIE-OTHA (SEQ ID NO: 77);
DSSNIE-MaHA (SEQ ID NO: 78); DSNIE-MT»>A (SEQ ID NO: 79); DSNIE-
MTH 4 (SEQ ID NO: 80); sHGF-QLC*H (SEQ ID NO: 81); T*GF-QLC*H (SEQ
ID NO: 82); TH«F-QLC*H (SEQ ID NO: 83); THG4-QLC*H (SEQ ID NOf 84);
20 THGF-OLC*H (SEQ ID NO: 85); THGF-QaC*H (SEQ ID NO: 86); THGF-QL~H
(SEQ ID NO: 87); THGF-QLC*» (SEQ ID NO: 88); «YTH-SFSP (SEQ ID NO:
89); C*vTH-SFSP (SEQ ID NO: 90); C*Y «H-SFSP (SEQ ID NO: 91)
C*YT4-SFSP (SEQ ID NO: 92); C*YTH-OFSP (SEQ ID NO: 93); C*YTH-SaSP
(SEQ ID NO: 94); C*YTH-SFvP (SEQ ID NO: 95); C*YTH-SFSa (SEQ ID NO:
96); «TDX-GSXG (SEQ ID NO: 97); S*DX-GSXG (SEQ ID NO: 98); ST<X-
GSXG (SEQ ID NO: 99); STD#-GSXG (SEQ ID NO: 100); STDX-0SXG (SEQ ID
NO: 101); STDX-GaXG (SEQ ID NO: 102); STDX-GS»G (SEQ ID NO: 103);
STDX-GSX(SEQ ID NO: 104); «FAX-XXXN (SEQ ID NO: 105); XvAX-XXXN
(SEQ ID NO: 106); XF<X-XXXN (SEQ ID NO: 107); XFA#-XXXN (SEQ ID
30 NO: 108); XFAX-OXXN (SEQ ID NO: 109); XFAX-X»XN (SEQ ID NO: 110);
XFAX-XXpN (SEQ ID NO: 111); XFAX-XXXa (SEQ ID NO: 112); where “X”

o
|9,



sequences fromother species to permt the reconbinant expression of a
protein or peptide in a beterol ogous host. Another useful fusion includes
the addition of an inmunologically active donmain, such as an anti bod

epi tope, t¥F%4%V% ate purification of the fusion pol ypepti BETUSEPIN} on of
a cleavage site at or near the 15 fusion junction wll faC|I|%§%e:reanal

of the extraneous pol ypeptide after purifihcation. The reconbi ts 2005
production of these fusions is described in further detail elsewhere in the

Speci {1 cat! ons o SR - USLANS HPELYRe) ETK: Ronolr St onghdom s

such as actlve S tes rom enzynes atl bn omai ns cel |

targeting si geaingplor At MATSBERNNGNE F;e0i 0aenoteiOfoMekanpial Ni ¢ufiard \s, T.m.,
present invention contenplates a fusion pol ypeptide in which there is a
first conponedAt QGdepies dﬂgotenéowaﬂwb’z lleaMag¥e, Ei He toh tdancm:snfg)rHu Asp2

Eﬁlﬁ,ﬁ? o ﬁgbZ:%a@éﬁeﬁb o Mo d,?’éeggd&%&e%‘%éqacéﬁ%a%mt X ke o8 on
Ceporter gene br aiereipt OB I B Sosh ni"n‘{’;“@ﬁ‘ﬁ&ff’ﬁgi‘%ﬁw w o

pol ypepti des @Gaw,fHyPhe, N\ByE.i se a tagged sequence conponent.
particularly preferred fusion polypeptide is one which conprlses a reporter
gene product on one si dartgulagly praicreeddieptidesr oft the PEAERHHRYAREOY dREMAS sequence,

fo o tr ansmenbrdie SoryErk (8h8gD) B ok PSRV RGRGRR GRE T 000"
sequence on t {@:gf; rI€VI’:$\H<I’? MVEGRRKK SSEOEDINOMS; KyEmENY-A VEGERAGRSEQ
PCT/ US01/ 2303i - 34- is contenplated that the di stance between the

cl eavad sit elladﬂ)IS!)e_Eﬁtl\bY-tE\éﬁF (SEQ AN 1%y GVLIAAGW (SEQHD NO:20)ATKM: no
cl cavage dommPR G RSB Ny LE: HSsREMEEALSER I N RSB B8R i g

the transnenbigngoriag eY1GLSFSPIBNOIE ROHAASEHXNSREABEOID Ndigs exphogous

peptide |inker. Preférably, Is région is’from etransrre rane protein.
The transmenmbXXENASEQ ID NOwpha) e KX QX -XHXS {$SBQJID NOol'gbp&mi KEEXBK R
essentially a(rg transnenmbrane domai n conponent that will target and |ocate
to the ol gi 1{9 s c reticulumof a given cell. Particularly

preferred nmenbrane targ thdA the 10
transrrelgbr ane domai n of elgﬂae{%ggﬁggﬂft[lﬁ%sﬁ% grﬁadégﬁ?gg&ebs&%r&gﬁa}lh rE1%2%0 }<1 i
?cceSfSI on  nugh®re VYERASH 8R)idehtifRati6ROFBATNARNES o HIBA $p2Gind Sr dhodulatéis dTsf er ase
see for

ApB 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



exanpl e Genbank accessi on nunber NM 003032); the transnenbrane domai n of
human aspartyl protease 1 (Aspl; see for exanple Genbank accessi on nunber
AF200342); the transnmenbrane domain of human aspartyl protease 2 (Asp2; see
for 15 exams)e/@detbank accessi on nunmber NM 012104); the traﬂgﬁéﬂbwamé domai n
of syntaxin 6 (see for exanple Genbank accessi on nunber qp?gk t he

t ransnenbr ane domai n of acetyl gl ucosam nyI[3 transferase (see fo exé%él e
Genbank accession number NM 002406) and' 13|e t ransmenbr ane domai n of APP

f | e Cenbank A33292). Thi '
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| uci f er ase; 3Be pediuetdlly edcbmlbmaﬂt prlocesp paidaseor GEAREed yBawealnatet psptities e;
(3-glucorinidase; green fluorescent protein. and chl oranpheni cal acetyl
transf er ase. Nﬂ’@h%*f’/%msﬁﬁéﬁ%ﬁé?ﬁﬂG@%SPeﬁlffan‘PP r -35 Oher particular

erbodi ment s further  conESIRLAbAyke RIS RANGATSRS: AlArbBs PDRAAN O

t he fusion pol ypeptides 0 sent 1 nventi vari

comer doal |y Rivaid abihesd oSdkan idihetagd. NFExdxapsd, dilsionsstypiaslly raployasadee used
to provide a tagged sequence in this context of the present Invention.
Particul arly Squeedesifrogy ethenspecies lopernytthegeeomplipantiesprestion of 2 n@tgnmrat hi one
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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

(]
=]

ER/Golgi target signal, and tagged sequence on the other side of the transmembrane

domain.



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 N- terminal fusion that is contenplated to be useful is the fusion
of a th-%éi duggptide 15 at the N-term nal region of the protein or

pept i des. 8HOR ysi on may produce beneficial increases RETHYBIBPRS
expression and/or activity. Specific tagged sequences that a?eF@QE%@EEL?ted
for use in the present invention include_kgg FLAG tag sequence DY

(SEQ ID NO 186) and residues 662-695 of P. A typical exanple of a
preferred fusion proteiﬂig

t .lLnvention i ne in which.SEAP is
fused to either parti al pr_?r}tu%ﬁgl%:ﬁgﬁﬁ q‘%@ﬁhnﬁe %et%eﬁaiﬂ?]e aﬁ?vﬂge 8%%?41@53 an
Asp2 cl eavagestgitlof a¢RmEMbmbRde abMal is BSut T80 alith Siids inSoHlst loahBSicdescr i bed
herein and the transnenbrane domai n of Hu-Asp2 (residue 454-477) together

with a short <stetieprripeties of du- ABB fextctessk clevagesdumanc 8o diatancemeybear y
fusion pol ypepti de i% detgi cted inp%he FIG 1 (SEQ ID NGO 128). In order 25
to nonitor clSEAFEYE BPM Re PENFIRCPIIETIRH dier s mepnbrgnexegon arHen@kbeer i ¢

construgt  usada@h kg'hdis BRERERRIARSs FRpdad ARAL! PreRLAE! Bl Phibids HY

peptides that can b eave ro assay maty1 al'i'gned wel |

Wi th the prot@esfinkmedbeat prdidin. T HirshRmbrifedsifsit @BEHOnM DE iecflsipat ween
SEAP and transnenbrane domain n'akll subj ect to change to obtain opti nal

condi ti on. Sup®ypgptidaimaythemss ARy Tpnguempbiang demaindamponenathatwill provi de
t he opti num dj st ance, bet we he.reporter protei and the cleayage,site.
The bt Aapa | PEFRABHAT RGO oGP iE: R PRocsrisaie Pefeefien 208 shrgs o dspReuiarty

PCT/ USOl12303?re’f§§ed2m59m%9§%rgﬁidrng%ﬁﬂe&Es {fudersit bl mRNintiRd e thé N based
substrate to the cellular environment where it can bind active Hu-Asp2 and

be cl edled. Amamdniembrand dwemale of galactegdirainferasd Geerforadxafiplea@Gentmnkacckssibnom

APP to mmc its natural spacing and nenbrane dopain. Essentially, this
construct wil P“mhengi:/Egﬁﬁ@’tﬂi‘%ﬁﬁ%m?@ dparain ot sily Ingepstsrasa(sse f@ht i de

129) To a coquonmue SeobdR £-GRNT3RRREr Ao L T, LA e o

prot ei n co- expiimss aspavwl protdaseAs pRsp1n see gl dxainpReGerbank xpéession suinbe cel |
| i ne that produces higher Hu-Asp2 activity, Hu-Asp2 will cleave 10 the
f usi on pol ypepdi28e342); the tieasmemiprape domain ¢fugran aspaidylproteasiud (AfRe sgf B ease

activihy my pe, fH0deahat RBSEHn Mnfo2E NN 612304, the #rahdhdiiStafEQAMEN of

syntaxin 6 (see for example Genbank accession number NM_005819); the
transmembrane domain of acetylglucosaminyl transferase (see for example Genbank
accession number NM_002406) and the transmembrane domain of APP (see for
example Genbank accession number A33292). The G‘enbank accession numbers

20 given above detail the complete protein sequence. For the purposes of the present
invention all 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
Aspl, residues 10-33 of sialyltransferase, residues 7-29 of acetylglucosaminyl

25 transferase and residues 261-298 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 alkaline phosphatase (SEAP); {3-galactosidase; B-glucorinidase; green

fluorescent protein and chloramphenical acetyl transferase.



As discussed in section 1 above, SEVSY--EAEFR (SEQ I D NO 144) and

SEVSY- 4- EVEFR (SEQ I D NO 141) are exenplary Asp2 peptide substrates of the
present invention based on nutations of the native structure of APP. The
former 15 WepEH#®ohas activity conparable to the Swedi sh nuPai/VéH/2381d t he
latter peptide has activity superior to the Swedish nmutation. pFn %lafg case
of SEVSY4-EVEFR (SEQ ID NGO 141) the am ggsz_aci ds surroundi ng the™ =V
(3-secretase cl eavage site in APP have been changed from ... KM NL4-DA. ..

i h ild SEO | NO. 139/ di ) i S | NO 14
Un ey & YRR NGt btk Rmep it Birner cSPbR SlaetfEinandicss ¢ nat
the above- i ndisoalith BRABAG OF 1R ridint OcARR. $RAVGRCE

ionOPHIyBHASs Gt
wi || produce an excellent APP- m)di%‘i Z%H}él%ggtrate ?z)r Asp2 that wll give

easi | y measurwdions cemalesciaily #\(aflablerfusioh Ipestemhetxpedsaionesystema g engyredised s) i n
cell -based assays.,  Thus, it is envisioned that the sequences SY-1'-EA (SEQ
ID NO 187), terPrexide gvagesgesqusnsion thipgontesit ofvire prssony imvsatiop DPReticuledy) | or

| th : t hat _h f i L h
the fuston priseal syifint HRfle o SEUEIET: Gthe BRABINE 5 Esttrit (R "ER o1
Gol gi conpar tsmgt&hﬁ(PhIHﬁacsde,%w&mﬁm%,;-m%ﬁéﬁé?bidaubgﬁbroléﬁ kysten(NEBEV  (SEQ

I D NO 140), or SY4-AV (SEQ ID NO 18 are used to repl ace the sequence
KM L- DA ( SEQ Béyerey, M39) thiertlihG systeth (IpheNewRlaven oCdi) napdt the tohHissybteme of
FIG 2 30 un&er thg colu bggemd as "1". The gl?elgti de data herei.n

i ndi cates t hafQP8s ENEENOTRLEAD: liepe BEstemas gic GaPahle of BrpdgingFecamhipnts o
relative to . i = . : 23035 ? |
¢ FIG 2 al 2%@%%‘3’??%‘2%%%%3%’8%%%’?‘&? \eé\'@r?g%g i ng?ﬁ’agzgﬁlgd;ﬁlgstc’ﬁe%ﬁg#m 02
cell baged aswdikslyoo dffeet thoberiogioaily relewaine hctavityapfahé escogdiranp fivibugirosinch as

SEAP is wused_on the ectodomain of an intracellular transmenbrane segnent.
In a preferr eboLEXampidiioEhthe Fdyels system; andrthe oxHE: wistem add plgshert shor t

stretch of se F i .St i des of
The present | AvBa e PLOKEY b RoRRE e pERP MR Rt bR B LR S
target signal adverdelieaffdctél@ing anehetpdlgpetide 16 a8 nefivecifotnh@ionp powitRg N1 de of
t he menbrane. An_ exenplary construct may be obtai ned by fusing SEAP to APP-

10 CT99. The fermumal bisiasdhgide porspmpRiethi trrpetuidothesfupioniof addetalsysshpsmtide n
FIG 2 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 ;ontemplated 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 NO: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 in vitro 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



under "2" to enhance cl eavage by Asp2. Another construct may be based upon a
cl eavage site in ubiquitin (FIG 2, colum "3"). Specifically, SEAP is fused
to ubiquitin which is Cterminally extended with the transnernbrane domain
of Asp2 (wesi2da®6454-477), and a short C-term nal Fl ag-tai PcTiUSot/B0Ss
construct, the cleavable 15 sequence of ubiquitin KTITL-1-EVEPS (SEQ I D NO
120) is nodified to enhance cleavage. For. _exanple, T at P2 |25F$_ub§gn5t ut ed
by Nor S and L at P, is substituted by- 3¢- ot her possi bl e substltutlons
are indicated in FIG next to each colum, and in the experinental '
detai|'s descrigiBgrnet @eﬁnsumecﬁ upiawtin brsed spbstrasete the callvlar pmrqamenevhere

ubiquitin Cternj are preferably changed to sone

ot her am no aﬁlcag 61%%\%/8?3? égéfglé‘g;@g&lf?‘yef‘ ubiquitin Ctermnus by ubiquitin
hydrol ases. The Asp2 tmnaaféefmmnﬁsgﬁmsrmwd HerRHRNOP aflidd gdl@@ﬁoﬂeAwery of
the construct of interest to the cellular environnent where it can

reco. ani zed bto mixhicvts sasyp2] spacthgcdndanedbrand\iemainh eidsentiatly, this cmrstrpctoWﬂl nis
co-expressed with Asp2 in a cell_ line or expressed 25 in a cell line that

produce? hi ghBivesspb trae%m%mbsﬁne Aeprinyand mpg of M} peptishs Sequeagticexcens that the
substrat e. Thu%afg@l e {8 ph"t&iﬁ GKM‘BA%O éﬁﬁ \Mbg&) rqg'\'gcteef'ﬁ pally to

the cleavage Si e ce nedi um sséy of the
pr ot ease actpvpyp N Bfin€A HsgveModi fi cati ons I n addition to providing fusion
pol ypepti des as al ready descri bed, the WO 02/06306 PCT/US01/23035 -38 2 JZ05
i nvention provides fusi thmﬁbﬁéﬂﬂl@ﬂ protgin goiegpresigh dithaHuAspRan axeld lingrorher
nodi fied to incor orate

th t.abl t
Preferred pepPYRIE™ %H%? Felt Lge %lalt P{%b‘ﬁffrl?lgléerg‘ﬁ‘f é\tsﬂ%\(lg‘??veé' gﬁ’c%gﬁf é}ﬁ §‘I'eet Kat
resul t 1pn IHC%%%@ efn@&e olﬂeleagésmp%@%@gal Hlfedituh? PR, uﬂ@@g@%@érat es.

The 5 peptide substr be nodified to have attached a pai
f1urophore andcti\qtyema)hbe: mcmn:tbmdlbnged)um the BEAP m:ti\aty ihahd medivmo- 4- net hyl
coumarin and 2,4- dinitrophenol, respectively t.hat cl eavage of

Bept i de by the' Hu- Asp r 9SS n rdoaAgbareY PEYSSot L (SEOIORHy Al
sebaraton,of ey SR PO 0L A Sof) AARIEURIREREF®!
include bodi pytelREdeREilBitidrIE8dTHA BnARRnEBMhe nbll fEihBE oPAPPEShe 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-J-EVEFR (SEQ ID
NO:141) the amino acids surrounding the -secretase cleavage site in APP have been
changed from ...KM/NL-\-DA... (in the wild type SEQ ID NO:139/Swedish
mutation SEQ ID NO:142) to ...SY-{-EV.... (SEQ ID NO: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 (or
other detectable cleavage products) in cell-based assays. Thus, it is envisioned that
the sequences SY-J-EA (SEQ ID NO:187), or SY-V-EV (SEQ ID NO:140), or SY-{-
25 AV (SEQ ID NO: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-V-EA (SEQ ID NO:187), SY-J-EV
(SEQ ID NO:140), or SY-4-AV (SEQ ID NO:188) are used to replace the sequence
KM-{-DA (SEQ ID NO:139) in the wild type APP according to the scheme of FIG. 2
30 under the column labeled as “1". The peptide data herein indicates that these

constructs will be readily cleaved by B-secretase, relative to cleavage rates of native



Inc). In a variant of this assay, biotin or another suitable tag may be

pl aced 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.

Usef ul f1 uMsp#diesss i ncl ude those |isted above as well as ERE€BPBUM3NIDel s
such as WB044 (EG&g Wallac, Inc.). A 15 pref erred | abel is oregon green that
may be attached to a Cys residue. d eavagﬁ the peptide by ?A5(2 ywH

rel ease the flurophore or other tag from ﬁe pl ate, allow ng corrpounds to
be assayed fogtﬂfhr bition of Asp2 proteolytic cleavage as shown by an
increase inr ned fl uorescence. Pref erred colorinetric assays of Hu-Asp

proteolytic activity utigze aﬁtohfegc géxﬁra‘-i‘fél%{sr %ﬁﬁﬁer#c%‘bst]'rﬁgé fdg%sf)ﬁ‘e P2

and P, amno 20 acids conprising t ognitron'site eavage I 1 nked

to o-nitropheoel bised asgls aﬂtheaﬁve:imohlmmgma&p@heﬂgaie bRy 3geh RSBARIsHU- Asp
results in an increase in optical density after altering the assay buffer
to al kaline pFﬁeq:er@lﬁ@PtOdf)Wélﬂp‘éfp% laegcqhmiﬁr@r@nrrambr@ae sedmepty dbapsefaieed  known

to th L, bi ot i n_| ab t

cont onprat od. SPedipePe FetimGictroisdh fchdes ERFoT sl BESchitis Yortunins 1
the art and '&@R%ﬁrdlm é§‘11e @fﬁeg glﬁsom%fﬁe’ﬁf‘hv%n@éﬂa@ﬁﬁedfdas Pat ent
No. 3,850,752, U S Pateht No. 3,996, 345 an Patent No. 4,277, 437.

Qt her | abel s tiaasmembranddomsiaf with am&RiGelgh tir gearsggnabin the middld, aridoa taggktcbactr ve
| abel s, fluorescent | abels and chem | um nescent |abels. U S. Patents

concer ni ng us &P Xhthe AppPYng side of eherpemBsagspl e U S. Patent No. 3, 817, 837;
.S, 30 Patent No. 3, 850520 brdcoRa Db of S8 oAU AR, Eppent Mo

3,996, 345. Any of the pepti I nven y conprise one,

two, orionore gTMNThY\@aoR 63MeeRCEAP zSQilAPE@B@ is afbdified as-shoRBGh RG. Lhese
| abel s. Other derivatives specifically contenplated by the present invention

i n¢l ude non- hyaee Vz”éﬁle@h@@ﬁ%ﬂﬂgﬁe@’ Atk ABo @ra(tqnﬁe’u@remm based upen ¢ he

3- t bst t t.h t el
bopt | des ng rié&%ﬁﬁf B3R pBlal BGOSRy 81 SReiRBl o REARSA RO o cases
(Shewal e, J. c&fi‘fﬁk@ﬁ@ﬁ hé C- t@rmm-z[ﬂﬂﬂ gxtendkd, wrﬁ§ﬂ@ﬁ¥dm§m@fn@¥ﬁe Q@ﬁﬁﬁl @f”ﬁ dJ-ﬁhﬂ r

I nhi bi tors Kost . Walter de Guyter: Berlin (1986) 1-116).
Exanpl es of si(Eesidne 4ﬁ4r|47}5) tapd @ shbrtdatemmpsil Flap-tadli Jn, this, Gorlstructvﬁlle Icmmble J.

0 ) TS oS AR St N g el LT
10 Acad Sci, 1830aged For %ggﬂ;ﬁe 1’9%?’9%18355531‘(9@3{ 5 *%fSPsdQEcP% a?@d is sﬁﬁﬁﬁhﬂa& bSIS a

non- standard am ng aci d due sent atrh an
Y. 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 line 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



known by the chem cal nanme (3S, 4S)-4-am no-3 hydroxy-6 nethyl heptanoic acid
and is further identified in the Merck index (11 h Ed.) At nonograph 8759.
Statine is readily commercially available, for exanple from Signa-Al drich
(St Louis.WaD)2/063% The three |etter abbreviation for statin®CrasSv/aosh the
peptide art. Statine derivatives may be prepared by nethods disclosed in
U.S. Patent 4,397,786. Other nmethods are _described in The Pepfiﬁ@s,ggﬁ@l :

5: Anal ysi s, Biology; (Acadenic Press, NY;’3 983); Kessler and Schudok,

Synt hesis (6).457-8 (1990); N shi and Morisawa, Heterocycles 29(9,)_, 1835-42
(1989), each” FHEBHQPLPIOVELSS fusien Rrqiging ef peRsidesubstraies, thahgs dughergpedified 19 20

the art wll t C i r statine derivatives
of the presen?l%oﬂ%\%%ﬁt ﬁ%h&%éog/lg}%gggOg‘ggé?%g%@egg%ﬁ’he-d_eri ved peptide
inhibitors of the 6-sepigtRse pepideabatded WilbRfprisCukdriallynGRnBIRAAEIS
herein by reference as teaching " nethods of producing statine derivatives of
pep%! gesb I 3 murdsi;bnnﬁmgr&sﬁ ﬂﬁecttdbﬂlty/aﬁtdr\ﬁég:ﬁmﬂﬁ/tfxgémpndm?msnyﬁs.?lrl;yzgabl ef 25
pepti de bonds are known in art., ong w procedures faor synthesis o
peptides conPEUE YOS Iﬁaﬁgg mQ%ﬁFiS?&%BF $oaghed aRateed “ﬁeIPIHH%X‘-Ki— [ CH, NH] - -

reduced am de i P s | i bonds,
o uCH( CN) NH] - 9“‘?’?;3‘%‘;%%%1? A oot g'@%'%%]égﬁ'ﬁghg%ﬁﬁ“&%@gw H)]--
hydr oxyet hyl ediitpsidenols redpeciialy ,-sub O tleavapepifitbie pgstidd by the dlu-AfpSdRuly - -

t hi ont et hyl ene peptide bonds (see 30 e. % , U S Patent 6,172,043). I11I.
Aspartyl Prot &asereasgd fugreszoe: ducTiouhysic23epsratigy of tierflyrgphoneriud gagachen t o

novel peptide_substrate the present inventi.on i.s .difrected to.net,hods of
using such pep 1c§1earg Gh‘g@egf@so}fp RSI§a 1«:.:1%%”0;} RLT _ S%’ZJ bgggay tfﬁer H%Eedpf#uég%%otres
sectiomgqprovi dre @erﬁhé@%b@bﬁipi—meﬂ{/y@ﬂﬂﬂﬂ&jﬂe@ﬂ SYS eMbresfs BloBes
activity. 5 PCT Publication nunber WO 00/17369, specifically incorporated
herei n by ref daeehcln & Maiiang of thi pssy, bidds or ahethemstitablistag mydwrmiassi onams
relating to th 't&enti f.ication and characterization of ngecret ase

th
e Ot br oG ot BEePtins Bl Aot DS epaun 4 speAaME A Plojednt BdREaphore

Application Seti %lf’elﬁh i éa?feo i
i ncor por at ed E‘(Saa:yzdier#}%?d%e eren%g&]ldngfidtltéege nt i fg?ieﬁﬁgﬂ?‘égg‘?‘gi?dﬁé t%‘%f&i tional
di scl osur e r egistediabgvd dmewelhhsiEaropium ddtietsrsuchnsl WGda@@k ¢ FddllaonIncof Msp2 and

the rol e these proteases have in AD. )
15 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 P, and P, amino
20 acids comprising the recognition site for cleavage linked to o-nitrophenol through an
amide Imkage, 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. 3,996,345 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



These patent applications describe two isoforns of Human Asp2 referred to
as Hu- Asp-2(a) and Hu- Asp2(b), nmay be enployed in the context of the
present invention, as well as fragnents, analogs, orthol ogs, and variants

t her eof . 1WO0AI2068Y%ch forms may be enployed in the context oPCT/NEVRBEKent
invention, with forns that are nost simlar to native forns in Al zheinmer's
patients being preferred. In particular (_agggdi ments, the apar§yf pr \@%ases
useful in the present invention are encoded by SEQ ID NO 1| or SE(SQf NO: 3.
The nucleic aﬁijﬂes%fl ]%—;?? IDNO 1 is predicted to encode a sequence of SEQ
ID NO 2 which 1§ the human 20 Asp-2(a), predicted am no acid sequence. The
Asp2(a) am no acid sequemes detivfivesigsecEicAlY abhtsfphdt&By tHeeRdseRtan ¢ fBA1 Si Ng
residues 1 to 21; and a putative pre- propeptide after the signal peptide

t hat ext ends whhdegbnhydrayrebleslefizatives sedsasdtiiyne gerivedsssiafghedbseeretasd of

reconbi nant Asp2(a) in,CHO cel.ls),. an utative ropepti de that may
Cxtend to at TESSHCsHHE PG dnien e oneinite BERS Rerorere o an
observed GRRI R, leHﬁﬂ%' LGdod! BEh&S(Shdw e (B PAARGASR IHfEINi tion
sequence. The Aé’% a) i r%@éer Ongﬁiaﬁggﬂra trgr(lsnenb?’ane domal n éor'r’pﬂlrea{}1 ing
resi dues 455-A7ZXspasticRiongihassied Hosininhibiong Kostkag Vi d3d. Mder 4 &rpddr; and a
putative al pha-helical spacer i on, conprising.residues 420-454, bhelieved

|
to be requi r%ﬁﬂif“dﬂ%ﬁ)d’[ﬂeﬂmf‘&)}é? appleaoh statipe tiplitors REcahepsid? €idat alyt i ¢

domai n and t hg; r . ran k. ] o ' f QID
NO3 1’5 predi SPAgTEG” Aot oo an e A O ey AR R
Asp-2(b), predhetgdd&savo2ND-0224)8H 306 {G2@ladthepRih (A3, MA#t al2 PF0. 205 aci d
sequence. The Asp2(b) am no acid sequence includes a putative signal
peptiddd pr eAfffcg%pz%ée?J 834 89 elsadang bepasdssrnd- above for Asp2(a). The
Asp2(b) further includgs,: 1 £ riSi [ .
430-452, a cytoplasm cg 6%%?%%%@%@%1&§$%5§%?I-r%%‘,%gﬁ%’ltagl%gaéfié ive
al pha- hel i cal kifowapBe te chegicahnaie (AY; #S)-Agniiesi3diieiso306 ndFhdpehbrved dnd be
required for proper folding of Asp2, between the protease catalytic domain

and t he t ransifdiihaidentidisdan the Merck drdexbl eFd.) AdimonagranheTs8s Stagine 1u- Asp2"

shoul d be undegr st refer .t - ‘a)__and: Hu- . - The
i nvention al S%a@@ﬁ?@nﬁ%@%@fg Vﬁlelalﬁes:’gig {)&aﬁ:@%&(e%)gg?&%ﬁﬁﬁt( ﬁl‘zj&%)s B/Il JP
Hu- Asp2(a)., amhe tidecAspe(dbbrevdtionapi dtalaR. is 8t inahé pastidkQurf. ragiRes vithes eof

whi ch exhibit aspartyl protease activity. In an exenplary assay to determ ne
the cl eavage BYYtbR@Erapghsthyanebods disclosed’in U.S. Patent 4,397,786. Other methods are

described in The Peptides, Vol. 5:Analysis, Biology; (Academic Press, NY; 1983);
Kessler and Schudok, Synthesis (6) 457-8 (1990); Nishi and Morisawa, Heterocycles
29(9), 1835-42 (1989), each incorporated herein by reference. Thus, those of skill in

>

20 the art 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
B-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-hydrolyzable bonds include --[CH,NH]-- reduced amide
peptide bonds, --[COCH, ]-- ketomethylene peptide bonds, --[CH(CN)NH]--
(cyanomethylene)amino peptide bonds, --[CH, CH(OH)]-- hydroxyethylene peptide
bonds, --[CH,0]-- peptide bonds, and --[CH, S]-- thiomethylene peptide bonds (see

30 e.g., U.S. Patent 6,172,043).

III.  Aspartyl Protease.



the present invention, Asp2 was prepared fromH gh Five TMinsect cells.
Cenerally, the assasy are run in solution at acidic pH (4.0 to 5.0), at
25-37C in the presence of nMor sub-nanonolar enzyne. After a suitable

peri od of woeabetwson the reaction is 15 stopped at a desir eBCT/URE/A3Y35
addition of 4%trifluoracetic acid (TFA). Substrates and products.are
separated using reverse phase HPLC. The di sappearance of the ubser &8s and
t he appearance of the products are m)nitbf}@d by continuous neasurenent of

t he absorbance of the effluent at 220nM . Furthernore, if the pept.ide

conpri ses a tryptophan {“e%qdéfé@ ooy el RART LS SRbRYatASy B IFSERb Y FRRPTIF

al ternativel y;: I ond i k1.Of] . 1l e rypt ophan
2 Ler At v Ve OhlFo O HPUER TRRRLOL A8 1 o LHRLERAERGD Rlglr vo! o
Peptides of the peaseRéctionadVideda dWBhBIdnCsREIcSRoRhs Tt JANe BPeRbretabel

either alone or in addition to biotin | abel are particularly suitable for

hi gh t hr oughpgtiviser eening . To this end, the peptides Biotin-

KEI SEI SY- EVEFR( Cys- Or eg n) KK ( SEQ | 92) and_Bjotin 25

GLTNI KTEE!I SEI SY- EVEFR( cﬁ@@ﬁ%&%@é@%‘%ﬁ P&%@%@?ilyéﬁl@m%%ﬁf’i cularly
suited to hi : Cr b (PVAsY : : M
enzynme and 2 r%\’iﬁslbggg?a? %&%cgﬁ\%ﬁé‘éﬂhf%&,ﬁ?% Si&r%ag% %aas(% ng%ﬁgg%{eéagéﬁat? pH 4.5

in 1001 vol unde #denBfCaticar arld ¢harateriyatios of theqd ssAaysevunsymé opnret lpyeinhe
addition of 501 4% TFA to |lower the pH 30 below the active range of the

enzirrea 5ugsf&wgbpw,a8|w-ommt@nm § uPdeniadpplicatier SerdaliNg. P94 16eUt et t .
P Mo : i - 42 PCT/ US
123035 2 Fﬂ@%@@%ﬁ%_@éﬁﬂ%@é@%@& %‘%@6&%%9?%5%?58?{%%%&% BY ST, 1 o506 A

(0. 159 FA i nprofideig) addiidnaB disiobboreAding tBE ah@rY, tfihdtdh; addenfabizatiognt s

were then eluted fromthe colum with the follow ng Iinear gradients: 0-15
m n: 5- 50% B; df5AspZ amdrihe Fole thepe EByteases haveninnAD100- 598; 20-22 nin: 5%8). The

cl eavage products were en uantitated using an enhan integrator. In
a variation of the aboviﬂﬁs‘?}?f"? PPQ%YB%I_ESr %@B%&OS’E oS N%E%W&S%ﬁl ts
N-term nally %r?é@ldl%das"f?ﬁ—ﬂs@@(@eﬂd@@—%sgﬁ‘bﬁﬁ@aﬂl B Mapiodda in iHa&oRidREGS @kes are
i ncubated with the enzyne t0 a final reaction solution volunme of 200l

(al t hough r epresent invenkony asswell abfagraérits,adnatogaporhalegs) rnd vapagethendof 5- 50M
pepti de 10 substrate, 1-10 pM enzg}rggint .1 Msodium acetate buffer at pH 4 to

5  Thelfeacti 8H such forms may be empio e context of the present mvention, with forms
that are most similar to native forms in A}zheimer‘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 NO: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 1 to 21; and a putative pre-
propeptide 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 ! 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 478-501, and a
putative alpha-helical spacer region, comprising residues 420-454, believed tb be
required for proper folding of Asp2, between the protease catalytic domain and the

30 transmembrane domain. The nucleic acid sequence of SEQ ID NO:3 is predicted to

encode a sequence of SEQ ID NO: 4 which is the Human Asp-2(b), predicted amino



is allowed to proceed at 37 Cfor 1 to 3 his and is termnated by addition
of 1001 4% FA. Subsequently, an aliquot e.g., 501 to 100[ 11 of the m xture
are injected into an HPLC apparatus (Agilent 1100 series) equipped with an
Al ltech CI®O3NIR3¥ket col um(53mm length, 7mm I D, part No.P&DEH)23080! vent
A for the HPLC elution of 15 the substrates fromthis colum FO % TFA
in water; Solvent B was 0.1 % TFA in acetﬁ){ntri | e. The subst de then
eluted fromthe colum with the foll ow ng i near gradients: Tinme 0: 12%

Sol vent B; Tine.4 30% Sol Ti me 0% Solvent. B; Tine 6.5 90%.Sol vent
5 Time 7 120G PANERGE: | R (e A e e Tos SRt & PRI SR R Ae

it is contenlag gsﬂosﬁegaaeté}p BB LEeQlibk S RIS ABIANVERL WR(B) SO Y

prove useful in ot her aspart r ot eases suc

exanpl e, Aspl fuRb@sintlndgas tiahgidmbranatepisi d@n@nsm@tx’eﬁamsmﬁmdal?eni n. V.
Protein or Peptide Production and Purification The present invention
provi des pr ot &yHPlagadc §é@@llh@mRﬂSmgs@Slidheﬁ1*@ 476 @nd iafpusae'e giphefbeliealul at or s

of Hu- 2. Such prot.eins or ent i onal

Ut omat &b peptPHR SO RSP ey a4 PE TR e ey Bierso. A
Synthetic Pe ptfbﬂ‘%nféﬁﬁkﬁ% 'Héﬂvé@ﬂ%@éﬂitéﬁ@%a@r tic AE8RH H\Re Ex@ﬁsnﬁéiﬁﬂrah@ngt h

fusi on pol ypeptides of the WO 02/ 06306 -43 CT/ Us01~/ 2303-5 2 Y 2005

i nvent i on can dogagy.nAlsased dereim adlakeferénsas tr “Hdu-Asp2 Okhahld be poddrstood sccmﬁcrdance
with conventi onalha]%echnl gues. Vari ous auytomati ¢ synthesizers are

conmercial |y 49&°HHpzASP2) a0d HsAspABY i Ae HVERHLAER contempRIcs fiF ‘bﬁed’tfocol s.

See, for exa i
ed., Pierce ghﬁécﬁ]atgzi}o?@ftﬁmgﬁ{‘ %‘ggg’;]ﬁ%é\n?? {al) %rﬁhﬁ%sﬁn@ t’ Eﬁlgﬁm%{@tgpea% ‘?Lta]s 6442
(1983) 10ver 1 i frgingbntsStieesds evhichdekhibiBdsbad§iproleh@Baxivitand Bar any and
Merrifield, The Peptides, G oss and Meienhofer, eds, Academ c Press, New

York,.1-284, (1979), each am@@rrw&rataés@yn@ﬁeﬁeﬁnmy the eleavagn o6 theubstrasescdf Asp2
substrat es of the |nvent| ri s

can be readi | yP&PREHYSH 103 SPé:gﬁs P%rg gd’n?ﬁp eCf@fl}%eSC?cgl SV, ' &

the assasy are run in solution at acidic pH (4.0 to 5.0), at 25-37 C 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% trifluoracetic acid (TFA). Substrates and
products are separated using reverse phase HPLC. The disappearance of the
substrates and the appearance of the products are monitored 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
which 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 Biotin-
KEISEISY-EVEFR(Cys-Oregon Green)KK (SEQ ID NO:192) and Biotin -

25 GLTNIKTEEISEISY-EVEFR(Cys-Oregon Green)KK (SEQ ID NQO:193) are
particularly suited to high throughput screening assays.

In a typical assay, 210 nM enzyme and 200 pM substrate were

incubated in 0.2 M sodium acetate at pH 4.5 in 1001 volume at 37°C for 1 to 3
hours. The assay was stopped by the addition of 50ul 4% TFA to lower the pH

30 below the active range of the enzyme. Subsequently, 100ul of this mixture was

injected into a Hewlett Packard Model 1090 HPLC equipped with a Vydac column



10 screening assays. In particularly preferred nethods, the peptides of the
present invention were synthesized by solid-phase technol ogy enploying a
Model 433A from Applied Biosystens Inc. The purity of any given peptide
substrat e, Wge®H6e through aut omated pepti de synthesis. oPCT/hs@ugh3s

reconbi nant net hods may be 15 determ ned using reverse phase JHPEC | ysis.
Chem cal authenticity of each peptide ma%{ be established by any nethod well
known to those of skill in the art. In p 2ferred enbodi ments, the

aut henti ci tyod'dfs est.a Iif{wd by mass spectronetry as described in the

exanpl es. t BRIy 13hEn, eppnyre-oalitsated YAtk 90 a Add- 193 A Adriisenci d 20
analysis in b i Y Vse : S may use
a m cromavev%b/\blﬁ(ogusg}ﬁq*gg‘ @hagg%hﬁl%zrE%?g(ﬁsgﬁ{%gﬂ%%g%ggﬁ%e%ﬁgm%ég oven. The
peptide (apprtiniireththe falowing Bhéht gtalich@0ary mech: M50, B; N-HZmiaPser ce
Constant Boiling e.g., about 4 nil) with aggom mately 0.5% (volune to

vol ume) phenol 00%BEl7-2Goin:oti0y3 % Bt R0122troint 1% Bhy dhelcleavage priodugtamsrethear e
alternately evacuated and 25.fl ushed with N2. The protein hydrolysis is
conduct®d usi n%\ta'ﬁ%dl-séqgazb“ee%‘&e JBCE A ing the first stage, the peptides

are subjected to a reac é’@aria?igﬁ%"fﬂ{élét%vefasﬁ?ﬁb}{ sub%QQte?oﬂgﬂ@ C:78 or

tenperature for 1 mnute. Imrediately after I's step, t nperature is
i ncreased to iiSN-i€nanallhettdnded vehsidn tepipted & SEQ MONCab9l)i thizSsubsstnateeare  Af t er
cooling, the sanples are dried and anmino acid fromthe hydral I\ésed pepti des

30 sanpl es ar@ceRatgd,Hith thegenzymg do 8 fid] re3eten solprien vYolumend 20005 (3Bovghi dy|

Chemstry paciibin o BB whio B0 EmRtheEBr sERLM Bty 20T 00
may bel@nal yzadstoste ! BIOMIM ephiase 0HPMCseditmcieante tiffertat pH 478y S5 bThe dedvteyed

using an enhanced integrator. B. Reconbi nant Protein Production. 5 As an
al ternative tis alawedrtn pocpeshatide Csfomtlhes) brs apd dotepinimatad Nwdditercontdbdy may

mventi on i's THABA oSUIRRRtEIRN, SIROLL Br Wldp PO TARE U ERSBr e e Poct ed

into an approgfi | o | &bvated: : NAi1fl ut for
expr essi on asﬂ{jggfc“rei %}@?%\%‘fﬂégﬁ% 1?\?/. S%Eg%oeﬁg}ﬁﬁgﬁgr ltr}rlecz{t?xh‘g1 1tsehgrlafzg %Séﬂp/)[elg?%}ﬁ%f y 10
preferred forcqhmn§snng ldugtiy Finmp Iy paip Nod §9605)atSobenp Al foethedPrlCelswguénces

of the
15 the substrates from this column was 0.1% TFA in water; Solvent B was 0.1% TFA in

acetonitrile. The substrates were then eluted from the column with the following
linear gradients: Time O: 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



invention. Fromthe disclosure of novel HuAsp2 substrate peptides sequences,
it is possible to produce the peptides and fusion pol ypeptides by

reconbi nant techniques. A variety of expression vector/host systens may be
utilized tWOdBEHINn 15 and express the peptide or fusion poPQﬁ?&ﬂ?ééﬁcoding
sequence. These include but are not Iinited t o mi croor gani snms sueh 28
bacteria transfornmed w th reconbi nant %Lerlophage plasm d or cosmd DNA
expressi on vectors; yeast transformed wif yeast expression vectors; insect

Lus, exp ressi on vect IOV|rus)

|1 t fect
bl ant el | sy CrERET e aphayte bt SO Sebdof apeoranie STy
caul 11 ot MRsgifidi e GOMY: VEABECRRoRRAEGNS/LB, arar%ﬂmfa;%laﬁ%g@ag%@gg

Wi th bacteria] expression vectors pBR322 plasmd

cel | systens: anvheamete wsad Gehédrddnae Wiﬂﬂ\melfplbtdcﬂlsl’ eSweTiuir ranplel Gle®iant
productions include but are not limted to VERO cells, HeLa cells, Chinese

hanst er  ovar §uq ¥puye.colid RhasgeBeptidesSyagiesis, 24 kdh, B‘f}fc@@e?‘)lcal\ﬁ@s BHK,
b otocots 1 or R TPRE R dader SHgPasef odoaPHna iahe MinoRiEPepll 237

fusi on pol ypepii-dgs (i198d)aahEBhny aﬁ@%érrﬁfﬁfh qf;’z?qfepizﬂé&e@r@ﬁra@ﬁi%eléﬁlﬁ)fer
descri bed herein bel ow. Expression vectors use in prokaryotic host’s

general | y conpds, deadegne chssrrﬁe@v BhBand-3§t, dl%”éﬂ)emcabh@)rpuatcdrheg@mbs Such
genes generall enco rotein.that, co rs antibjo

resi stance orf ngflcesglﬁlﬁm%l /S?P%aﬁﬂ?é‘tr% @er"&ftﬁ‘PP’éﬁg‘r‘ﬁ% Comwsaéfl%ér. ety of
such vectors o /U SO01
/23035 2 F "a e&és‘%éﬂ%&gﬁ%%éeﬁgé @bgr%arggg]s c ude E%PC%l %é:%gragé vectors
(Pronega), pPRoEMingawshyy.s (LTI, Bet hesda, MD), Bl uescrl pt vect ors

(Stratagene), pET vectors gNova gen) and p vectors en). The DNA
sefquence encodi ng the gﬂﬂ/@?fl%‘éﬁy%@:fegﬁ%ﬁe » ¢ PEDU eér‘i’f Erﬁéfﬁl de |s

(Phar i a, RS CR oSt RibebBed o SR Bt 150 Bony SRRISKIEMCPER i g

gl ut at hi one- Sﬂtohamgf;mdasﬁsjs@ﬁ Ince MR x?]y)f i gives peptide saBStrae, DicabRId
encoded by a DNA fragnent inserted into the vector's cloning site. The

primers for tHeowmrRauteRpalsd paetider yndwsis o1 |tlp¢@ug|l@|eecpmbn@;aampm@ s @y dgpropri ate

]? ;g? \C’)?qﬁj Si t edet-glr'rreu%teér?lgltng ?gzvetrse phasCM(p y51s bgemﬁglog ?l'le%tl\é\{tyg Qf éa@honbl n or

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 CEM Corporation’s MDS 2000 microwave oven. The
peptide (approximately 2 pg protein) is contacted with 6 N HCI (Pierce Constant
Boiling e.g., about 4 mi) with approximately 0.5% (volume to volume) phenol
(Mallinckrodt). Prior to the hydrolysis, the samples are alternately evacuated and

25 flushed with N,. The protein hydrolysis is conducted using a two-stage process.
During the first stage, the peptides are subjected to a reaction temperature of about
100 °C and held that temperature for 1 minute. Immediately after this step, the
temperature is increased to 150 °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-aminoquinoly!-N-hydroxysuccinimidyl carbamate to

yield stable ureas that fluoresce at 395 nm (Waters AccQeTag Chemistry Package).



10 Xa (Pharmacia, Piscataway, NJ) is expected to cleave the fusion protein,
rel easing the substrate or substrate containing polypeptide fromthe GST
portion. The pGEX- 3X/ HuAsp2 peptide construct is transforned into E. co/i
XL-1 Bl ue weld2®6306St r at agene, La Jolla CA), and individual pcanstornents
were isolated and grown. Plasmd DNA fromindividual transformgnts 45
purified and partially sequenced 15 using an autonated sequencér‘TOLE@hfirm
the presence of the desired peptide or péﬂypeptide encodi ng nucl eic acid
insert in the_proper, orientation. Wile certain_enbodi ments of the present

i nvention contehfinaRles may bearalierdiheaeyrap phes BEL Gund preptifigaion mmhbe _
synt hetic pep%]hhgl&ea@%E%glleég%lscﬁgﬂg%rg@)psequent FPLC anal ysis and appropriate

ref ol di ng of e Cys it 20 is contenpl ated that

reconbi nant protein production also may be used to produce the peptide
conpositions. For exanple, induction of the GST/substrate fusion proteinis
achi eved by grow ng t heBtr anRecombihaxt Protein/Braghictione at 37C in LB nedi um

el T S L R
mM 25 | soprop = { i i ] . Louis
VD) - The: CSTEFHToRY el PG SRR AR eI S len et

i ncl usi on bodyeptide tofichebimetmtionais ieited gntp an iekpreskias véabl, aydsforaletl or ar e

harvested by centrifugation; washed in 0.15 MNaC, 10 mM Tris, pH 8, 1 nM
EDTA; and tr Banséerted ¥fo ap apprgprste hosieellpad cultiypied amdar eendiidens)suftahle for

m nutes at rogQm .te r at.ur.e. Th sa is.clea soni ion, and
cell debris igx%gﬁ%foe Je‘l:pacFe Eq)%lb%g ft ?lfli’ﬁ%'i féﬁcofn@)rm%g xﬁngﬂé]%cfsgageggpe%%?]éoo X g. The
f usi on 1pr ot ei Pref@riddafon pRsiuefigl 18hgdr poWpePddddaBAG ofpTisk/Pebti Benc#bofthkl Z
FI B; CCC5 resggpended |!pn 50 r%lM Tgrli)w? 8, and lg&%—M %%A, f%yer ed over 50%

| ycerol, anthvestan.ifuged for 30 mn. at 6000 X g. The pellet is !
aly g g p

resuspended in standard hosphate buffere | i pe sal ution. {PBS) free. of
VBt g Caes. The 1 asi BFO SRUBMASHRE Of BpYehERLASa7 SHPBERD PdES SRR t he
upray . The GolPEE e LR P R e Bt AR b ch 16
exci sed and eteehtiguesl uh edriety afedxpression nectbuhbstisysteme knaygheSiEBized to témain
STl Hupl\Ssz f uzsnildogxp%s%ttﬁé Be;intisdepgrofgsuigg goliygepl%%%tc%aiinag s%csluglcg.o lTuh%Lg include but
are pot 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 expression 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), W138, BHK, HepG2, 3T3,
25 RIN, MDCK, A549, PC12, K562 and 293 cells. Exemplary protocols for the
recombinant expression of the peptide substrates or fusion polypeptides in bacteria,
yeast and other invertebrates are 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

requiremnent. A wide variety of such vectors are readily available from commercial



protein, it may be purified using the GST Purification Mdul e (Pharnmacia

Bi ot ech). The fusion protein may be subjected to thronmbin digestion to
cleave 10 the GST fromthe mature HuAsp2 substrate peptide or the HuAsp
subst r at eW@ ont@hi ng pol ypepti de. The di gestion reaction (PZ0/UD1Z3Busi on
protein, 20-30 wunits human thronbin (4000 U ng (Sigma) in @ 6{5i?30RBS) is

i ncubated 16-48 hrs. at roomterrperature4 nd | oaded on a denaturing

SDS- PAGE gel to fractionate the reaction %’roducts. The gel is soaked in 0.4

M KCl to visualize the otein b 15 The i tity of the profejn band
cor r espondi ng°¥§t-h X@B@éﬂ%ﬂum@d@figwe%mw@dﬁg\ﬂ VERIPRS frowg tPéﬁ‘égg
fusion polyp i y fal i LNQ.AGI nce anal ysi s
usi ng an aut gﬁ%ﬂtogsg(ﬁsﬁg(’qggﬁlgg‘?‘{’l&gw&g&é&ggé‘%@é@%&&ﬁéﬂg@?&%&%ster City,
CA) . Al ternat(Neehgen) bhe pOBAY et €Qge®N C Qe TINA heqiedieat REnShbgiveat e 20
cont ai ni ng fusi on pol ypeptide may be cl oned. i ntgéadgclasm d containing a

]

desired proraspide subgiratsmrifosian polypeptideais empbidig R gaé clogedyinto Bishtaer et
| ., Scj . 240:1041-43, ; f thi t t b

cont i rrba by Veail AL BETG 1. PHTa b caapey, AR SETERFO PR e &

coli using 5tfﬁﬁgﬁ‘beteiﬂrc%ﬁﬁg%h%;galﬁﬁﬁﬁ&ﬁ—@@ra%ase '(@ST??@ﬂcQ&bd%}dth@ Q@étoégoc k

treatnent of the bacteria norook et al., supra The transfornme

bacteri a ar e apiavproiem tiRoded by DNApivhgmen iwsdried titodhe benorts tlbhing saand
production of the, expr essedégl?r‘ot ein is induced by growmh in a suitable
medi um | f presdyimers fer thehfef maydrescaeraigd o ip¢lpde forsesample. 3A PHPPHME nat ur e

HUASP2 SUDST Il &, O <ifelSh ORnRR PR r APhiinf FERAEL LR 1 REGHGh o Baced e
| gn% ? &% rom %) %f @ C

secreted reco n protern 1s purirtie acterl ul'ture

medi a by the X@{FHacmaldscPisbrsviignel)is &xpeoiedho dleavSthd fusioh protyasdledipgt cell's
from genera including Saccharonryces, WO 02/06306 FCT/US01/23035 7 a 20G-
-47 Pichia, dhesSWIsteEr gripbasateragnpieingsilmeptide &roge ther @5 poron: cds{iRAnt
peptide. Pr d_yeast . host re.S. .cerevisiae a P, pastoris. Yeast
Debtors will orEunriERpad R tufiSraur iR A rBR R BREt  om o o7
yeast plasm dsrangeit QROMEEA), ah®HldiGahd] EhnS RANERE SwdrbilatePardl RFRhET

regi on, sequences for pol yadenyl ation, 5 sequences for transcription

t erm nati on, Blrshhid BNAefrombhdivirkeansfementsvs punifisd ané phitadplsequencddot h yeast

and E. .coli (termed shuttle vectors) | so be used. |n. addition to the
above- fent i ontdR Exguipwated sequenesr t9§8g€‘¥%%‘eapr§W? [0g ¢ cieﬂiig‘?ﬁﬁ’ﬂ“IdeQFso

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 37°C 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 B-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 NaCl, 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 for 10 minutes at 12,000 X g. The fusion protein-containing pellet is



i ncl ude sequences for replication and selection in E. coli. Drect secretion
of pol ypeptides expressed in yeast hosts may be acconplished by the

i nclusion of 10 nucl eoti de sequence encoding the yeast |-factor |eader
sequence awothmesic end of the substrate-encoding nucleotidecsequenmﬁ
Generally, a given substrate nmay be reconbi nantly expressed Ugjyea L u5|ng
a commercially avail abl e expression system e.g., the Pichia <&llo
System (I nvitrogen, San D ego, CA), folloﬂﬁng the manuf act urer’

instructions. 15 This systemalso relies on the Ere pro- al pha se uence to
di rect secr etiegispersind nt30mdE dirist PB S, @nd lAenMaBRAA, layesed over 50 gleeral.cohol

Ceconbi nant ABGRGTUERLEID mla BOAPR 62 THERERG: imaltendin iy . g

the met hods Lﬁﬁe?ﬁa@e BHffbxfeH sﬁﬁpégdleﬁcgne{prm%tf%%ﬂ! aft@a 20 ldran cell

super nat ants ernatively, a synt i c"DNA encodi ng the novel substrate of
the inventi cmotmylsbmrmleﬂpeﬂﬁémbpﬁtah@oﬂaanglItlmvnesm@e@dqﬂrmﬁei o depatueingpVL 1393
(Phar M ngen San Di ego, CA; Luckow and Summers, Bi o/ Technol ogy 6: 47

(1988))? Thi sSléﬁﬁg}Mawéalwﬁt@i (Samproedc eiot. i seprdle T heszed 1 m%%&% 25

manuf act ur er dir ctl ons Phar a _fi u rda cells
in sF9 prot etl% VIFA d?rg eé’f\’dwﬁ%ﬂgsr%&ggap %ﬁ%?ﬁﬁtﬁa Lﬁlggl{g}inﬁmg f)rot ein
or peptide i sjaclaHs iSDEdifand qunﬂﬁm;szﬁﬁﬁfbnfﬂremﬂ Repro@gtica in Bhdirias a soluble
hepari n- Sephar ose colunm (Pharmacia, Piscataway, NJ) and sequenti al

mol ecul ar si zmteim,dk may$e(pnnfmdrusmgaheé}STyPurmga,tloaModtds (Bpemeda Bioted?i3S.
SDS- PAGE anal ysis shows ﬁ Ie band 3 f| rm;H%?he Size of % e
protein, and Edman sequé& E?‘f’&j DR IBHAY S‘Z gte Iﬁ%HFP GRIQRP CEEBYS i r s

its N-ggrmn -48

Al ter nat| vel f/tlh tﬁe E{E}%ﬂ'ﬁ %ggjfag@nﬁ?}{)y‘?g%éﬁse i r%lAaS lsluﬁsg%get system
| nsect syst erm;ntaimngrpmuyq:epu&e(pﬂ‘ﬁsaig@mcﬁneam&id (2Rnovre figidneRif20s30 11 i n
the art. In one such system Aut ogra pha californica nuclear polyhedrosis

virus (AcNPWniisdruandthiembin(deeGHmg (Sigpag is0 SorkPBY) dnabaief 160SduBt er a
frugi perd |Is in. T | t di

3 Boe et om BhebBue SRR f o EfEns SRPHERLAALE soRTBR ORI
gene, and pl %saldiﬁﬁ%uctgomﬂe%x gfsoam R, ¥ MeRCINo RisRER e prit&iA BaAdS!|
insertion of substrate will render

15 The identity of the protein band correspondmg 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., Science,
240:1041-43, 1988). The sequence of this construct may be confirmed by
automated sequencing. The plasmid is then transformed into E. coli using standard
procedures employing CaCl, 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 purified from the bacterial

30 culture media by the method described herein throughout.

Similarly, yeast host cells from genera including Saccharomyces,



pol yhedrin gene inactive and produce reconbinant virus | acking coat protein
coat. The reconbinant viruses are then used to infect S. frugiperda. cells
or Trichoplusia 10 larvae in which the substrate is expressed (Smth et al.,
J Virol 46W0324¢306983; Engel hard EK et al., Proc Nat Acad rSai/u91/23®224- 7,
1994). Mammal i an host systens for the expression of reconbinqn¢{grqg§ins

al so are well known to those of skill in %Ze art. Host cell stralnémﬁay be
chosen for a particular ability to process the expressed protein or produce
certain post 15 translation nndifigptions that will be useful in %roviding

protei n acti Vitt4e apgRingpamyGes ey SRSTIoNeddo gensrpste BReomeManuRePlset ar e
not limted t t tal vl gt om, -0SY- i yl ati on,
| i pi dation anlﬁeg%;ﬁ%aﬁagtnﬂ&%gg? E gr}gﬁ}é(lﬂg%#%%afu 9%¥§g'es¥?§ﬁ59%?rg nggées a
“prepro” formoataih A oﬁgﬁieffefpneaﬁoaIssqnenbeefrbﬁmQr%hstgﬂﬁsnﬁ@,r@e@toﬂoﬂm& i on,
folding and/or function. Different host cells such 20 as CHO, Hela, :
293, W38, arrdphi¢asingisequenge ¢ABSk i fromotes régibny sequerivie &mypolyadenyddiomact eri sti c
mechani snms for such post-transl ational. acti vi ti es hosen to

d b
ensure the coFARTICCHEYi FARSEHPT EHYTAr It 88E Arig eﬁ’fabf{err:‘@alinkgggﬁ’(e?ucg{a?mfsor ei gn
protein. It L}%Bﬁéa%ﬁ‘?{‘ﬁ%tﬁa’&g@an& ﬁ?cdﬁ g@ﬁﬁé&rﬂﬁﬂl& chtsPhgy HS6te L®¥a. gng-term

25 hi gh-yi el rotern production an S such stabl e expression Is desirable.

Once such cedddfticir © thé absfeombmibnad fdaturecoDy st etors ontiaitle eekarotiidle
markers along with the desired expression cassette, the cells may be
al | oned to griseuflesequencessips rephicaiipn andrselepiden ielli eolbePiee sepgliompe swi t ched

to selective di a,...The sel ect abl e K i designed to confer si stance
to sel ection B elpitlglesp?gggﬁg maﬁa%%%%&rfgé% X g%cgng’élgﬁ%dgbgv@FFCglfSl@e(? s which
successful | y mxRofide stqiRntOERQMIEeRe SQUILERLET leddRs s&fulide at ThlSMRHAQS thé abl y
transforned cells can be proliferated using tissue culture techni ques WO

02/ 04306 PCT/wBs1t230851ing AE:le@BioSequdcappropriate to the cell. A number of
sel ection systens may bﬁguse to .reCO\{)er the cells that have

transformed for recombi FEREARY Gt BVFP BIOSHRERBAOC BGeR g@P%F’f%Fﬁgg‘_g& st
L1 0, oot S P QS s e phBOKGRLAR gL
tk-, hgprt- Systemp(Inviteedehs Sar BigecCAy efoflowAlSihe naainfacietabdisirh@ionesi st ance
can be used as . the basis of selection for dhfr, that confers resistance to
met hot Aexat e; TRipSYStemealso 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 mamrmalian cell supernatants.
Alternatively, a synthetic DNA encoding the novel substrate of the
mvention may be cloned into the baculovirus expression vector pV1L1393
(PharMingen, San Diego, CA; Lucko_w and Summers, Bio/Technology 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 shows 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.



confers resistance to nmycophenolic acid; neo, that confers resistance to the
am nogl ycosi de 418; als which confers resistance to chlorsul furon; and
hygro, that 10 confers resistance to hygronycin. Additional selectable genes
that may beougabsds include trpB, which allows cells to utilPCT@SvnzioB® in

pl ace of tryptophan, or hisD, which allows cells to utilize ?i ng—j;.nglq in

pl ace of histidine. Markers that give a visual indication fof '*~ 2U0d
identification of transformants include ar‘f§hocyani ns, (3-glucuronidase and
its substrate, GUS, and luciferase and its substrate, luciferin. 15 C

Si t e- Speci fi ¢ Mt agenesidtermtively s e diep §p2navbalgeln &3ysbg eXpapseth &Y alt Wsethi que
useful in the reparation of -individual Hu-Asp2 bst r at eptd a nor e
bar t cul ar |y PEGTE ISRy iR for ROt e 28 S Wb SaBtorshir Bt ne
Hu- Asp2 subst 34t ¢n BeRshAESsRn, 4ud HEpkd @@%ﬁni&dw&@ém?uy/ﬂém&iﬁ faRNI que
enpl oys specific nmutagenesis of the " undeflying DNA (that encodes the am no
aci d sequence(AdNRPV) & usad get edctboto expoess fforeagn ganes il §podoptdraifopgepetder cefhlsr
provides a ready ahility to prepare and test sequence variants,

i ncor poPat i ngPoRel Behopdpic ]@%'VthEh? Shsiaiefpdenghseabencat’s 6198ed BRO 3 nt r oduci ng

one or nore n L equ I ife- ific 25
mut agenesi s a ?%e\?getr{u gre%[ogldﬁcrl@?%ﬁ&g;l gﬁ%? %ﬂ{eﬁmﬁl fegug ¢ %eatnglség%? lé]ggr(:l fic
ol i gonucl eot i gentfo? @ ECHSIy Nddr i@lpremed eSideessAAnSeeGore O£ SubBiratengilldesiderabe

mutation, as well as a sufficient nunber of adjacent nucleotides, to
provi de a pri pelyhedrgugensanacsive eod pragues recombanagh yirge pemEcogbPIRaR ceat. t o

traver sed. TyBETOyIOIRD s a6 Bt $nfest Ser Pkt U ieE TP gt h 1 s
pr ef o1 1190, i {iv AU Eh U M8 1C40seaEl [ 31410 Dol 9, sEaggi.on of the

sequence being altered. WO 02/06306 -50 PCI/U S01 /23035 L' 1" [.J tf J7 The y
t echni que t ypEvpgtlharddiRlenvyk, BrdodétetdadSoafe: 3224t Hr19%pt exi sts in both a ’

si ngl e stranded and doubl e stranded form _Typical vectors useful in .
site-directed nut agenesff‘@mm&lﬁ?&@s(/@@f%?ssf%ﬁg%e%eﬁsﬁ)@ WrscHYRBFANt PFAKES phage
vectors are ¢ LAl I : jfeu ' to
Uhose © ok | | A0 ELe PRl o Ry uRR; B B0 A NG Bl HIPERBEAY b¥Shosel IRN

enpl oyed i n shtparticdlarediliy to1pioagss NS expressbd photeini oripradies dehinsgosp of

transferring the gene of Interest ) . ) o
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, WI38, 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 wifh vectors that contain selectablé 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



froma phage to a plasmd. In general, site-directed nutagenesis is
performed by first obtaining a single-stranded vector, or nelting of two
strands of a double stranded vector which 10, includes within its sequence
a DNA seqdierige@sincodi ng the desired protein. An oligonucl edET/HEIFErer
bearing the desired mutated sequence is synthetically prepay qd- gﬁa pri mer
is then annealed with the single- strandgg DNA preparation, takln Pt o
account the degree of nisnatch when sel e ?fng hybri di zati on (anneal i ng)
condi tions, and s fo DNA pol ymeri zi ng enzynes such as E. coli

pol yner ase f?pFIRF ?Fﬁ&nent in order to conplete the synthesis of the
mut ati on-bearing st rammmﬂa%f sAedfANARHRISY deudedtTRLABRIR BNORG: ST and
encodes the original non-nutated sequénce and the secon strand bears the

desired nut ahdverbeet trassforneddefion degongbinane pt areini (8 odueeionu SSudh tselet icans/b@mm
appropriate cells, such as E. coli cells, and clones are selected that
i ncl ude r ecomsiudanbut\ iz esrlinitsskio, K5 Y Hymiding tkinpso.ohyneparthing- geriaagenent . Of

course, the V. ri a h for, site=dir nut agenesis 1 s not
the onfy netﬁboﬁpﬁcfr 8?%3@5&11}?&@%5?3 HIG R S%Oéfbﬁlsy]ﬁ@flgfd{asﬁgﬁ peci es and
as such is R&r-Braptt- Ealsb?esbbéﬂvfelﬁgAls'Bhﬁnﬂi’hﬁe’iﬁi&thté fé‘é%fhhb@@atﬁbéﬁ’sed as
contenpl ates other “methods of achieving mutagenesis such as for exanple,

treating t hethedeasisiof sdedtiopSow diefr othet canfergiragstatne tgenahotfexant; @p&s&hatrmt ageni c
agents, such as hydr.oxyl am ne, to obt'gl n se uencgeévarlants D. Protein

Purificati oncoq ?TS\KFSP?‘ & 1o myicPRipnelic 3Cidy Peq.y IRt FONfRLS ToSiptanCs o fiSe pr esent
I nvention. l’gB}:‘]‘ﬁél@C GHEN §9¢M<91nc&n?é}?Fés§’dﬂ£ﬁe% €h eveF&P"Xﬂd%g%foh?Ea‘? of

skill in the art ese ues 1 nvo at one ude

fractijgnati Omlﬁérstrhﬁstﬁ}lﬁieltu |h§groﬁ’ﬂy|cl11ﬁu AldditiéBals2] 2Bl gerfed (HAThidyHel ukeR0 35
pol ypepti de and non-pol ypeptide fractions., Havin rli’gasepar ated the pe t| de or
pol ypept i desH@fUdFH@ iR allrvst gebimte tiHbze ’é'ﬂ@llCéP \ce 1O T YREIPRRBAT

o1 oot r ophor ot P DN PR tocig Hhoioy Bfhoe SpiRHng ROFRHRAREARY Ll (or

purificati Onlﬁd%aﬁoﬁ%mgmﬁichﬁan oﬂ?ﬁhéféﬂn‘?a%'ts ﬂ@hﬁ@%th@é‘}'?dnhﬁu |Bag1{1c}hr§iﬁti§@d to
the preparation of a pure peptide are iIon-exchange chr omat ogr aphy,

excl usi on cheahis sghstpieyGUS ehy hiferasriade itlgehbstags tlnafemor esi s; i soel ectric
focusilgg. A particularly efficient
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 substrate 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

Q]
wh

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.



met hod of purifying peptides is fast protein liquid chromatography (FPLC) or
even high performance |iquid chromatography (HPLC). 10 Certain aspects of
the present invention concern the purification, and in particular

enbodi menWg 0xdedvsubst anti al purification, of an encoded p@®Cypespt/2das
protein or peptide. The term"purified polypeptide, protein orrpeptide” as
used herein, is intended to refer to a gé) osition, isolated fromeot her
conponents, wherein the pol ypeptide, protein or peptide is purified to any
degree relative to its,IJBS natural | y-obtai nable state. A purified . . :

pol ypepti de, protein orlBdfrnyme;thgicady,¢plys g bacterigphage yegtopdiay paifilbe,
protein or p i I om.it | i i i naturally
occur. Genergpllth a%%%rsﬁ?{]&eég"mv(\ln%%b?é;%/&eé{rn(a?%?%}npo’r pepﬂégl{eo?s lﬁro elﬁn or peptide

conposi tion khabiréaed hRegefesl BRIRE Vebtord Achia0 iRt MAB phagé. eMayR phagé ous ot her
20 conponents, and which conposition substantially retains its expressed

bi ol ogi cal  aestersiary commeraialihavaikable anditheir asg isgensrafy el lswwni to thesed, this
designation w.ll refer t conposition in ich the pol ypeptide, protein
o bopt do-'t Sk e i€ . oBoRbE SHBRte PR & C it B et Beie
constituting 0 60 %- t % % 90% about
95% or nore g? p?ﬁcgam%?dge glé’sﬁés)q%}?]lg? r{?e %:éoﬂr}%(z)%ftolf gﬁgﬁf\%rﬁ%o%lg %grrgétJ %%%{%S(gr
quanti fyi ng tiven alpbageeatoaf plpsthidf i cati on of the pol ypeptide, protein or
peptide will be known to those of skill in the art in Iight of the present
di scl osure. These incl d@&enerak ssdifsried msagenpsinismerionaed by dirst ebtaaping g ¢ y

of an active _fracti sessi u i i -0 a

o1 o Aot ve st P2 R4, by CIPADS oBh RALIRRRAEERAN it ®
purityleof a fschedes Withi ith Qequeate DN A sb@ﬂenﬁ@@ﬁdoﬁhfg tBE deiddyprefeid. NAnf r act i on,
to conpare it to the specific activity of WO 02/06306 PCT/US01/23035 2F32uE5

-52- the i ni vligénusleotide primendearing theglesiapdmutatesl seqeengeds exnthdtically i ty, herein
assessed by a "-fob%. urification nu[ﬁaer.. " . The act ual ' used to
epresent 1 & iy prme e St led Sm g el ihgl TINE SR | ne
particul ar as3gys nfs MHoaHeHE RRERR Jinish@Hch WehREleBMd hjtrRiizRidndRthefighner or
not the expressed pol ypeptide, "protein or 5 peptide exhibits a detectable
activity. Varbmlidonseahdisuhiested tv DANA polyarerizivg dnnympeswehras firdofiipohmerasen | |
be wel]_ known to those of skill in the art. These |nclude, for exanple,
pr eci p}ft ati od KAsnqy 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 a
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 for example, treating the recombinant
25 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



ammoni um sul phate, PEG antibodies and the |ike or by heat denaturation,

foll owed by centrifugation; chromatography steps such as ion exchange, gel
filtration, reverse 10 phase, hydroxylapatite and affinity chronatography;

i soel ect r WO 209346 ng; gel el ectrophoresis; and conbi nati oR§TASOEEMWAS and
other techniques. As is generally known in the art, it is believed that the
order of conducting the various purifi ca_télo_n steps may be chardé 208y that
certain steps nay be omtted, and still result in a suitable nmethod for the

preparation of, a substantiall rified polypeptide tein..15 or peptide.
There s no SehBeRieeibporbnulpdhiis aEhefo ool cre B MeiePhoch “pept | de

al ways be prgyjydeptided dfiBL invERSSn RBf Jth&Drotes he idéd orl pepi@RLP| at ed
that | ess su styg)n ilal l'y purifi edn ptrjl%lduct g)rvvi F:fs, hav%mﬁfeﬁfli tyoripﬁpcertai n
enbodi ment s. intBeest may bpdnithercatrified ushy dheormaographicsimecldzyropharagc f ewer
purification steps in 20 conbination, or by utilizing different forns of the
sane gener al GsRIQUEE iR agdheveRardahor cpmpleispppicationy(of purifisetier it ed t hat a

cati on-gxchan uy C mat oqr aph f ibizing. an H par at us
Colt onexehangR RN, EUATIL 89 8BpRELARL T5RI b BARANn FRGuRD
techni que ut ipepdddfredoh-SREHINES ShrothatdEAFHTE EQEH AHM ¥hidyift spFapHyet hods )
exhibiting a’' |l ower degree of relative purification 25 may have advantages in

t ot al recovepplyatryparotdeigel pleodomitoresis; isosleetrionfoanningg At preticdady efficiendbf an
expressed protejn t i.s.known that the migratjion of a I {de can vary,
Soet i mes TP ebRInGPaIdE Bret RCEanmd Fangeuerty BRER) Pesil i et
al ., Biochenh; i : ok Bt 77). It will therefore be
appreci at ed thﬁ l}t%}ﬁ er :g)%ﬁgﬁlfdf%?}ﬁagto‘é%gg}?gg?ﬁ%?esi s conditions, the apparent
mol ecul@r wei ghts of puCertdiedspeets ofalid prabdny ipigntidén echcexpthe parificatipnodndt s may
vary. WD 02/ 06306 PCT/ USA /23035 -53 V. Expression Constructs for use in the
Product i on ofin PREicE|# ppbodiaerds, the,aubsiantigpuridication, ofips epeeded polypspdde:i on, it

nay be necessgryil g RS TNEPORLIAS pRBHAALESH of NG BEPL legSubstrat e

fusion protei'ns preséent in expression, the

present i nverkerdif, Wihten@Ploafey @6 b @bMpEMHIBH,  iSd1MGd fRh BiHee teapdrdatsiol ecul es
for encoding the peptide substrates or the fusion proteins of the present

i nvention, asvhesgin the phlypeptisisl prateines peptidsds wirified te pnydegres KlatiSe ¢hits

pol ynugh eott g8 {1h 7 SbtahnlP¥atB® A Sirifch bliyBeptie Broreiflor epdi BlRtort aledC! Udes
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



sel ectabl e marker "and an origin of replication, for propagation in a host.
These 10 el enents of the expression constructs used in the present invention
are described in further detail herein bel ow. The expression vectors

i ncl ude DNRO®BOWONg any of the given peptide or fusion poP§PEPIFB3IHU- Asp2
substrates described above or below, operably |inked to suit bE-JyQu a0
transcriptional or translational regul ator% sequences, 15 suc afs‘”s tthdb e
derived froma mammalian, microbial, viralm=or insect gene. Exanples of
regul atory sequences include transcriptional pronpters, operators, or .
enhancers, nR%}f ‘t“?t!%%ﬁﬁqt’ g thes %ﬁkﬁ‘gé}? t%ﬁeéﬁﬁ)? Tty RETEMRRSTTEREONAi ch
control transctiPLh o ] h a4l O, . " i r,"

¥ expr essi on_ corQi pagreangs nBRE. Eeimol ik Biiho FHRLER TACHmR P

i nt er changeablaytitity @ilyhufeouish] be Sdpeaddrt @pdh @ife partlcidiitassffEROAnigte LHBEMES any
type of genetic construct containing a nucleic acid coding for a gene
product in whifelovp e pwificatipn and whethauer eotdhe ekpressed palyipgpidey pasicid O1s

capabl e .of bein dtr Ascri bed. bktle choi ce of a suitable expression vector
for expressi oR°B et‘?f&" e (geéfﬁt‘? P pol ypepti des of the invention will of
course depend upon the Spafdukhéchnfdls! sifable fo? beini@tbin pRdaLiof il e 4 bre
skill of the ordinary artisan. Exanples of suitable expression vectors

i ncl ude pcDNAXnOvnvo thosgefi pkidind tieSirt. (TRbserimalnide, foBieriraple) predipitiedre vithd
vector for expression in thepgr esent invention is

DNA3. 1-
(1 nvitrogen) . aBReRELE;Yiphyiee PEls apdpodigieand thadiaar ggﬁeﬁd@agyé%{c;, falipvrady
| ncl ude transg c%g{&@g@%“g%@h%%hgf@s HONLL Bl SEAMRACES ARRNEFebL L

viral genones: 4] equénces an cer Sequences

whi ch ngy WO %&é&@&g&dﬁgﬁbﬂﬁ@l@@aﬁﬁymamﬁ@hﬁ; 1d6€ekttio fédiRing! gslent
invention include, but are not limted to, those derived from human

cyt oregal ovi r @ectropyresisdandospntbisations phsycbremdvathergechaiguesi 44 ingeperally 40
(Sv40). Methods for. the construction of mapmalian.expression vectaqrs.are

G scl bsed. T oroyipiBE uf ol il Bafina S aFT qusPha e i vt 68 dh 6o )
5 Cosman et alstepﬁmg- bd é}ﬁﬂg&p'or ﬂ%%b%n@&?gﬁagﬂbe%ﬁﬁﬂ, &id @i reshiRid4©

312: 768 (1984)): EP-A-0367566; and WO 91718982.  The expression construct

wi | | conpri se saitahle Ingtipodafor ther pegpayatidrhatf a swhscmtdeldy pefighpolypeptde, peptinde

substrate or fusio ol ypepti de of the present
5 ot peptiad.” YPeP P

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 ﬁtilizing 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 degree of relative purification

25 may have advantages in total recovery of protein product, or in maintaining the

o 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 e? al., Biochem.
Biophys. Res. Comni., 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.



i nvention. Coding regions for use in constructing such expression vectors
shoul d 10 encode at |east the (3-secretase cleavage of the peptides

descri bed herein although it is contenplated that |arger polypeptides nmay
be encoded as Ion{g as one the peptide generated conprises m((SB-sgcr‘et ase
cl eavage 3YQB/4%Yt is anenable to cleavage by an aspartyl P&' 1044 And

preferably Hu-Asp. In certain aspects of the present inventiony;thens
. . & [ I ’uvi‘}
expression construct 15 may further conppise a sel ectabl e nmarker that

allows for the detection of the expression of the peptide or polypeptide.

Usual I'y the kncl ug es@fonacgés'ggjcigkdnr deGR thEPFERIctiRnt thl S%h:?t’}'hﬂeg of ik I N the

sel ection of transfornmants, exanpl'e, neonycin, puromycin, gronycin,
DHFR, zeocin and Mhedédtibnnol . Al ternatively, enzynmes such as herpes sinpl ex
virus thym di ne kinase (tk) (eukaryotic), p 20 gal actosi dase, |uciferase, or
chl or anpheni col acet y| 4R dipsHTeseas E1Vewaay, if paplbamgesssaly topaprasetherpspded.

| mmunol ogi ¢ rkers also can be | pyed. For e | e epi t ope t.ags such as

t he FLAG sysgg?ﬁtrefeﬁlqr tﬁ%&?ﬁ?@%}%‘?&% %]QR R 1qsh(§qggqé§§nt§$§?r§ﬁ1u( éa cggen,

Chat swarth, GAlievyhcRexBrERLiOY afle pRAEhL ih@éiﬁioh%vill@rbﬂl@% WeaBs cofﬁjﬁm%;f erase

(GST) system (Pharnmacia, Piscataway, NJ), or the maltose binding protein

syst em ( NEB, pBbwecleetyde iglecales domencodmgube geptidessubstrates abibe fnsok eroteiaspl oyed

is not believed to be inportant, so Iong as it is capabl e of bei ngq@gxpressed
r

si mul It aneo]tcjs |0f th RN§Senh EVSHEeThias Welk 25 hasted) Hepstorgredawith é\%ﬁ?c‘f‘?mqf&r e
exanpl €s o p%ﬁjnﬁglteg‘ll?éfemggfnlﬁg{ g’gt?g)% &é@k‘h t&Qgﬁg#,ﬁva@Q% 58%%%1%&&31&35 Lhe art.

Particularly- prérerre ec ers t I'n"the

present i nvertleablarBarREOMACINLrEdN 06 sépticanisit 16F popeERiorBinketiost. ETRE®RSSI ONn
requires that appropriate signals be provided in the WO 02/06306
PCT/ USA / 23034ememts ofthg\exprefsian gonsggcts paest ivrthe prasenipneedion asedescaied el udes

a di scussion Qof. various r.e ul,?atory el emrents, such as enhancers/pronoters
from both vi .‘ﬁﬂ“%{ﬁ%‘ﬂg‘%ﬁ%ﬁnﬁ’g YSour ces t hat may be wused to drive expression

of the nucleic acids ofTHenixBre88ibn ivBctbASihcla8é DNA BhesEAd any Sl Pas to
optim ze nessenger RNA stability and translatability in Host cells also 5

are defined. pEpédecmnﬁllisiohqnszpf:ptride_t He-Amp@ substmtesudesenibaf atdomion&alowdr ug _
Selecti on  TLKSLR, [aSR s g REL DL 2Lt o SFkLpel s exor essi ng
the dryg sel eghj QunIB! £55R4 1 Hdm 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 throughout 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 all of the nucleic acid encoding sequence is capable of
being transcribed.
The choice of a suitable expression vector for 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 ordinary 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



expression of the mutant phenotype. In preferred enbodi ments, the nucleic
acid encoding the given 10 peptide or the nucleic acid encoding a

sel ectabl e marker is under transcriptional control of a pronoter. A
"pronot er WO 81/¢m386 t 0 a DNA sequence recogni zed by the synta/U¥1R3BKI nery
of the cell, or introduced synthetic nmachinery, required to hnptiale the
specific transcription of a gene. Nucl eotide sequences are opérabty:$nked
when the regul atory 15 sequence functi ond 'y relates to the DNA encodi ng
the peptide substrate or the, fusion onBeptide.,Thus, a_pronoter

nucl eot i de se§UAE & %%%P%\BW;’/WQ%R’@B”@@ Bt arginge Hmpk 1o, dhorerfiesived fiope
pronot er nucl j : } S seld R QR Qf . .

S Lary, - A GuaRRR s ARE] PAdqiBylre D BhbvBina Vind nd HEBFENSS

promoter is i@VUDE MtldEETol @eabhfuctivi ThanmalidPekpréssionl ’kicefarko t he
nucleic acid to 20 control RNA polynerase initiation and expression of the

gene. The t erdisqlessdpfozexaple, beOkgyamhendeBerg (Mdle Cell 0Bl .g7:38) (1883));
transcrjptional control dyles th e tered around the jnitiation
ot o Ra Cosatrme b ol Ikt 2B SRR anat dt WoU B BRI s o e

or gani zed der X n@ ?q?g S viral pronoters, including those
for the HSV t(lﬁg%@&%%%z i ﬁgggﬁ(?{g@gﬁ%ﬁo early transcription units.
These studi es, augnent eThexpi@ssion domsendt willrdomprave @ micivinadid aégigy iapt ers are

conposed of discrete functional nodul es, each consisting of approxinmtely
7-20 bp of DNRcodgsdhe BatigRlar ReptisisssubptratpgF dusie Belipentigs of thecpresest
transcription tivator or.repressor proteins. At |east one | e,in each
pr onot er funclﬁjf'%nﬁfs%nt o@cbd%ﬁ 158y %? Rt %{%mggﬁ&t;snlgt Séléf glr.p r%ﬁik’“s%%tﬁg %lﬁd The

best kppwn exgnEpdeatQbast tHep-kcréth dibdvigh @ thedpbptides desefBedticRERtAhsugdiak ki ng a
TATA box, such as the pronoter for the manmalian WO 02/ 06306 PCT/ U 501

/23035 + u J issentemplatddrthht ldegsx polyplepadésdypay be ancoded as bongas @na i papeide
pronoter for the SV40 | ate %enes, a (i“ scret.e %I enment Ql%ier I éli ng the start
site itsel f HEADFRIGLCOMBEISEHA Briearetasscleavags $1kk thatls AeHRRIF & ea\?ﬂg{% t3r
el ement s regugs?gxgyltﬂ}gtegsre%a Edrav Pl hgpscriptional initiation. Typically,
these are located i'n the regjl}on 30}-7110 upstream of the start site,
al though a nunber of prlametteinsasheate of deepresont eentieth dias expiressimmntomstnuct
functional elenents downstream of the start site as well. The spacing

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), B-

20 galactosidase, luciferase, or chloramphenicol acetyltransferase (CAT) (prokaryotic)
may be employed. Immunologic markers also can be employed. For example,
epitope tags such as the FLAG system (IBI, New Haven, CT), HA and the 6xHis
systerﬁ (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 skill 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



bet ween pronoter elenents frequently is flexible, so that pronoter function
is preserved when elenents are inverted or noved rel ative to one anot her.
In the tk 10 pronoter, the spacing between pronoter elenents can be

i ncreased WO O500p apart before activity begins to declin@CTHeead3hg on
the pronoter, it appears that individual elenments can funct|QnEEIthen
co-operatively or independently to activa transcription. The parilcular
pronoter enployed to control the expreSS| n “of a 15 nucleic acid sequence

f int t t I dto.b t I a t c abl e of
i rect ng. t he eelipt-edBF GRgR ROt el BiE A AchsHo ETions bl e

where a humangeplle fﬂﬁéﬁ':@rrsgj:réﬁgteré froh® (ﬂﬁ %ﬁr%{]?zﬁ' ﬁaﬁaﬁxafl&i?édr@& thgtemglrlﬁé ei c

acid coding region adjacent to an er the contro a pronot that is

capabl e of beisedto éxpe emeskidmoiathlalmﬁralmmhds ofGateessaln hoss pebkiFlgmestsch a
pronoter mght include 20 either a human or viral pronoter. In various

embodi ent s, deRignpd)iPPIETIZe MageanseT RIS\ plehallyy an aéﬂ.ltéh@alﬂlh)%tg@ﬂe alsponot er,

he SV4, | he.. R |
(3-act i, “ractt REGRh proraruronnt e Rdaiber of SdphaLth OB sgkdRE ane
gl ycer al dehy dgargertes RBabies FhRgstasghIe ceRidRes eﬁdrkssﬁfg M@'p?(ﬁiu@fseal%'S

promoters well known and readily avaiiable to those of skill in the art, can
be used to m@iwitﬂﬂcghsliemeblemxmrtbsas]mm axbretslslenotﬁdlercyugeciaalmmarﬂxersrtberest
The use of other \vi r |ian cellular or bacterial phage pronoters

whi ch are wel PPRESRA 9 ﬁhe F‘H@I’é “OYREchi eve expression of a coding sequence
of interest is contenplpf e;gr‘éfe%sed é?@dddgn@%g"thgﬂﬁcléﬁ%ldté}x%oéhng?ﬁégﬁé expr essi on

are sufficient for a giv pur pose oyl n ter wel |
known po oper tpepside bhene mictdic atid ep@ddmgmsﬂéctablemlﬂeass uﬁd@ftratnbmparomlel n of
interest followi ng transfection or transformation can be WO 02/ 06306

PCT/ US01/ 23039Pningyobg prometey A Jpromotels| rgters ¥ BiN A sesjugngst eeognied hysthe

regu! at ed in {ﬁlﬁ%ﬁgﬁach&eépgﬁ?ﬁ' ﬁll S ﬁ/fr'o%é) Isg{lt?letlé}ﬂ%ﬁg%ljy, I CﬁJ glté can

perm t induci Bl e expressi gene pro ever a I'e pronot er

systens are awaidiedlkes &@ﬁcWaﬁgymlbﬁr@f@fgeﬁéral vectors. 5 One such systemis
the ecdysone system (antro en, Carlsbad, CA), which is designed to allow

regul ated expression of Naclgetﬂfte Q?Fluﬁillwelﬁ@st’tpeiablmhm Whan Belregplatory  consi sts
of at Ilght 'y squgrlc%tfggct%ﬁgﬁy ates tomﬁC %{fkserl?c}) mg the pepwge subs%rgtglolr &0 basal
fusion polypeptide. 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 term 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 bp 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



| evel expression of the transgene, but over 200-fold inducibility. Another
useful inducible systemis the Tet-Of' or Tet-On' system 10 (d ontech,
Palo Alto, CA) originally devel oped by Gossen and Bujard (Gossen and

Buj ard, Pr¥@ R46I6Acad Sci USA. 15;89(12):5547-51, 1992; GoBSEHSEY234}S
Science, 268(5218):1766-9, 1995). In mammalian cells, the COW iInEdi zke
early pronoter if often used to provide _§frong transcriptional activation.
Modi fied versions of the CW 15 pronoter that are | ess potent have al so been

used when reduced vel s of expression_ of the.transgen e i,red.

Ret rovi ral  pr St SUB B Sea Sl Bt el M ORIRY o B S at et 10
be useful in @%\gﬁ%@%te EIRMRAL bRy helstard Siddl itse BHRIRUE i thBPlacBRY be used
i ncl ude SV40, RSV LTR, HI V-1 and HrV-2 LTR, adenovirus prompters such as

fromthe E1A i@&jonor M.P regi on, AAV LTR, 20 caulifl ower nopsaic virus,

HSV- TK, and avian sarconma virus. In sone enbodi nents, regul atable pronoters
may prove useful . Such Asigirpabpromaten ¢lements regulatehedTequigBeR0t hat are

hor monecor cy i I X e r t {ncl ude
Wi, v 1, LSRR AP Ty gl TR R A BB ST 96

pronot ers sucRipsfeahlebfie SRSPAIRS aNRodgh 4 Mttt &f prémotetshalvad ryceatid bagh s
hor nones. Another regul atory el enent contenpl ated for use in the present

invention is &nceniarfurctionFhelements doyasteaancokihe stant sitetasavell. nThe spaging

ol ooul e of | DRENSERLARGG! Clegient rauanih Mt baDRSmB SRS UeRds ot ney

are conposed QfegRRY wiknl e'%ﬂléﬁtéjbﬁlin%br%?d?tlﬁove%%ﬂti% td\BheCahothd?dIn ke fNE Or

nore transcriptional proteins. The basic distinction between enhancers and

pronot d0s i s @penetti,ahakpaciry EtWwesrcpromd@r GR¢rodO CanReeTintisAdetiX8 Bbp- ariadt
region as a whole nust he able to stinulate transcription at a distance;

I
this need not PeIge fthadieelsgp drding: Peyngmedin e ereBiforktrPearsdhtnts. On
the ot her han%ﬁduﬂrﬁﬁiﬁéﬁ§ céﬂ%c@@ﬁ’&ﬁ%ﬁi%P%pem%ayedrgﬂa%ﬁ;kﬁdénhyko ALaeed
e a pa ar

initiation of synthesis at a particular site“and I trcu
orientation, wheseasioanhancers |ack these 5 specificities. Pronpters and
enhancers are often overl appi ng_and contiguous, often seemng to have a
very sinilar modul ar or ga§iPAsEGURT PTERIEE €BWLOYEE 49 GPntre] théexprpysionetita

vent R o0l PR 9RSLils bPally BB Y badEoRg o7, e
Probl 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, B-actin, rat insulin promoter, the phosphoglycerol kinase
promoter and glyceraldehyde-3-phosphate dehydrogenase promoter, all of which are

25 promioters 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 are wéll—known n
the art to achieve expression of a coding sequence of interest is contemplated as
well, provided that the levels of expression are sufficient for a given purpose. By
30 employing a promoter with well known properties, the level and pattern of

expression of the protein of interest following transfection or transformation can be



Cell Differ 20: 125-62; Bittner et al (1987) Methods in Enzynol 153:
516-544). 10 Where an expression construct enploys a cDNA insert, one wll
typically desire to include a pol yadenyl ati on signal sequence to effect
proper polvgagessys ati on of the gene transcript. Any pol yadeagledoiesmssi gna
sequence recognized by cells of the selected transgenic animal species is
suitable for the practice of the invention, such as human off boV|nergromﬁh
hormone and SV40 15 pol yadenyl ation S|gﬁgrs Al so contenpl ated as an

el enent of the expression cassette is a termnator. These el enments can
serve to enhéﬁ@émﬁﬂssage | evel s and to mnimze read through fromthe
cassette into other

Th whi ch I d
primarily will be one g%’:fe'léplégf]aé)?or%g{g%w?is:{%gul Ir}ggestpé’lpgﬁ Waﬁpe%lﬁngoo?lggl ons
for the appliggtioRpk GUsRtRsC AR &R ?Eﬁﬂﬂ@ ﬁrﬁﬁl@%l@é’xﬁr%ld’i{ @ﬁtﬁ@tgehé‘lyl%ﬁhéton

appear to be rélatively’interchangeabl'e. The term nation region nay be
native with Seleral mdnsiblei ;p‘ommlsystnm‘s iagt avamdabladyr pednation/ef ticeltveetoBBINA
sequence of interest, or nm be derived for another. source. In certain

enbodi nent s dPng HEh ﬁwgﬁtwwecémnaé@stﬂp (rviteoseay Cerlpdlofed). 241i@hry site
(1 RES) el ereRgg%éd faoapfowgﬁ ffh é)@r&r oAl a'géhé b &est% RRhGliSE LR G i
enents ar

nmessages. pass osorre scanni ng nodel of 5'

net hyl at ed Cagongietpendeiphtly regigitad eme@m xlae@amshf aasAldWOvrablly nbeasal sites
(Pelletier and Sonenberg, Nature, 334:320-325, 1988). |RES elenents from

two menbers dﬁveltemeﬁﬁl@b@ﬁmwwggqnanbm;ovep%@(? -6l rimgichility

SUpr 8) - a5 well an | RESHTT e R ARG i e TERREE SR TsrIPEaTG,
Nat ur e 353 918Hoch] 9014 FES) GHEIEN; 8cRa6pclil 67ikesh@ HU-506341a PCT/ U

SO 1 /23035 z ~ t erologous open réading frames. Miltiple open
r eadi ng framaBuJelainPb@r Nalél?ﬂstad iSbed S Aolﬁaﬁ?(éﬁ) S5EEeh] sK2r &ossknby adn | RES,

creating polygistr o)) %w rtue of the IRES el enent, each open
readi ng frameF&e %Jé@%ﬁﬁ}&g@rﬂ ones for efficient translation.
Ml tiple genes can be affjgheatidy cé?l’ép{h‘éséﬁ@’ gh&ald eﬁﬂggﬁ@méter if often used
pronot er/ enhancer to transcribe a single nmessage. Any heterol ogous open
readi ng franetoqaovidestrongkeahstaptidiaBactblatiomniodified sersionk ofide Qefes for
secret ed proteins, multi-subunit proteins, encoded
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
MMTYV 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 E1A, 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 are 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



by i ndependent genes, intracellular or nenbrane-bound proteins and

sel ectable markers. In this way, expression of several proteins can be
sinul taneously 10 engineered into a cell with a single construct and a
singl e seleakabje marker. VI. Use of the Substrates in Hu- AspAsagzays | n
speci fic enbodi nents, the present invention involves assays to, nonitor the

T LN

activity and/or function of Hu-Asp2 and npre specifically, the [3.15335
secretase activity and/or function of Hu-ﬁﬁs‘pZ. These assays will involve

i ncubating in solution an Hu-Asp2 pol ypeptide with a suitable substrate of
the present IdgifAcastd WholeyBpH Peabiatpagienyptettipnserepiiandd asdigiangeathis aeedanateasur e

f Hu- Asp2 ' Ivi.ty. 20 25 30 A .As | I fi
erbodi ment s, D% LS BhY erimB risica o & somerned siemaR, R AT idet FrREat i on o
agents that pRgisé!Guithfivaeht bt Eﬁbr@felmhﬁ'?@ige@%ﬁﬁgﬁéﬂ oPRRIUESBfhesis at

(Hu- Asp2). For exanple, in one variation, such nethod conprises steps of:
(a) contacti agamicylanfitt hed peppadreslaproricutation, whetees ashantert heeckphassent

i nvention and a, _conposition conprising an Hu- Asp2 activit in the presence
and abSence #RecHicitisst Paf@@@@fersegé) CRBINSETT 356 QECR RECIIIRPINEYYW comLigyguy, Bgfﬂi de or

fusi on prot ety LGS {6 NELHGARATL o PAP: FalinciAlfetiyfgp2 [ the

presence an nce of agen conpar1'ng sai d cleavage

activity of phgedriinAmfdn iafe WeR kRbRSEH CRose Of skmeinttﬁstartammiutdégéﬂaeo@ﬂiei vity
in the absence of the test agent WO 02/06306 PCTI USO1/ 23035 -60 to identify

an agent thapamigdar expsssien systineheiagentploxdde(Seharf Nser! (WA KesnlaarPrabt er at i on
e T AR s B TP e A L
i ncregged cl eavage rel gyhete ahxpleSsi6RBbARtuct BRpidista cINILHhder@bfe $507 €d as
agoni sts or stinulators of Asp2 proteolytic aCPI vity, whereas agents to
cause decr eaggitally eleviag o mchds agrodyhdasylatibn kighel squditve to affedsipropes ar e of
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 are 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). IRES 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



special interest because inhibitors of Asp2 activity have therapeutic and
prophylactic indications for the treatnent and prevention of Al zheiner's
Di sease or its 10 synptons or progression. Exenplary assays which can be

modi fi edwWayoréwouse of peptides and fusion proteins of tReTIUSweRIBON (in
pl ace of APP and APP peptide sequences) are described in PCY Hﬂ;blgg-ggati on
nunmber WO 00/17369, and in U. S. Patent plication Serial No. 09/416, 901,
filed Cctober 13, 1999, both incorporat'ed herein by 15 reference for their
teachings relating to Asp2 activity assays and assays for nodul ators,_ of

Asp2 acti vi Dterofpgoussapen Fasding frpmeds Wbyitple opgn peadmeyframes canhedrangralad v

active frag I L. vary .herepf, . f |.e. - man

ort hol ogs o?g #&%ﬁh%p@g %Ftseg bl%aa;%l %@%?‘é“:&h{‘g p§@§g§;§> %cgﬁ?ésﬁggess 'se{3 S 1%&%, %ge
perforned Wik RIS AemeRl|cheppdniRading frabRlik abde88bledd ribs6B88 A efididhtcul t ur ed
cells that express Hu-Asp as well as variants or isoforns thereof. For
exanpl e, i ntangelion.f Modtiplegenen cantbe afficientlyt expgesed psinay siglper f ormed by

m Xxi ng. t he Hu- tide or protein substrate of the

Asp2 enzyme with the pe
i nventd on, ipﬁorflq),tgr/ﬁplg@é%@ Ws%‘%ee%g‘@g]&fm‘?sﬁ%get est agent. For opti mal

lts, th : . gall
Lﬁﬂjfi Zd, mexegnizﬁngefi egagrr?g&gggg é%qreg‘?lﬁg?%?a%atﬁeﬁgg{éggngﬁ%’lsiedyi n

appropri at e eliidney. SThisdhclo@dsi gengefoe Beyra@d iptotei@s] invilti-yubanil/pesteits ércoded
physi ol ogi cal conditions. The determ ning step may involve a_ neasurenent of
an N-terni ndY indepgreent gepescimteacailvian o meghtane-bognd peateins and pelgetabley ol ve

measur enment of . anothey. paraneter..indi catl f. cleavage. . For anple, the
pepti de subé’?afﬂé‘?ré' &ﬁ?ﬁlcsz%a%rggsé%%c%\éé&argrﬁeﬁmﬁ %ﬁ‘ﬂ 60%15’3}%%6_0% e detectable
only 3§ uporngineééagsiotOceloRiah atsiigld @nbiaik&|anl aQiR LS Sel6iigH)6 Mamger i et y.

Alternatively, the peptide substrate may be fixed at the N-term nal or
Cterminal end to a solid WD 112/063116 PCT/U SO 1 /234135 -61 4. support.

In this arr e t, eavage ured by release fromthe solid
support of a I%ﬁ%&m,@gﬁ%ﬁ:@%gﬁf&?@@amy be measured by increased
label in the nedia, o sﬂ@&fi@@ﬁ%ﬂdiﬁﬁ%! th%tﬁr@%??hvteﬁtiélhﬁwﬁmeb BssapRRor t .
Alternatively, the release may be neasured by quantitative capture of the

rel eased pephomdter (lee getivitwianhd/or Sumntioanf HueAyp2 addmare speeifishldy \the §pt ur e assay,

384-well mcro-titer plates are . bl ocke ith BSA enzyne .(7.5d and 50M of
t he C&)?T‘poun d;egr@talgee agté\ggyeqjld rdunction ofCHu—gsl\%. These assayzsywill igvolve MCubatl%g

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 P, and P,' 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



i ncubated for 1 hour and the reaction is initiated by the addition of 250nM
substrate, for exanple Bition-KVEANYEVEGER(C cys-oregon green]KK. In the
final assay 10 conditions, the volunme is 301/ well (pH5.0); 50M conpound;
7.5nM Enzyme (or 15ng/well); 250nM substrate; 5% DVSO and 0. 001% TWEEN- 20.
The assayW@o02/ha3cubat ed overni ght at roomtenperature and tAR/UaR3U3dN i S
termnated by the addition of Tris-HCL , pH 8.3. An aliquot containing 6.25

pnol es of substrate is renmpved and the cleaved and/ or uncl eaved. 7375

Lud
bioti nyl ated substrate is captured in a 1% Streptavidin coated plateg The
plate is washed 3 tinme and buffer is added. The _capture assay i s nonitored
by reading the fIuorescencet@ﬁ@%%ﬁbﬁnégﬂ¥ﬁ@“é?%h@%eﬁﬁﬁkﬂew@%e§ﬁt@?H“Analyst
(Ex 485/ Em 530). Anot her ass t hat may be used herein is a fluorescent
pol ari zati on assay. Fluorescente polarization is a sensitive, facile and

non- destructive asgRyeihhatalte?dioian tREHEXApRiacAUit} & 1K Présehce drah&idsesdent of
the p-secretase substrates of the present "invention. I't can be used to

moni t or the idengfiecan egentfthathies encsiulater efttbs Hu-Akp2 dtivitluAsp2 enzyme. Under
controlled conditions, fl uorgscence. pol arjzati on neasurenents can reveal

the extent of "nol ecul d+SERENBRT FRyse Picreased ¢le age aRlAtVG19 tBe GPRITAL N BSLt i on.
F | e, | | it . ld b
expect od t o' PECIEErescBRrS HePpits of AnfPABA s ARSTeBlE Rl By et © DG

novenent of abents) ecigk dedroasedlcldavaie a0 Wtéted @S ihHtibitdys. e Xthe RstiWieors are of
depol ari zation of the light, and would yield a readout of "l ow'

pol ari zat i onSpesialdntergst becappreinhihitors ebAsi2 achivity have thempenias aefl propbyiactin
volune of a lLarge nol.ecule or a.large conmple ul d, sl.ow t he.nol ecul ar
fotation (tulBHTGHS Siodedieatme and Bieyeptioh GEaaMEmaT SRRFaSH %5330 t he

i nci deng pl a@ﬁnpg;n@r(%}ég@ tdsgiph. woul d result and a higher polarization val ue
woul d be neasured, 05/ 06306 PCT/ US01/ 23035 2 -62 Guu) By |l abeling a

smal | ligand with a fl Ubresydantasgysivésch chdrgmedified tiyehe el peptidescad
POl 22t o0 S8 LT AP G oy gL s gond b anpther
ey, 5 hoh RSB FR PR AELABER A QY eSS ABIEN, Sl A s
pre-bl ocked ISexial No. 09/416,901, 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 may contain a quenched label 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



affinity, black plates (384-wells) enzyne (0.5nM and conpound (10-201M are
i ncubated for 30 mnutes and the reaction initiated by the addition of 150nM
substrate (e.g., Biotin-G.N KTEEI SEI SY- EVEFR] cys-oregon green] KK or a
simlar substrate 10 containing a non-hydrol yzable bond at the P,--P,"'
position) W® &/06Bisal vol une of 301i1/well. The final assayPCHwddI/ilois are:
301/ well volume at pHA.5; 50M conpound, 0.5nM enzyne or Ing/well; 150nM
substrate, 2% DVMSA and 0.001 % TWEEN- 20. The assay is incubated: er 3 hours
at 37C and the reaction ternmnated by tiéladdi tion of a saturati ng

concentration of |nununopure streptavidin. The plate is 15 then incubated at
room t enper at tHPEFlor f@lsrﬁrFﬂPtgé%‘e%PnHIC?H@WP%P%%WC%BY Kisasqdtoghthe e ur ed

on an LJL Acq ( / t S

Mnvent i on | 5 PRI AR AR R eny CrBE e HER B e e Pl e
active site Ofhedhedit, G dRPéaREd TubSl dtchéd {ohle s@lﬁt?&ﬂ'f?ort'zqﬂ(lte'iﬂﬁﬂel the

determi nations, the use of non-hydrolyzable derivatives of the 20 substrates

of the presentelé¢ase amyi measuped by qudnarativepaptues obtdie r¢laased paptlider(y. g., with
derlvatlves for such assays, the presence of a statine derivative at P,
renders the PbpRiRASY)- of the present invention non-hydrol yzable at the

P,--P,' position. The Qﬁ%ﬁ%@ﬁr)jwptgngr y Q@E)gﬁ%lc eﬁte}“})[ I{u‘;tS the addition

of an appropriate fluoreéescen aC| e detection.

25 1n a speci plock&XaitA|BSA ansingd q7nﬁ1Mpmh@5muMgofnﬁ@&¢ unf & ¥hltestea] AAAEFRGGC;
SEQ ID NO 196) is synthesized and shown to inhibit UASp enzynme activity.

A f1 uor escent ingabatedforykhetr and the refgtipn isomitiatgdImake sdditivapERGOBE supsiratt.) ) |

al so was synt eS|zed bel ow. e quo cence

ol ar | zat 1 on BF SeAle Biishbu EHSY SR ROR S ieaOT aREHIKK S I e SRS o
However g Upo”cbdﬁlﬁéﬁC%@WIWnEHs EbiABRA) ?pI@'S BTEs0LG b&ﬁf)&ﬁﬁe 7 'ﬁM@nﬂﬁh@%&ence
pol ari zation resuits. Wile the exanpl es discussed ih thé present” section
refer to st at ilfmez/detl);2H0nve sybsiratei §‘7¢:EM&®phlee(wlt%ﬂ“NVEEN@O nbire- dsgaly ol yzabl e
derivatives WO 02/ 06301 PCT/ USO1l 23035 Fl a containing a

f1 uor escent n’tﬂCBP%ﬁe‘?rﬁye%hﬁ§é6°qnhtetnﬁ?r?tll{?oef=r§]s‘§%ﬁ??étl%FsaIF‘if%l&?ﬁegﬁyé@%ays A

substrate of Eé‘cﬁuB ???%sl'-l@i’ggﬁ g5, Al Oné@iﬂ%}}lgﬁlﬁgé I%S}é g?tﬁﬁgﬁ a”d

used to devel op a uorescen

The equilibr mm@dsamhatzle@t?edcm%ramcle(am biotifiylated shmtﬁt@gtdapmrdalemvneen the
enzyme and the 5 substrate is determned by measuring fluorescence
pol ari Z&ti on &hemgadingnatad plaigy|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 LIL 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 B-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 volume 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 Jarge 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.



fromtitrating the substrate with the enzyne. To determine the KD for the
interaction of a substrate of the present invention with HuAsp2, various
guantities of 0O-secretase may be conmbined with 3.1 nMfluorescent substrate
and i ncubst@ek/@Boa oom t enperature for 3 hours. Follow ng 1@drhesoinsisbation,
fluorescence polarization is determ ned using an LJL Analyst (96,wel],
format) or a PanVera Beacon (single cuvette format). An exenpléary-~a&sdy is
performed in 25 nrM sodi um acetate, 20%ff3cerol, pH 4.75. A graphic plot of
the data obtained providing the polarization values on the vertical axis
and the concentrati on Bflabglingresroal! lipandhwith a Siupresceak probps. ehieges in the bi ndi ng
i sothermfor the 15 det%n‘i natio .offt hehKD for.the }lngieraqit I ﬁn Oh t he
enzynme with LHECSCRRSE PalaEzatgpgeshiting fiopythe pipragtionofhe Higend With goetREr r el ati on
Px=PF+( PB- PF); "Jiﬂlcﬁﬁﬁéihﬂt)cm VO ReBsufe EPQUA d Aethbe 1a§'ade%§> Ji&FRANPAEre figf I €€

i nhi bi tor, B:%ound i nhibrtor, E=(3-secretase Fl uores gnce Pol ari1 zation
Appl i cat i ons stgengtle pf & 8ctioRdeteten, anvudyseo fHuAE)2)tand adhioagsnertleazy¢he Thi s

assay can be used to screen for conpounds that bind to the active 20 site
of the5enzyrr§‘.1b5@l§'[eﬂg t he above assay, the fluorescence pol arization binding

oS, T e el ekl D ARSI LB AR AL

containing the wild-type or exa initial

assay may be affafify0blRH plisdsg84-BRllsf dnd9me 30 8AM)dad codpdbmel (10-20uM) are
( SEVN St a] VAEF Bodla FL)). Subsequently, the assa%q‘ 25 may be nodified for

use i n a conpepateddonihaimiesfand g repgionineiated Wethe padifipn gl { fenM substiate y of

SEVN St 2] VAEKRE; iR S RIRTER RS E R Ry leRh RS e Slef Pyste
COMPetit 1 ve _chtinihd @fionhtroR¥aNBLend a 61 SEVDhsHicH) VAR oo FL)

substrate, 48nM enzyne and various concentrations of the prospective
conpetitive i3Ahl/Wellomhafipal3Bsdyneoniniond afeo B0plwelb polupre apdl4. 5n¥0M al | ow t he

reaction to progress. data fromthis S na ot t ed raph
Where the. velPrBaNidQ- S s5Rbe or dehwth SR Ee ara DR D o o <
represents tRayEERREHI ) Ly bd b RO BikiddSA
/22035 2 rni-c: gmeg@ &hygssgjéﬂlmﬁﬁﬁi@gelﬁﬁ ggﬁp%gg%g@e%o ?%ﬁ?@p\%{so eeig}isst.
For exanpl e, byrthoadditivaof atatnating drenckrApdbiiimmexppes seeptavidin. CBid platensl t he

contactjng conpr. se ow n the cel]l in the presence of the peptide and in
t he pr]ef:s e%c e tg%dhngaé%w Igttq{%petr@g{e tlor I1 S minutesp andS t?le %uorescent poParin)at%on !

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 P, renders the
peptides of the present invention non-hydrolyzable at the P,--P,' 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 NO: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



agent. Cells which naturally express Asp2 nmay be selected. In a preferred 5

enbodi nent, a cell is reconbinantly nodified to express increased anounts of
Asp2. Irrespective of which variation is used, the substrate peptide or
fusion prwoeizmeivey be added to the cell system (e.g., iIn tAea/usdi2sesf, or

may be co- expressed by the cell along with the Asp2. For ekdiijl] ggidn a
preferred enbodinent, the cell reconbinantly expresses a fusion pol ypept i de
described herein 10 that includes a transtemnbrane domain that causes the
peptide to localize to the ER or CGolgi, and further includes appropriate
tags, |abel s, canEisg aghioresesns moigiparayete uspd Bt tBp Huereseanse POIREZYONHASEAS| bed

herein to facilitate dejectio cl.eavage. l.n an ex r el | ul.ar assay,
Rt abl o HEK 203 cell gt el QA RE TR al O AR TR R P dbel LY
APP vari ant s. arffyised td deABRHAGIPEcERE pdBrRAMEShindihe ac@l [folt HRHADraMBe.
prepared for measuring Hu-Asp cl eavage products 9 by Western blot with

ant i body C8. Epuildirivamdissrciasioncondanti(Spetbr fedntgraciioe bewedn thoer enzgmeunitlge  t he
| evel s pf total secrefed APP fragnments _with antihody 22Cll (Boehringer
Vernhei 1) andS BTGl AP by TGS e S0 S A Ca gy STig R
antibody  6E1Q,h$@R6hE e sabstradtOWiE th me0 It will be appreciated that the
activity nmeasurenents in the presence nd absence of a test agent can be

performed in parallel, Dodsequenthed{] for theninerddien of e sdlestrateMifrtbopresenti t  may
not be necessary to repeat the control neasurenents (i.e., the neasurenents
of cleavage Vo Eb HEA ST vanpusctuaniiussiof Bi-%?%%assma&bwmme&smgﬂ to
every test aggut i i %@gei I-Vi

parti cul ar 25§I?Ieﬂé1&?§ég§nt§%l§] Ia’%e?a%hgnﬁggﬁgeagﬁooo ;tegfb%)e/ : égﬁ%g%lh 'nggdlé\gglg of the
enzynmaildc act iheinicpbatidn, Aapi2sdenvapasrizatipaid deerinanedsudnsg ol H. Amalybe(96bsdhce of
inhibitors capn be used as the basis for performng the conparison step.

Al $0, while tena)aeyalan\ieadeaem Guglnwets Jgmabd SNGERPIEY 858Kée to

modul at ors of - b L t SS@Y S, yrveeny | I i
Tdent 1y 30 cBraer & SR MdtansPRaB SRR R I 40 E) ERPRR IR oty
t her eby i ncr edsa oigaived peeidisgticnoldrizetianvalids dfthéveris sy agieht as opposed

to the per unit acti_vitg of the Hu-Asp2. Agents that decrease production of
Hu- Asp2 al so fRIgeNtIaian ehename andhe hpyigmid @306 Pades thsbmdpposethems fartbat nent

or preygnti O”dé%émﬁl%l%%i Fohe I%D gcir%ﬁeai?l?erac%ioﬁ%? ﬂ?e%ngyﬁe v&ﬁﬂﬂ% g@ﬁs?ra%g bﬁ{[eadyfae S
| may then be analyzed using the relation Px=PF+(PB-PF)*[E)/(K,+[E]), where
P=polarization value, x=sample, F=free inhibitor, B=bound inhibitor, E=-secretase
(Fluorescence Polarization Applications Guide, 1998; PanVera, Madison, WI) to
obtain the K,. This assay can be used to screen 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 K, measured for a peptide substrate containing the wild-type or
Swedish mutation. For example, such a initial assay may be performed using the
fluorescent derivative, (SEVN[Sta]VAEFRC(Bodipy FL)). Subsequently, the assay
25 may be modified for 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, 3.1nM SEVN[Sta]VAEFRC(Bodipy FL) substrate, 48nM
enzyme and various concentrations of the prospective competitive inhibitor are
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.



As used herein the term "candi date substance"” or "test substance" 5 refers
to any nolecule that is capable of nodul ating Hu- Asp2 activity, and
preferably Hu-Asp2 P-secretase activity. In specific enbodinents, the

nol ecule is one which nodul ates Hu-Asp2 activity. The candi date substance
may be a pVOtR{'3%or fragment thereof, a small mol ecul e i nhPEIEM/23835 even a
nucleic acid nolecule. It nay prove to be the case that theznp@péﬁﬁgful

phar macol ogi cal conpounds for 10 identifL%aqion t hrough appl i cati dif*of the,
screening assay will be conpounds that are identified through screening

| arge compound librarieg.or _that,are structurally rel.at t o of her known
nodul at ors of APP proce@gpﬁﬁqusﬁgg%fé?(?%’ 8%‘%8&%530 %§ ﬁocfleﬁ(alélpfef Ph%nt S or
parts of nat ufaidtonO e IARE? COBRAURES iPh cBRY e Bbitab b iR€ biokan

conbi nati ons of knomncorrpogndséav\i/%i ch are ot%erwi se I nactl ven?p%ll—lom%ver 1g pri or
15 t o testi ngthefcedun thecpremmoa df therpeptidansd ar theniresehceradedtsendet ofthd testoe
necessary to test a variety of candidates to determ ne _which have

. f
potential . Ace®ii §ly Whidhanaiually XpisspAsprimaydy selseiedddnmrnigiensds or parts

f turally- ' . act | i nat i f
known Sompo. Facoutiielh . E 8 T PRl oqtRed P be BB B8 IR senc~ ©
invention 20 PepYi HespsaihResTiwitcinsaansont i@ usete thé ibsaaRPeptivd be fusfinl Mul at e or

inhibit cellular APP "processing. It is proposed that conpounds isol ated
from natural pmitioesyy askdedito therdetheslystembcg. e in the nhadigrin), quimagt besaur ces,

i ncluding | eaves and. bark d marin sagples may be. assayed as candi dat es
for the br esobbReBrs by s toibalpyd Hithe ASBAnFrR QAP Ealn SBENTEed 25 11 w 11 be
under st ood t hgtpt, NaLdBS h5Bin . £0 .

derived or syg%’he@?lfgd ifr]r om]ef(.:gﬁg@nﬁcgﬁg gg%%ggéiéts P?ﬁé%?’g%g@%ﬁé S&(I:lfobldrrp%(%aérﬁs.
Thus, 10 i s urddeihaled atttsatménbranaddhtiéad thas chstathe @epddntol Ibcalite loy tHelER
present inventiagn may be q[i)]ol ypepti de, polynucl eotide, small nol ecule

i nhi bi tors or of SiYeiotkfurthanghides approprigfs iags, dabsk SO PAHHSTNASPYIRAt may be
designed thro 30 _rat 4. I el 11N timulators or

i nhi bitors of Bﬁiﬂ‘élﬁ_g’ ;r)éﬁé g@%]i?quegéﬁ%rﬁ %%ﬁgg’g&gp%k:eecgestécﬁl%?#%ge\gga di dat e

screeni ng assays are si Mph€ekdin @ﬁyééﬂluﬁii‘(isﬁ?[ fQfable MEX03Y30&R0fhe expressing

PCT/ US01/ 23035 -66 2 FES 2005 Thus, in assaying for a candi date substance,
after obt ai ni FA-gagasiienaype bIeinplgetetlwith ABRajaripnts.Adfer barsfention ferdi$i bouss,

candi dalt5e S Ubscctﬂ Cxtracty r}rg pxteggreg ?c|>r| mealljsﬂggé Hu-Asp cleavage products C99 by Western

blot with antibody C8. Equal amount of conditioned medium are used for measuring
the levels of total secreted APP fragments with antibody 22C11 (Boehringer
Mannheim) and secreted APPe«, a fragment cleaved by «-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



condi ti ons which woul d al | ow neasurabl e Hu- Asp2 activity to occur. In this
fashion, one can neasure the ability of the candi date substance to stinulate

the 5 activity of the cell in the absence of the candi date substance.
Li kew se, womssays for inhibitors after obtaining a cell egpus&i3ngg
functional Hu-Asp, the candidate substance is adm xed with the cell. In

this fashion the ability of the candidate inhibitory substancg@ F@@gﬂce,
abol i sh, or otherw se dimnish a biologi cdl® effect nmedi ated by Hu- 2 from
said cell may be detected. 10 "Effective amounts" of the substance in
certain circufsdlEsBedr RIc¥entiqRicA LheiHT $ dferetti ve to reproducibly alter a

gi ven Hu- Asp2 activity or APP processing in the formof cleavage of the
P-secretase cl eavage site of the peptide substrates of the present
invention in conparisongto tkeiydidae Sabhstag¥&l.s of cleavage in the absence
of the candi date substance. Conpounds that achieve significant 15

appropri ate changes i n actused hygrem the tben Usadidafi grvsfancedrir ‘aésangsmncel’ Hu- Asp2
activity or function, measur ed usi n?agcl eavage of the novel Hu-Asp2

e.qg., . as I
pept i de subst FAEE40 Ry Mpleqiiedanis capakie of moquiatiag Hu-§5p2 pstyiiy) abdl) are

represented b ' > ecr [ tivity.~ of -at.. t 0% 40%
and nost pref érrea'%fl%}?%l;%c%:ﬁéa%g%g%g%’%aatc{irgasP] “Lz’ié%h ¢ %B&dujﬂgﬁgﬁ tthg :llég ugérl{val ues
of course bei Bfe PAREEIMbEIatEHBuAS SFY SctaFC mHéan@iG%%uBﬁm&hi}gbéiTﬁrdwﬂe|

Hu- Asp2 substrates of the invention are anenable to nunerous hig

t hr oughput scee&agment(thargpf, awmalbdwlgchlsrinhibiten e ver e nhalgivcikmelesulanti Kost ,
Curr. Opin. Biotechnol. 8: 629- 634 (1997))... Automated and m ni aturi zed HTS
assays are al g&y(p(gmee%eatpg&a%gsthggthaégcb%} P%)%‘(’Jl RIGFoaseloge CPWPPB‘EE@thh and
Banks Qgrr. qﬁleﬂtiﬁ@ﬂtféheiﬁmﬁgh-atpﬁ}'icazi%ﬂ'o?_‘l > scdIRD asEP ORI BE %oﬁp&ﬂﬂp%at afe
different libraries used for e Identificatiom of ~ small nolecule

nmodul at or s i nidendfiedytheowegh srateningd taage esnpaouat] Uibadrigsraydbattare sfpucunabyg related
conbi natorial libraries conprised or random or designed peptides, 30

ol i gonucl eot i &ether kpvwmpodulairs of AP Prepessingal The astiye regPeyKs gy igglude

structural a‘?ﬁ%ﬁ’lgﬁts%% KHFWPD&@% LS @o‘?ﬁﬁ’o‘?ﬁﬁgﬁr I’rﬁgtbe%rn?y fodf@hd hRd as
hits or |eads VPa nat@ral product SCreem ng or Trom sereening agal nst a
potenti al thecapbBikiienst@igeivn NERNAS IAThREd blietiise Hhdhve.6 HodvelEB pAoH S

Nat ural product libraries are collections of products from m croorgani sns,
ani mal sl> 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 known stimulators or inhibitors of Hu-Asp2

activity and/or APP processing.

The candidate screening assays are simple to set up and perform.



pl ants, insects or marine organi sms which are used to create m xtures of
screening by, e.g., fernentation and extractions of broths fromsoil, plant
or marine organisnms. Natural product libraries include polypeptides,

non-ri boswmb2/gept i des 5 and non-naturally occurring vari RTS8t . For

a review see Science 282:63-68 (1998). Conbinatorial l|ibrarjes. are conposed
of large nunbers of peptides oligonucl eoé' des or organic c dBG“ZaS a
m xture. They are relatively sinple to Tprepare by traditional autonated

synthesis nethods, PCR.cloning or other synthetic  nethods. O particul ar
interest wilITHYe injassaying forimeandidasg wwhetapeep aftaeobipingiser ell SXPTBSEE domi net i c,
mul tiparal | el c, col | I I t.ide

i braries. Aﬁruzé\{/llgew o*] Asgﬁglnggx%ﬂé%?rxﬁlf ?ggﬂr@##éeié%%%c? @g&'atrggegﬁ)elrglggrt ed

therefrom se@ndil¥g syhih woul@RiBw BeRLASRMEL- As%Z aé@dity &7 odchPO T thih candi date

nmodul ator identified by the use of various libraries described may then be
optini zed t o fashiah,lost ean aidanire tho abikky- K{3p@ carndidang) hybstance wanphlete that i onal
drug design. of course, he under t ood t hat t he screening

Jt will,
met hod?® of tﬁ@tlwsf%&wtcellﬁ%bﬁ? Rocerof tbf‘seafnm A SUDRIARES | 3@@“ﬂmmwsand. ng
he f h d
ot hoss. 1 of - dof ILRAcRY Frer AUIRL Sk Athe 1y Bt TG, Libigilpdg, v

nmet hods f or screenln

them 20 C Isnbstinee ﬁa&mﬁ&d »ﬂ‘llﬂeuﬁrdeﬂerlh thip ¥ahionahe abﬂﬁy @ﬂﬂiera@ﬁﬁaas the use
of various animal nodels. Gven the disclosure of the present invention, it

will be possumubltw bsl@neseto rﬁém%ah@whn@ﬂeuhgrwe Appinghacislogivgl ¢ffechhi ch t he
nor mal APP 3- se | ea e pl aced by the peptide
substrates off ? %%@?@h?‘ é’é’g‘{ P8RS elbglaﬁ'lliﬁ gjegﬁc{ﬁ afford an excel |l ent
opportypity to exam ne Tﬁf%ch‘)@ﬁhioﬁﬂts%fﬁﬂé sﬁﬁﬁ@ndeﬁn%ert&‘ﬂﬂ%&uéﬁ@ia@s apystem

where it is normally expressed. By developing or identifying mce that
express the rtbmlanmmﬁ&caset(scﬂ@s@dlmlﬂysabéragne'elpHestmZ aqﬁmmtor@tPP one can

provi de nodel s t hat WI|| ehl ive of zhei nmer’ dlseaein
mans and - GURERE eSO RAVBRRAT i Prfeieiaor SRS R (08 DPRGF ap! es.
Met hods of crg r i glxmaqr

speci fication. %&%%tﬁgig%ggﬁﬂ% s(ﬁvhﬁlt E&@%@%ﬁt% S vm'lﬁelll nvchﬁvagt he

admi ni strati on thf aiseacecofithe eagtidate sabstaap@r Qpiripatieds thanchievetsigifioannal . WO
(12/ 06306 PCT/USQ /23035 -65 2 FEB 2CUC Administration will be by any route
that chn be APPFAPFEE FaAnges KDY oAl Bemsed-i ni cal

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., Exanmple 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. Opin. Biotechnol. 8: 629-
634 (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.



pur poses, including but not limted to oral, nasal, buccal, rectal, vaginal
or topical. Alternatively, adm nistration nay be by intratracheal
instillation, bronchial instillation, intradernmal, subcutaneous,

i nt ranuscuwaro2/o63br aperitoneal or intravenous 5 injection.PC3peni2eal |y
contenpl ated are system c intravenous injection, regional adm ?J E:)r ation
via bl ood, cerebrospinal fluid (CSF) or Iérrph supply and intratd ?@E
injection. Determ ning the effectiveness a conmpound in vivo may involve a
variety of di fferent criteria. Such criteria include, but are not |imted
to, survival, atl‘ﬁll|Hﬁ%4‘lé‘é§é@“&étar‘i/¢qu)¢cm%é1f Pregigts %W@EPOF%BW%WISO her
met hods of ev t cl at hol G exanm cidl bral n
tissue, to Io@%htg fng{brtl%l crlngldg Brge%msgﬁg%&“%’e%leuss % tgnéé‘ﬁ“o gs{’ %éll}c

reduced produgy,iQf  Frnitioh dnl@kRadions afruxldﬂhsdfrbﬁts@upbﬁﬁy&smaﬂ@b reduced
atrophy of the brain. 15 D. Manufacture of Medicanents The assays of the

i nvention wil brganﬁemm fNatirat prodectrlétrase indddé aolgpsptlctelsl,aluonﬁelpnsemehpemmindl date
t herapeytics foy treat nt of di seases chara erize pberr el s of
beta seér et asEPGRAT AR yloﬁ@rﬂé‘gﬂénﬂt%%ﬁ?ér r@lr§¥§§’e?ée1ga’t§§“ f@f@%%\é
I denti fying H@@@ggt EbmBEaM R hﬁﬁ?legg} ‘E-garo%d Enh %{\ﬁﬂﬁsér éiah'd&“a' 'y

i nclude 20 t itronal step steps nanu turlng esl zing the

agents, and obhgdnotlrwth@etsldi@rgdiﬁc agﬁpsttunums)a MmigANOThey o rB&tm@y simple to
pharmaceutically acceptable diluents, adjuvants, or carriers

Phar maceut i caPrepeysFadigensl avtemated syntheds methpdsaPER Qlentieg pr otB@q Hmthesis v | .
Methods of Mkl fa, T g g%et%i?arA 'errﬁ%a\?bfﬁ%fé‘t?}a%@s a0, mcaud%ﬁ)%{n'& é)%tefﬁnb()d' ment s

of the presenfn Irnvent cont'e production o geni ¢ ani mal s

conpri siong anﬁé};?iaomgkhatné Iﬂ\ﬂ‘tfipﬂﬁllelas§n1(t13n§@<ﬂle@ila§ere@blﬂB\ﬁaﬁﬁapﬁlﬁi plfly;iéfjbﬁ
peptides of the present invention. Exenplary transgenic aninals t he

présent i nveniibrniesr éx SO Iest @m@tunajgmiglbam@mdéﬁgaw Qeatedherefnom, witech

includes int pt tra i ptional and
transl ational Rfyﬁfs[p i ﬁ"f“g}d? Ff"lfzr% Oét{é)gn@%h e‘él ‘g‘y@i‘tﬁﬁlq Hah’ie host
animal (a promafigéd %F@He%e%? vASSE IRk QYed rﬁ%yphjén%@%ﬁﬂhﬁ%d@o nut ant APP
gene that WO 02/ 06306 PCT/US07/23035 2 FEB 2005 - when” expressed as a
protein | acksntddelaw dativity p€ Hor A ettt aigh sfeq eeampleatatideel drsgciegpmase cl eavage
te an nst ead conpr uence of one of the novel H

i % I ns pr ft will, o? ccc)]urse be understood that all the sc\:/reeninéJ 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.  In Vive 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 present 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 f-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.

Treatment of animals with test compounds will involve the

administration of the compound, in an appropriate form, to the animal.



Asp2 peptide substrates of the present invention and/or a sel ectable marker
gene, and a transcriptional and translational term nation region functional
in the host 5 animal. The transgenic aninmals will provide nodels for the
study of the function of Hu-Asp2 and for the devel opnent of protocols and
regi mens on2idies therapeutic intervention of AD. Preferratmosmabssexhi bit
characteristics associated wth the pathophysiology of AD. Transgenic

ani mal s expressing the nutant APP 10 transgenes, reconbi nant 2cktl i0ches
derived from such animals, and transgemi® -enbryos are all within the
purview of this aspect of the invention. A Animals Used. In certain

i nst ances, iAdnpgistrBEoR 388 bE by ang é@UtQ phag C@@b@r\lylllétd forcdinic} or n@n-¢lipacal

duct f t f t f I t hat
ey be ampiPBHET SR Phg e Snel gei PP el depreCEiiedyont o
The ani mal s Asedives, %dﬁx‘?ﬁlét?ﬁxo?&fm ),ef)é b#r H&?ﬂra%ﬂ&al%éthl%ﬂ?ﬁ §HeRegni ¢ stem

cells can by any anrnal. - However, s generally preferred that the host

ani mal i s onsstiffaiion memiﬁmat smbéutﬁneoumihtramgectmmaﬁmtmmt1tcﬂietalcbraﬁtrav'Enam§genl c
animal s may be produced fromthe fertilized 20 eggs from a_ nunber of animals
i ncl udi ng, ~ Buiecting:  $Resifically contemplatedeare sustpmildingayenosiinigetioneesienas, and

gencr at ed Wit ISR blbg? GBSl K BTG, "o % St r et ase

cl eavage si tigr&thmefe iskctidye pepti des of the present invention in place of
the wld-type or Swedish nutation sequence. Wiile this section generally

di scusses 25 nouse collbﬂerempmgtthshﬁcﬂtwemsmﬁdeﬂommddtuham’osmayuhmlvea

consi derations wilJl._. ly to .an ani.mal s t t are _enpl oyed in or. generated
cecor ding. t oty o5 lBRa srbufe ot CrER JAfTHAY. S PR Poritier

produgd i On aceRRalLYSlity el bATRERRLED 1A HBIE. WiBePfetloll HPElshilion 1 ve
categories: female ani for coatings to produce rtilized eggs; fertile
stud nal es; iatledd pahalbgidalnedaesndtion, pspecially of bpae tidsuch teroarfor Bdidzoil es;
female mce to act as pseudo-pregnant recipients and foster nothers; and

transgeni c ZHETREIbSta ‘Feﬁﬁqt‘tﬁlaﬁﬂ"%dﬁ%ﬁs rgdnaed Brogdnetien ahapWalddeta fles deri ved
from Such LGRS S MR 96 I0REETH b B7RR5 70 21EB 5 s

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 Jevels 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 f-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



2005 The C57BL/6J inbred strain of females are, to date, the nost w dely
used for mating to produce the fertilized eggs. However, injection often can
be performed with F2 hybrids generated frommtings of F1 hybrid nale and
femal e mweogecys, C57BL/6J, x CBA/J)F1l fenmal e x C57BL/ 6J, pxr/C8AV23)3Fl

male). F2 5 hybrid zygotes from F1 hybrids have been successfujnlfﬁé,‘)e% oyed
to produce transgenic mce. These Fl hybrids include but are Y ibdited to
C57BL/6J x CBA/J; C57BL/6J x SJL; C3H He®9x C57BL/6J; C3H Hed x DBA/2J and
C57BL/ 6J x DBA/ 2J. Those of skill in the art will be aware of other strains
of femal e mVAEDfEXPRESHE a2 protain lacke gisy yod-trpf01S Bedighestapencedt therP-cert ai n 10

25 cel 15 17 bt BUGHAR. Ts Tuf Fusipe IR SRR Jraotees F 3G dhe miler BV hese.
transgenic nigg> fp@pﬁdé RefRuRRs bf &{e%;é@‘ﬁt AERNASH ald) 6Bk sBehtidnbrkdrpeaener al ,

the generation o transgenic animal s and their subsequent breeding is nore

efficient if aBR@ azygsytipsomt end wsesthtionn] termimition eegiom funcidnal iw dledrogt f or
generating transgenic mce also contains fertile studs nales. Such males
are housed i AM&¥eparate cages to avoid fighting and injury. These nal es

shoul d be placed in sepf\ﬂeag;rgnsg%g?§%aﬁsewgy\§géégd¥%{rog%lﬁtf&tlB g&g},gf%ent ed to

a superovul ated fenal e nouse e production fertile

eggs. This ifsndiR@ESSIA P2 asdIsE thhEevidsphieditof PadOcots hhd SdpBERSHr tie
testosterone and thus 20 sperm production of his littermates. Each

super ovul at edh§rapaitis ipterysngier @f AlhdPrefeed ryingls extabis chadagtenisics gisegiated mal es
are required f.or .mati.ng.to gener.at eudo-.pregnant __ reci pi ent sual 'y
are produced (Pgspe@&og) S10 Ig%’é’f %ﬁ'i ﬁzfvg%ﬁ@’ﬁ%ﬁf F@rgisg}glp t;hgmuialrﬁxl) }gan be
used. Rseudo+pmEEHRL! rebOMBinantUeRaiRE QedeOriBhLhcRaniRIL, N ftemBeask I N 25
natural estrus with vasectom zed or genetically sterile males.

Pseudo- pr egnambrybeaml dswihi the poonpye vEtiis aspereafahy énventionyos but do not
contain any fertilized eggs. Pseudo-pregnant femal es are inportant for

maki ng transgenic animals since they serve as the surrogate nothers for
embryos that have been jnj eCAEﬂ?e‘(}Eme@NA or enbryonic stemcells. The best
pseudo- pregnant recipients are fenmales that have 30 already reared a litter
of animals. Mce that dmaweran ihstanceshie may Bchefulaggst | £cdlenyrefimidedonder

mce". As soon as a founder npuse is identified it is mated to initiate the
tr ansgéﬁi c | ithepragpction obuaw et msoprd algafor 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
multi-generational studies. Transgenic animals may be produced from the fertilized

20 eggs from a number of animals including, but not limited to reptiles, amphibians,
birds, mammals, and fish. Within a particularly preferred embodiment, transgenic
mice are generated which express a mutant form of APP which comprises a -
secretase 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.



2 FEB 2G5 -71 The potential founder transgenic mce are usually screened
for the presence or absence of the injected gene by perform ng a Southern
or dot blot hybridization to DNA extracted fromthe tail. The protein and
RNA expr eseioose/@B& anal yzed and the transgene copy nunber gog/mitasel of
expression are determined using methods 5 known to those of skill in the
art. The protein, RNA expression, and transgene copy numbers &r%E@JeZl{jg@m ned
in weanling ani mal s (4-5 weeks). Wen a pr7(9m)ter is used which is
constitutively active in animals of weanling age and older, it is not
expected that there wil IThbeCé’ﬁEh@ésmbrﬁd Iseeial of females amgedatc, RRImask pridsgdyi on

animal s beyon anlln n ally and/ or tissue s ecific
pronot er i sylbseg\g‘gﬁmatt ?’qué’icﬁeff e@éﬂéze FSB?TDE{OIWGP’ o TIECL98 dTeRi AR &P

expression |e %@i’lfém dt\li'/l hg}?i%s ékﬁ& FF?hj&cfﬁﬁle%%%%% for
clinical chan uro aV|or orde or evaluation are
poor mating rﬁﬁc;w@sg,, C&gBLm cerBAdﬂ)Bl féradlect (eﬂmgw,t)ocBAbBPamm iF2 a novel

setting, and inactivity may well be inportant behavioral traits associated
wi th depressi bybrlctxsygcaeswfr@mdﬂsgﬁmd§ hame hegn mrsceﬁ@@élwnim@yemo Ipaediicheen
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transgeni ¢ anppal/y C@Bﬂ?ﬁ/é@rxeﬂ;)ﬂr B H /Med x" U5 /691 C¥RMTe] ¥ DBARI mnsgem ¢
organismis one that has an extra or exogenous fragment of DNA i ncor porated

into its geno@87BEdiex DBAY2F.efhas wfgpkdhlreﬂndangEWdhbe pivare ®f ofheDildains &f | east
for the purpoges of this invention, ani nal. whose gengne has been

nodi fied to i HROAGHUES go%wgppgﬁqlenem Oﬁ&PPWé’eﬁgﬁPera w8l FETEN | t s oyt ant
progeny, ar e{;&Bﬁ&hgegﬁse‘i'hé A38RP G20t {ﬁ%lﬂ?ﬁ?ehﬁ?‘%ﬂﬂn atrQ GGG gsl'i@%l‘fs

i nheri tance (0] ext ra exogenous nt eg ra Ion ev

occur in a cekdond a/rle%vhmbuseas‘nraugth‘ﬁewelgﬁiewh(lnfll%ﬂﬂeﬁiﬁ&b Jiess Gedskenic Tiiee t wo
animal cell types that are used for nerating transgenic animals are
fertilized eggrectépn ba%lﬁerowﬁra;@wsuﬁ%%ﬁpfﬁcsénaus In gengsel, ol generabion OES) cel | s

can be return fromln r ul ¢ eto host." enbryo. V\g cone
i ncor por at ed ﬁﬁflsﬁgeﬁ a8§ t edr %P ?ﬂal entaﬁré:eglg lsg{l\%e ?f¥ 1311} eFrszoZytng%éggm C
cells in all hg&pfd,@gmcfdiﬁjlg@twmg germcells. The ES cells are transfected in
culture and then the nutation is transmtted into the germine by injecting
the celibs into an enbr Yo colPhy ferrgenetiating dranygemis miceadsoccogtains fexile studs e t hen
bred to produce 2/06396 PCT/ US01/ 23035
ales uch 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 vasectomized 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.



-72 2 FES 2005 transgenic offspring. The use of ES cells to nmake genetic
changed in the nouse germine is well recognized. For a reviews of this
technol ogy, those of skill inthe art are referred to Bronson and Smthi es,
J. Biol. Gvoermn63n6269(44), 27155-27158, (1994); Tones, CurpCT/USop23Bev.
Biol., 36, 99-114; 1998 and the references 5 contained therei ? E&nﬁ}r"'?l ly,

bl ast ocysts are isolated frompregnant mce at a given stage ﬁ U

devel opnment, for exanple, the bl astocyst‘ﬂom m ce may be isolated at day 4
of devel opnent (where day |I is defined as the day of plug), into an
appropri at e ﬁﬁef@?temtall\ﬁQUWI frarsgeRiginpice AL li@salébemr@eneﬁ ferntha PagseResT @nt i at ed,

pl uri potent sta 4 nes 10 he | g ted thods
Rel T known ¢ JUerGETde Biged 452 pirpeliPimi g SOuRrRr 8% PaLhipEleSiopdts ray
be al | owed t opgat @,&hm&e@ ffr&ﬁ thel aﬁlurlﬁhegbﬁ{hl%ﬁ’d Rﬁﬂpéﬁﬁféﬁﬁh%é’ aKal?ﬂe)ﬂsadd%@r

the outgrowi ng inner cell mass picke trypsinized 'and transferred to

anot her cul t uransgershcapy Imhé)esanm{or:lclvHmeesmpedsmn aeSdaemntinabtang extagpear  2- 3
weeks later with between 5-7 individual colonies arising fromeach expl anted
15 innet cel |knpagsto thpse efskbin the apedhe aﬁotﬁmﬁ%ewwmw HRDSEGPE KRpY

anal ysi s e I e t i

[ m"ru%osur ger yﬁﬁ%&ﬁg ik dder#?%dglrgf’k a%‘hﬂggwgﬁatls @—5 bﬁe‘é’ksﬁ‘ ﬁ@f’ ‘? a pi é{%?éscused
78:7634- 7638 {ARRY &oﬂé’ﬂﬁftﬁelyf'@twé ioatiealsasdeanifg hfe Adoldasitioyed using
anti-nouse anti bodies prior to explanting the inner cell mass. 20 In

generating trmg}edﬂh&t draresiil be changesinclsivels|of tragsgenistRINAexpirssian apamdlpul at ed
by honol ogous, rec ation ere oduc into the enbryonic environnent
by bl ast ocys ARG OERE e S Skl debilopmeRly s o SpecbE proma 5 | 051
(1988) }g Bri efdell, tre! Eﬁ&%ﬁﬂé%@ af RohifRbAt et 8x dﬂ%ﬁﬂiﬁ@%emme‘ao@”@‘he
expanded. The expanded bl astocysts are mai ntai ne n oil-drop cultures at

4C/for 10 m mrmrsigemcumn%s glsb trer abserve féisclondadl shanges. fhepmiasdfby pi cki ng
i ndi vi dual col oni eeix,a whi.ch are %hen i ncubated i n phosphat e-buffered saline,

0.5 mV EGTA f¥rebehayioral disordary for gvpluation a@r&%m@g ﬁ?SBB‘éSreeag‘EﬁPOinncubatl on

in a trypsin- o {,plg% further 5
mn at 4C. Fi @gﬁ@gﬁ%&v\e#&ag? lfbl'ngr I'n %&’F]\ggﬁn@ aht Hﬁdﬁ\ﬁ )égre}le s Medi um
with 10% ( v/ vimpoetaat balaszorsletraiﬂmmdlaﬁed)@ﬁhuepﬁesdlm Dbi»ﬁﬁﬁ@raaﬁgeiu&aﬁxfnar ed in

20 mM HEPES [pH 8]) are injected into each b]astocyst. The bl astocysts are
then t Aansf ermedels fgrospshayadeg eagrrbrd et b pilent PatgAicdNabL leP% & S Batenop

normal | y. TheNtOr g%%geﬂb?lf%clgatem%\lo 9,%?"1,6‘(359‘1 by coat markers (Hogan et at,

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 ir vitro culture to a "host” embryo
where they become incorporated into the developing animal and can give rise to
30 transgenic cells in all 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



WD 02/ 06306 PCT/ USO /23035 -73 2 FEB 2905 Mani pul ati ng the Muse Enbryo,
Cold Spring Harbor, NY. (1986) ). Additional nethods of isolating and
propagating ES cells may be found in, for exanple, U S. Patent No.

5, 166, 065; W &/odBed ent No. 5, 449,620; U S. Patent No. 5, 453,B87yso13@s
Patent No. 5,670,372; U S. Patent No. 5,753,506, U S. Patent )
5,985,659, each incorporated herein by reference. An alternati eFﬁBtFﬁﬁﬂ

i nvol ving zygote injection method for maki’g transgenic animals is
described in, for exanple, U S. Patent No. 4,736,866, incorporated herein
by reference. TAgeEN] ringt HdEsIse of ESrasdeéq make lgmgefma@ge%m HemOuse e

[ 1 d b d . 4 873 )1:. whi ch
o heor por at GBS ik SF ek Ja5 Tl bR Eefinolhy, SO SRl in e Sl
USA, 82(13) 4ﬁ?t8aré14é]fgrre&%8§ron‘§€ﬁ GRH Khith260Y. pﬁfo@‘t €rbm. hQB@ﬁQ%bﬁlr'ngﬁﬁ%lce in

its entirety) and in "Manipulating the Muse Enbryo; or at ory Manual "
2nd . edition (¥, ToioerCurBetipl doBiol CBSt Qﬁtlllm 1998 andtig, re@atideSpri ng

Har bor Laboratory Press, 1994; which is incorporated herein by reference in
its entidrety) conBingditirei. thi s method invol ves injecting DNA into a

fertilized egg, or Zygﬁfﬁeraﬁg%%{lg@ysﬁ'a'r "X'oi‘%&ﬂgmgﬂg%taﬂt 8% eit% %el A Face

pseudo- pregnant not her can al ne ferfal e

ani mal s of then gevsRopmidnifor @(anfpl@mle BI&&t@cﬁnﬁohﬁmmﬂeen@nbaﬁb&téﬁatdhi herent
strains. The transgenic aninal that is born, the founder, is bred to

produce nore aavelepmenti(whereidey dAndefined asithreday efiplugn lrtt'h B appropziath buffer

maki ng transgeni ni ew DNA .t al | and r into
the genone by%gat%ﬁsﬁgﬁﬂ%%g%ggel%éewweg é eR {u”p Rt %’t@lenﬁ% e‘?]hlgﬁagands

of copigs of the YeNsvlaRY by AtrReIRE 6f Rbthdd$WeR knBwh hé t1R8 FEkifian &ead. Yrort he

DNA is injected into one of the pronuclei, usually the larger nale

pronucl eus. Tﬁémnylgoﬂleblaaﬁoeysthmyé)rstaﬂewed tm@bﬁ@é@mﬁ@%@ﬁhmy or 25
cul tured overnight.t r os_and then tran rred.i.nt.o

ovi ducts of - parsERREs Y € e Utk g Phen itk PSS TRB Y, ne
presence of thensfdfed fRmhotlRl eahat 8fhPhthe WA itaRasediar BY @lIQonRSE p?éhrcan
be prepared by any means known in the art. For exanple, DNA clones

m croi nj ect i 0}~ weelisdatet with dgtweien 13- 'Bmdéndmgloamsmpmgaftwnﬁmh explemiddng t he
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Alternatively, ES cell lines can be isolated using the immunosurgery technique
(described in Martin, Proc. Natl. Acad. Sci. USA 78:7634-7638 (1981)) where the
trophectoderm cells are destroyed using anti-mouse antibodies prior to explanting the
inner cell mass. |

20 In generéting 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 52:121-131
(1988)). Briefly, blastocysts are isolated from a pregnant mouse and expanded. The
expanded blastocysts are maintained in oil-drop cultures at 4°C for 10 min prior to

as culture. The ES cells are prepared by picking 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 4°C. Five to twenty ES cells (in Dulbecco's
modified Eagle's Medium with 10% (v/v) fetal calf serum and 3,000 uruts/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.,



techni ques. The DNA bands are visualized by staining with ethidi umbrom de,
and WO 02/4) 6306 PCT/U SOt /23035 -74 9 _ the band containing the
expressi on sequences is excised. The excised band is then placed in

di al ysi s begsoiaenicai ni ng 0.3 M sodi um acetate, pH 7.0. DNA peT/ushiersbsoel ut ed
into the dialysis bags, extracted with a 1:1 phenol :chloroformsolution

and precipitated by two volunes of ethanol. The DNA is redi ssonE&BiZﬂ{}g m
of low 5 salt buffer (0.2 MNad, 20 mM Tr’Bs, pH 7.4, and 1 nM EDTA) and
purified on an Elutip-D colum. The colum is first primed with 3 m of

hi gh salt bufMapipglativg eeOMousOEmivyD; Cold Bpting HarbandN.Y . (MSEDTApddisohdwed by

hi ith 5 nil ) t buffer._The, K DNA | uti th h
vashing wiUh bbb of ol o bty EA U SR APl B S st ovo
wth 3 of bowhaab s B G, UIatbhy B 5 Bebat of. wirh:0nch Blashi o sal

buffer and precipitated by two volunes o concentrations are

measur ed by abs®ripit¢mMN@S,ZRQ3TANU IS, Patddt Nep S¢1I3050H O SePetent Ror
m croi njection, DNA concentrations are adjusted to 3 ng/ml in 5 mMMTris, pH
7.4 and>0. 1 nM9BDHPAY, medliipcasperatedeichgadyfiefergnsei fi cati on of DNA for

oy e 01 are 5 sy L e, 1, ISR M atlag e
Pal m ter et ajpp ika'%ﬁixﬁ’@@is%critéeh%}ﬁ/?}% xAmplie I Q. 919e061:00d. o4, 73694y, | cati on

Protocols, 3rd edition, publishe agen, Inc., Chatsworth, CA ; and in

Sanbr ook et alncolgokaedhereinGhyoreifergnceA Addatharad methodvHouptodpGog draSgpenitg Har bor
Laboratory, Cold Spring Harbor, NY Q0 1989). In an e | ar

m croi nj ect i oAMASAEE §FRerakipdescribed by Wagpepatd Hogpe ?Qgﬁ%g@ti%dﬂcsgé’]t%;
super oyHl at e. : L r i e, nd..al | owed
to matt\(gj Afte?”@%ﬁ?g%%@fe%@%%%%?%‘%?‘ﬁ?%@é@ggg%’ﬁgaﬁé’ l:Aanrai ?flbed and

enbryos are r &Sdyer@a) #438nex0Gi1988t wiicHus irkofpudated derin by réferenbe mpipy opri at e
buffer, e.g., Dulbecco's phosphate buffered saline with 0.5% bovine serum
al bum n ( BSA; emirgiya pnd gurManipelatige damiMiouse Emibreo;ah d-aperanrsMenuah’ 2nd

Ehrl o' o bai ansUHol R Fiodgey BAVETon; vt o, BERE, (03 B MR CUb R o
with a hum difbsgon) PREPNEIR; dhichs H&orpSiactordidin Wytreterdree ih i enirety).
injection. Enbryos 30 can be inplanted at the two-cell stage.

5 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 are 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



Random'y cycling adult female mce are paired with vasectom zed nales.
C57BL/ 6 or Swiss mce or other conparable strains can be used for this WD
02/ 1163116 PCT/ US01/ 23035 -75 FLED 203, 35 purpose. Recipient femal es are
mated at the sanme tine as donor fermales. At the tine of enbryo transfer,

t he reci pvemb2/6@mel es are anesthetized with an intraperit aEabsoinpssti on of
0.015 M of 2.5 %avertin per gramof body weight. The oviducts are exposed
by a single nidline dorsal incision. An incision is then 5 madé [thy opgh the
body wall directly over the oviduct. The-é%arian bursa is then torn with
wat chmakers forceps. Enbryos to be transferred are placed in DPBS :
(Dul becco' s thobpratwtyniEahe §XpiEP ok yequprres is exeised plhefexgised hansifia thesi pet t e

b 10 12 Th i i S i i he i nfundi bul
ot he onbr e PG padh CorPiB b M Sodidp aPasier B8 181 DA% L1 oea by
two sutures. JhgroBhRANHRS kiRt Wags tdXaci8d ;«smbai I:{l/ﬁh{eﬁol@é?ﬁor%ﬁﬂﬂlds%ﬂutﬁfii nal s

whi ch are used to establish thé transgenic |ine. . Pharnmaceutica
Conposi ti ons ahfdereaipidted by swofvohiimessyf, etiibl. pThe PNA igredsnalved inR ag of &ivase
15 cl eavage identified the present .invention may ultimately be fornul ated

b

into phar macalitpisr (%ar%d%afﬁli, dRdnM Eris, pHh 7 ¢, fapd h iBVbEBEA) #0d prefied anvi vo
0. phar | e, ! . ve

eent al Ly PP Bt Phdlcbimh Bt SRRAAL LS OFRRRD PRI o' ©

harnful to huveNsCIoRoaAMYRES, pIPTe4 Virldl 1 BN ETAFA Vo8 ted By tutasBiliR lvth 5 ml of

appropriate salts and buffers to 20 render the conpositions stable and
al | ow f or uptlawesal\puffer gdthedeNAssohBiohs erespasbesiothronighl the) eolumpl thxee dinvdsdo

mbi t I i.ntraqd d i.nt ti .. h
" phar maceut | dan9 P Tt (Al el (A ferie b i wll kG sHbbustin the
entitifs and pRARRLED Vit 6.8k Hﬁgh @%E bﬁ’tffél%@lﬁzrééiﬁ\!ﬂt&ﬁby abd ShRides 0P Ot her
untoward reactions when admnistéred to an animal or a human. As used

her ei n, " pharateamelt DA Icpn&ntmtionpirirhense@d iyeabdorptioh ad260 amyin aidV al |
sol vents, dispersion nedia,_coatings, . antibacterial A and antifungal agents,

i sotoni ¢ and SRESEHNPOIURCtER| KQT RUCTagustionahN A prucentrations pEpadjugedio Such nedi a
and agents f%om%wtﬂrﬁakhylﬂ%h\bel supspges is well known in the art.

Except insofar©as any convehntional nedia orf agent is inconpatible with the
nmodul ators identified bydaftenpl@s@ods forparificaibn dftIBNUSPr inficrthjédiohapeut i ¢

COITpOSilg ons (iiesécr(i:l?erc]lt i?‘l J)gatrlee?f 'al.Su agilpﬁg?igtg ?lgeyM%ﬁgei I\Elgbirynog(rC%?cil gglt‘igg ?%Ilafb%r
Laboratory, Cold Spring Harbor, NY, 1986), in Palmiter et al. Nature 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

25 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 mg/ml). 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% CO,, 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. C357BL/6 or Swiss mice or other comparable strains can be used for this



can be incorporated into the conpositions. The nodul ator conpositions of the
present invention include classic WO 02/06306 PCT/ U SII1 /23035 2 FEB 2005
-76 pharmaceutical preparations. Adm nistration of these conpositions
according to the present invention will be via any common route so |ong as
the targetWOi'y8ed6is available via that route. The phar nadUi/Ved23033
conpositions nmay be introduced into the subject by any convemtkgga%wnethod,
e.g., by intravenous, intradermal, 5 int[ggysclar, i ntramanmarty! &9 (i
intraperitoneal, intrathecal, intraocular, retrobul bar, intrapul nonary

.g., t I , b I bl i I . I i nal ,
(aeitor el aureoRy JecheBlied b AR i R gk TR Ol o
e.g., enbeddefne YEabrybNfanSRl CHeGeCARTH knally &b AnedPhetiz-Bd WA 4mOr nea. The

treatment may consist "of a single dose or a plurality o oses over a

period of ti netrapkitdiival inpettioatod0.CimpouNds Vderitif padzrasi of®otihevephesent

i nvention may be,cg)repar ed for adm nistration as solutions of free base or
phar macol ogi cHiel oyidustcagezppieddy 2 single rsiliae dersal Eeisionni A dndidiethisghen
surfactant, suc S roxypropyl cell ul ose. Disper.sions al so can be
prepared in ﬁ#éﬁ?ﬂugﬁﬁgﬁﬁ?%?wﬁgl%rgfhglP%?{etﬁaIO;‘/'E%&S,ﬁé%ﬂvaﬁa}?tsob‘?s@és {8y eof and
in oils. Undepr0Offh RaiohneAREY for@ps. Emeyos tPpagendaded e pldB@SEDPRSPAr ati ons
contain a preservative to prevent the gfowh of mcroorganisns. The

phar maceut i cgDultecos's phodphbicchiffered sglme) afsl s the @piofial twhsfes pipette éaboagl@ous

solutions or dispersions _and sterile powders for the_ extenporaneous
preparati on df 1$eEHIyes)i fhsRIBHTER & BesTisdsingy thy infyadibplyasand the smpryvgses t he

Lo v 2 PR Al OB TR v

and st ogage adiimily shenddv@bRELIORE fodgiet BRimaAlNwhichAra@diddab engblattthon of
m cr oor gani sns, such as bacteria and fungi. The carrier can be a solvent or

di spersi on nelgdnsgand®HaGi ni ng, for exanple, water, ethanol, polyol (for
exanpl e, glycerol, propylene glycol, and liquid polyethylene 25 glycol, and
the like), suitable m xtures thereof, and vegetable oils. The proper

fluidity can Vm‘ﬁqbﬁgﬂd}@dﬁcgl@mﬁFaﬂﬁbﬁ‘s by the use of a coating, such as
l ecithin, by the maintenance of the required particle size in the case of

di spersion and by the uBee moflulstar§ at Handsp, AR ppcessirg, iaod/oof-setretaact i on of
T Croongani SR Can. DR RRORENt, . AR0U R AL L OU BN LRAG! BBl T ' U0
pharmaceutical compositions i.e., in a form appropriate for 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
well 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



30 chl or obut anol, phenol, sorbic acid, thinmerosal, and the like. In many

cases, it will be preferable to include isotonic agents, for exanple,
sugars or sodium chloride. Prolonged absorption of the injectable

conpositi n,pe brought about by the use WO 02/06306 PGRILRQ Q35 -77
2 FEB 2GG 1 “lf/ﬁ&to e conpositions of agents del ayi ng absorption, %%ragéxarrpl e,

al um num nonostearate and gelatin. Sterile injectable soluti oné Rl 2005
prepared by incorporating the active conpounds in the required anmount in
t he appropriate solvent with various of the 5 other ingredients enunerated
above, as reg@Uhimedteuficd] lpp¥Reattins f iAdnahR e 68661 theddEdipbsiticss AEdoadihY to the

di spersions are prepared by incorporating the various sterilized active

i ngredi ent s ipn¢senbingeriion willbh vial aay whinoionconteaionlong e theagiget tsssper si on

medi um and the . r?quj rgd ot her,Biln redients fromthose enunerated above. In
the case of <Vailgbleviaghgiroute. ¢ egh?é‘“ﬁ?"é‘ﬁ&ﬂaf*‘t%“?ﬂ%’é‘i"“%?@?’iqeén‘ir?ﬂ“éﬁ‘i HiP e

solutions, t f r epanat:i r Vﬁ&!m% ryi ng and
freeze-dryi ngﬁ? gﬁtﬁ%ﬁ?%ﬁyﬁﬁgﬁﬂ@@“&&%{}o@ 'érb‘} %?QY‘%gﬁsdc Fve |l %lgr edi ent plus
any add ti onahtrggsdcled inthidieh e irftfaﬁéﬂi@n@il,emtﬁu&]c‘dl, isttRchlag-kirbbiabad

n p

solution thereof. As used herein, armaceutically acceptable carrier”

i ncl udes any intzphlEipharydlesg ntesin reieassiriyl onal, raubilinguad.ceasilngeal, vaginabaern eri al
and antifungal agent .15 isatonic and absaorption del ayi ng agent d, t he
i ke. The us@aPoSTER SRERRTE, ity Sl i At ldn S vt dinces
s wel | Knowthnisgr B @pRinke cdp@EPbrald) S0 iffthe AnANYTROBVARLRORA ciRAL 87 a7 agent
is inconpatible with the active ingredient, its use in the therapeutic
conposi ti ons sirgle dodeand plueadity 86 pges et aparicacefi tuee. | ngredi ents al so can be

incorporated into the conpositions. 20 For, or&l@ adm ni stratiaon the
modul at®brs identified blhe medplaios cpmpoynds ddentidied rsipgdie prreeH JByeatier Mavt h

exci pi ents ar}% ;#gﬁ%ﬁd Bor ngﬁhgﬂ as ORI P Hel Mabe gf%apx}?%é&g@%a?@g

dentifrices. wash may be prepare i'ncorpora
i ngredi ent i mctérabiiedalts RowasDIMablyIniRBd JPBr DPIrFRtML SRACant, such as a
sodi um borate solution (Dobell's Solution). Alternatively, the active 25

i ngredi ent ey deexyipremiediudased Dispessions s ¢anchn prepewgdin ebyseral.digwia sodi um

borate, glyceri nd pot assi um bi carbonat.e. . The.. actjve ingredient.nay al so
be. di sper Sed ol eludits BPRERCA B RErtang M et Lodé: iRt aing 1 o
The acijve i ngresghghind ade, thle ﬁfk%ggtibﬁh SorktA18 a3RBIV AiRk Y pRIVERCHE YRovRRDUNT tO

a paste dentifrice that may inc
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 vegetablg 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



wat er, binders, abrasives, flavoring agents, foam ng agents, and hunectants.
30 The conpositions of the present invention may be fornulated in a neutral
or salt form Pharmaceutically-acceptable salts include the acid addition
salts (forwedowicsds t he free am no groups of the protein) anCmbhswaleiayse
formed wth WO 02/ 06306 PCT/USO /23035 -78 inorganic acids such as, for
exanpl e, hydrochloric or phosphoric acids,_or such organic acixdgras {ﬂ[}@eti c,
oxalic, tartaric, mandelic, and the liker7Balts formed with the f' e% v

car boxyl groups al so can be derived frominorgani c bases such as, for

exanmpl e, sodi #rnfhe SORES iR OfAgARIA HelRy ng abeqrpHPn ofor £x21Aple. HYENBYE des, and
such 5 organi ¢ _bhases._as _i.sopt.opyl am ne, trinethylam ne, histidine, procaine
and the Iike.ﬁlorfﬁsze%%%ﬁiggigteﬁéﬂs of the present invention nay be formul ated
ina neutral or salt fgiie MRIBRCOMIGRE It pRPERRLIAhC rParatifig tRCdcude the
acid addition salts (forned wWth the free am no groups of the protein) and
whi ch are f oresdpoingdh in ilvcegdarddanaeint s tha @ppapriafecsolexawith evaribydofothhl ori ¢ or
phosphoric acids,. or such 10 organic acids as acetic, oxalic, tartaric,
mandel i ¢, andOffeingredienissgumerstsd Akoyenas Fequitgd. follewed by Hilteyad HerdlizsbioR) so can
be derived fr I e i c..:has . . i Sium
ammoni um cal Crie G AR ASES gRatey inkHpor SRR, SyiaRSellaf ALER

i sopropy! am ngigrddidni@ iy b aeriievehidls whiihin@ntaotaibasic angedsim mediém ddaahe
fornmulation, solutions will be adm nistered in a manner 15 conpatible with
t he dosage f ofaguired ogisr apgiedients from thastuenumesated aboner algdhe rasglaf pteridd f ect i ve.
The fornmul ations.are easily admniLstered.i vari ety of sage f.orns . such
as injectabl ep%%(ilelﬁ ?%rntg? p&%aba%%lot_ﬁtggjecl&beggﬂb 550 W&Pntshglelqr%g?re_ 8+eﬂb°§rse°r§t er al
adm ni gprati O?rebﬁkaﬁan%%l%%mscﬁyﬂglaﬁﬂ freefd-d8) CEniqhdiSyBeh ;ﬂe']cpﬁl pswaet d be
suitably buffered if necessary and the liquid diluent first rendered

i sOt oni ¢ wi t hobhe facavemgreiiens alus ney edditibual slesirediing sliqna fitont a lpeaviageous

sol utions are esloe i al é suitable for intravenous, intranuscul ar,
subcut aneous YR eTEd M HGhBSIO8dni ni stration. "Unit dose" is defined as

a discrete anount. of a %@%@d’ﬁ&fﬁ?" &9&99&&1%51‘?3%&%@9 k28idM h%hoﬁéitstaa?l e

carrier. For exanple, parenteral admnistration may be carrie th an
initial bol usafdall soleentbydispendiommedia, codtings,amtibactemal rind iantifudgaltdgenapeut i ¢
circulating | evels of drug product. Those of ordinary skill in the art wll
readi | y2opt i niseONiF asLahsoEtigp dalgriag agents and eskikeatlibenss egfusaaedizansbt er ni ned
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decrease or ohdigiyWEfentional 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 1n 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



abrogate the formati on of AR-peptide and nore particularly, plaque formation
in the 30 brain of a subject exhibiting AD. To this effect, those of skil
inthe art will be able to enploy aninmal nodels of AD (e.g., as disclosed
in US Patent No.5,877,399; U S. Patent No. 5,387,742; U S. Patent No

5, 811, 633Yg hile@hger to optim ze dose WO 02/06306 PCT/ USUl/ 3038172432 FEB
2605 admi nistration protocols and predict the rel evant anounts o%
pharmaceutical agents required for intervention of ADin a QUmgﬂ *ject.
The frequency of dosing will depend on i7&-pharnmacokinetic pararneters of
the agents and the routes of adm nistration. The optimal 5 pharnaceuti cal

formul at i onindrghnibacidetsecimhy) gor &anPle 19dredtilotic bNphddphérit aciependuely on the
route of admi nistration and the desired dosagce. See for exanple Remi ngton's
Phar maceut i ©aganBracidg asacenigt pxalig, tafthggomandelic, Rodithe ke, Baltst formedawith 80421 pp

1435-1712, incprporated herein by reference. Such fornul ati ons

i nfl uence t M€ ﬁﬁgﬁ?@a?‘y TQRRS aﬂ%‘{ 5 ‘?vaeﬁaff‘émd?origﬁm\?i %esrsé‘Fléé%ggénd rate of
in vivo 10 NEey; i i . i . ute of
adm 1 st at PP S, pRasGHT, Bralahet, ARaihs o BERHUAAIAR, MEE S oh.
body surfacergimtabases as Wogfopykinfife, tHuieth@imiref, hixtitdie! pedcatneeind @heClikeat i ons

necessary to determne the appropriate treatnent dose is routinely nade by
t hose of ordinary ski|The ¢epmpesitipng of lerpresant imvgntor rperheformulgied An a
especially in |light of the.dosage jnformtion and 15 as s .di .0osed herein
a el | oy cRRH sl skPn aPRERg iR AR AR A R Y S EHOE T i cal
trials. ApprQRd ifaifedRBIRS rERYMBR %@ﬁﬁsr 5 £iHRGH ofelt) QWA Ryt aldBridd with

establ i shed assays for determ ning blood |levels in conjunction wth rel evant
dose- respons@agaaitacidiisec andor easyie hydgoatdoriewt phdsphoet ecids, medudly t he
attendi ng Z%rgh sici.an, considering factors which nodify_the actjon of

drugsiY e g., C arids e acelipee¥alic o tagtaric, mapdeliG, pad ithe likg. ” 83its 1g WitBng the
responsi ven . ' : |t : ' faSex and

di et of thqugfrf%eﬁ%x{%%%‘ 212&1’88 e?llsi {S/ﬁo?@%'ﬁi/veﬁ%%%%%?@% g?reeg‘vgglwggdr%oﬁi stration
and ot her clexaingRl, sb@ahnpstasAéms hmdioRiund) €alciaon) by ¢éreid, hyldus:tida! andfiwhmat i on
wi || emerge regardi ng appropriate dosage | evels and 25 duration of treatnent
for specifi OTEINeRawSs agARPPEMYHENIPS HEimethyiggnine, histde: pracamednd pig likthe

phar maceut | cal _conposi i} ans, 8Lt T SALERIL TP QR Rert i b UL O By be

I5 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 especiaily 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 AB-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. 5,387,742; U.S. Patent No 5,811,633) in order to uptirnize dose

1



veterinary nedicine. Thus the subject to be treated nmay be a manmal ,
preferably human or other animal. For veterinary purposes, subjects include
for exanple, 30 farm animals including cows, sheep, pigs, horses and goats,
conpani onvemined3ss such as dogs and cats, exotic and/ or zo®ecaniSveks3s

| aboratory animals including mce rats, rabbits, guinea pigs and hansters;
and poultry such as chickens, turkey, ducks WO 02/06306 PCT/ U 035 2 FEB
2005 -80 and geese. I X Exanples The foIIéMnng exanpl es present 'Prefdit ed
enbodi nents and. 5 techni ques, but are not intended to be limting. Those of
skill in thea@minisiration profocls ghd Pesdiqtithe prlewanamanas phBharmacasisakagentse t hat

many Changesaé:agl{fregefop%ng rvél{%lonﬁ?k 6$%I f:%r]i:alnnsagjefeal s and net hods which are

di scl osed an al nh sult without departing from

the spirit and scope ofrhklRquENSfidRin fgl\volll FapVid Bn the phap@Géimee Assays
Activity assays for Asp2(a) may be perforned using synthetic peptide

subst r at es opatanetqys of tietagemy end ﬂmomsesfaﬂaldmmstrﬂﬁm:tThmsptnml be are
perfornmed in a suitable buffer such as for exanple

50
2-[ N- ner phol Pheecaial formulshgp &vill-bqdeigeaiined py goesef %ﬁﬂl ybm%%ﬁpemla%et at e
t H t t d
2 ool hane "SR PR A0 e ooT0eTIRER! SHEcBSERR © 20

buf f er conpr Regfingt6®R Pakfhdgutlca¥S(iBnes! 1BGl BE.03H9E. MAkiEPisIaChi Bastd PAUCt S
are quantifi elng RP-HPLC wusing a linear gradient from0-70 B over 30

m nut es (A—O ) FPAL43A- kﬂd?emcowr%&fbhqre%lm%@m ebudofprousjionsthay el uti on

profile is to re r ban n_.such ssa t wo product
beaks ol ut e BEMPES thedbysifapo BRI, a0 P kve PRl "l BRF H Hed 25 e
Ps... 1, Seq'éféﬁ%c@@?lthk%nﬂlstered%oentssqgét%%ﬁw%fn‘ 38 ronft@ br SxAANRtioffUTRN
sequenm ng or mass spectronetry. Percent hydr6lysis of the 25 peptide
substrat es i suitaleddsmtneay r/catorged rogpriing to bbdygraight, elylsuafteasreioor t he t wo

product pepti des and t| ng teri derived fromthe absqgrbance at
214 nm  The© 5%3&%?&5}18&66F fgg 33“%‘:‘%“’;5‘?88‘%?&%"@’ EugeBEUEs HIS r med usi ng

Edman s eque’aﬁbﬁgn%qréMHt dgg:ls B EnetP Bflat ¥F&hE- 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 for 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 methodé 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



The specificity of the protease cleavage reaction can he determ ned 30 by
performng the (3-secretase assay in the presence of 8 .tM pepstatin A and
the presence of a cocktail of protease inhibitors (e.g., 10 M| eupeptin, 10

M E64, andh ;sMEDTA). A R-secretase proteolytic activi tYHcﬁ\’ﬁﬁﬁ?ﬁ/bicbXe to
pepstatin WO 02/06306 PCT/USO 1 /2 3113 5 sl - 2 FIB 2005 (inhibitor of

cathepsin D and other aspartyl proteases) or the cocktail (inhl HEBopgg5of
serine proteases, cysteinyl proteases, ang) snetall oproteases, respectively)
is indicative of the specificity of the (3-secretase activity. Alternative
assays may enrpd@yeddu- Asp2(b) expressed in CHO cells 5 and purified using
identical conditions for extraction with (3-octyl glucoside and sequenti al
chromat ogr aphy over Mono QQr) and Mono S(r). An alternative (3-secretase
assay utiliz inhﬁr naI!I guenched fluorescent substrates to nonitor enzyne
activity usi ﬁ%‘fl &hce spectroscopy in a single sanple or nultiwell

format. Each reaction ¢ (18O aﬁg@égpﬂ i.ﬁ‘go 5.5, a
pepti de substrate of tk;feﬁ‘é:)ir%egeﬁ" %Xnv nti 5%868}3%6@4%?26 p%ﬁ%%ﬁh Hu- Asp- 2
enzyne.5 Theseedhniquesichit arans iaguted tortad diting. 3ThoSe b ekilldn itheigrt Willem and t he

reaction initjated by addition of substrate. Excitation is perfornmed at 330
urn and t he lichhef thepresepedisclesue canppeniate thay mapy whargss cag be made iyditescence

i i 0 To,d d dul, at. = ASps 2 iV ,
The: et comshie Rpuet B ek QRO fec 8o IR Ay 36 obbif ARIE of Spper 'Y
reaction and r&dif WitRRiigeparfihg (i (HeOREil 0 BRI SQbeGhRsigesCr i bed above.

Activators are scored as conpounds that increase the rate of appearance of
fluorescence while inhibitors decrease the rate of appearance of
fluorescence. In yet another alter nat'* %ﬂﬁ Hu- Asp2 G3-secretase assay i s
conducted 20 using a cell based assa@ 2% Yn which cells such as, for

exanpl e, HEK293 cells expresses a -‘S%E%daoAéégstti de conprising a first
portion conprising an Hu-Asp2 substrate peptide of the present invention, a

second portion conprisiAgivity dssayngorAbp2{aemdy baiperfonmed amnpoysthetie pepti de
to the Golgi or endoplasm¢_ reticulumof the cell, and a third portion
conpri si ng a NEBds pbstrafen af the preseRt vgRtiopsasolos -« Reagtions 1y Beraifs menbr ane
dormain w || S fi.cd } f pepti de substrate to
t he cel |l ul ar %(eélﬁf\(/)l}rg%(ﬁ%%%E&\t/ﬁieer%@%%ﬁ%@%%é@ﬁ%gb %g\-/lAspZ and be cl eaved.
The clenvage 2-IN-drirpEd Rid]élban?- SBfaHAtE €« IA-MBS, " JEAB. H W i50hiM sb&hfpsRthte 4t O

t he medi um
a pH range of between 4.0 and 6.0 , 70 mM peptide substrate, and recombinant
Asp2(a) (1-5 pg protein) for various tinies at 37°C. An exemplary buffer comprises
containing 1% P-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 P_...P, sequence and the P,"...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 B-secretase assay in the presence of 8 pM pepstatin A and the
presence of a cocktail of protease inhibitors (e.g., 10 pM leupeptin, 10 pM E64,

and 5 mM EDTA). A P-secretase proteolytic activity insensitive to pepstatin



30 EXAMPLE 2 Method for Peptide Quantitation by Amno Acid Analysis The
present exanple provides an exenplary nethod for the WD 02/116306 - PCT/ USO
1 /2 3113 5 -82 2 FEB 2005 quantitition of peptide substrates by am no acid
anal ysi s. Waiogneswshod was used to quantify the various sulpstvetves3ost the
present invention. The peptides were quantitated using m crowave hydrol yses
using CEM Corporation's MDS 2000 mi crowaye oven. Hew ett Pacya}ui 300 I
mcrovials 5 containing approxi mately 2. t% protein were placed PIE
Teflon(r) PFA digestion_ vessel ({)CEM Cor poration) contain 4 m of 6 N HC
(Pi erce Const@#HHbiEy;afjca pwatl?]an otheg Qs\péxrmlr@mfe@swpuH@)coshtéﬂdmhlbltors of

(Mal | i nckr odt he then al tern evacuat d flushed
wih N1 ve SrReLRoSRE Sl P RR An Rl Biden Y HREE% e pr ocess.
During the fllhéf&:atweaélﬁtll@@ di’ﬁ01fy%f|th@9%6re(a§@%ﬁv1@5o W increased the 10

tenperature to 100 C and held that tenperature for 1 mnute. Imediately

foll owi ng, 75% power iAbemagedassins mmpmpbydheAisp,(wexpiesn(ﬂ th€HD tdikt

tenperature for, 25 mnutes. After cooling, les were dried (Savant
Speedvat). AAMPUEL usa%lﬂwe:él %ﬂ&loglérf%?mﬂ%wgﬁr%p@g ledngosifaended using

6- am noaui nol %@b, Jg]”fgy Lol Vi el d stabl e ureas that
fluoresce at %b%&tﬁl%h%%?éy@y Ac ?‘im S ry P@ckage) The sanpl es were
anal yzed by reverse phase atiBirGtivop- sacrblam &dshy E’ani@anﬂteﬂ;ih@? quadhedn and

quantification was perforned using Hew ett Packard's CherrSt ation enhanced

i ntegrat or. EAVFCENGSURGTAES O Ingmém CHEREHD Reli Ity Pesptg ﬂ@omcemfesneﬁv@ﬁ@mom based
on the Struct yre of ui ti sul i.n The nt anpl e
descri bes t he? W%‘&&éﬁpe& u We 8%? aﬁ%,a Bﬁeacﬁ{gﬁfoéﬁ Pra?ﬁa em'BE:sent

i nvent j@n andNHAEES gﬂ?g.%aéiﬁﬁd@%%‘at@fof Eﬂéepreée'ﬁvﬁ%hﬁ’éh (%ﬁp&l@p&k}%é@t e

KVEANY- EVEGERKK ( SE synt hesi zed using by sol’id-phase
t echnol ogy enidha\spryerzyMedeThesg 8smporsmis/p leedtibraBiowy3t EhforIvatiousTmepur i ty

O s L e Y RS S n e PSR Al B b S RSB s
phase col um f{MyflacedctidR kirefcXard Horidred ) MesduPi) tBE fifforescence emission at
390 nm. To detect compounds that modulate Hu-Asp-2 activity, the test compounds
15 are added during the preincubation bhase 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 P-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



30 m/mnute 100%A (A: 0.1 %9FA in water, B:0.07%FA in acetonitrile).

G adient used was 0- 10% B, 10 m nutes then 10->50% B, 200 m nutes. The
colum effluent was nonitored by absorbance at 220nm and 280nm Fractions
were WO 02{8430&oPCT/ U SfI | /23(135 2 FEB 2005 nonitored opcpps@md)t i cal
reverse phase system (VWdac C18, 4.6 x 250 nun, 5 mcron). Solvents and
wavel engt hs as above. The linear gradient for this RP- HPLC wag FEB@%?O%B
in 20 mnutes at 1.0 mM/mn. The chem cal 8ut henticity of the peptide was
determ ned using mass 5 spectronetry analysis. Mire particularly, the

chem cal aut hqunticitiby ofpeptidehsupepdtediey ambn #23d allysifieThiyymemss wapasddrionet ry
enploying a Mcromass Platform Il mass spectroneter equipped with a Hew ett
Packard Seri equantifothpraciony sukstrateyioé the presant igvegtionhe pepti de was confirned
by injecting 5 pl of sapple into the fl of .100.1/mn of. 1 1=net hanol,
water. The nass spect roret 8FP §W8bee‘ﬂ‘é?fqﬁ¥§eq ‘?‘Ful%mé‘frgg’ﬂg%g%qrg{y S?Sdﬁf”famn
mode wi th neegdh &0yl dAIRIHYH00 AIRGHAWvEn L RRFIGN, GARE300V Q! hRARiAD V. The
above-descri bed ‘peptide was tested as a substrate ?or Hu- Asp2 activity in a
reacti o conpgdmiingg2pprovisediyungeaieh evergplicdl ingld0 M Baflosf PEACdigestioRNM

Hu- Asp' enzyne at 37 C. The reaction mxture was all owed to proceed 15 for

bet ween 1 andvestldGEM Cprporpidecoataingrot ue of 06 HE (Bisreedr enstant Badwe) wibd i n

Exanpl e 1 and,i.} f ound .t hat KV - EVECE SEQ 1.D NO. 5 a_. .good
substrate for Oléitf’ &%z‘?mﬁ'ﬁoev %M@%@gﬁ F\%l%lfs p&bt lgémg\?%%at?lgrt her
nodi fied by tbachfte@ahd BskEld Wit ﬁ’(f@ﬁjn@k!eTM‘@ﬁrdté]ﬁWeis%ﬁdﬁﬂ*}ééﬂ%_@in@a&ﬁ'@- KK to
give 20 the peptide KVEANY- EVECGE K (SEQ ID NGO 6). This peptide was

N-term nal |y Biage pnogesst diringrible firstistage 20 @f fdhpower (eheutddPalVeimcreasaddbeinent
of oregon green at the residue, Briefly, for biotinylatjon, Si n- bound
ept | ddtuas " asEiIEIo 0 CGiER SR e P P eaes gl v i

di i sopropyl et by‘l/qﬂm?)in%%as%ﬂm%xgﬁé}gtug%cl%d’ Mhet® W ek Al fo |

2
NHS- LC- bi oti n (Igi erce room t enperat ure. e reaction was aliTsowed to
proceed for 2silaey.sAfter castihiz) thebantplely were diied d8ave) Spdddd/ab). odmind afidd

pepti de was then cleaved in 10 m trjful uoroacetic acid containing ethyl
net hyl sul fi danal¥ss ssreperformedon saeples Hevyatized gsing 6raspingpawoplyl-r 2 hours at

room tenperat yf & JA8ahAAY PSR QBIdRHIL leh &R nbiYQHOR 385 Thi(RkEd
15 AccQeTag Chemistry Package). The samples were analyzed by reverse phase HPLC

on a Hewlett Packard 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:5) 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

30 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



gl ass funnel and evaporated to near dryness under reduced pressure. The
crude 30 peptide was precipitated fromthe cl eavage solution with cold
diethyl ether. The precipitated peptide was collected on a sintered gl ass
funnel , waxQ&Y0eH¢h di et hyl ether, dissolved in dilute acetGEUHME303S
evaporated to dryness under reduced pressure. WO 02/06306 PCT/ USQ01/ 23035
-84- 2 FEB 20ff5 The residue was dissol vegd.in glacial acetic acifdtBapgfs

| yophilized. The purified biotinylated pégéi'de was di ssolved in

approximately 5 m 0.1 H2PO4 8.0) th ad en previ ousl
degassed. 5 n’ﬁ‘oﬁ‘ﬁorﬁlé’ﬁ@r’i&“é}lg‘@% rﬁ%g%k‘aé?ﬁ%'ﬁfémm at §r41§r’b§&_§mﬂi sol ved
in 0.5 m di ngidighy OSdTaE GaPwifSeddtiasdied atd gy Bl forshisRied 1 n the
dark for 30 mnutes at room tenperature. Following tHRe reaction, unreacted
reagent was gHEhCheds fryma@dd %i Bin 20middtesrgt 0O th/ayst ei ne for an additi onal

30 mnutes. The final mxture was then filtered through a sintered gl ass
funnel , acidified by addheFlsmisal aytheatieity gt geiRepHEe tvas daisEmpad uping andsy

preparative reverse phase HPLC as described, above except .the 10 [niti al

Bl GE T on? condi TEGAmERBauRY e LR e aTIG: I ClRe SiEagHEEe b Botiftone
peak el uted. Jheedt@iidhéd BPnfa@iRREMESmeB) @iploYEANY icFfRsERHRIIROA Masd" €en) KK
, was tested as a substrate for Hu-Asp2 activity using the follow ng

condi tions: 2§@cuadMnsedieqmppekewvih e HoHeyt Packard Serissid650 HPEC §0tekt.etlfhy e at 37

15 "C. The reaction s al]lowed to_proceed for 2hr nd sanpl es- wi t hdrawn at
soveral timpReniHlihe prRide s enft e by dRigctngog 1 ﬁ%alawa 13{20}5%#19\5 ge

occurred aft e;Q%&f/miﬁg&ésp:m@ﬁlQn%éggtg{A;Tbg%asg gﬁ&%‘iﬂe\@lvyas d?éfaltilﬁg% have

conparative #! or ture or ss spectronetry anal ysPs showed

t hat clleavageelbagospestionzdti@imbed wethmedyle vandgEB K Vonéntperdinirs 12EW and cone
biotinylated fluorescent peptide had Vm and K that were at |east twce
better than aV@F@?P@u\é' biotinylated fluorescent substrate derived fromthe

Sred s Wtant pept ge: SO HERR LSEQUD AT o2 NP A

describes a ngdthed if QresdtRatcoR@rifie M000ME sodiuAPeuié NSH4.5, 200uM substrate,
200nM Hu-Asp2 enzyme at 37 “C. The reaction mixture was allowed to proceed

15 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:5) was a
good substrate for Hu-Asp.

The KVEANY-EVEGERKK (SEQ ID NO:5) peptide was further

modified by the insertion of a cys residue was inserted between R and KK to give

20 the peptide KVEANY-EVEGERCKX (SEQ ID NO: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 m1) 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 ml 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 diethy] 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.



reconmbi nant net hods, to introduce sequences of synthetic Asp2 substrates of
the invention. A manmalian cell expression bicistronic construct naned 125,
whi ch contains a Swedi sh nutant APP695 and extra dilysine residues at the
C-term nuswo dms3ased as a starting material to generate nowvehlr/ARR23mas ant s
cont ai ni ng sequences WO 02/ 06306 PCT/USQ /23035 -85 FEE 2U O of the

i nvention. The sequences encodi ng VNLDA at residues 593 to 59720FEBh§
APP695 were replaced with VSYEA (SEQ | D N&489), ISY-EV (SEQ ID NO 17 ? or
VSYEV (SEQ I D NO 177) using site directed nutagenesis. The site-directed
mut agenesi s wadde pesidusr wesdigsalvedaincgdagiel asea¢ agil and dyqphillizeKCHANGE,

b1 mer s, SYEVS. 5« GAG LUFEUHEF R e e A s el A GhaPR Pty A Cac
TCA GG 3' (SE NG e o, TTC ATA
ACT AT TTC Ak CRT P L 4O PEE P s Pl 3 (R el sttt o

AGT AGT TAT GGtedal488alciinide (MLl EAT0BAT d¥AVEGIB0. S(IBEQmeihyifarmad)det VSYEV3

5 - TGA GIC ATG TCG GAA TTC TAC TTC ATA ACT ACT TTC AGA GAT CTC CTC-3' (SEQ
| D NO 174) 20 Waythanaddsd amhtheamaxtyresticped infire dack fqra30 miputessn repm TTC CGA CAT

GAC TCA GG 3 SEQ I D 1.175) #VSY 5' - TGA C ATG TCG TC TTC ATA
ACT ART TTC ARTERE ROk ie ki Nt i safont w S B TEBR PY PAAIEOP of
perform ng thef$shes 6f 1RG5 EHeTHE 88 80ESbAal 308hARS, el MNP midanAyA heg at 95C
for I mn., annealing at 56C for 30 sec and anplifying at 68C for 16 m n.

The reaction idtsredghfanghwcsintaresioglassffuneelcadidified yladdition ofigiackal acaticaicivhd

150ng each of i ner, . 50ng of tenplate .Hu Qf pfu 30 Turbo DNA
pol ymer ase an&g‘;ﬁ 164 EH aratiyg IoYRIFe P%Q}H%O‘gaﬁg‘ésc & abayie FESERL IS ¢ h

restrigyi on engyiEidh dorfiRionl Q160 BUY Sverk RElaREdaiturki ASERITRIL: 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 pM substrate, 50nM 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 NO:19).

EXAMPLE 4
25 _ APP Constructs Containing
Mutated p-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



M ni-preps of plasm d DNA were prepared and DNA sequenci ng was perfornmed to
WO 112/116396 PCT/U S(I /231135 -86 2 FEB 2005 identify nutated cl ones
containing the desired nodified sequences. WD 02/1) 6306 PCT/ U1 /23035 - 87
2 FEB 2005v@xaMAE 5 Cel | - Based Testing of Peptide Sequenca@CTafSotRa3s

I nvention Designed into WId-type APP Sequence 5 The inventors nodified APP
expression constructs with the nmutation M DA594-59, (SEQ ID mﬁ-’fi?'\ﬁ)a to
SYEV594-59, (SEQ ID NO 140) or SYEA54- 59,5'(SEQ | D NO 187) as® destribbed in
the preceding exanple 4 tgo test whether these nutations would: allow an

ef fici ent protfdBt JiveRtion od8& s¢qgneT anpedipg YDAt aesidues a3 tq at ey APP by

3- t i t i QR ned-4.0
O’ pronoter HEPEH bR HACLER IR A ERTBEOND) 08, BRICIOLTAS (RSS2 T
include a G t@vsvEl gﬂqmm:mﬂug‘mg SikedirdtRdi hh@dentkish the specific

0

nut ati ons descri bed above. Since APP variants were subcloned into a _
pl RES- EGFP vector C ondihechie-deztied Mttageny was per fefnfiddowitin e womfneesigirlds si on

can be nito h resence of green flyorescen ign After HEK 293
derivat?ve ceﬁ@“ﬁ@‘“&%@&? CFﬁdg‘H'gtr"g‘Tné\?‘éi gtr@ngﬁﬁzLé;?ﬁ’%g@ g Pfect ed
W th differen@l@&%v&% ts for 48 hours, the cell extracts were prepared
and anal yzed by sg[ rn blots transferred froma 4- 12% SDS- PAGE gel . The

Hu- Asp2 activity can be nonitored by observing the increase of the

(3-secretase cl eavage product CTF-99 that is recogni zed by a specific
anti body C8. mYﬁ%ﬁ?\n i 7 -BAG ATC BeTHGAD ART AP TAF G ST GADAdHG cient | y

20 cl eaved by Asp2. Sinklar -t Wa RV IC say, APP with
SYEV594-59, ~(SEQ ID @5%485‘\%3%&@&@{3%ﬁgééﬁﬁéfém y than APP with
SYEA594597 (SEQ ID NO 187). As one indicator of APP processing, |evels of

secreted AP fromthe nediumof the transfected HEK-293 cells were neasured.
Measur ement s MSNEW 255ELGBAGTS AGGahtGoad BRI T AGIMGERTASACTIA4Ts, MO to

308 and 165 were pur chatdh APAAe e e AP OE ent al Fygi ene

(Staten Island, NY), and it was

#VSYEV5  5'-GAG ATC TCT GAA AGT AGT TAT GAA GTA GAA TTC
15 CGA CAT GAC TCA GG-3' (SEQ ID NO:173)

#VSYEV3  5'-TGA GTC ATG TCG GAA TTC TAC TTC ATA ACT ACT
TTC AGA GAT CTC CTC-3' (SEQ ID NO:174)

20 #VSYEAS5  5-GAG ATC TCT GAA ATT AGT TAT GAA GCA GAATTC
] CGA CAT GAC TCA GG-3' (SEQ ID NO:175)

#VSYEA3  5'-TGA GTC ATG TCG GAA TTC TGC TTC ATA ACT AAT
TTC AGA GAT CTC CTC-3' (SEQ ID NO: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 68°C for 16 min. The reaction was performed in 50ul of reaction
solution which contained 150ng each of primer, 50ng of template DNA, 2.5u of pfu
30 Turbo DNA polymerase and 200pM 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



i ndependent|y determ ned that the nutation of D596AS97 to either E596A597 or
E596V59, (which affects the N-term nus of AP) did not affect ELISA
detection of A(3 peptides. 30 Increased production of secreted A(34D and AN,
was obser«ggn%k%m cells transfected with these two nutateg-{RkhB,:855 APP
Usi ng additional constructs in peptide activity assays, it was d%térnined
that if an Asn residue was substituted in place of a Ser to VKQOQ@@Q@??

PCT/ US01/ 23035 5 -88 2 FEB 2005 give SEVB¥4- EVEFR (SEQ I D NO 170), S
peptide has an activity that is only 1/5 than that of SEVSY-1'-EVEFR (SEQ
I D NO 141; irbify rfntatciRiloncgkoeiaindtd M@ desieaf oAifRdtsBaienasd. no aci d

optim zation at a certain position depends on the rest of the substrate
sequence. Additional cells useful for such assays include In summary,
SEVSY4- EVEFR (SEQ I D NO 141) is an excellent APP-nodified substrate for
Asp2 that gives easily nmeasurable levels of AP in cell- based assays. 10
Exanple 6 Cell Lines Expressing Miutant APP Forns The precedi ng descri bes
assays that enployed a transformed HEK 273 Vell 1IMG OLU 1 | SC Jul Cell h
uLa 111L JUUG UUL UUL 111111LGU LU, ILInlllcU hCL, 4, 11VII 32, SK-N- M,
SHY-5Y cells, Chinese Hanster Ovary cells, nouse Neuro-2a cell, 15 and rat
PCl2 cells. Al of these cells are readily available from ATCC. In
preferred enbodi nents, the vector used to introduce the nodified APP form
al so includes an antibiotic resistance gene, e.g., so that the stable cel
i nes can be selected under (418 resi stance conditions. |In another
preferred enbodinent, cell |lines are generated that express both mutant APP
as described herein and that al so 20 reconbi nantly express Asp2. In one
variation, the Asp2 is introduced using a second construct that permts

sel ection under a separate selective antibiotic (e.g., hygronysin

sel ection). Such cell lines are considered especially well suited for high
t hroughput screening for nodul ators of Asp2-nedi ated APP processi ng. WO

02/ 06306 PCT/USCQt/ 23035 -89- 2 FES 2005 Exanple 7



H gh Throughput Cell-Based Assay for Asp2 Mdul ators Assays such as those
described in Exanple 5 are nost useful when they can be conducted quickly,
wi th automation, and with the screening of several 5 sanples in parallel.
The gener avOpRde®dur e descri bed hereafter is applicabl e forP@/WVaNi2Be3p of

cell lines including those identified above. Preferably, the cell-based
assay i s conducted in 96-well format and §?Ch candi dat e conpogn@fBszgmeasured
in duplicates. About 25,000 cells wll pl ated onto each well the day
before the 10 treatnment and grown in normal cell culture conditions (37C,
5% C02)" An appropriate concentration of conpound stock is prepared in

DMSO. The idea stock solution is abo“EX%ﬂ@@ﬂi?S”ES t he hi ghest concentration
to be tested. On the mcroplate, conmpounds are serially diluted 1:3 with
DVBO (251 + 2001 DVSCell-Busdd Tlestinglof Péstitld Seqiedees éfttha Ineéritivpnl: 5 v/ v
conpound: medi a (SO01 15 + 200! nedi a) ield an internmedi ate plate used for
further dilutions. The |nté?ﬁﬂﬁ#ﬂﬂé“b“@ﬁbﬁﬂ@IMPPéEGHHERZO (13 | + 247

nmedia) fo yield concent that ...a nes the f

concent$ ations in dupl é@et gwenll8rsb185dlﬁe(i %é} a??é‘f/s§lonﬁ?nf5tr%cfts f’vlnrli‘gﬁ Wﬁag{?ﬁlnd
dilution is agdedalQ CeSEQ P RDERH) hakyEany al nSESOID NoJ: 11@)%@5“%‘39'4}97“3 pl ate
is put back to the ti'Ssue cul ture 20 i ncubator for conti nui ng c ure. After
t hree hours oSEQnDHD:187), asndedirabadan ¢lad precedinig emdpleﬁaodedtlvdle&hee ﬂmyal n

treated with 180 .1 of dia plus_.20 pl of _.conpound, a t hen. cult
il R Pttt A ey AL g M
nmeasur e evi de I % I from
The ool 1 et ottt AEPBPS SCGERT S coI0” TR HeiEnt Aot X PndfeEATIRES
processpng al 5@W@r&ﬁommmeaexp3&sﬁnajml \eﬂcﬁ?ﬁhlmgs sB;uéfneé mo@dEdretbsi ng

MBP and APP and Asp2. Recognition Sequences t he I nvention A fusion
protein corrprliﬂgliﬂﬂgaé3 Fﬁmﬂléﬁgéllmlh@iaﬂé renedifist@ ihDhrepecifia uidtions 125 ani no

VEPC125. conet 15ROl F ok RPN ARE kn SRS e BB 02 06a06
PCT/ US01/ 2303@10119[@0]2, PAS AMNTA), 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 4-
12% SDS-PAGE gel. The Hu-Asp2 activity can be monitored by observing the
increase of the [-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 the in vitro enzymatic assay, APP with SYEV g, <o,
: (SEQ ID NO:140) was cleaved more efficiently than APP with SYEA«, 57 (SEQ ID
NO:187).

As one indicator of APP processing, levels of secreted AR from the

medium of the transfected HEK-293 cells were measured. Measurements were by

25 ELISA using antibody 6E10 (Syntek, St. Loﬁis, MO) to capture AP and antibody 208
for AB40 and antibody 165 for AB42. 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 DssA o, to either EsgqAgo; 0F EggsVigy
(which affects the N-terminus of Ap) did not affect ELISA detection of AB peptides.

30 Increased production of secreted AB,, and AP,, 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



host. The MBP (NEB, Beverley, MA) provides a useful detection substrate for
detecting cl eavage foll ow ng Asp2 cl eavage of substrates of the invention.
Fusi ons of APP and nal t ose-bi nding protein (MBP) are produced essentially
as described in U S Patent No. 5744346 and U.S. Patent No. 5 5,942,400,
(except tRYRsiRCretase substrates of the invention are ipelldgd,i\psthe
fusion protein). These docunents al so descri be assays, which are run by
exposing the fusion polypeptide to (3-secretase which cl eaves 2 Iﬁg;;},l?{fﬁsam no
acid portion of APP at the am no-term ngg -of the (3A. The MBP portion may
then be captured, and the carboxy-term nus of the APP fragnent which is
exposed by cgie@sgwwi_tnv(a%m@aﬁm@l@woms B&ptidd ®as bib h@R/itdi thdt id8=yams i body
specific for said termnus. In the present invention, the APP enployed in

t hese assaysthai tat obFBViSSeVtIEEPRASEQEED dF0: 14 heTged pnThisrobsetvatdon at  t he
(3-secretase cl| eavage site. The approach for nutating_ the Rl-secretase

cl eavage si t'€adrmsgpatpamingmppid qpuvpizationsKt@ ¢anapassiinn dependsyorthersitot| D

NO 177), VSY; NO 178) or ISY-EV (SEQ ID NG 179) is described
in a pr eceditggé\ééﬁggm% %e.]q%falrllga rel ated procedure, the MBPCl25 construct

cont ai yii ng  MBPC125- VSXRMitisma] éciistuleful harchiuth @skaby incifdeoduci ng a stop codon
after residues VSY, which corresponds with position P3P, Pl. This construct
pernmits one to produck summang S Y-dr EVEFRo(SBBRENG: 1 tjsiscm qxcelteat n t hat
ends at ---- VSY. This 20 trupcated protein is useful to set up a standard
assay curve ABP-TRedifid spRptiatg,mr W@éﬁ%&v%rW@aWaQIﬁEVW% i€ ei ns
because it cggsgg%)éaggs to the expected cleavage product. The follow ng pair
of primers can be used for the mutagenesis. #VSYEND5 5' - GAC ATC TCT GAA GIG
AGT TAT TAG GCA GAA TTC 25 CGA CAT GAC TCA GG 3 (SEQ I D NO 181) #VSYEND3
5'-TGA GIC ATG TCG GAA TTC TGC CTA ATA ACT CAC TTC AGA GAT CTIC CTC- 3" (SEQ
| D NO1682) PCR procedures as descri bedsample®r ecedi ng exanpl e can be used to

i ntroduce the 30 nutation E?{AANPLEFQ eV\('.) 0%/60 3 g]P / USO1/ 231135 -91 2 FEB’
2055 Creation of Exenpl aryCEHdBE BFRLessRe CEXP, Insulin B chain,

~ M4l ae vsondial
C. wuul udiul

32, SK-N-MC, SHY-5Y cells, Chinese Hamster Ovary cells, mouse Neuro-2a cell,
15 and rat PC12 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.



The present Exanple describes a fusion protein in which secreted alkaline
phosphat ase (SEAP) is fused to either partial or full-length insulin B chain
5 with nodified optimal Asp2 cl eavage site and the transnenbrane donai n of
Hu- Asp2 (Mex02d980454- 477) together with a short C-term nal PETAgVVBYeed tail .
The sequence of such peptide/construct depicted in FIG 1. \Wen the fusion
protein is reconbinantly co-expressed with Hu-Asp2 in a cel ¥ FEMeEHOﬁ
expressed in a cell line with endogenous "Hu-Asp2 activity, Hu-Asp2 10 will
cl eave the fusion protein to rel ease jeE@P int7o the cell nmedium Thus, the
protease activity may he nonitored based™®ethe SEAP activity in the medium

Ceneration of the fus]iﬁml 'PBP&lféhgﬁi CIH_B'%E(SAS%QI.O& -rlﬁbﬁixl'&t Lkth secreted

al kal i ne phosphatase as a 15 reporter, t | SEAP vect or from Topi x

(Bedford, MA) was used.Asbhygs sushap tioge desciibdd @f ExdreploBAlre aadi ngiul egiean was
then nutated to an EcoR site GAATTC by site directed nutagenesis. The

nut at ed pl asHicy caRdetceafueipdauickly, withruiseone apghvathahe scaprning efzseueraly t h
cal f intestipe al kal ine.ph hat ase to .dephosphqgryl at.e the vector DNA. This
treated vect garm u\,\%asraﬂglegﬁﬁeoge_:nte};?z pﬁ?feg\ffﬁsc%aﬁ@ﬁg hek {}Soaﬁp{\i?a?’kﬁ\f&r fr agnent s
covering theyg@speneshl $inés illvHihdthbaldendfiedfoRW. Pleeidbfl, SnCOHALBhs

fragnment encodi ng human insulin a-chain was synthesized and the double
strand DNA wassapnochnskdieldyin O6Rvelhfurinhi al ¢ach camdidaie compsundhiaimeaaigedin

tenpl at e. Thﬁ é} rimer contains an overhang of EcoR cl eavage 25 site. The
3' -primer cofftBi¥€Sa Bgl |l site. The transmenbrane domain of human Asp?2

was al so produced by PGR arBkidiocaid %Fn}g%%ﬁle%' o6 gg&rwgy@rep%y%f&éﬂ%h a

flag-tag codi ng sequences and an Eco ning site an imer wth a Bgl
Il sitl®  TheehtwenDhidd braomenhamed el dilges tesiindish3785t3% @0.on enzynmes EcoRl
and Bglll and subsequently ligated into the above vector DNA. Various

peptides of the -0 predthRPRIRDERECOPCEaFaM plgcampoung stask ieprgpEed avage site

pere general pisy, Phd fefl IRk SGRuBH I ARRRER 080 (iR URe ARAGR cScthd A6 1R3> 2

FEB 2CCD5 -9
tested. On the microplate, compounds are serially diluted 1:3 with DMSO (25ul +

200p1 DMSO), and then diluted in media at a ratio 1:5 v/v compound:media (50u1
15 + 200ul media) to yield an intermediate plate used for further dilutions. The
intermediate plate is diluted 1:20 (13 ul + 247ul media) to yield concentrations that
are ten times the final desired concenirations in duplicate.
To begin the assays, 20 pl 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 pl of media plus 20 pl 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, AP levels are measured from
the collected media by ELISA. N-terminal fragments resulting from APP

25 processing also can be measured.

Example 8
Chimeric Protein Comprising MBP and APP
and Asp2 Recognition Sequences of the Invention
30 A fusion protein comprising a maltose binding protein (SEQ ID
NO:194) with 125 amino acids from APP C-terminus was produced by synthesizing

an expression of MBPC125 construct and transforming the construct into an E. coli



15 Tabl e 7 Conponent 1Conponent 2Conponent 3Conponent 4 (reporter)(cl eavage
site)(nmenbrane target(cytosol tail) sequence) SEAP SequenceVEANY- EVEGEAsp2
transmenbraneflag tag (residue 1-506(SEQ I D NO 184)sequence | uciferase

(ful'l VEANY; EAPP resi due 598- 661DYKDDDDK | engt h) (SEQ I D EQID
NG 186) QKTYEPIIT | engt ) APP T esi due. 662- 695 PR b3t

(3-gal actosi dasegal act osyl transferase (full |ength)(residue 4- 27)?&'54\3@@
transmenbrane domai n (residue 470-492) sig ytransferase (residue '1'6 §

syntaxin 6 (residue 261-298) acetyl glucosam nyl transferase (residue 7-29)

Anot her type hoft. f Isé MBIP(I9EB| Be el SV airodide iR heyfal B&ectiont tibsirdiélfor r egi on
of APP. A PCR product corresponding to the Ctermnal 97 am no acids of APP

(resi due 598-d8UB)ing slegeagsriatleding hpReldayage obtubstatterobiRe igvengiont t he resi due
598 and an EcoR site .be i ded at the 3 -priner,. The PCR product is
20 digested with EcoRl EPDLSWégﬁllpun%‘@r?aéoﬁ%‘%ﬁ%gr%&‘ﬂ@%@t%FPr%ﬁ}ﬁ&egequences
codi ng the vagiousy t'dse ﬁéa??ib@@tﬁil]%e g_%%?’i\fo@tﬁ%%sﬁd'@%d Paftnt i, Pr esent

i nvention are Inse nto e (3-secretase cl-eavage regi on of the APP by
the site diregd42400Uergpnaat 8-sagprasaaibstrates bR aigliheention Ged aichided in e

constructs for producing nutant APP trausgenic mce.
fusion protein). These documents also describe assays, which are run by exposing
the fusion polypeptide to -secretase which cleaves the 125 amino acid portion of
APP at the amino-terminus of the fA. The MBP portion may then be captured, and
the carboxy-terminus of the APP fragment which is exposed by cleavage with -

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 peptidés of
the present invention at the (3-secretase cleavage site.

The approach for mutating the f3-secretase cleavage st
APP (VKM-DA, SEQ ID NO:180) to VSY-EV (SEQ ID NO:177), VSY-DA (SEQ

15 ID NO:178) or ISY-EV (SEQ ID NO:179) is described in a preceding example.

In a related procedure, the MBPC125 construct containing
MBPC125-VSYEV was further modified by introducing a stop codon after residues
VSY, which corresponds with position P,P,P,. This construct permits one to
produce a truncated version of MBPC125 fusion protein that ends at --—- VSY. 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 (SEQID NO:181)

#VSYEND3 5'-TGA GTC ATG TCG GAA TTC TGC CTA ATA ACT CAC
TTC AGA GAT CTC CTC-3’ (SEQ ID NO:182)
PCR procedures as described in a preceding example can be used to introduce the

30 mutation.

EXAMPLE 9



WO (12/06306 PCTI USO1/23035 2 FES 2005 -93 As descri bed above, transgenic
animal s conprising the synthetic beta secretase recognition sequences of
the present invention conprise useful aninmal nodels for disease states. For
exanpl e, tWedd0aibnals will be useful nodels for Al zhei merP(J/EH3RHPE. This
exanpl e descri bes a suitable construct for introducing 5 such sequences into
mce. Materials and methods for creating Jransgenic mce are now EB 74g50wn
and have been described in the literature, and are easily adapted to nake
transgenic mce of the invention. For exanple, U S. Patent No. 5,877,399

(i ncorporated herein by df%%‘ﬁ&fgpﬁiﬁﬂ?‘?g%“%ntm?aﬂﬂnﬁ ;g6 that express an

APP 10 Swedi sh nutati on. I't1ona sgenic mce ar estribed in U S

Patent 5, 387, 78EAN, tInsidircBreheii laat ebpRiRécopaition SHdasn &is fIthé Iiventidase
described in the aforenentioned patents may be used in conjunction with the
t eachi ngs of the presenthe praseahExanple glegiridies afosiee praseialis whagesscrdtedl |y, the
constructs for, produci th t.ransgenic mce in.th esent invention wll
conprise an pﬁgﬁo glgtaﬁeegsrﬁmtlﬁgﬁé 1o e dpeial of ;f;.\lg—ie:.ng ! hgyn gl‘fila’@odons
for itss nat urghh hod FRA'BLARE ALSE ggﬂa%b@ﬂe SEAHRNESLmbAbraddontn gpauence
encodi ng one of the peptides of the present invention. In specific exenplary
transgeni ¢ e Asp® (resitian § SARP bdthdravih a shome gl-eceimahFlaghtag e dudurTheni no

aci ds surroundi ng the 0-secretase cl eava%e sitein APP, i.e. ....KM.1-DA
.... (SEQ | DSkyenggef such;peptide/constynqt depygted inddBo 1t p NG 140). 20 In ot her

speci fic enbodi nents, igml : - i o ant
of human APP695) wil | c@%@f@?éﬁ@%ﬁélﬁ ﬂsé%é%}blhggtsl%@ %? *Sureeé%ﬁe‘g@%?l Y ﬁ%ti on

with a G tergianall 1ieloy expresddh kicen linA vittedmiopetbus GRS ABPE Activityd HA gt
human APP695 wth a C-termnal dilysine addition and with the SYEV beta
secret Hse r ecwdrileaverhesBgiparsetess torrhlsasenbienl iiga thoeelmedinmer Ehed. Ihe avai | abl e

[ i [ Pr P . i i ife T, sel d f
xper | nont at FORCF b Py RROHop st b i ShP R S P Rebfhoa. a1

sequence was blunt cloned into the Xho | site of PrP vector and orientation
sel ected by sequence analysis. The beta secretase substrate selected for
i ntroduct i on Gateontidheofbadesiodpraagnpri sed human APP695 with a C-terminal

diLysi e additi on and WhLR LD Y RSh 8RSl el i e L0, seguence of

15 reporter, the pPCMV/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 B-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 Bglll

and subsequently ligated into the above vector DNA. Various peptides of the

(V3]
<

present invention spanning the (-secretase cleavage site were generated by

site-directed mutagenesis.



WO 02/ 06306 PCT/U SO | /231135 -94 2 FEB [iito~ NO 183). This nodified APP
sequence was cloned into pDONR201 and the reconbination reaction inserted

t he APP-kk-syev sequence into the PrP vector downstream of the nouse prion
pr onot er o eam of nmouse PRP 3' flanking sequence. | ogous
r econbi nata{tg(nﬁ{?ec(hm gues known in the art and/or descri be?&ﬁdé\}g/zﬂ;‘}ﬂl‘)s
construct can be used to introduce the nodified APP sequence ertﬁ@ rzggg ne
enbryonic stemcells, and the cells can b® used to generate transgenic mce
harboring an APP containing the artificial beta secretase substrate

sequences of the present invention. 10 It will be clear that the invention
may be pract Tabke Dt herwi se than as particularly described in-the foregoing
descri pt| on ahd- nv:.\n:nl es. Nunerous - mpdi fications and-vari-ations of the

present inveht oﬁérﬁl pOSSI@é@ oriknk Rght ”Cdrﬁjﬂm@ﬁtoye t eachCBgporng 4
therefore, a gr@& ?“ the s @&Qv@e S%Z ‘Siﬁjé}ﬂb%et p €Nt togblstﬁi sune of
ns Ci by 1

all publicat ed herdi her I ncorpor ed b WO
02/ 06306 PCT/US01/23035 -99 5 10 WHAT IS IS 2 FEB 2005 1 An

o o o PACEARE, 1 SpABLURGE, %S@bﬁﬁé%mﬁ%‘“aﬂ@”‘ B e
acid, dr an (tepiug 11 Jﬂfilgé ot an aromatic 8|d Pl is
2cid or a ohh *mﬁ;ag%kﬂo‘);c. “V%W?Wﬁ@h PRl Jostty POYRSOT c°
am no acid, )ﬁe%a ol ar am r{ (SEQCFBI%?J %s not an aromatic a&'Ergg Cld B2' is
an unchargedjaliphatic poldar amno acid on an aronmatic amn d: and

CAT (full length) APP residue

662-695
[B-galactosidase galactosyltransferase
10 (full length) (residue 4-27)

Aspl transmembrane
domain (residue
470-492)

sialytransferase
(residue 10-33)

syntaxin 6
(residue 261-298)

acetyl glucosaminyl
transferase (residue
7-29)

15
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 EcoRlI 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 P-secretase cleavage region of the APP by the site directed

mutagenesis approach.

25 Example 10

Generation of constructs for producing mutant APP transgenic mice.



wherein said peptide is cleaved between P, and P,' by a human aspartyl 15
prot ease encoded by the nucleic acid sequence of SEQID NO1 or SEQID NO 3
and said peptide does not conprise the correspondi ng P2P1--P1 'P2' portion
of am no a® ¢/@eguences depicted in SEQ ID NO 19; SEQ ID NOraGni/suéd | D

NO 21; SEQ ID NO 26; SEQ ID NO 27; SEQ ID NO 28; SEQ ID NG | D

NO 32; SEQ ID NO 33; SEQ ID NO 34; SEQ ID 20 NGO 35; SEQID QID
NO: 37; SEQ ID NO:38; SEQ ID NO:39; or SEE3tD NO 40. 2. The isol ated peptide
of claim1, conprising an anm no acid sequence defined by forrmula P,Pl--Pl
"P2'P3', Wherein P3' is any am no acid, and wherein said 25 peptide does not
conpri se the correspondiséespibad aimyepirapspenisAMYp COMPIIGRAE Hef YRIDEHE Befdences

depicted in | D 9:. SEQO 1D NO20; SEO I.D NO 21: SEQ | D .NO 26; SEQ ID
NG 27: SEO | N T AR iSRRG VIR OB E PR S | b

NO: 34; SEQ | EhddelsIar digbhde! sthteNFebexanifRt | thedd@nihials SER b s ABdelsk? | D

NO: 39; or SEQ ID 30 NO 40. WO 02106306 PCTI US01123035 2 FEB 2005 -96 3. 5 10
4. 15 20 5. 28zig6er’ TBaseasal Hiiedxqapitiddscrivfes alsaitabld comanpt fos imgpdacingnm no
acid sequence defined by formula P3P2P1--P1 'P2'P3', wherein P3 is an
unchar ged polS8¢h SAPERFCHEIE MiCen unchar ged al i phatic anino acid, or an
aromatic amno acid, a wher el ' ai.d peptide does. not conmprj,se the
correspondi ng P3P2P1-P ?;En%.anﬁagr dl)%nt%{)fzregﬁnglgag%%eags’gﬁﬁgﬁec%oévngggi cted in
SEQ 1D N0 1§in0fhi Bavd\obcitesBked ) OB Qnd Br Qs aa PR bhidle 27; SEQ

34, SE
8‘%2%

transgenic mice of the invention. For example, U.S. Patent No. 5,877,399
(incorporated 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, 1t 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 §-secretase recognition sequence) 1o
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 f3-secretase cleavage site in
APP,ie....KM-{-DA...(SEQ ID NO:139), with ...SY-{-EV...(SEQ ID NO: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 1
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



SEQ I D NO 31; SEQ ID NG 32; SEQ ID NO 33; SEQ ID NG 34; SEQ ID NO 35; SEQ
D NO 36; SEQ ID NO 37; SEQ ID NO 38; SEQ ID NO 39; or SEQ ID NO 40. The
i sol ated peptide of claim3, conprising an am no acid sequence defined by
formul a E%B(B%E%(; P1' P2' P3', wherein said P4 is a charged 981‘[?@0%&)95’ a
polar am no acrd or an aliphatic amno acid but not an aronmati ¢ dmno acid
and sai d peptide does not conprise the correspondi ng P4P3P2P1 -F}:' PpnnP3’
portion of am no acid sequences depictedgyn SEQ I D NO 19; SE% E)% 4“«@-’20;
SEQ I D NO 21; SEQ ID NG 26; SEQ ID NO 27; SEQ ID NG 28; SEQ ID NO 31; SEQ
ID NO 32; SEQ ID NO 33; SEQID NGO 34; SEQID NO 35; SEQID NG 36; SEQ ID
NO 37; SEQ |Nm@@8;TﬁEﬁddﬂiéﬂgp;se%whcé&% tiondOit® pDUNR2GloArdttRel pept i de of
any one of clains 2 through 4, further conprising an amno acid at position
P4' i nmedi at eopmbanatiea reantion wyserted thenAPPhbssiyey eenushce @ thatfsPoketosai d P4' is
any amno aci,d said, apd wherein the peptide does not - co | se,the
cor r espondi ngOBaPEER 9&?‘6 W”ﬁ%pn%m‘ﬂﬁ?t% 6‘??6 YRS?%W&;( By %egm
depicted in ggﬁg@mlg; SEQ ID NO 20; SEQ ID NO 21; SEQ ID NGO 26; SEQ ID
NO 27; SEQ | 1 28; SEQID NO31; SEQID NO32; SEQID NO33; SEQID
NO: 34; 5SEQ | D NG 35; SEQiﬂde\ﬁblB?Gus rétdibibhtNG tddtini Gk KnbwhiGh 3 arintd/bb
NO-.39; or SEQ ID NO 40. The isolated peptide of claim1, wherein said P, is
an am no aci desseibed abeve, thispensHacigaals usehtq BiiodycethenpodifieAPB sequenye D, A
Qand EE WO 0%/ 1163116 .PCT/.U SOL /12303d5 -97- 2 FEB 2% 8. 5 1010. 11.
& s, and the cells

0 Thurine embr ]t15 {erats

15 12. 13. 2 yonic stem cel Can be used t0 genérate 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 all publications cited herein are hereby

15 incorporated by reference.



14. 25 15. 16. The isolated peptide of claim1, wherein said P, is an am no
acid selected fromthe group consisting of Y, L, M Ne, F, and H The

i sol ated peptide of claim1l, wherein said P," is an anm no acid sel ected
fromthe woopesmnsi sting of E, A Db M Q S and G The iporakad3pspti de of
claim1l1, wherein said P,'" is an am no acid sel ected fromthe gr oup

consisting of V, AJ N, T, L, F, and S. The isol ated peptide Eéa:}

wherein said P3' is an amno acid selectéd- fromthe group c ng tUB@ of E,
G F, H cysteic acid and S. The isol ated peptide of claim3, wherein said
P3 is an am e fromthe group consisting of AV, I, S H Y,
T and F. Thewggl%a‘%eﬁiég ERISt ¢l ai m 4, wherein said P, is an amno acid
selected fromthe group consisting of Ef G 1, D, T, cysteic acid and S.
The isol ated peptide of any one of clains 4-12, wherein said P4'" is an am no
acid sel ecteq, frOmntlwaﬁﬂ?éptlﬁ@ﬂ&hﬁﬁélﬂga@f:qlﬁncé%f &oleddt fdir ahinducid S, and

E. The isol ated peptide of any one of clains t hroughl 3 further conpri sing
a first label. ThefinesiodyatoethupePiH B, 'Bf' vdiea¢im 14 further conprising a second

| abel . An isol ated peptide according to.any gne of clains 1-13, further
conprising a detect abfe!y 26T 2ethaminoasih dnaky aminegid, \R/F\é?élleaé‘FéW&be of

the peptide 30 between P, an ng noiety fromthe
| abel to permt detection o?l R?]ut lfﬁ@a{ %%gla%}ig(gé&:gﬁl Usa /23035 -98 17.
18. 5 19. 10 20. P, 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;
P, 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:1 or SEQ ID
NO:3 and said peptide does not comprise the corresponding P,P,--P,'P,’
portion of amino acid sequences depicted in SEQ ID NO:19; SEQ ID
NO:20; SEQ ID NO:21; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28;
SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID
20 NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
| or SEQ ID NO:40.

[

The isolated peptide of claim 1, comprising an amino acid sequence defined

by formula P,P,~-P,'P,'P,', wherein P;' is any amino acid, and wherein said

25 peptide does not comprise the corresponding P,P,--P,'P,'P," portion of
amino acid sequences depicted in SEQ ID NO:19; SEQ ID NO:20; SEQ ID
NO:21; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28§; SEQ ID NO:31;
SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID
NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; or SEQ ID

30 NO:40.



15 20 25 30 2 FEB 20G5 The isol ated peptide of claim10 or 12, wherein said
cysteic acid further conprises a covalently attached |abel. The isol ated
pepti de of any one of clains 1-17, wherein the rate of cleavage of said
pepti de ay sai d human aspartyl protease is greater than the rate of_

cl eavage™§t V23l ypept i de conprising the human APP p- secr EFEdR R age
sequence: SEVKM DAEFR (SEQ I D NO 20). The isol ated peptide of [y '19;}:;9 of
claims 1-17, wherein the rate of cleavagg._ of said peptide by saié uman
aspartyl protease is greater than the rate of cleavage of a pol ypeptide
conprising the human APP Swedi sh KM NL nutation, (3-secretase cleavage

sequence SEYNL- DREERoifE hefaddGf clah: 1, EbfiprisRipaneaniRe REidd@qeinc dafimedl,

wherein said peptide conprises an am no acid sequence selected fromthe

group consi st i ngbyforsEQe PP,RG-B;P,SEQ wikreN®Gis aBBEQchddgdOpdlar 8&Qol DINO, 8; SEQ
ID NO9; SEQ ID NO 10; SEQ.. ID.NO 11; SEQ ID NO 12; SEQ ID NO.13; SEQ ID
NO 14; SEQ | D Nk ¥Bchazged aliphejis aginogieed,|qn an@rematicrynoracig apd -whsreyn| p

NG 137, SEQ 1 D N AR Bt el e e b oe BRF i Pl SEQ 10
NO: 145, SEQ I D pbitich%f andh&atil sbliichfes depiiéd iInSINPIDAR0: SEQEJIMO. 150, SEQ
I D NO 151; SEQ ID NO 152; SEQ I D'NO 153; SEQ I D NO. 154; 'SEQ I D NO 155; SEQ

| D NO. 156; SEQ NO:RGr $EQ;IDSKQ:2D SR 12580 : 26eSEQIINDIQ:29; SERAD BOsES;160; |
SEQ 1D Na 166, SEQ MDNQ{69ECIBN D RGP Vs sBA Moy 37 Bbiortel Ko 100,
S0 1D\ 151, SH1B AN SEIAOISEa B s st peet 0
/23035 -99-. 2 FEBr SEQOID dji:u6ed by formula PP, --P," P2, wherein:
10
4. The isolated peptide of claim 3, comprising an amino acid sequence defined
by formula P,P,P,P,--P,'P,'P,’, wherein said P, 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 P,P,P,P,--P,'P,'P,’
15 portion of amino acid sequences depicted in SEQ ID NO:19; SEQ ID
. NO:20; SEQ ID NO:21; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28;
SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID
NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
or SEQ ID NO: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
P,' wherein said P,’ is any amino acid said, and wherein the peptide does not
comprise the corresponding P,P,P,--P,'P,'P;' P,' portion of amino acid

25 sequences depicted in SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21;

SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:31; SEQ ID
NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36;
SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; or SEQ ID NO:40.

30 6. The isolated peptide of claim 1, wherein said P, is an amino acid selected

from the group consisting of N, L, K, S, G, T, D, A, Q and E.



P, conprises an am no acid selected fromthe group consisting of N, S, and
D, 5 P, conprises an amno acid selected fromthe group consisting of Y, L.
and Ne; P,' conprises an amino acid selected fromthe group consi sting of
E, A andweRh2/eempri ses an am no acid selected fromthe greagp/usonsiosti ng of
A and V; and 10 wherein a human Aspartyl protease encoded by the nucleic
acid sequence of SEQID NO 1 or SEQID NO 3 (Hu-Asp2) cleayes said peptide
between P, and P,' with the proviso that’if P,' P2' conprisé tbs Xefuence
DA, PIP, do not conprise the sequences NL or NNI'e. 15 22. 23. 20 24. 25 25.

26. Anisolaedp t|d in o ¢claim21, relnthe eptide mno
acid sequenée co ?éﬁ iat%(f @Iﬁ gﬁfaHB laé’fllfl’éem/iﬁ‘ sdf é?éﬂmﬁbg‘t‘ﬁ)&ﬂe%{ or di ng
to claim2l, wheregiht t t at a rate greater than
t he Hu- Asp2 cl eavegpna H(%?r ?&spon%ﬂﬁ %g\ggii‘l &\h %g\?ndélq e P,P1--P1'P," amno

acid sequence KMDA. An isol ated peptide according to claim 21, wherein the
Hu- Asp2 cl eaves the peptide at a rate greater than the Hu- Asp2 cl eaves a
cor respondi n§- pepWPG@OIﬁ@@Pmldﬁhéchm& MRTEn'saidr his acimingaqidaslestedVDA. A

peptide accordi ng aim?2l1 rth a beI A pepti de
accor d%ng to clai tfﬁoﬂ&efgﬁp‘t%g?m&?g FE z\grﬂ‘i #’géggs £ a quenchi ng 30 noi ety
t hat quenches the | abel, wherein the | abel and quenching noiety are WD
02/ 1) 6306 PCT/ U SO /23035 - 100
9. The isolated peptide of claim 1, wherein said P,' 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 P;' is an amino acid selected

from the group consisting of E, G, F, H, cysteic acid and S.

11. - The isolated peptide of claim 3, wherein said P, is an amino acid selected

from the group consisting of A, V, 1, S, H, Y, T and F.

15
12.  The isolated peptide of claim 4, wherein said P, 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 P," is an amino
- 20 acid selected from the group consisting of F, W, G, A, H, P, G, N, S, and
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 P, and P,' separate the quenching moiety from the label to permit

detection of the 1abel.



27. 5 28. 10 29. 1530. 31. 20 32. 25 33. 2 FES 22UJ5 attached on opposite
sides of the P1l--P3 peptide bind, whereby cleavage of the P,--P, peptide
bond separates the |abel and quenching noiety. A pol ypeptide conprising a
peptide s c ccording to claim2l, and further conprigsi .
transmenb an‘gzr)%o(ﬁ(gi n to localize the pol ypeptide to a cell tfl%;ﬂ%r@ Pane when
the polypeptide is expressed in a eukaryotic cell. A pol ypept?dﬁ;g%ﬁ)ﬂfi si ng
a peptide according to any one of claimgR_through 20 and further
conprising a transnmenbrane domai n am no aci d sequence. A pol ypepti de
according to claim 28, wherein the peptide is Ntermnal to the

t ransnmenbr ang7 don@heisolhed pptidpeficlaiia 10f oic] Biwhe8indhidGsteyhi@fiurtiene pepti de
and the transnmenbrane domain are separated by a |linker. The pol ypeptide of
cl ai m 30, wher ei ncgapPUsesiarjosplentdy attaehed ilahel| i nker conpri si ng bet ween about
20 to about 40 am no acids. The pol ypeptide according to any one of clains
28-31, wherein said transnmenbrane domain anchors said pol ypeptide to an

intracellul a ne ; - o S i or
he “endopl ani o ok FOTEEPATHESThP L 0P BLALR 150 IheR 1R, Ble It aad
wher ei 6 sai d transfreaidpeptele hyosmid bumsn asjaeiyl prbtéasels gifeateg tiauphensosti ng of

the transnmenbrane donmai n of gal actosyl transferase, the transnenbrane domain
of sialyly transf eeagge of apelneaidserrprsiag HisymanA PR fheasraiass slaaypge

transferase 1; th?eqﬁgnéeﬁ%mﬁﬁlld@ﬁj Eb%o!&&*.a” aspartyl transferase 2;

t he transmenbrane

19.  The isolated peptide of any one of claims 1-17, wherein the rate of cleavage
10 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, P-secretase cleavage sequence SEVNL-DAEFR (SEQ ID NO: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 NO:5; SEQ ID
NO:6; SEQ ID NO:7; SEQ ID NO:8&; SEQ ID NO:9; SEQ ID NO:10; SEQ
ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID
NO:15; SEQ ID NO:16; SEQ ID NO:17, SEQ ID NO:18; SEQ ID NO:120;
SEQ ID NO:133; SEQ ID NO:134; SEQ ID NO:135; SEQ ID NO:136;

20 SEQ ID NO:137; SEQ ID NO:138; SEQ ID NO:141; SEQ ID NO:143;
SEQ ID NO:144; SEQ ID NO:145; SEQ ID NO:147; SEQ ID NO:148;
SEQ ID NO:149; SEQ ID NO:150; SEQ ID NO:151; SEQ ID NO:152;
SEQ ID NO:153; SEQ ID NO:154; SEQ ID NO:155; SEQ ID NO:156;
SEQ ID NO:157; SEQ ID NO:158; SEQ ID NO:159; SEQ ID NO:160;

25 SEQ ID NO:161; SEQ ID NO:162; SEQ ID NO:163; SEQ ID NO:164;
SEQ ID NO:165; SEQ ID NO:166; SEQ ID NO:167; SEQ ID NO:168;
SEQ ID NO:169; SEQ ID NO:190; SEQ ID NO:191; SEQ ID NO:192 and
SEQ ID NO:193.

30

21.  Anisolated peptide comprising a sequence of at least four amino acids



WO 02/ 06306 PCTIUSO | 23035 -101 534. 35. 10 36. 1537. 38. 2039. 40. 25 41.
42. 2 FE33, 28 LU, It' 5~~ Jr domain of syntaxin 6; the transnmenbrane donmain
of ubiquitin; the transnmenbrane domain of insulin B chain and the

t ransnmenbmane/doemi n of APP. The pol ypeptide accordi ng topamyusonsesd cl ai s
28-32, further conprising a reporter protein amno acid sequence. The
polypeptlde of claim34, wherein said reporter protein is sele tgg fron1 t he
group consisting of luciferase; alkaline $hosphatase; (3-gal acto dadi8 adlh f3-
gl ucori ni dase; green fluorescent protein; chloranphenical acetyl

transferase; A po wucl.eo S nucl eoti de sequence that encodes
a pol ypeptide ac8 dnt@’ 6m3}ﬁ/192?r;ei> i) WgFrr%“ '20-35. A pol ynucl eoti de

conprising a nucl ?E%ﬂ@n&%%ﬂ%ﬁo%@ﬁtse‘f’&&‘a %nucﬁhkqgnm&ﬁﬁ% s ainﬁ any

one of clainms 1-2 ector conprising a e accor o0 claim
36. A vector Dgonprising a polynucl eotide according to claim37. A vector

according to claim38 wherein said polynucleotide is operably linked to a
promoter to pronoifecemprisesgnamiog ackesclagtiddrom it grionp spndtiag HyY, k.ead
pol ynugl eotide i né\g host cell. A host cell transformed or transfected with a
pol ynucl eoti de accofding to claim 36.
P,' comprises an amino acid selected from the group consisting of E, A, and
D;
P,' comprises an amino acid selected from the group consisting of A and V;
and
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 peptlde between P, and
Pl"

with the proviso that if P,'P,"' comprise the sequence DA, P,P, do not
comprise the sequences NL or NNle.
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 P,P,--P,'P,' amino acid sequence KMDA.
24.  Anisolated 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 P,P,--P,'P," 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



A host cell transformed or transfected with a vector according to any one of
30 clainms 38-40. WD 112/06306 PCT/US01/23035 - 102 5 2 FLB~us5 43. A nethod
for assaying for nodul ators of (3-secretase activity, conprising the steps

of 1 (a) coplapilsag a first conposition with a second conpospiRRyHLLEs i n the
presence and i n the absence of a putative nodul ator conpound, V\}ner el n the

first conposition conprises a manmal i an (3-secretase pol ypepti % by e
bi ol ogically active fragment thereof, andi®herein the second I%Ié‘siﬁi%on
conprises a substrate, wherein said substrate conprises a peptide according
to any of clainms 1 through 26 or a polypeptide according to any of clains
27-35; 10 (b) neasattachgd oh @apege sidestdi¢hesBisdt; paptadeptzipd wherehy thavageedence
and in the absenc he putative nodul at or. conpound; .and (c) identifying
nmodul at ors of (3-s§’€(r)get”§58q§é& nghseparags g’ed?}P‘fléP‘éHé‘%“qhH‘g PPEage in the
presence versus in the absence of the putative nodul ator conpound, wherein
a nodul ator that is a (3-secretase 15 antagoni st reduces such cl eavage and a
modul ator thap7is a figmpriae as@prigia@ni geptidd sdqRaseactodingCloaimadr:, ad. The
met hod of claim43, wherein said first conposition conprises a purified
human ASp2 pol ypepfurther coppusing Rrsansmenbaangfdomai m Wwgahizgttbe polypemidg té iar st

conposition conpris a soluble fragnent of. a.human 2 | ypepti de that

retains Asp2 (3-se8$§¥l%{sr83 EEainei“ftﬁ?Patﬂ%P&ffﬂ?tWﬁf%wrﬁﬁ‘Séi&a? E’F%?Ot%h@ ein said
soluble fragnent is a fragnent |acking 25 an Asp2 transnenbrane donai n. 47.
A nmet hod according to claim43, wherein the (3-secretase pol ypeptide of the

first conposition conprises a polypeptide purified and isolated froma cell

t ransf or ned op transfected with a pol ynucl eoti de conprising. a nucl eotide 30
sequence t hat 28ncodeROlyRfptids comprising peptifl Arepiding 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 buman aspartyl transferase 1; the

30 transmembrane domain of human aspartyl transferase 2; the transmembrane



wa 02/06396 -103 2 FEB 1005 48 A nethod according to claim43, wherein the
pol ypeptide of the first 5 49. 10 50. 51. 15 52. 20 53. 2554. 55.
conposition is expressed in a cell transforned or transfected with a

pol ynucl est® deo@onpri sing a nucl eoti de sequence that encod@®sSTiuse1/23035

pol ypepti de, and wherein the neasuring step conprises neasuring APP
processing activity of the cell. Use of an_inhibitor of hu- Asp22 ffdis3 L9115
preparation of a nmedi canent for the tredfhent of Al zheimer's di sease,
wherein the inhibitor of hu-Asp2 is identified by the nethod of any one of

clai ns 43-48. Afdsecre gs A gg attor |de tified acc r.di n. tglthe net hod of
any of claims 43- PRI FLSYIFaRD by i Ugnsipe %F&PH’@IQS gy ®for the

preparation of a W%bﬁx@ﬁ%?ﬁnefd&nalﬁ BEirkhIRAE TR Ak Y %B%nﬁ%ﬁlg%né’h&ﬁﬁﬁ%f
wherein the nodul ator Is a (3-secretase inhibitor. of producing a
substrate for a f ARRcretase assay conprising: growing a host cell
transforned or transfected with a vector of claim 40 in a manner all ow ng

expression of said pol ypeptide. The nethod of claim52, further conprising

purifying saig pol e tid .tg (g I host_cel |
is sel eggt ed f§ri40m t °|J¥P %“dér s]tan alﬁ OIge gflcr%%slzag\r,\@‘ﬁéf&% "%Imprgl%act eri al
host cell and a Y%ﬁérté}%btelﬁﬁiﬁm acid sequence.

35.  The polypeptide of claim 34, wherein said reporter protein is selected from
the group consisting of luciferase; alkaline phosphatase; -galactosidase; f3-

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.

o
(93}

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.



A pharmaceuti cal

conposition conprising a nodulator of claimb50 and a 30

phar maceutical ly acceptable carrier. WD 02/06306 56. Use of a conposition
according to claim55 for the preparation of a nedicanment for the treatnent
of a di seagd oohs39endi tion characterized by abnormal f3-secrgtppgni@3hisvity.
-104 557. 58. 10 15 20 25 30 2 FES 2cc5 A use of a nodul ator identified
according to the method claim43 in the manufacture of a medi cdnméhb 1386 the
treatment of Al zheimer's Disease. A nethd@2for identifying agents that
inhibit the activity of human Asp2 aspartyl protease (Hu-Asp2), conprising
(a) contacting a peptide of any of clainms 1 through 26 or a

the steps of:

pol ypepti de df-an

Y sretadaforgssaymg Sonmedulatesied Srsectiase @oiyif, sPmgriang the- Asp2

activity in the prgsen e and absence of a test agent: (b) determ ning the

cl eavage of said

e or pol ypeptide between said P, and P,' by said

Hu- Asp2 in the pr??ﬁncecoﬁfb@tmg"@?ﬁﬂ%n%sﬁﬂaﬁ wﬁhse&ﬁﬁtwu@e@hi&ﬁbomﬁnﬂéi ng

sai d cleavage activity of the Hu-Asp2'in the presence o

the test agent to

the activity in the abs;namco{md inethe bbsmca g atputaoive deoduldtgr cmppyed) t hat
inhibits said cl eavage % the Hu-Asp2, wherein reduced activity in the

presence of the test

gin; the fEst FP@QO%IHO’AQQWP“F%% mjapRaliap @-aqet%ssz

econbi hant - H KEL2"8ﬁ‘ffp"%ﬂ“%ﬁrdf@@&i“?ﬁﬁom e e

transfected with a polysesd @shpodRicaVIRIprEeHNE sﬁbsﬂﬂﬁé adidreia sﬁﬂ%ﬁﬂﬁa@ethat
encodes Hu-Asp2. 60. A nethod according to claim 58,

10

15

20

25

30

44.

45.

46.

47.

comprises a peptide according to any of claims 1 through 26 or a
polypeptide according to any of claims 27-35;

() measuring cleavage of the substrate peptide in the presence and in the
absence of the putative modulator compound; and '

©) identifying modulators of f3-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 -secretase
antagonist reduces such cleavage and a modulator that is a f3-secretase

agonist increases such cleavage.

The method of claim 43, wherein said first composition comprises a purified

human Asp2 polypeptide.

The method of claim 43, wherein said first composition comprises a soluble

fragment of a human Asp2 polypeptide that retains Asp2 f-secretase activity.

The method of claim 45, wherein said soluble fragment is a fragment lacking

an Asp2 transmembrane domain.

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

sequence that encodes the [-secretase polypeptide.



wherein the Hu-Asp2 is expressed in a cell, wherein the contacting
conprises growing the cell in the presence and absence of the test agent,
and 2 FE®@08b3u6105 61. 5 62. 10 63. 15 20 25 64. wherein the g:E;L,er.\;ﬁ,_ni ng
step conprises neasuring cleavage of said peptide or fusion p2r teed widhA

met hod according to claim®60, wherein the cell further conprises a

pol ynucl eoti de encodi ng the pol ypepti de; 1@hd wherein the contacting step
conprises growi ng the cell under conditions in which the cell expresses the
pol ypeptide. A nethod according to claim60 or 61, wherein the cell is a
human  enbr y¥éni ¢ AkineRikgd eesiording iecR@B8 43¢ Wherein ke poldpesidooflitgfitsb any one of
clainms 59-62 wherein the nucl eoti uence i s selected fro.rpat he group

ge se
consisting of: (&PRPHORSSEFIESEE O ESENITMY THEDSSCEE P9t ami no aci d

sequence set forth;i et A o encodi ng t he
Hu- Asp2(b) am no @é*rgacﬁggghe@%@gngefg af@%lﬁotﬁécégﬁtgnﬁc%%%ﬂ%%@%%e a nucl eoti de
sequence encodi NgyayepaeaERid Wherklir e RRNring SER cbRpNeks AdaseFinkuFAsp2( b)
(SEQ ID NO 4), wherein said fragnment exhibits aspartyl protease activity

characteristic afrokkssingpR(inly of theiceAsp2(b); and (d) a nucl eoti de sequence
of a polynucl eotide that hybridizes wunder stringent hybridization
conditions to a Hu- Asp2-

49.  Use of an inhibitor of hu-Asp2 for the preparation of a medicament for the
treatment of Alzheimer’s disease, wherein the inhibitor of hu-Asp2 is identified

by the method of any one of claims 43-48.

10
50. A B-secretase modulator identified according to the method of any of claims 43-
48.
51.  Use of a modulator according to claim 50 for the preparation of a medicament for
15 the treatment of Alzheimer’s disease, wherein the modulator is a [B-secretase
inhibitor.
52. A method of producing a substrate for a f-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 clamm 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.



encodi ng pol ynucl eoti de selected fromthe group consisting of SEQ ID NO |
and SEQ ID NO 3. A nethod for identifying agents that nodul ate the activity

of Asp2wasparstyd protease, conprising the steps of: (a) contaggﬁgpﬁg% Asp2
aspartyl protease and a peptide of any of clainms 1 30 through r <

pol ypeptide of any of clainms 27 through 35 in the 2 FES 2005 -106 5 10 15
presence and absence of a test agent, wh&ein the Asp2 aspartyl protease is
encoded by a nucleic acid nolecul e that hybridizes under stringent _
hybri di zati on conditions to a Hu- Asp2-encodi ng pol ynucl eotide selected from

the group censi sisend adfonipoRtiol at€drding 18 RAIRER bPHIGrephiratidd) ofdehed;Bing t he
cl eavage of sg:ég ertl de or fusion protein between said P, and said P,
d

site by saifeft Nt ¢fe peasepiceondion gharestenzedby abhermad Btseergiest activid ( c)
conparing the cleavage activity of said Asp2 in the presence of the test
agent to the cleavage activity in the absence of the agent to identify
agents that nodulate the activity of the polypeptide, wherein a nodul ator
that is an Asp2 inhibitor reduces said cleavage and a nodulator that is an
Asp25agoni St/ i noh ¥4 €f aredpletpe Meaghed ggrording o theamethah ickiimdd Bftheu- Asp2 f or

t he preparation 0of di canent.. f or e .. treatnment Al zheiner's di sease,
wherein the i nhi%??%?gtﬁfe t %K?SEaP’sﬁnf g’éﬁlﬁ‘? h‘fi{a‘eﬁgo{ ﬁLzhe%qr%lgEquecl ai ms 58
or 64. 66. A nethod for identifying agents that inhibit the activity of
human Asp2 aspartyl protease (Hu-Asp2), conprising the steps of: 20 (a)
growi ng a .1 iA métbopfasdandfympagehsahatanbibitahe estiviggaitiumanwhegn2ei n t he
cell expresses an Hu- 2 an?Hexpresses a, ,pr‘g%ei n conprising a peptide of

any of clains 1 1RAGUGAOEESHHULSP)9mPrISRgE 18 SRy O6f ¢l ai ns 27 through 35:
10 (a) contacting a peptide of any of claims 1 through 26 or a .

polypeptide of any of claims 27-35 and a composition
comprisimg 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 P, and P,’ by said Hu-Asp2 in the presence and
absence of the test agent; and
(©) 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 1s a recombinant
Hu-Asp2 purified and isolated from a cell transformied 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



(b) determi ning the determ ning the cleavage of said protein at the 25 site
. between said P, and P," in said cell in the presence and absence of the
test agent; and (c) conparing 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 mhérEEB 208Guced
cl eavage activity in the presence of the test 2 FES 2505 -107- agent
‘identifies an agent that inhibits Hu-Aspg®5activity. 67. A method according
to claim66, wherein the host cell has been transforned or transfected with
a pol ynucl eoti de conprising a nucl eotide sequence that 5 encodes a Hu-Asp2,
wherein sai d nucl eot | JéICEHR 1ehERCTBINRY Wen etMPriSARGISUTiRg elodyaeoaksadi ng of :
e Hu- Asp2(a) ami no acid sequence set

(a) a nucl eotide sequence eenCﬁ%i nggtr
forth in SEQ ID NO 2PPHIC Y HHIRIPISR: sequence encoding the Hu- Asp2(b)
amno acid 10 sequence set forth in SEQID NGO 4; _ (c) a nucleotide

sequence encodi ng a fragnent of Hu-Asp2(a) (SEQ ID NGO 2) or Hu-Asp' (b)
(SEQ. 1D NO ¢1), whetediod acsaiding toagdarné0,exhdrbinttbe asgpurther cpmptiesse activity
characteristic of.Hu-Asp2(a) or Hu-Asp2(b); and (d) _a nucl eotide sequence
of a pol ynucl eot iROY/IURIEETIGR RGO In2cthe ng’ﬂéﬁ’tldﬁ pRchydgkcimihsrqoatacng gap ‘

conditions to a Hu-Asp2- encodi.n Ql.vnucleotide selected fromth roup
consi sting of- Slfﬁmlpﬂ8 .mp’u&%g}e%ﬁ%uln erl\ﬁn%igl_on%n gg‘.lc%gc ]{le@{e?s%ﬁ itor of
hu- Asp2 for the ﬁ{oﬁﬁﬁﬁﬁdé.on of a nmedicanment for the treatnent of

Al zhei mer' s di seas€, wherein the inhibitor of hu-Asp2 is identified by the
nmet hod of clains 66 or 67. 69. The use of an agent identified as an

manuf actur 6 G a NEHRARBFRTOr SO UG ABrrrin U SALIAPED) sease. 70. A
kit fgr perform nguavdnc RRVECTLAT Eind 968 egONPri sing a | 3-secretase substrate
conprising a peptide according to any of clains 1 through 27 and a (3
63. A method according to any one of claims 59-62 wherein the nucleotide
sequence 1s 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 mucleotide 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 characte;istic
of Hu-Asp2(a) or Hu-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

25 SEQ ID NO: 1 and SEQ ID NO: 3.

64. A method for identifying agents that modulate the activity of Asp2 aspartyl
protease, comprising the steps of:
(2)  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



30 secretase enzyne. WD 02106306 PCT/U SOL /23035 - 108 2 FES 2gg5 71. The
kit of claim 70, wherein said (3-secretase substrate is a pol ypeptide
according to any of clainms 28-35. 72. The kit of claim70 or 71, fﬁg f}géﬁ
conprising reagents for detecting the 5 cleavage of said pepti d% 2 44 on
protein. 73. An isolated peptide conprising a sequence of at |east 10 am no
aci ds having the sequence SElI SY- EVEFR ( %%Q ID NO 152). 10 74. The isol ated
pepti de of claim 73, wherein said pepti dle conprises at least 3 am no acids
i medi ately to the carboxy-term nal of SEISY-EVEFR (SEQ |ID NO 152). 75. The

i sol ated peptide of C'pﬁEéEnZ@ ISRl Qﬁgc‘ggglg%@za?@ég?ast 3 15

am no acids i medi atel'y to the am no-term na ID NO

152). 76. The isol at eqhrprite enobdeal 1 mﬂ@eicvda&miomﬁ&itﬁangmm%s gedepr i ses
at least 5 amno imrediately to the carboxy-term nal of SEISY-EVEFR (SEQ ID

20 NO 152). 77. The istohgemedypudizamm emduicnsie a3 u-iispRennoding d pepti de
conprises at least 5 am no_ i mmedi ate to.the am no-term | SY- EVEFR
(SEQ ID NO 152). 25 PP@H“FF@%HE&]S?‘S%%B@‘M%%OBP Ceﬁl%*i%gﬁ,r@)@mg{)@f(ﬁ ai d

pept i conprises at | }851 o inmmediately to the am no-term nal of

SEI SY?L’eEVEFR (SEQ I D N@aﬁ%{%% 78? The isol ated peptide of claim73,
wherein said pepibde cderaridis@g thé clegast of aidPepild® 63 afion Pitidi batkiets -

PCT/ US111/ 23035 - 109- 2 FES 2,),05 80. The isolated peptide of claim 73,
wherein said peptide c@ifpPi audsad P} edteby1ssid Asphin deirgesenee and absence of
the test agent; and
© 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

moduiator that 1s an Asp2 agonist increases said cleavage.

65.  Use of an inhibitor of hu-Asp2 for the preparation of a medicament for the
15 : :
treatment of Alzheimer’s disease, wherein the inhibitor of hu-Asp?2 is identified by the

method of claims 58 or 64.

66. 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 P, 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 c]ea\}age activity in the presence of the test



81. The isolated peptide of claim73, wherein said peptide conprises at

| east 20 anino acids.
pepti de conprises at

10

o
Uiy

25

30

67.

68.

82. The isol ated peptide of claim73, wherein said
| east 50 10 am no aci ds.

2 FEB 7005
-107 -

agent identifies an agent that inhibits Hu-Asp2 activity.

A method according to claim 66, wherein the host cell has been transformed

or transfected with a polynucleotide comprising a nucleotide sequence that

encodes a Hu-Asp2, wherein said nucleotide sequence is selected from the

group consisting of:

(a)

(b)

(©)

(d)

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
said fragment exhibits aspartyl protease activity characieristic
of Hu-Asp2(a) or Hu-Asp2(b); and

a nuclectide 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.

Use of an inhibitor of hu-Asp2 for the preparation of a medicament for the

treatment of Alzheimer’s disease, wherein the inhibitor of hu-Asp2 is identified by the
method of claims 66 or 67.

69.

70.

The use of an agent identified as an inhibitor of Hu-Asp2 according to any

one of claims 66-67 in the manufacture of a medicament for the treatment of

Alzheimer’s Disease.

A kit for performing a f-secretase assay comprising a 3-secretase substrate

comprising a peptide according to any of claims 1 through 27 and a p-

secretase enzynie.
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71.  The kit of claim 70, wherein said B-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

cleavage of said peptide or fusion protein.

73.  An isolated peptide compriéing a sequence of at least 10 amino acids having
the sequence SEISY-EVEFR (SEQ ID NO:152).

74.  The isolated peptide of claim 73, wherein said peptide comprises at least 3

- amino acids immediately to the carboxy-terminal of SEISY-EVEFR (SEQ

ID NO:152).

75.  The 1solated peptide of claim 73, wherein said peptide comprises at least 3
amino acids immediately to the amino-terminal of SEISY-EVEFR (SEQ ID
NO:152).

76.  The isolated peptide of claim 73, wherein said peptide comprises at least 5

amino immediately to the carboxy-terminal of SEISY-EVEFR (SEQ ID
NO:152).

77. The isolated peptide of claim 73, wherein said peptide comprises at least 5
amino immediately to the amino-terminal of SEISY-EVEFR (SEQ ID
NO:152).

78.  The isolated peptide of claim 73, wherein said peptide comprises at least 10

amino immediately to the amino-terminal of SEISY-EVEFR (SEQ ID
NO:152).

79.  The isolated peptide of claim 73, wherein said peptide comprises at least 13
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amino acids.

80. The isolated peptide of claim 73, wherein said peptide comprises at least 15

amino acids.
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 50

amino acids.



