2 8 JUN 2005 |INHI BITORS OF MEMAPSLN 2 AND USE THEREOF RELATED APPLI CATI ONS
This application clainms the benefit of U S. Provisional Application] NN 2005
60/ 275, 756, filed on March 14, 2001 and 60/ 258, 705 fil ed on Decenber 28,
2000, 5 the entire teachings of both of which are incorporated by reference
in their entirety. BACKGROUND OF THE I NVENTION This invention is in the
area of the design and synthesis of specific inhibitors of the aspartic
prot ease Menmapsin 2 (beta-secretase, "or 3-secretase) which are useful in
the treatnent and/or prevention of Al zheiner's Disease. 10 Al zheinmer's

di sease (AD) is a degenerative disorder of the brain first described by
Alios Al zheinmer in 1907 after exam ning one of his patients who suffered
drastic reduction in cognitive abilities and had generalized denmentia (The
early story of Al zhei @%@IT@%%QEMW%@J%W(E%EETH&REQ%VEH Press, New
York 1987)). It is the |leading cause of denentia in elderly persons. AD
patients have 15 increased problens with nmenory | oss and intell ectual

functions wWprEhAPEDILRSEICOTION® poi nt where they cannot function as nor mal
individuals. Wth the loss of intellectual skills the patients exhibit

personal ity changBss apmisiatibh ylaimahebepefitaf &.S atroivsresalafipplshon dokr eni a (A

cdi tod by G ENE TSAETMRREr LS 200 PR e B o pamhyy s APTs
devast ati g ¢ 0EndiRkdhcMingt bFBoRRE WHGH dre {RBHIJr88d b PfebhS 8 thSr Bire€f f €Cti Ve
pal liative or preventivé€ treatnment for the inevitable neurodegeneration. AD

is associated with neuritic plaques neasuring up to 200 min dianeter in the

cortex, hippocanpus, subiculu hi ppocanpal gyrus, and anygdal a. One of the
princi pal co&n@@&ﬁ?e@@s\%@:ﬂéﬂﬁ?ﬁ?\’ "9Bues is amyl oid, which is stained by

Co 25 Red (Fi e | i: ' (9): .119. (. 4)) .
Arrglggi’d pl agueg L@?L"é@*@@%&%?ﬁe é%Méﬁéaggiﬁ %ncdgﬁ%}flg}eé% %}ﬁﬁfcéglg}baé?ﬁcél) ored

in bright figlighapadic fblegderNB@BPSIn ingdw]s@dr&téﬁaﬁjof BGBiretadd)evintinaidaserul
conposed of pol ypeptide fibrils and B JUN 2005 -2 are often present

around bl oodnviessaitmentrand{nsipney ehiiondf Slzppimerisdiveast.ous neurons in the

bral . Vegious Tagher, S 25 9GSl Bredlsposl U ol L gctLous agents,
rechani o, kot neaghie e a0 (1ot
anal ysi s hasufierdidisstic evdwdtenc én Eagnitive abilities and had generalized dementia (The
early story of Alzheimer's Disease, edited by Bick et al. (Raven Press, New York
1987)). It1s the leading cause of dementia in elderly persons. AD patients have
15 increased problems with memory loss and intellectual functions which progress to
the point where they cannot function as normal individuals. With the loss of
intellectual skills the patients exhibit personality changes, socially inappropriate
actions and schizophrenia (4 Guide to the Understanding of Alzheimer's Disease
and Related Disorders, edited by Jorm (New York University Press, New York
20 1987)). AD is devastating for both victims and their families, for there is no
effective palliative or preventive treatment for the inevitable neurodegeneration.
AD is associated with neuritic plaques measuring up to 200 um in diameter
in the cortex, hippocampus, subiculum, hippocampal gyrus, and arﬁygdala. One of
the principal constituents of neuritic plaques is amyloid, which is stained by Congo
25 Red (Fisher (1983); Kelly Microbiol. Sci. 1(9):214-219 (1984)). Amyloid plaques
stained by Congo Red are extracellular, pink or rust-colored in bright field, and

birefringent in polarized light. The plaques are composed of polypeptide fibrils and



mutations in the anyloid precursor protein (APP) gene in certain AD stricken
famlies (CGoate et al. Nature 349:704-706 (1991); Murrell et al. S(‘i'gamﬂa 005
254:97-99 (1991); Chartier-Harlin et al. Nature 353:844-846 (1991)5 ?an
et al., Nature 10 Genet. 1:345-347 (1992)). Additional genes for dom nant
forms of early onset AD reside on chronosone 14 and chronosone 1 (Rogaev et
al., Nature 376:775-778 (1995); Levy-lLahad et al., Science 269:973-977
(1995); Sherrington et al., Nature 3"/25: 754-760 (1995)). Another | oci
associated with AD resides on chronosone 19 and encodes a variant form of
apol i poprotein E (Corder, Science 261;:921-923 15 (1993)). Anyloid plaques
are abundant P§¢ Picagserent #ouny blaod aatsslsaisduging PISRA 'S4ppIg YAHYE DEHII tYual s
surviving to tlbe age of 40. The overexpression of APP in Down's Syndrone is
recogni zed a%hea r?)lgssi bl e cause of the devel opment of AD in Down's patients

over thirty years\QfragfcORIERhas &kndlc. recﬁ%ﬂ@sﬁi@ﬁ! et tidulVBsbnts2 380 1446- 1452
(1989); Mann et al., Neurobiol. Aging 10:397-399 (1989)). The plaques are

al so pr esent metal¢, hed headtedunaghavg bl tien suggdesthd agposatblameohmristmumbaD.  These
pl aques are nmade ug pri rrgbi I%_gf the anyloid O ep@i de (AgB; soneti.mes al so
referred o PRTPHENY.| f¥RIEDlE &/ IdTop SiPISAAGHT (BUPRT RS OISt pape Ple)

(G enner andoé@fé’fﬁgtpreo?gggiﬁgﬂl fdpl ADN¥ st B%ﬁecuﬁpm%ﬁ@%&ﬁévi%?@e&igg 4)tby Whi ch

is also the prinary protein constituent In ce scul ar anyl oi d
deposi ts. Thewanipheirdthe amdloifl ipkanesot proscin@ARP) gdnetihadrtdis Adb-st@oled in

bet a- pl eated sheets. AP is a hydrophobic peptide conprising up to 43 am no
aci ds. The d&rihips (fQaton abfNgmse %ﬁﬁpﬁ%%&ﬁ 698&;1%41??@ qted Scéerendd> ¢PdMohg of

the APP ¢ Ka et . t 325:4337 37 ) 1ol dgaber et al .,
Sci ence 23%‘?%”?2%’%%%@5%%‘1}1 &gﬁ‘éﬁggzgtﬁé%é,ﬁ(ﬁig@q{%‘} T[.ag'A&ng‘.'eSci .

84: 4190- 411>94G_(e;l}&8?9345-§a1ﬂ%i99@P). al dditi bl Berees ISHdRiBaIBrhd 98&)H) o3gk ABNom ¢
APP DNA (Lenaire et al., Nucl. Acids 2 0 JUN 2005 -3 Res. 17:517-522

(1989) ; Yoshrdeaie oatcharmosoGeniet 81, cl2aRoREB | (R@RFY ef A, Natper3 767 75t Bid8ns of APP

cDNA have be i.dentified, includin t st., abundant forns, - APP695,
APP75 1, andﬂz)lgég%.v Y-tabeckeraly ﬁﬁleﬁ?&@%ﬁbﬂﬁgﬁgF%e"f)lflé‘@&reéﬂ)& W’%y

al ternate spbychagssd M@ogHNe wRANIodTRERclaRANyilY ADKRsWES Bn 4@ 08%9BS e (1¥OShi kali
et al. 5 (1990)). APP contains an extracellular domain, a transmenbrane

regi on and aandcgitcoptsasvarant fomei of. apARpapootsinst Caflen)Scienc2B 1a3A1A®2Aci ds j ust
out si de the ,hg\édr ophobi ¢ transnmenbrane domain and up to 15 residues of this
t r ansnendrane Pdbmai n. AG is normal ly found in brain and other tissues such

as heart, ki dney aqd oS a0: 2NN Ehuy ARsIRARSIES Bafs HAUADHN Lound i

abundance only in’
Syndrome individuals surviving to the age of 40. The overexpression of APP in

Down's Syndrome 1s recognized as a possible cause of the development of AD in
Down's patients over thirty years of age (Rumble et al., New England J. Med.

20 320:1446-1452 (1989); Mann et al., Neurobiol. Aging 10:397-399 (1989)). The
plaques are also present in the normal aging brain, although at a-lower number.
These plaques are made up primarily of the amyloid (3 peptide (AB; sometimes also
referred to in the literature as $-amyloid peptide or B peptide) (Glenner and Wong,

Biochem. Biophys. Res. Comm. 120:885-890 (1984)), which is also the primary

25 protein constituent in cerebrovascular amyloid deposits. The amyloidis a
filamentous material that is arranged in beta-pleated sheets. A is a hydrophobic
peptide comprising up to 43 amino acids.

The determination of its amino acid sequence led to the cloning of the APP
cDNA (Kang et al., Nature 325:733-735 (1987); Goldgaber et al., Science 235:877-

30 880 (1987); Robakis et al., Proc. Natl. Acad. Sci. 8‘4:4190-4194 (1987); Tanzi et al.,

Nature 331:528-530 (1988)) and genomic APP DNA (Lemaire et al., Nucl. Acids



10 Van Broeckhaven et at., Science 248:1120-1122 (1990), have denonstrated
that the APP gene is ti ghtly | inked to hereditary cerebral hem)rr?%gvam[Eh
anyl oi dosis (HCHM-D) in two Dutch famlies. This was confirnmed b

finding of a point nutation in the APP coding region in two Dutch patients
(Levy et at. Sci ence 248:1124-1128 (1990)). The mutation substituted a

gl utam ne for glutamc 15 acid at p05|t|on 22 of the A(err)~ (position 618
of APP695, or position 693 of APP770)‘ “ In addition, certain famlies are
genetically predisposed to Al zheiner's di sease, a condition referred to as
famlial Al zheiner's disease (FAD), through nutations resulting in an am no
aci d repl aceRentl 74t 71agi(1 989); Yashilodi et b, Gaiel87, 2RGLA3 PIOOPI A nGbatd et at
(1991); Murrell et at. (1991); Chartier-Harli (19 These 20

mut ati ons colos@§PEHEEE 'f*H‘at’ﬁéeedll‘é@&éfé?dwmdﬁpdth%ahfé?ﬁqoﬁ%éuéwt PESabsent

in fam'lies I :%)7 T i ﬁrw eases
the producti ong%f A?{]@Diﬁ% o—/'romhi(.)?e gggr?)r S%Q?A%E’na%dggﬁﬁ%cg rsZ% cB nce
264: 1336- 134€rfat&9ficing. ATd Sk sﬁMis&ﬂ@reftM1mI5Q{H\altﬂ38axcrﬁbé(ﬂ’@ﬁukﬁx amlno acids
at positions 670 and 671 of the full length protein (Miullan et al. (1992)).

This nut abi oﬂ99@>))2@P£mqm@lmaWt@vdltaﬁodO@mn,uaﬁma@ﬁ@rméemr@m@u on of
total AP fromAPP (Citron 60. 622- 674 92) APP s
processed i nCX}?R}%S“é‘F dpﬂ}aérb ’gptcggmtﬁ'ﬂ &ni%lélosaﬁﬁiéé‘ésttéuﬁétgcl eavage at
the 3-secret@asg,Sobk é? TRR e A% R et ek ARhRULASRekBrAe

physi ol ogi caI vent . i s site i1s located in APP 12 residues away fromthe

| umrenal sur f @againf Alphe HBQnﬂII}a&)iIﬁd irebhairediel otkdreaviegsuc ad hwartPtidsecset ase site
(28 residues fromthe plasma nenbrane's |unenal surface) and the
(3- secr et asespdéene HaweveheA i depositeatsruanaly feghdn) abrndanpgnposhe brritesul ts in

accuml atPon i -t He? BrERCKARR S R arier 215l N 13 (1 OPHE hite Robainierd of
Al zhei ner’ s ydi §eag® (g sﬁ@%hﬂ%eﬁ@@hé‘éhl KRP cerbbrhi hl\la&&ﬁaeoe%% 23-31 (1999))

Presenilin 1, another rotein found in human brain, controls the
hydr ol ysi s aﬁmylbeioAE’IPHEEW(ABDa;ecm@tlasteh :farnmeanﬂhba@slaeeﬁnmﬂdsiiyuhatfmdxrtoo be

itself the responsible protea (Wlfe, MS.et _al., Nature 398:513-517
(1999)). PreRfehpqiniimytafign ékg‘FeAsPsPe‘EPdé%p %?@%.%@V%Deﬁ%wt% Bkt ghd its

processing by..a pr S 1P | i d 4 from
rapid degra actl?cfg ? q?nil&érgaﬁlsﬁg) ﬂggﬁmael(ﬁd}?gﬁhg %%a&g%e‘? gué%rk]cand

Podl i sny 15M Bid aﬂiosﬁion,27Nﬂu1ﬁ@hﬁ(1b®51ﬁbr§61@@@@P@B 6119&7t)6n 698 ApeTitohty of 10
presenilinase is unknown. The in vivo processing of the (3-secretase site is

t hought to Il@eadtihémr a@réurl famiitipsage gergsiceily pEdispessdiie Aldwingisirgassa &

Li eberburg, L, 1}18}9@1 r?ﬁértﬁgﬂ)%ﬁst ﬁa\enﬁial .ﬁzhelfners cﬁspase (Ig'&Bllth]c') Emu{a 190%%) ), and is

therefore a &
resulting in an amino acid replacement at position 717 of the full length protein

(Goate er al. (1991); Murrell et al. (1991); Chartier-Harlin et al. (1991)). These

20  mutations co-segregate with the disease within the families and are absent in
families with late-onset AD. This mutation at amino acid 717 increases the
production of the AR, ,, form of AP from APP (Suzuki et al., Science 264:1336-
1340 (1994)). Another mutant form contains a change in amino acids at positions
670 and 671 of the full length protein (Mullan et al. (1992)). This mutation to

25 amino acids 670 and 671 increases the production of total A from APP (Citron et
al., Nature 360:622-674 (1992)).

APP 1s processed in vivo at three sites. The evidence suggests that cleavage
at the B-secretase site by a membrane associated metalloprotease is a physiological
event. This site is located in APP 12 residues away from the lumenal surface of the

30 plasma membrane. Cleavage of the 3-secretase site (28 residues from the plasma

membrane’s lumenal surface) and the (3-secretase site (in the transmembrane region)



target. The design of inhibitors effective in decreasing anyloid plaque
formation is 15 dependent on the identification of the critical iﬂbl[}%
in the cleavage of APP to vyield the 42 amino acid peptide, the A(err)1-42
formof A(3. Although several enzynmes have been identified, it has not been
possi ble to produce active enzyne. Wthout active enzynme, one cannot
confirmthe substrate specificity, de%ern‘i ne the subsite specificity, nor
determne the kinetics or critical active site residues, all of which are

20 essential for the design of inhibitors. Memapsin 2 has been shown to be
bet a- secretase, a key protease involved in the production in human brain of
bet a- anyl oi drepa@ptindie 40/é2ardseduz-Canmplyioldpgptide (A)r whepead @iated(froducteon and, see
Sel koe, D.J. Nature 399:23-31 (1999)). It is now general]y accepted that
the accumul a3GCBRUEHOPE e NS Ut Pt &vVEms HURaRMBPENFSISOL A IHRGIBFT 85 cause
for Al zhei neg. ' l.nhkbi 1 or 1 f4 | HEn f.05;:_human nmemapsi n
2 shoul d inh(lﬁlﬁiéatsggf?FgezgerV\ééggS?héafl%%?g?l&%njggﬁ 3b%lt Q@g?gl %?%Seg@& %J’de and the
progressi on gfotidAencthizhed preteis fiing eaBemalVbrig) Sbitrdls bRl 18/dgsly$io at the Aparti c
protease famly. It is honologous in amno acid sequence to other
eukaryoti & aspaetrieespsite addas bagrdpasbrated resbanteel ffthe re8porgpde pfateaseo t hat

famly. Th t | simlar]ti Lct that. nmemn in 2 d oth
cukaryot i o dapal N St at eSeise ko LS LRHERb o irouiE B ERaPSh Stavi o5, 2 8
JUN 2005 -5 i : o o :

i Efﬁﬁ F?@?;ﬁ%l?ﬁ‘%’ andB!'tsOpHB)fe%stBg g‘gr&t%asy,l&%se(n]ﬂ%%gg,fm : %@nf@a%

successf ul or aspartic prot es are mmcs transition
state of thesevanzyims raplhdsgaddtioni (Dhinaksahav.e: sljassurak @7 ligkel XX aesure wth
t he cl eaved pl anar peptide bond between the car bong)l carbon and the am de

S

nitrogen reptcadliBgy, tXhd - t%af alNedebiol Pigt e -3 5 (1978 Thgddentiethyl ene
[-CH(OH) s CH, -1, which was origipally discover in the structure

bepst at | K MiFePeSg s ERn gih SR BoER Bt Eota®alt A Y& mpr ovea
i nhi bitors of, nRt 8As Gifidvatby #0AB BrodubBoPIRMCK! 211 itberbfloar 2Py ONd Pr Ot €i n
from beta-anyl oi d precursor protein, such as nemapsin 2 irnhibitors, that
are ef fectivégad 8ti., EXPbE, 1049 11 0ES (108 ramdtis tfercfOre Al srlvai nieragewdicsease i n

humans. SUMVARY OF THE | NVENTI ON The present invention relates to
i nhi bitors dRf¥kmapsin 2 activity and methods of using the inhibitors of

rerepain 2,0 {1 ook ALERSIATNAR FLogane e RT3 A EISTIBHEN
15 dependent on the identification of the critical enzyme(s) in the cleavage of APP to
yield the 42 amino acid peptide, the AP, ,, form of AB. Although several enzymes
have been 1dentified, it has not been possible to produce active enzyme. Without
active enzyme, one cannot confirm the substrate specificity, determine the subsite
specificity, nor determine the kinetics or critical active site residues, all of which are
20 essential for the design of inhibitors.
‘Memapsin 2 has been shown to be beta-secretase, a key protease involved in
the production in human brain of beta-amyloid peptide from beta-amyloid precursor

protein (for review, see Selkoe, D.J. Nature 399:23-31 (1999)). 1t is now generally

accepted that the accumulation of beta-amyloid peptide in human brain is a major

N
n

cause for Alzheimer’s disease. Inhibitors specifically designed for human memapsin
2 should inhibit or decrease the formation of beta-amyloid peptide and the
-progression of the Alzheimer’s disease.
Memapsin 2 belongs to the aspartic protease family. It is homologous in
amino acid sequence to other eukaryotic aspartic proteases and contains motifs
30 specific to that family. These structural similarities predict that memapsin 2 and

other eukaryotic aspartic proteases share common catalytic mechanism, Davies,



memapsin 2 which binds to the active site of the nemapsin 2 defined by the
presence of two catalytic aspartic residues and substrate binding qlgeJ‘UtN,Z[]ﬁShe
i nhibitor having an K, of less than or equal to 10-' M In another

enbodi ment, the invention includes a conpound selected fromthe 20 group
consi sting of MM -005, MM-012, MM -017, MM-018, MM -025, MM - 026,
MM - 037, MM -039, MM -040, MM -065, MM -066, MM -070, and MM - 071. In yet
anot her enbodi ment, the invention incPudes a conpound selected from the
group consisting of M -012, MM-017, MM -018, MM-026, MM-037, MM- 25
039, MM -040, M NI-070 and MM -071. Anot her enbodi nent includes a nethod for
treating a pabi.RnNtnhe RecBRaags. tOiem. |9,KEPI(hEY). The dexsetbepesafy] mhibhers
progression of Al zheinmer's di sease conprising admnistering to the

i ndi vi dual an f@fapatic pRteaBUHE UMl thhirpistii date eEgpseryDessdingsd ed from

t he group consi,st.in - 005, 4 - JUN 2005
6w 005, it TosRenfia A Rr Youtte i bt e Po0Rie St anc
MM -071. In apemaddh tHeQatongnbebb BNt the bii@iel HiresEn replat&l B (¥Rt Bedh&iral
determ ning the substrate side-chain preference in nemapsin 2 sub-sites,

conpri si n§ t hetostsepehas hgdioguehylage BCH(RHIE.0f, Whethapad enignalybst rates with
memapsin 2 and. determ nj ng the ub-si t reference .o mapsin 2 by

det ermi ni ng rg}sé‘?‘fe\‘}%{n‘inﬁ%‘? &EC“H§‘/8?BF%¥E‘%P§¥%§{SW e[t%efl?r{@t ure of nemapsin 2
substrates. In sthll..apatRes d@«ré?&;sﬂhgw,%?r&v@@imm%}% boProkdAcdsudesiveq et hod of

determning the substrate side-chain preference in mapsin 2 sub-sites. A
conbi nat or i athelprdatuatiyn oflietopbmyd psitein Zommbatiringiad preensonprbteen) suleh s t or s
conprise a base sequence. taken from OVM9-2 is prepared. The |jibrary of

i nhi bi tors i3°pRBHRd WPHOHERAIAF RICUYRNEF 8FaR R iRMEFRMAY P ey bi nd one or

a plural iy LRI g ] rate one or a plurality of bound nemapsin
2 and thébbogazgeﬂrr%ﬁgp&ls%?ezﬁﬁls etg'ect ed with an antibody raised to nemapsin

2 and an al kal i ne phosphat ase conjugated secondary 15 antibody. In a
further enbodi ment, the invention includes a nethod of treating a human
suffering froWMYIARS RETEE NYEXYdO8onpri sing admini stering to the human an

i nhi bi tor of cataJ£]¥ticaI activ wWhich bi.nds t.o.the,active site

cal | e PSI-:
of the nemapsin %%Ffeﬁléﬁwﬁ?/u{’rhrdﬂ&% 11%’11511&%]5\é'?memag§1n|_yatcE1vl and

e presence O WO cCala I'C sparti C

resi dues andmsiHaat &Biseho2Be iislikdg of hehtpsih Deo ek Dizheimeavisegseam K, of |ess
t han or equa}l to 10" M
1umans.

15 In one embodiment, the invention is an inhibitor of catalytically active
memapsin 2 which binds to the active site of the memapsin 2 defined by the
presence of two catalytic aspartic residues and substrate binding cleft, the inhibitor
having an K, of less than or equal to 107 M. |

In another embodiment, the invention includes a compound selected from the

20  group consisting of MMI-005, MMI-012, MMI-017, MMI-018, MMI-025, MMI-

026, MMI-037, MMI-039, MMI-040, MMI-065, MMI-066, MMI-070, and MMI-

071.

In yet another embodiment, the invention includes a compound selected from

the group consisting of MMI-012, MMI-017, MMI-018, MMI-026, MMI-037, MMI-

039, MMI-040, MMI-070 and MMI-071.

Q0]
U

Another embodiment includes a method for treating a patient to decrease the
likelihood of developing or the progression of Alzheimer’s disease comprising
administering to the individual an effective amount of an inhibitor of memapsin 2

selected from the group consisting of MMI-005, MMI-012, MMI-017, MMI-018,



In yet another enbodinent, the invention relates to a nethod of treating a
human suffering from Al zhei ner's di sease conprising adm nistering§ N igs
human an inhibitor of catalytically active nemapsin 2 which binds to the
active site of the memapsin 2 defined by the presence of two catalytic
aspartic residues and substrate 25 binding cleft, the inhibitor having an K
of less than or equal to 10-' M whergin the (inhibitor has a root nean
square difference of |less than or equal to 0.5 A for the side chain and
backbone atons for am no acids 28-441 of SEQ ID NGO 2. An additional

enbodi nent J e fering from
Al zhei nmer' smilg(;s’ Mggg}d@ mﬁggé%lﬂykﬁﬁf MQ%W%@y@ ound

sel ected frqu%%ft@”group consisting of WM -012, MM -017, MM -018, MM -026,
MM - 037, 9, MM -040, MM -070 and MM -071. 2 8 JUN 2005 In yet another
enbodi nent, the ihwardddonekedmbeinient, tHranuswioofis amethhl dfi detrmahing the

cat al ytlcally active nmemapsin 2 which binds to the active site of t he

memapsi n 2 saléfttaft@aldwhtuﬁ@r%fﬁ@@é%&m@ma@%”éate 8158 Ffamasﬁagttteost%%?ﬁjues and
subst r at e_ bi nd| ng cle t he inhibjt i n |< L @r, equal
To 10, W f PR Ao B b ARt A Fand FRERIR B

Al zhei ner' s s@'bsﬁt@%eefbﬁn@e MUBRapdif 23 d@ﬁgﬂﬂnhtu&nﬁﬁlat%b@ﬁiammrolyﬁJsQateB\é?nt' on
relates to the use of an inhibitor of catal ytlcaIIy active nmemapsi n 2 which

bi nds to thehaotiktuee aff memeyfsin Asubpsiraiespsin 2 defined by the presence of two
catal ytic aspart i.nhi.bi tor

sdesadsbtrate ndi cleft
havi ng an | Ie@sgﬁ I E’B? e ?J%Hnueflg theginye IO“vt,HI ‘2‘3@?% f‘?tééh?qt’fﬁﬁﬁtf%?mw&s a 10
root nean S%@@@os%tefs@deea% P fdresce ih A DEineUBLsifed Qc%rrﬁnﬁéttnahﬁbr%fﬂe
chain and backbone atons for am no acids 18-379 of nmemapsin 2, for the

manuf act U0 e afmemapwed? centatrs f«bered i thetinlelttore nbmpfis@h bhwe stguinse dal%ase in a

human. In still another enbo t he lnventlon rel ates to the use of a
conpound  sefeRid® ?TzdﬁPfeﬁéfg (rﬁ“ﬁ tbaar o€ 11 toss 1sNavpResoR!th gMapE s 2 val - 017,

MM - 018, ahﬁﬂylatggggme%mg %%%an%%z or L¥8§9 of W.lblpol}‘g to %%1 atqggn% M - 066,

MM 070 and acture anent reat ment

of Al zhei nef plaratiits eftsint Man dpsired andlthe buhs ineatapsiands suksictievigpaci ficity of
reconbi nant , cat alytically active nemapsin 2 was used to design substrate
anal ogs of thé‘ badit WiEH toBREESFA 723'21@115%15&“?&@@8&%&@6 eQHugaed HICONEHY functi on
of memapsi lpitially, X-ray crystallography of nemapsin 2 bound to a

substrate ané’lTbOdV OW9-2, was used to determ ne the three di nensional

structure of the mnmaﬁbﬂhnaoomememe iAgertiBR indlugeQatdiaed of trédi@ovar i ous
resi dues in bindi n% Substrate analweags were then designed based on pepti de
sequences sHouwran solfgang doat Atrheonerfredifrasuemnpipens rdeingipoe tatles hiupan

an inhibitor of catalytically active memapsin 2 which binds to the active site of the
memapsin 2 defined by the presence of two catalytic aspartic residues and substrate
20  binding cleft, the inhibitor having an K; of less than or equal to 107 M.

In yet another embodiment, the invention relates to a miethod of treating a
human suffering from Alzheimer’s disease comprising administering to the human
an inhibitor of catalytically active memapsin 2 which binds to the active site of the
memapsin 2 defined by the presence of two catalytic aspartic residues and substrate

25 binding cleft, the inhibitor having an K; of less than or equal to 10”7 M, wherein the
inhibitor has a root mean square difference of less than or equal to 0.5 A for the side
chain and backbone atoms for amno acids 28-441 of SEQ ID NO: 2.

An additional embodiment of the invention is a method of treating a human

suffering from Alzheimer’s disease comprising administering to the human a
30 compound selected from the group consisting of MMI-012, MMI-017, MMI-018,
MMI-026, MMI-037, MMI-039, MMI-040, MMI-070 and MMI-071.



25 memapsin 2 and the crystallographic structure. The substrate anal ogs
contain at |east one analog of an amide (peptide) bond that is nog g@he
of being cleaved by nenmapsin 2. The substrate and subsite speC|f| C|ty

the catalytically active memapsin 2 have been further determ ned by a

met hod which determnes the initial hydrolysis 30 rate of the substrates
usi ng mass spectroscopy, for exanple, MALDI -TOF/ M5 (matrix assisted |aser
desorption/ionization-time of flight -/1ass spectroscopy). 2 8 JUN 2005 -8
Alternatively, the subsite specificity of nmemapsin was further determ ned by
probing a library of inhibitors with nemapsin 2 and subsequently detecting
the bound memapdhnryeRamithds carbodmnértiodly imvansemired Sentorthpaserofznamitibder e kal i ne

h hat t ed d tih Th bstrat d bsit
Spect ficity %ﬁfﬁiﬂﬁﬂ? O o P T A8 PSRN T o1 e PSEIRE 2 anal ogs of
the natural %'Eheip@ééﬁéé 58S cattalT tc ;ﬁggmc@ggl ds ah@@ugswa 1r9ﬂn9fcle@iermps' n

2. Processes for t ynt hesi's of str te anal ogues | ncl uding Psosferes at
the sites Qﬁetrﬁnﬁnczfrlhhvmglanamolﬁ&samad of eqil te 50 Wt Br devehnfedurciflast r at e
anal ogues, OWB9-1, OWP9-2 and nore than seventy other substrate anal ogues
were 10 syntmhedi¢amesnt favboiroatmenbalisdhemesrs dersiaph L@@m

d u- Vval - Asn- Leu- Leu-. .pepti de
bond substituted ?na?d&rtlgﬂ hDOd“é rgtq@e llﬂ\/segg?%Fgelatﬁilé)r ggﬁﬁ %%néﬁ%%btgﬁgp The
i nhi bition cgRataffitcaldyf aéﬂve%e%napsml? GhichHin® tMtha@RiveSite beGe Hmdiin 2
pro-nmemapsin 2. The inhibition constants of MM -005, MM- 012, MM -017,

MM - 018, M\/Ideﬁ25d bWe-F@QS@nCd\M tn@3 2Ll y aspIYC rWHG(MOd sqlstrwbunha clvis - 070,
and MM -071 i.nhibition _constapnts in th n 10"9 M
2gai ot 1 eod T BRYLRaRERel oo hobahBud 1 Bhotk hRErt it n 2
aspartic (Pr Qf;@ﬁﬁ@an%]hhx‘é'cﬁﬁfez@é& H8eSTBA] or IRLESW $3. folMHeGluS B&di dng Pass
across t bl ood brain barrier, are admnistered orally, and are not

i nacti vat ed baykbane estrhnfr apmzyaeds 1§87 bememagsin R for hedesiufadire dfhat such 20
conpositions are relatively i nexpenS| ve to manufacture and preferentially

i nhi bit neﬁﬁiﬁé?arﬁ“?téqréa?/‘é{@%nwt et Eheimer sidisepicdBdraganpr ot ei n.  Thi s
I nformation can bg sHfGH.RY; érH}S’ 1%51‘ He‘?{i‘v%nl“ioh *98?1%5 to the udeSt Alhid qg@lgntd' onal

new i nhi bitors, using conmerci a y avai e software prograns

t echni ques sfaameljlfﬁfmtm gtrdnqsearismlﬁgganﬂ\ﬂ 00 MOS0 2 AV IediZy MNIB@Y 8, t 0 desi gn
new i nhibitors. 25 For_ example, the side chains of the inhibitors may be

modi f i ed!t o MRS e M8y MMy e%\&'ﬁ)b‘;nW‘tQﬂguWﬁ%ﬁ B@é O¢ordiMig,
hydr ophobi ¢ ()'76t 85 ?{%MI ?)91 t%hﬁ{egrﬁar{ﬁgc%%r%%k fa%edlc%.ﬂfgnﬁgo)ﬂ ea% er\é\%{j}l

interacti on) ncrease I n
Alzheimer’s dlsease Ina human.

The substrate and subsite specificity of recombinant, catalytically active
memapsin 2 was used to design substrate analogs of the natural memapsin 2
20 substrate that can inhibit the function of memapsin 2. Imtially, X-ray
crystallography of memapsin 2 bound to a substrate analog, OM99-2, was used to
determine the three dimensional structure of the memapsin 2, as well as the
importance of the various residues in binding. Substrate analogs were then designed
based on peptide sequences shown to be related to the natural peptide substrates for
25 memapsin 2 and the crystallographic structure. The substrate analogs contain at
least one analog of an amide (peptide) bond that is not capable of being cleavad by
memapsin 2.
The substrate and subsite specificity of the catalytically active memapsin 2
have been further determined by a method which determines the initial hydrolysis
30 rate of the substrates using mass spectroscopy, for example, MALDI-TOF/MS

(matrix assisted laser desorption/ionization-time of flight /mass spectroscopy).



this type of information, the residues with mnor interactions may be
elimnated fromthe new inhibitor design to decrease the nol ecul ar m%
of the inhibitor. The 30 side chains with no structural hindrance ]ZIE t
enzynme may be cross-linked to lock in the effective inhibitor confornmation.
This type of structure also enables the 2 8 JUN 2005 -9 design of peptide
surrogates which may effectively fill_the binding sites of nemapsin 2 yet
produce better pharnmaceuti cal properf%'es. The rational design and screening
of conpounds for inhibitors, and their characterization are provided in

this invention. Conpositions effective for inhibition of nmemapsin 2 include
smal | 5 nol ¢dtgmativahy, Bietsobsifte spedificrinpbimemapsin iveas fartker clapeailineddfy probixgi ng t he
bl ood brain arrier. Such inhibitors_can interact with psin 2, or its
substrat e, AN OBIThiDITS A0 RGBS BIP IR ARPL PP SALSTHY SFisGURE MrrouBdcr | bed
herei n provi - ' Lahj bi ' { M ' articul ar
the asparti éﬁe gl?agg gl?;g}&gg‘t% ia‘\%ﬂ? gﬁ%#a%gn%%%g?lﬁ%gﬁa%f@ aéha?\ﬁfn\éghégéﬁ gh £

bet a- anyl oi dopugated S&@onpigtatibody0 Tietsabariyd siddsubsioe sjevificliyanemadomnds of the
invention can be used to.treat Al zheiner's disease in humans. BRI EF

DESCRI PTI5ON V@ uydEtopizaanNdgitinglubstiate snadogsc dhanateral spmmapsintZagybshaiss
inhibitors for ne S| "A nd "B' denote aliphatic |inkages (saturated
or partiall %%ﬁ%%ﬁé’ﬁlbét @gﬁlgﬁnognoﬁlﬁe&w&nfw of carbons, between side chains
in positions P, ecetds hothe 8xRABYi€of dubSradhitdo @k thel $dife iohdtdisat bhe Leu and
P3 Val in these respective positions. CQther structural elenents of the

i nhi bi t or argesorfith¢ edtifadanchaadid yesidiegwer velopad sSitestratd analogpegsent at i on of

i nhibitors far in.2. "A" denotes aliphatic |inkages (saturated or
partially ur@\é{?gﬁa %9%@“%%%3%@_?%&“’ Otgﬁ'psélgFtBﬁﬁé?aq‘B%"? $°side chains in
positiongy P, R4 o8 L ] I,&/5ide_ehains AP, _Asmrand P4
Guin tﬁ)eséylft gésjsﬁ)%éf:afi ve 9p6)s§??%%o§gflta %ﬁggéas?@? 3@%1 S{aglzg%ellgéﬁnéﬁé%fd? %g@

i nhi bitor agsEQMDtNed28)owitk ttarliduyAlafiegtidebdd sibatisedéyat franstfort-ftetedesi gn f or

the side chain at the P,' subsite for. the new msmafpsi n 2 inhibitqrs based
on the curr &96tees hrtraryesiylenctdiper. e oo 1ton Gongiaabe NSt 1511ed #iPer™Mct i ons

bet vieen BRI Fe Aokl Dl Bleps QN SFueThE MBI Al TR 0BE, AAEDT o

are omtted Por clari ure 4 1s a schematic represe i
i nhibitors op, MBMEES MIZAI-01 & MMIGL S, BIMOer&MMILOINhRINIC-08 NRgIE®4(( sat ur at ed
or partially unsaturat Ed% bet ween side chains in positions P, and the
backbonel 5t d¥I-6P6 PEIMEG{0, ard MVEO 7T hevearhisicaciasantg iy U rrugpof 1.4 —

61.4 x 10° M against recombinant pro-memapsin 2.

Compositions that inhibit memapsin 2 aspartic protease activity can be small
molecules, which readily pass across the blood brain barrier, are administered orally,
and are not inactivated by intestinal enzymes. Furthermore, it is desirable that such

20 compositions are relatively inexpensive to manufacture and preferentially inhibit
memapsin 2 cleavage of beta-amyloid precursor protein.

This information can be used by those skilled in the art to design additional
new inhibitors, using commercially available software programs and techniques
familiar to those in organic chemistry and enzymology, to design new inhibitors.

25 For example, the side chains of the inhibitors may be modified to produce stronger
interactions (through hydrogen bonding, hydrophobic interaction, charge interaction
and/or van der Waal interaction) in order to increase inhibition potency. Based on
this type of information, the residues with minor interactions may be eliminated
from the new inhubitor design to decrease the molecular weight of the inhibitor. The

30 side chains with no structural hindrance from the enzyme may be cross-linked to

lock in the effective inhibitor conformation. This type of structure also enables the



-10 side chains P, Leu in this position. OQher structural elenents of the
inhibitor are omtted for clarity. Figure 5 shows the relative Sﬁfiﬂ&b@kyty
of memapsin 2 for-amno acid residues in positions P1'-P4'. Lett

bars indicate the native amno acid at that 5 position. Catalytic efficiency
is expressed relative to the native amno acid at each position. Figure 6
depi cts the nucl eotide sequence of human Memapsin 2 (SEQID NO 1). Figures
7A and 7B depict the partial protein-8equence of human Memapsin 10 2,
excluding the signal peptide (SEQID NO 2). Am no acids 28-48 are remmant
put ati ve propeptide residues. Amno acids 58-61, 78, 80, 82-83, 116,

118-121, 156jesich®f pedtidh suddBate? khichdi Sy efPtBvaFKill tB8BindaiikiRd6f 377 are
residues in contactp With the OWVD9-2 inhibitor. Anmino acids 54-57, 61-68,
73-80, 86- 89merti@Sirl et mQ@ACBI@;ter nieemagAfical4Bopesdss. Thsratgsial d.@%rm)@i and
220-224 are N-lobe heta s Amino 15 acids 184-191 and 210-217 are

N-1 obe hel i éééee“%‘)%ao%?‘b‘éia%?ﬁmﬂbm?& ipy, ChaggIErizafon 258 groy du273 275,
282- 285, 31 : 72 383,
390- 395, 40%@3@” enfi3t Shimesfiencdtteciofortifiiio W i Bpsty P indhte S e 299,
307- 310, 85(n35d;le 38dbiBHRT, andrthidRors4iB3t agr @ptble oberohehg tesloddi tlgaires 8A and 8B
depi ct the protein sequence of human pronemapsin 2 20 I(JSEQ I'D NQ. 3). Am no
aci ds 1-15 fegigFecush thiioreeaTy B&ratiaath MENARSHéi YdissebEmte, & habiput at i ve
pro peptide. ,Ani no ac 3 are derived fromthe T7 pronoter. Am no acids
16- 456 are ﬁ#%vﬁ%er?r%bnm%%a%?y Am no acids 16-421 are Pronemapsin 2-T2.

Fi gure 9 depi cts THEn#NtdA d@sdribed 2@HRNERvRfes BUNBuNAE SvHcORBIMAPSIi N 2 25 (SEQ
ID NO 4). Amino acids 1-13 are the signal peptide. Am no acids 41-454
correspond trt!oeraamsm)7 adivly, ZBPMﬂqulmthFawﬁespmwthBy ofmdmapsing, aci ds

43-456 o res SA nd 8B. The active site ar aci ds_.are at am no
acid pos{ gg@gorﬁ’ﬁﬁts SGFMARIS W%Cr%ij%vﬁcﬁe‘éﬁﬂ% : ytl%‘gjpé‘?:tlf”é’ atures and

advant ages Q;fmﬁ @ndiﬁﬁ/ﬁﬁ'é h%nuépcmaelus@@tca@@memel&lépﬁa&%eilpﬂldrﬂmm mor e
particul ar description of preferred enbodinments of the invention. 2 8 JUN

2005 -11 DETA LED DESCRI PTI ON OF THE | NVENTI ON The features and ot her
details of e WELR PN bl DRIRARGY the
Figure | is a schematic representation of inhibitors for memapsin 2. “A”
and “B” denote aliphatic linkages (saturated or partially unsaturated) of any number
15 of carbons, between side chains in positions P, and P, for example, the amino acid
side chains P, Leu and P, Val in these respective positions. Other structural
elements of the inhibitor are omitted for clanty.
Figure 2 is a schematic representation of inhibitors for memapsin 2. “A”
denotes aliphatic linkages (saturated or partially unsaturated) of any number of
20 carbons, between side chains in positions P, and P,, for example, the amino acid
side chains P, Asn and P, Glu in these respective positions. Other structural
elements of the inhibitor are omitted for clarity.
Figure 3 is a schematic of the design for the side chain at the P, subsite for

the new memapsin 2 inhibitors based on the current crystal structure. Arrows

S
(W)

indicate possible interactions between memapsin 2 and inhibitor. Other structural
elements of inhibitor are omitted for clarity.

Figure 4 is a schematic representation of inhibitors for memapsin 2. “A”
and “B” denote aliphatic linkages (saturated or partially unsaturated) between side

chains in positions P, and the backbone atoms of P, for example, the amino acid



i nvention or as conbinations of parts of the invention, will now be nore
particularly described and pointed out in the clains. It wll be qmmgwmymyd
that the particular 5 enbodi nents of the invention are shown by way o
illustration and not as limtations of the invention. The principle
features of this invention can be enployed in various enbodi nents w thout
departing fromthe scope of the invenib 1. Design and Synt hesis of

I nhi bitors Design of Substrate Anal oa T or Memapsin 2. 10 The five human
aspartic proteases have honol ogous ami no aci d sequences and have simlar

t hree-di nensi onal structures. There are two aspartic residues in the active
site and eachde ekiiduB, Leu fnabiscpogitiohi Qthehetrgitgrabhtlementasp dret inbibppoaease
sequence notif, q§ Thr/Ser-Cly- There are generally two honol ogous
donmai ns wi t hP®ted ©0REl8EM: i ¢ protease and the substrate binding site is

posi tioned bet weeg Ju?@§§hc;'»§)t %?elqgvr@ép%évﬁcpﬁg?gwe% &H@_ ifopléﬁx?rlodalcq@?ésﬁcﬁfé?l
structures. The subStrate bin tes ot “aspartic prot eases generally
recogni ze ei ghjosafone®, ag)’ dUe&Sﬂsdbleﬁa ba'Fhmrd&:a&rtﬁegeuwahﬂnys acfdadithatesi dues on
each side of the amide bond that is cleaved by the aspartic protease.

Typi cal | y3t heosstieie CHalyhs céfciensyhs axarersedislalivarte thenagh o animmacidat sgslici ficity
of the substrate/aspartlc protease interaction. The side chain of each
substrate reBPYU¥ 20 is recogni zed by regi ons of the enzyne which are

col l ectively call e, s4H4ShitRShe IS ARBEERIhYe SCHERECHHRBEAG!( §Ekf; gpfor the
prot ease sub-sites Tand their corresponding substrate residues e shown

bel ow, wher eNthd)doubl e sl ash represents the position of bond cl eavage.

Prot ease sub-sites 54 S3 S2, S1 S1' ST S3! S4' | 25 Substrate residues P4 P3
P2 PL // Pl P2 PRurgssiA opd /8 demst @epartipl grotep 8quspes ¢f ispandgaapsia

prot ease ub§t cﬁ ﬁggg r V. gra
substrat eéspem i'Ci W&g%g;'n% E(ga)ﬁrz;’dl F’u s[gé\gsfl cfc}flgﬂl%zagg\é?ﬁN%gg%g %&t Once the
speci ficity pitaae gopastideaefidedsedsRinockia o861, 7T8IEHBL-@3s 1 t@Nn 1Bl 2dess@ned
based on t hat SpeCIfICIt%’)MhICh interact with the azfartlc protease in a

I

way that pr&¥ents, Hes dral27ouBst-2at.e88 r awh Yérhig a¢ fastdusnh i gongdce axiidthe Sone

oo tues | n BYERESinnIRES oRogk s o4t Th SLnE. CERp RO IRST LS, IARs n .
cathepsin D heyes4 hiss- ﬁss\g\ﬁ%m@n@gwfmcaﬁ@/zzoaﬂm BE Q- mb@eiaostﬁaedfse Abfigad”

substrate specificCity en only a very few residues can be recognized at a
sub- S|te1>sumhdas&4h9?enihu)Ehbma§baﬁrﬁmhpﬁovhameap@s§a7@4OoJﬁh9é9 a

SUiingent or fettow spes! Lielty o TR D L RLLen N s ERgEiLbel 1y of an
366-370, 372-375, 380-383, 390-395, 400-405, and 418-420 are C-lobe beta strands.
Amino acids 286-299, 307-310, 350-333, 384-387, and 427-431 are C-lobe helices.

Figures 8A and 8B depict the protein sequence of human promemapsin 2
20 (SEQID NO: 3). Amino acids 1-15 are vector-derived residues. Amino acids 16-63
are a putative pro peptide. Amino acids 1-13 are derived from the T7 promoter.
Amino acids 16-456 are Pro-memapsin 2-T1. Amino acids 16-421 are
Promemapsin 2-T2.
Figure 9 depicts the amino acid sequence of human pre-promemapsin 2
25 (SEQID NO: 4). Amino acids 1-13 are the signal peptide. Amino acids 41-454
correspond to amino acids 28-441 of Figures 7A and 7B, and amino acids 43-456 of
Figures 8 A and 8B. The active site aspartic acids are at amino acid positions 93 and
289.
The foregoing and other objects, features and advantages of the invention
30 will be apparent from the following more particular description of preferred

embodiments of the 1nvention.



10 design specific inhibitors in which the preferred residues are placed at
specific sub- sites and the cleaved peptide bond is replaced by anj@rg) qgsof
the transition-state. These analogs are called transition state isosteres.
Aspartic proteases cleave am de bonds by a hydrolytic nmechanism This
reacti on nmechani sminvol ves the attack by a hydroxide ion on the p-carbon
of the am no acid. Protonation nmust occur at the 15 other atom attached to

t he p-carbon through the bond that i-41to be cleaved. If the p- carbon is
insufficiently electrophilic or the atomattached to the bond to be cl eaved
is insufficiently nucleophilic, the bond will not be cleaved by a
hydr ol yti ¢ mMEChamEDDESARPOISN ©F SHEWWVENTMOt mmc the transition state
but which are non hydrol yzable, but transition state isosteres mmc the
transition state Thpdeitficsand ytham@btalizsoafah@mv@mﬂdwaﬁmryﬂza@peof teansition state

theory indicates that it .i.s the trans on state i.ptermedi ate of
et ] on whiH R Cofe b inatodr oF BETS ol homvERetme S TE Thak Perteibhest

affinity. | t t te
tructure, O TRe?ad PAARAAER BLTldnt) Itk 13%@3&5@ R or i1

gi ven enzynmembbligndntashe iren@én atahewh by wayef iijbtratiysarsl 0t aalindnkidas bond i s
tetrahedral while the ground state structure is planar. A typical

transiti on- of franyspienedae @fm@@b%afﬁ@tpt,es of dhiebwentien can(ya(ealo)CH, 1N VaBguas

first discovered in tin n| Sz 1976) The

transition- SERPE ngwgﬁﬁgﬁﬁﬁé?Pﬂﬁﬁpgh e égﬁ“§ﬂcg3§@fully applied to

i nhibitor drugs for human i nmunodefi ci ency virus protease, an aspartic

prot ease. Many of 30 these are currently in clinical use. Information on the
structure, 9$peci fDesi n yeef Indfibitertsi bi t ors can be found in Tang, Acid

Prot eases, Struc ure Function aqq B%ol.;r 2 8 JUN 2005 -13 Adv. in Exptl.
Med. Biol. vol. &§S(EH : YDt ka, Aspartic Proteinases

and theij | nhi bi ﬁgﬁ ydaeLah B@q 8 Lycture and
Functlons of the partlc r telﬁgseggs lbth%%t?%“R% EQ§F§P}H%%6 (Pl enum
Press, NY 198dhavelakahethbde: dlﬁﬁﬁabﬁathrﬁ’cEtQﬁe@.aE‘BSr,e af¥ foucdspirgic résidedsiinthe

Blology 5 Bionedical Inplications, Adv. in Exptl. Med. Biol. 362 (Pl enum
Press, NY 199t5\)e siteand cadnassidugusfannd withinghe pigaaiaes asrRetiE guatease sacmfnw | ul ar
Enzymes, Ady, A%)f ?W%er Ms : eTﬁerg ére Uengraé é\%% mmlé’ R chl\]ln\i(alrllsg vQVBQl'm} ) v).

t eachi ngs opwt OrPOrat & PECT A h A

Substrat e angl.eg: SOEESId MBSuRtRARNBAALIYisQbsitiBBeDRRESR théRItRY @ X- L4-P;
10 L3-P3-L,-P2-L,-P,-L,-P,"'-L,'-P2'-L2'-P3' -L3' -P,"'-L4'-Y. The substrate
anal og 1c§orrgomamsobﬁge@p@tlmalte@gisrngmsmswhstlmq@@m i Tee mlste@tgbesimdm@qswf basi ¢

structure is derlv d from tlde seguences th%ﬁ q%ternlned t?rough
structure/f a - eases gene a recognize €1gn l' arnno acld resi UCS ere are general Yy

four residues on each side of the amide bond that is cleaved by the aspartic protease.

Typically the side chains of each amino acid are involved in the specificity of
the substrate/aspartic protease interaction. The side chain of each substrate residue
20 1s recognized by regions of the enzyme which are collectively called sub-sites. The
generally accepted nomenclature for the protease sub-sites and their corresponding
substrate residues are shown below, where the double slash represents the position

of bond cleavage.

Protease sub-sites S4 S3 S2 St SU S2' S3' sS4
25  Substrate residues P4 P3 P2 Pl/Pl' P2' P3' P4

While there is a general motif for aspartic protease substrate recognition,

each protease has a very different substrate specificity and breadth of specificity.



studies. It is understood that positions represented by P, represent the
substrate specificity position relative to the cleavage site whichg gy Zgﬂf\
represented by an-Lo . The 15 positions of the conpositions represented

L. represent the linking regions between each substrate specificity
position, P. In a natural substrate for nemapsin 2, a P., L, pair would
represent a single amno acid of the peptide which is to be cleaved. In the
present general formnmula, each P. parltz‘of the fornmula refers to the a-carbon
and side chain functional group of 20 each would be am no acid. Thus, the P.
portion of an P,-L, pair for alanine represents HCG CH3. The general

fornmul a repr@m:erthe‘: speciflvatyRf apesparonpotessts kpenay, athibitospeamshe designied - RLCR3- .

R i el B i S (2
id h
510 ol e PR B P S

met hi oni ne) ,habt éﬁdedﬁlﬁmhﬁt daﬁ ae&dfﬁma@ate mabyidBFerésiresidgdiah Badhfofstﬁé bute) ,
CHOHCH3 (side chain of threonine), CH (phenol) (side chain of tyrosine),

CH, SH ( side stbmfon smcfces;s,fsltkefdrréysw CPerch adNathepsinde h@\l‘?atihﬁ typs ofgfipgeidisitsie) ,

CH2 CONH, h 3 2 NH2 de .30 _ch f
yaine) . CicHars BIECHNE RS pORTRRETHEIO Sgh AHES Yo G, [ fazol e)
(side chain cQtfl b &Bgﬁiﬂzg@lb a 8-GO hsis A refiinRe Egpaﬁ%%étfeés% i86didko have8 JUN

2005 -14 CH2CH si de chain’of glutam ¢ acid), d functional natural
and non- nat Larsaadmcedeon mtdwq&cd'rcnsfynt hetic substituti ons of these. It is npbst
preferred that R} is a single H eneral, however, R3 can be, alkenyl,

al kynal , al keny! ob8§, lnmaa@m%%wyﬂgpﬁnﬁém IFRATISI IrRMRAKI AR PAYSED Oeapsi n 5

2. Pref ef@b'd%sngi‘ é% 4 inn i !&@“ %FW@%& d ?é(}‘?@%k (E:%’?ﬂ%&c%’é%t SHetSs x{ﬂ;o"e from

2 to 40 carbon nDre prefe ons, 10

carbons, or sftepMdthe tRadedCHpHaBSond@Rdepldeitiyostpdnanat dfitid tramitiorosarat ur al
derivatives or synthetic substitutions of these. The L, portion of the

P.-L, pair rlhgseznaings am@alﬁtiémmlttpnﬁﬁamgw%ep Appagfioproteas desyetamige | n a

nat ural substr at sent S r)-carbon attac e am no
portion of j@ﬁﬁ? g%ﬁFﬁdrBLM ea’%tsma hﬁs re %lo& Tﬁchaﬂlém lﬂa?lves %ﬁuitadf_ Y&oul d be
represent ed thrOXQQ'IWOH tﬂ_é"ﬁ cgt%%%roﬁtlthef Ay b df Frotnatich hERILSEMek by R . In
general R, can CO- RN (amde), CH(OH) (CH,) (hydroxyethylene),

CH( OH) CH(H)otHed lamnd amcyiedi by he Begarbéibabl)sbhBdNbbithdr ioxy b¢ bihwadl M€ )he {5
PQ(OH) CH, (phosphinate CH2NH (reduced amde). It is understood that nore
t han carbon is insufi 01ently electrophilic or the atom attached to the bond to be cleaved is
insufficiently nucleophilic, the bond will not be cleaved by a hydrolytic mechanism.
"Analogs exist which do not mimic the transition state but which are non-
hydrolyzable, but transition state isosteres mimic the transition state specifically and
20 are non-hydrolyzable.

Transition state theory indicates that it is the transition state intermediate of
the reaction which the enzyme catalyzes for which the enzyme has its highest
affinity. It is the transition state structure, not the ground state structure, of the
substrate which will have the highest affinity for its givén enzyme. The transition

25 state for the hydrolysis of an amide bond is tetrahedral while the ground state
structure is planar. A typical transition-state isostere of aspartic protease is -
CH(OH)-CH,-, as was first discovered in pepstatin by Marciniszyn et al. (1976).

The transition-state analogue principles have been successfully applied to inhibitor
drugs for human immunodeficiency virus protease, an aspartic protease. Many of

30 these are currently in clinical use. Information on the structure, specificity, and types

of inhibitors can be found in Tang, Acid Proteases, Structure, Function and Biology,



one L- maybe an isostere as long as the substrate anal og functions to
inhibit aspartic protease function. Ls which are not isosteres nmay either
be an am de bond or mnetic of an am de bond that is non- hydrolyZﬁbNgZﬂ X
and Y represent nol ecul es which are not typically involved in the
recognition by the aspartic protease recognition site, but which do not
interfere with recognition. It is preferred that these nol ecul es confer
resistance to the degradation of thé3substrate anal og. Preferred exanpl es
woul d be am no acids coupled to the substrate anal og through a

non- hydrol yzabl e bond. O her preferred conmpounds are 25 cappi ng agents.

Still other spwefner R MTBRVNGS. 95 EPIEAMMPHRISNYNBY7E ®sttapRspased in the
purification of the substrate anal ogs such as biotin. As used herein, alkyl

refers to st:;tllmsu:seddﬁrelmlnmwb‘stﬂ(thl@ddsﬁr@mgﬁ;Berhrblr%@,@@mStr@yt@rq c al kyl
groups; and a efers to supstitute . unsubsti t yt S ai ht ,
branched or a’&%/é'i‘ 10gp RB&V %@P@Fﬁraﬁwses ?‘Qw mn u] M?ng gd@ﬁp@ from1l
30 10 40 caphRusNy3R9:|araRRI A5ABLY PIIOMLY koneyE 20RANS, B0, 1 to 10

car bons, rom 1 ons 5 As usé in, alkenyl
refers ta st@rﬁMntﬁlQﬁhpDéatwms ubdit. it Etcp!tdi Médt.a?.lghBGE KRlEeium (Plresb,rmﬂ’clh)éd) al kenyl
groups; alkynyl refers to substituted or unsubstituted straight chain or
branched al Ryhiamesy dgpastic gr%@ﬁ%e&x%et?oé/ﬁélr@dtgelgﬁﬁﬁqZVW%&@r Iy HEsRfbst i t ut ed

straight ch b ed a n efers _to substituted
or 5 tnsubstiRubiel S gt bET TS Yo A B B SRS oL §hehaet o by,
al kenyl , al m@)ﬂorate@hg@nylhqx&r aftded) kynyl oxy groups have from2 to 40
carbons, and nore preferably from2 to 20 carbons, from2 to 10 carbons, or

from2 to 3 car bSubstra@SamBé@@ICdmmtmnsatd@nyﬂally@f éregencrahfmnahlla% gr-Bup t hat
has an aryl s tit ers Q.an ou t has an al kyl
substit (9 %ei iy%lllle 1%4 Xahﬁteé% ff Conup with an
al kyl SUbStbSMﬁﬁ}mor%'ifé’hnﬁS sedf%mlﬁe naeerfnsreéulfe@ 2 11315;1@/& sn@hPUR that has a
het erocyclic stituent e substl uents for al , al kenyl, “al kynyl,

al koxy, al keaytadxyom aaptidcadekyenebothyt ger@tdp&:nn&redbhrobglh stgmmre/(fmmmn am no,

t hi o, carboxy, ester, ether t hi oet her, carboxam de, hydr nmer capt o.
Further, t hétué’reéuﬁés é&@?fﬁﬁ?‘ﬁ BﬁéPcPsgl“OPﬁ TERIGENGAD YOt TRRSFREN ﬁ?tPséWée gr oups

repl aced wit i hrg/ g %59 tive! Wh@%}e?vaﬁg'tl[tﬁgvh%h é%vfbé Pe‘é%@&lbgfmdtffﬁg%”t

substrates ana s fof mapsi n 2
were detigr nbamonsTdfahé e&ﬁbéﬁn&lfs réﬂ'reseﬁttbﬁbtyrlatr@;ﬁrewfht chia MR regibns yzed are

presented in Table | and the rules deternmined fromthese results are
between each substrate specificity position, P,.

In a natural substrate for memapsin 2, a P,-L, pair would represent a single
amino acid of the peptide which is to be cleaved. In the present general formula,
each P, part of the formula refers to the a.-carbon and side chain functional group of

20 each would be amino acid. Thus, the P, portion of an P,-L, pair for alanine
represents HC- CH,. The general formula representing the P, portion of the general
composition is -R,CR;-.

In general R, can be either CH; (side chain of alanine), CH(CH,), (side chain
of valine), CH,CH(CH,), (side chain of leucine), (CH,)CH(CH,CH,) (side chain of

25 isoleucine), CH,(indole) (side chain of tryptophan), CH,(benzene) (side chain of
phenylalanine), CH,CH,SCH, (side chain of methionine), H (side chain of glycine),
CH,OH (side chain of serine), CHOHCH, (side chain of threonine), CH,(phenol)
(side chain of tyrosine), CH,SH (side chain of cysteine), CH,CH,CONH, (side chain
of glutamine), CH,CONH, (side chain of asparagine), CH,CH,CH,CH,NH, (side

30 chain of lysine), CH,CH,CH,NHC(NH)(NH,) (side chain of arginine),
CH,(imidazole) (side chain of histidine), CH,COOH (side chain of aspartic acid),



summari zed below. 20 (1) The primary specificity site for a nmemapsin 2
substrate is subsite position, S,' This neans that the nost inpozggp&zﬂ
determ nant for substrate specificity in memapsin 2 is the am no q§
1'. P, maybe a small side chain for nmemapsin 2 to recognize the substrate.
Preferred enbodi nents are substrate anal ogs where R of the P,' position is
either H (side chain of glycine), CH3 (side chain of 25 alanine), CH2CH
(side chain of serine), or CH2COOH (S#de chain of aspartic acid).

Enbodi nents that have an R, structurally smaller than CH (side chain of
alanine) or CH OH (side chain of serine) are also preferred. However,

substrat es iQH,C2hCOH NaYe clivdh of Sueintio atiBfiahd #ddiionalCh du DARIGRInt hdiiral provi de
a conplete representation of the substrate specificity of memapsin 2.
Ther ef ore, Berivatmys nosyndeeticisgbstdetians af feesenal | 30 resi dues menti oned, but

e Tt m@% e

si dechai n i I
X ) 3 (s kehi PAORIIEkpny b, LRENRI) o e BaLaiR BERHE €Ak AR ©
CH2CH, SCH3 @sipdefernidiyn am‘enﬂlehlkmﬁ; manylo@%@lﬂ%(ﬁy@e@m Havefrotrh? eo#d ne) ,

CH, CONH (si dechai n of asparagi nef)@ CH, CONH (si dechai n of gl ut am ne),
CH, CH, COOH (:grba@wad mse PEAferablyi na&t@lyo car@mmﬁmﬁwlpm@(o@w@é Th2 of

| ysi ne), n DAZOLE)
(sidechain 6? %?r?ﬂ%%ﬁg@%gg?ﬂaﬁﬁere aPélan alspe 18'% Ve Osré‘ t Hi%e requi renents
at positionguhRéin33d oPtheks. P2', P3', and P,' Each si te can accommdate any

other amino acid residue in si ngul ar.ity as long as rule nunber 3 is net.
(3) At |east twoTdt L ipertraandithé Rgl sparerepreesits tleraomPink@ig tiR2A, egionP2" P3'

bt ot T B G e DR RS G .
e 9, SIS 8y e S i oy D P2 Tl B el o 20
chai n of al asprés@hted GH(-GE3INH( Sitdezeakral f?ontnﬁ a\/faf LpB)represented by R,. In

general R, can be CO-HN (amide), CH(OH)(CH,) (hydroxyethylene),

CH(OH)CH(OH) (dihydroxyethylene), CH(OH)CH,NH (hydroxyethylamine),

15 PO(OH)CH, (phosphinate), CH,NH (reduced amide). It is understood that more than
one L- maybe an 1sostere as long as the substrate analog functions to inhibit aspartic
protease function.

Ls which are not isosteres may either be an amide bond or mimetic of an
amide bond that is non-hydrolyzable.

20 X and Y represent molecules which are not typically involved in the
recogrition by the aspartic protease recognition site, but which do not interfere with
recognition. It is preferred that these molecules confer resistance to the degradation
of the substrate analog. Preferred examples would be amino acids coupled to the
substrate analog through a non-hydrolyzable bond. Other preferred compounds are

25 capping agents. Still other preferred compounds are compounds that could be used
in the purification of the substrate analogs such as biotin.

As used herein, alkyl refers to substituted or unsubstituted straight,
branched or cyclic alkyl groups; and alkoxyl refers to substituted or unsubstituted
straight, branched or cyclic alkoxy. Preferably, alkyl and alkoxy groups have from 1

30 to 40 carbons, and more preferably from I to 20 carbons, from 1 to 10 carbons, or

from 1 to 3 carbons.



CH, CH(CH3) 2 (side chain of |eucine), (CH3)CH(CH2 CH3) (side chain of

i sol eucine), CH2(indole) (side chain of tryptophan), CH2(benzene) fﬁide
chai n of phenyl al anine), 25 CH2CH2SCH3 (side chain of methionine) JUN 2005
CH, (phenol) (side chain of tyrosine). It is nore preferred that the

hydr ophobi ¢ group be a | arge hydrophobic group. Preferred R's which contain
| ar ge hydr ophobi ¢ groups are CH(CH3)2 (side chain of valine), CH2CH(CH3)2
(side chain of |eucine), (CH3)CH(CHzZ-IGH3) (side chain of isoleucine),

CH2(i ndol e) (side chain of tryptophan), CH2(benzene) (side chain of
phenyl al ani ne), 30 CH2CH2SCH3 (side chain of nethionine) CH2(phenol) (side

chain of tyrosine).Adsed ferdiB alddhlyZ0REs to-shibstiRet op uefudkli Rtkdishatghpldihi ons
with a hydrophobic R, are CH(CHS)Z (side chain of wvaline), CH2CH(CH3),
(si de chai n asbrincbed alé¥nyl CFA(pser kEme yelrsitd sulshitiited of unsphsiriyted stanighte) |

CH2CH2SCH3 (si de chai f methionine), or CH enol i de chai. f
Cvrosne) - ShemoriBAi e KD drome FhenfPurerrps ol prnptttifeed by
and P4' may : i i i tari i : t all
subsites rrussia‘a ﬁgb%ﬁ%ﬁ6gﬂ)ﬂra{e?%}e?sagﬁnggﬁﬁar?haelk%ﬁéﬁkgr?féﬁo@ Sggianrtr‘btllé% ,O Noa substrate
anal og codl dinkabse ttePRrdidbtlRhain®brBranched alRynyldady. -IR3ferdbdy,-aYkeayl, elkyaolyl d  have

X-L1-Pl-Lo-P1 '-L1'-P2'-L2'-P3"'-L3" -Pa'-L4"'-Y. 10 Preferred substrate

anal ogs ar e adffalogy andeikygylone Ssaige baeclsordiZde 1 49satbons antapere prefesgbbh t he
non- hydrol yzabl ¢ anal og between Pl.and P1' . .Conbjnatorial Chem stry to Make
"ohi b Lors. COMBEARCD AP REHET Aty O HEPItict TR 2 155 KEPOR it ed to al

nmethods for isol atAngedBéRallhganl hatrsas en aRREBEp @fat RhNSH 291 Rivshgeng sl |
nol ecul e or another 15 nacronol ecul e. Proteins, oligonucleotides, and

pol ysacchar iad@kylacferetwanpndsgrofp tathasmoladicd belsstitueor; hetearqyklks-alklyl tpderacl eot i de
mol ecul es wWth a gi veG functi.gn, £ tal ytic or Iiﬁ%and- bi.ndi ng, can kbﬁ

i sol at ed! r dHRACERNPER SR MR RY SRS Y enG1 dlgditrEreaetia &der o @R atYhas been
referred to oty L CShet: stak, TIBS 19:89, 1992, the

t eachi ngs of@%}ﬁ tl(?Et }\édrsea @h%g%grbgg%sé&%?ei nintheir entirety). One 20

synt hesi zes a | arge subsluafts foladol dieenbbatkyngl, elkogdgnilenglodgfinded sequences
and subjects that conplex m xture, for exanple, approximtely 1015

i ndi vi dual adfefiloryesouPs capbe §alggem cYTY. AtEI0e BUP.FAIIRNE, este, dlitfe sel ection

L

and PCR anpli i"on scultes col um,

El'l'i ngt ops anﬁv&@@&adﬁon(elr&&a%leaé c@sibé FBLREd tvtata Hetdrbatd 1 udRNA OO R @R ISES

folded in such a way as to bind a small nolecule dyes. DNA nol ecules with
such |i gand- bi ndiguipéerand daffetsaysibbleases were tested and analyzed, and the cleavage

rules for Memapsin 2 were determined. The results of the substrates which were
analyzed arc presented in Table 1 and the rules determined from these results are
summarized below.

20 (1) The primary specificity site for a memapsin 2 substrate is subsite
posttion, S,” This means that the most important determinant for substrate
specificity in memapsin 2 is the amino acid, P1'. P,” may be a small side chain for
memapsin 2 to recognize the substrate. Preferred embodiments are substrate analogs
where R, of the P,” position is either H (side chain of glycine), CH, (side chain of

25 alanine), CH,OH (side chain of serine), or CH,COOH (stde chain of aspartic acid).
Embodiments that have an R, structurally smaller than CH, (side chain of alanine) or
CH,OH (side chain of serine) are also preferred. However, substrates in Table | nay
not, due to their amtno acid composition, provide a complete representation of the
substrate specificity of memapsin 2. Therefore, P1' may not be limited to the small

30 residues mentioned, but may also include the following:



isolated as well (Ellington and Szostak, 1992; Bock et at, 1992, the
teachings of all of which are incorporated herein in their entiretpoJUszﬁ
Techni ques ainmed at simlar goals exist for small organic nol ecul es,
proteins 30 and peptides and ot her nol ecul es known to those of skill in the
art. Screening sets 2 8 JUN 2005 -18 of nolecules for a desired activity
whet her based on libraries of small %%nthetic nol ecul es, ol i gonucl eoti des,
proteins or peptides is broadly referréed to as conbinatorial chemstry.
There are a nunber of nmethods for isolating proteins either have de novo 5
activity or a nodifed activity. For exanple, phage display libraries have
been used for a Cly@I&(CId{), (sairckain Af snehel,red nmet hod for isol ating proteins

that have a given__function is descrjbed Roberts and Szostak (Roberts
R W and Szost ak (ﬁ:}{l\)&lﬂ(jé%ﬁﬁ&é‘i‘&?c A@éﬁ.ls%cm SA, 94 (23)12997-302 (1997),
t he teachi ngs of i i r inin their entirety). Another
preferred nethod ozr(ﬁi‘%%l%% {]g%rhgﬁ ﬁ%@?&@ds designed to isol ate peptides
is described i n @HEBEBZNE). (s{dectuemoBptnylagnird)), , Proc..Natl. Acad. Sci.

USA 95 (24):14272-7 (1998), the teachings of which are incorporated herein
in their %entiretyH(Ciys (si8edhem aftvialinges a nodi fied two-hybrid technol ogy.

Yeast two-hybrid e ful for the detection and anal ysis of
protein:protein iﬁggﬁggﬁ@;pﬁ%q tyﬁ%fbr}e’ 'd system initially described in
the yeast 15 Sacqhauampess, CREMISHBRethichifk)power ful nol ecul ar genetic
techni que for identﬁfyingl new regul atory mdl ecul es, specific to the protein

of interest (Fi el@d(GHDIBsidechaidadfiitheor6),45-6 (1989), the teachi ngs of
whi ch are incorporated herein in their _entirety). Cohen et al., nodified
this technol ogy <dHiG{aHs\derhaimpEasRaEEHSS bet ween synthetic or engi neer ed

pepti de guence d%ﬁﬂ lant;if i Lchibind a nol ecule 20 of choi ce.
The benefit of t%%&fﬁyzg:e 0 (?lggéﬂr?ggg%}wgﬁﬁ’at the selection is done in an
intracel lul ar en\CH@HEPOOH (bidetrRiheotkiutahlit Z88),a | i brary of peptide

nol ecul es that attach to an acidic activation domain. A peptide of choice,

for example an &xXH{EEAHLGFaNhGidachbinof Iysehpsin 2 is attached to a DNA

bi ndi ng donai n of r iptional .actiyvat.ion, protein, such as Gal 4. By
perforning the T\ﬁmwgl{ﬁﬁﬁ ! %?/arrﬂflgleg’ype of system ol ecul es
that bind the extr@galihaOrr9dibQRa@fof iBABRSI N 2 can be identified.
Screening of Small 'NMolecule Libraries In addition to these nore specialized

t echni ques, nethodol ogy well known to those of skill in the art, in

combi nation with varjious small npol ecule or conbinatorial 30 _libraries, can
be used t0 i sol atlé) dAETCHEPACPEH IS EAAHSIEHBICBITF S PRHFERs bi R Kb or

P,’, Py’,and P,” Each site can accommodate any other amino acid residue in
singulanty as long as rule number 3 is met.
(3) At least two of the remaining seven positions, P,, P;, P,, P, P,’, P;’, and

P, must have an R, which is made up of a hydrophobic residue. It is preferred that
20 - there are at least three hydrophobic residues in the remaining seven positions, P,, P,
P,, P, P,’, Py’, and P,’. Preferred R, groups for the positions that contain a
hydrophobic group are CHj (side chain of alanine), CH(CH,), (side chain of valine),
CH,CH(CH,), (side chain of leucine), (CH,)CH(CH, CH,) (side chain of isoleucine),
CH,(indole) (side chain of tryptophan), CH,(benzene) (side chain of phenylalanine),
CH,CH,SCHj, (side chain of methionine) CH,(phenol) (side chain of tyrosine). It is

8]
wh

more preferred that the hydrophobic group be a large hydrophobic group. Preferred
R,s which contain large hydrophobic groups are CH(CH,), (side chain of valine),
CH,CH(CH,), (side chain of leucine), (CH;)CH(CH, CH,) (side chain of isoleucine),
CH,(indole) (side chain of tryptophan), CH,(benzene) (side chain of phenylalanine),
30 CH,CH,SCH, (side chain of methionine) CH,(phenol) (side chain of tyrosine). Itis



Z 8 JUN 2005 -19 interact with the desired target, either nmemapsin 2 or its
substrate. The relative binding affinity of these conpounds can be conpared
and optimuminhibitors identified using conmpetitive or non-conpeti}8 \Plg‘rll]ﬂ‘j
bi ndi ng studi es which are well known to those of skill in the art.
Preferred conpetitive inhibitors are non 5 hydrol yzabl e anal ogs of nmemapsin
2. Another will cause allosteric rearrangenents which prevent nemapsin 2
fromfunctioning or folding correctlylL7-Conmrut er assi sted Rational Drug

Desi gn Another way to isolate inhibitors is through rational design. This is
achieved through structural information and conputer nodeling. Conputer
nodel i ng 10 jeahpatraymat ﬂ>6§{\§on\é'»§1ﬂ§lb hy@bpidbiOR  hRECHITEY; didRAgIndfal atom ¢
structure of a ‘selected nolecule and the rational desi gn of new conpounds
that will i ntadina) CHyYCH(CH hesidotiesubéleudine), Obf, Gendéne (sdocialin afonst r uct
typically depends on data fr X-ray . cryst aI | ogr aph| anal yses. or

i magi ng of tﬂk@ng@lwécﬁfﬁ&@@%@%@%P GihaRnIng)y A (z,(g srOyUSTds Ch@ﬁ“ce
field data. % ngfuter graphi cs systens enabl e prediction 15 of how a new
conmpound W 19 Ak to the tar get nol ecul e and al | ow experi nent al

mani pul at3on of t@g NddelFiths EghOfosithiRs MIPORNP aPd P ArEetand P, afby Rated
perfect binding specificity. For exanple, using NVR spectroscopy, |nouye
and cowor kerasprolee @dabﬂlaelltabltbﬁﬂ@pﬁtlvhe structural |nformati on of N-term nal

truncated TSHK (f. nbrane sensor tidine ses rrents whi ch
retain the struct 53@%?5% Sl‘féfﬁl%&r?ﬂe re?ﬁ%eﬂS%ﬁse 10 Ibca’faé“‘i)f"’l c site
of a TSHK. (ne{,B@.Paghis, Qéf)ulB'ﬂ@véWFi’ I§tP“dD!»P tjleyP“@éePabieYthlk denui fy
potential TSHK inhibitofs (U Pat’ent 'No. 7,682°t0 | nouye, the

t eachi ngs ofhamaiXch,-&r-&,- Pﬁequﬁ@rhléd -bgrRai4h,+¥. their entirety). Another good

exanpl e | S based on thﬁ1 t hr ee- di nensi onas%%t ructure of a cal cineurin/ FKBP
12/ FK5061 ¢ onpl ex bf&fese swé%&ra&'sarﬁ & S iEFANR |1a‘(maﬁhf>@efqasmﬁsdt§? log3din| ogr aphy

to obtain t r rin active site

bi ndi ng pocrlzlgﬁgﬁg‘%tt {ei"gé’z’% ?Ellt—)%fBgﬂgg)tgll}ﬁgg% bin |drr:1§fjpocket (U. S. Patent
No. 5,978,740 to Arnmi stead, the teachi ngs of which are incorporated herein
intheir entirety). Wth th| S i nformatl on in hand, researchers can have a
good under st andi patopal QBapisirkie Makefnhiatqrs 4 Ilgands or substrates with
t he bi ndi ng pocke Gor s espo eceptors or
enzymes and are t %@Ql%oga %}legégry WC%aassbn“atI% F’élé?dsej A %ﬁ?% or s.
Prediction QEolHM@ﬁBle@ul@Qﬂﬁ@h‘r@@abiHl@Bﬁ&hdﬁ@ eWﬂ@rrh ahal Jnofé&@l@(b@%n@t’h@r nmade
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macromolecule. Proteins, oligonucleotides, and polysaccharides are examples of
macromolecules. For example, oligonucleotide molecules with a given function,
catalytic or ligand-binding, can be isolated from a complex mixture of random
oligonucleotides in what has been referred to as "in vitro genetics" (Szostak, TIBS
19:89, 1992, the teachings of which are incorporated herein in their entirety). One
20  synthesizes a large pool of molecules bearing random and defined sequences and
subjects that complex mixture, for example, approximately 10" individual
sequences in 100 ug of a 100 nucleotide RNA, to some selection and enrichment
process. Through repeated cycles of affinity chromatography and PCR amplification
of the molecules bound to the ligand on the column, Ellington and Szostak (1990)
25 estimated that I in 10" RNA molecules folded in such a way as to bind a small
molecule dyes. DNA molecules with such ligand-binding behavior have been
isolated as well (Ellington and Szostak, 1992; Bock et al, 1992, the teachings of all
of which are incorporated herein in their entirety).
Techniques aimed at similar goals exist for small organic molecules, proteins

30 and peptides and other molecules known to those of skill in the art. Screening sets



in one or both requires nol ecul ar nechanics software and conputationally
intensive 5 conputers, usually coupled with user-friendly, nmenu-drtiv N

i nterfaces between the nol ecul ar desi gn program and the user. r’rﬁIBe@ i 111N
nol ecul ar nodel i ng systens are the CHARMmM and QUANTA prograns, PoI ygen
Corporation, Waltham MA. CHARMm perfornms the energy mnim zati on and

nol ecul ar dynam cs functions. QUANTA perforns the construction, graphic
nodel i ng and anal ysis of nolecul ar 10l&tructure. QUANTA allows interactive
construction, nodification, visualization, and analysis of the behavior of
nol ecul es with each other. A nunmber of articles review conputer nodeling of
drugs i nt er axdftmoiecuded for asieeiced activiiy othethes bassdoh libsariRe bif winak ayntbeétiat , 1988
Acta Pharmaceutica Fennica 97, 159-166; Ripka, New Scjentist 54-57 (June
16, 1988); NBRCHAFS Oézﬁapzefé%%iﬁﬁ prq@lnﬁ@ggemﬁgals trragdly Ffrfjé‘ffﬁ%@oars Toxi col . 29,

111-122; Per V. Quantitative Structure-Activity
Rel at i onshl Cro)rlnt%[’]%r1J‘P?I C;Be@lig pp 189-193 (Alan R Liss, Inc. 1989; Lew s

and Dean, 1989 Prncere Re 20GnbdrOf ehetidod forha&latlﬂcﬁp@mﬂnslé}ﬂmrﬁﬁ%deam with
respect to a nodel enzynme for nucleic acid conponents, Askew, et al., 1989

J . Am CheractiBégor 4 modjfed 2080 Hy9Gxample, phage IdISpgts libfarzgs lhagg begni etsdar e 20
i ncor por at ed. herei n.their entiret her uter prograns that screen
e Do daf'F hlBer Gk vedrer B B oL e ST s T e Bt ag

Bi oDesi gn, Ifﬂﬁct10n1?@§&@1‘%@ br?%gen&daeéic?gtakxﬁgaer%‘ [@W %%&@st&l@j‘t\@r PRy, Canada,

and Hypercube, Inc. Ontario ough described above W th
ref erence td\dé@lc@d &ndUse.né#QIJ)OIQWBOQ(S%DMUMBMQQDCEh/hmhujrd alter

bi ndi ng, one could also screen libraries of known npounds, .i ncl udi ng
natural pr odBearBodfeddiFhtin l@lrcqaerﬁtva|Psn0tfsmrﬁpla¢dow@8mf9r cOmBLNYETARt eri al s,

i ncl udi ng, p S r a1 or
enoymat 1 £ aat §idieslyd SERPAUNAD AR, SELAEN EBR A2 (CoBH B Dol
substrate amabegSaantatiasdions 91 v4): ﬁesvg’ma@&) b@&@@hﬁ@s&ﬂ@ﬂ&@e of t he
active site and target, and utilize conputer sof t war e prograns that create

detai |l ed st rinetrperatsddferainen theiryentreid Thismethbd wuiihizes 2 medified Itwershyhasls t hey
interact, 5 al.on

n the presence of |nh se t are
si gni fi cant Itfh@ﬂﬁgﬁc fasvaﬁp)?r’ﬁﬁs%wgf at>F 8 gh? @ijcj’toa? e aﬁglﬁ' nhi bitors
can al so be bR ABEIPt=rBS{SRNITRY thb B BRd St iBXhEY HBGHBeMROoYRAadtor those
whi ch inhibi't the catalytically activé enZyne. In contrast to réports in
the litetat bﬁaeclrcebmycaxg:etayzmmpcnw@fultnhléeuémgyenﬁloctesiunq@e”dr hbngifningas
activity ananle(\)vgr(e):gg ago%/ gnb) ecu ets,u srp%lcﬂf% tg EL?edpurgt%gn c?tq%\yepcgf (Fields and Song,
Nature 340:245-6 (1989), the teachings of which are incorporated herein in their
entircty). Cohen et al., modified this technology so that novel interactions between
synthetic or engineered peptide sequences could be identified which bind a molecule
20 of choice. The benefit of this type of technology is that the selection is done in an
intracellular environment. The method utilizes a library of peptide molecules that
attach to an acidic activation domain. A peptide of choice, for example an
extracellular portion of memapsin 2 is attached to a DNA binding domain of a

transcriptional activation protein, such as Gal 4. By performing the Two-hybrid

o
(W

technique on this type of system, molecules that bind the extracellular portion of

memapsin 2 can be identified.

Screening of Small Molecule Libraries
In addition to these more specialized techmiques, methodology well known to
those of skill in the art, in combination with various small molecule or combinatorial

30 librares, can be used to 1solate and characterize those molecules which bind to or



10 providing a neans for identifying conpounds which inhibit the endogenous
activity. These potential inhibitors are typically identified using high

t hroughput assays, in which enzyme, substrate (preferably a chromogériUN 2005
substrate) and potential inhibitor (usually screened across a range of
concentrations) are m xed and the extent of cleavage of substrate

determ ned. Potentially useful inhibitors are those which 15 decrease the
amount of cleavage. |l. Preparation df-Catalytically Active Reconbi nant
Memapsin 2 Coning and Expression of Memansin 2 Memapsin 2 was cl oned and
the nucleotide (SEQID NGO 1) and predicted amno acid (SEQ ID NO 2)
sequences WBARrLReWehThd@shiredSart@S&ifHeh @dmapsioadiRls@ubstrate? OTHIIRIEIRIA was
assenbled fromthe fragnents. The nucl eotide and the deduced protein
sequence ar eishogaifiniy SEGdsbecnasyunds aanb@compaspeend opfinpumThigbiest ein is the
sanme as the.as tic. proteinase 2 (ASP2) .descri,bed in EP 0O 855 444 A by

S EhKT i no. BUSE Rt PR AHPEE T a1 SR BT 08 Vi g8 gt el s, “pat ent
No. 6, 319, 1 at: Hga%ﬂr = : )99) and
Vassar, et g@,%wggbggiggﬁggeklgé%} 7 Iﬁrﬁfﬁlég%%ﬁ é%tglue%rlﬁ@ggQ ,?% %ngt eachi ngs of
all of whi chydrodyzabircmnjogs af edmagsiai2n Anothérewill cnté alitsiehnc rBaremgenepsin 2 0 S
honol ogous to ot her aspartic¢ proteases, .and shares haonology with nouse ASPI
(U.S. Pat entViNgh PEYaymemapsiy hEopeRBRiGES o folthaE ePTEGHY- i ncor por at ed herein
inits entirety). Based on the alignnents, Pro-nemapsin 2 30 contains a pro
region, an aspartic protease region, and a trans-nenbrane region near 2 8
JUN 2005 -22 thedmbBEidsBded RESnE- @6 MeRdly domain i s over 80 residues

l ong. The active enzyme is nemapsin 2 and 1ts pro-enzyne i s pro-nenmapsin 2.
Ref ol di ng Cat al ytArdhéryvactpilsadatErmdybriors 15 throdeh ratpndedesigm it ihackigied r at e
specificity and to design_.inhibitors, it is necessary to r ess

catal yti cal I)7O4eR F%C%I‘rég MHPHARE a@ﬂf%‘?te@ﬂgﬁln{ghe 0&‘3:&‘%@[@’%‘? 88 s not in
the transfrentiapR gy adbes vANsiA6bh BF ihé 1feediMasidnafitbintc fERMAABEaanchori ng,
memapsin 2 was expressed in E. coli in tw different |engths, both w thout
the transneebradendlegilomd hadatpuel ddsed of aswdespouhddhatnviikawpda w3dth The

procedures for the culture of transfected bacteria, inductiopn of_synthesis
of reconbi ndht MpleEHE ﬁlélei SR TREERRT ERS} t%%ﬁ(ﬁ‘éa@ﬁ?‘?%%‘f FnEPWSKSAY bodi es

containing r X i I j 5% tt' i hn et al.,
(1994), the Ct%gac I(i‘gflh gko : ?gc are 1%lmﬁc(;C{c?)ro}lrlL’f’?tgteclla f e}lglﬁgﬁlé'n???g%%%@ety. For
refol di ng, tdyraqicet&juireifsredifebdatedThacoammiterangphickesystetat iengils pebdtdtivg

sol ution such as 8 Murea/ 100 nM bet a- mer capt oet hanol _ The ,
15  of how a new compound will link to the target molecule and allow experimental

manipulation of the structures of the compound and target molecule to perfect
binding specificity. For example, using NMR spectroscopy, Inouye and coworkers
were able to obtain the structural information of N-terminal truncated TSHK
(transmembrane sensor histidine kinases) fragments which retain the structure of the

20 individual sub-domains of the catalytic site of a TSHK. On the basis of the NMR
study, they were able to 1dentify potential TSHK inhibitors (U.S. Patent No.
6,077,682 to Inouye, the teachings of which are incorporated herein in their entirety).
Another good example is based on the three-dimensional structure of a

calcineurin/FKBP12/FK506 complex determined using high resolution X-ray

[N]
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crystallography to obtain the shape and structure of both the calcineurin active site
binding pocket and the auxiliary FKBP12/FK506 binding pocket (U.S. Patent No.
5,978,740 to Armustead, the teachings of which are incorporated herein in their
entirety). With this information in hand, researchers can have a good understanding

of the association of natural ligands or substrates with the binding pockets of their



rate at which the protein is refolded, and in what solution, is critical to
activity. In 15 one nmethod, the protein is dissolved into 8 Murea/l(h%{ﬁﬁe
bet a- ner capt oet hanol then rapidly diluted into 20 vol unes of 20 i

pH 9.0, which is then slowy adjusted to pH 8 with I MHC. The refol ding
solution is then kept at 4C for 24 to 48 hours before proceeding with
purification. In the second method, an equal volume of 20 MM Tris, 0.5 M
oxi di zed/ 125 mM reduced gl ut at hi one,-29H 9.0 is 20 added to rapidly stirred
pro-memapsin 2 in 8 Murea/ 10 mM bet a- ner capt oet hanol. The process is
repeated three nore tinmes with 1 hour intervals. The resulting solution is
then di al yzedmagmindats recdiors ioe atzyweks ane aefth20abiidtoldéssrbaslengde ¢ffativehe
final urea concentration is 0.4 M The pH of the solution is then slowy
adj usted to N@PHORR th | M HCI. 25 The refol ded protein is then further

pur i 1 ed by, col U &1 9Bt Q82w 050 0T SEul LRI SxShunl o,

and/or elution using a anal'yze ysi s

under reducafl og86r BOATE _te@%ls@mglrﬁécﬂ@ﬁcs D ffvalbhhd utaf#chal bl inteRbRet r at e
Specificity and Enzyne Kinetics of Memapsin 2 The inhibitors can be screened

f or i nhi bi t icompofergiusailhgccauptedolidavsayéridngly, memapdiven 2nteffages besudrst that e.
Substrate SpeC|f| city.5 The rese ce of _ne psi 2 in the brain
i cat ed <7 iflSioh PRGARGI IR 196 ERRTSa Ry oI Gr S0P SBLgr n
(APP) . c I

31?5{161 A@@Wmd@ﬁﬁﬁ ro ?ﬁé”ﬁ&l;y erﬁ@gxga%?ajt o) Waltﬁgﬁxd'm

dermnstrate s a Cri rlao secretase. The M
t hr ee- di nensiKARM atpetfotis ehereneyeninasizatidnyqel tholentlegd yalamicsefirthedoes. pr ot ei n.

The nodel i&{gested that its gl obular protease unit can 10 hydrol yze a
menbr ane ancefdd bBERIERt thel eOnHrugtiof, SapRKaNPdsigg 8¢ azdyséw?@@. from

the enbrane, SulACG s er 2 ibADSIBINIANS BRRLSh TRk bt DL, ARR 15 @

potenti a raet e Secretase site, (0] reSI dues

fromthe plaaarmalrma‘@fme;eﬁwx&a@femoue&;mWhheadhrbthae range for M
proteolysis. A synthetic tgeptl de derived fromthis site (SEVKM DAEFR) (SEQ

|D NO. 15 5) wasA nyarber § aéuclbyrwwqmmdﬂfm@@lm of grigaiinferagti verivid aci ds
oM A2 L Sog bl ek PRBRLFERSFIL 938 P Sy PRl Mt o000
Genet 2 %285%25@6”%%*%QNGE“?S@”{%‘ESE%@?‘%@ e ein in
its entilet WPpS9 HwomRa\OPébewmaé Tomgsol. %96111202-0ﬁ’eﬁyan¢)ﬂadlmlp(3$)hﬂ n cells
(Gtron, M (f&autai{_a’tive ttrldrct%rez ctl\%ZyZRngéorgs?hp%zu)lD %eswn pp- 189-193 (Alan R.
Liss, Inc. 1989; Lewis and Dean, 1989 Proc. R. Soc. Lond. 236, 125-140 and 141-
162; and, with respect to a model enzyme for nucleic acid components, Askew, et
al., 1989 J. Am. Chem. Soc. 111, 1082-1090, the teachings of all of which are
20 incorporated herein in their entirety). Other computer programs that screen and
graphically depict chemicals are available from companies such as BioDesign, Inc.,
Pasadena, CA., Allelix, Inc, Mississauga, Ontario, Canada, and Hypercube, Inc.,
Cambridge, Ontario.
Although described above with reference to design and generation of
25 compounds which could alter binding, one could also screen libraries of known
compounds, including natural products or synthetic chemicals, and biologically

active materials, including proteins, for compounds which alter substrate binding or

enzymatic activity.



teachi ngs of which are incorporated herein in its entirety), was hydrol yzed
by M2pd w th nmuch higher catalytic efficiency. Both substrates we E
optimally cleaved at pH 4.0. A peptide derived fromthe processi ng JUN @005+
presenilin |l (SVNMAEG) (SEQID NO 7) was also cleaved by M2Pd with | ess
efficient kinetic paraneters. A 25 peptide derived fromthe APP
gamma- secretase site (KGGWI ATVNK) (SEQ ID NO 8) was not cleaved by MPd.
Pepstatin A inhibited M2Pd Poorly (1250 approximately approximtely 0.3
mV). The Kkinetic paraneters i ndi cate that both presenilinl (k,,,, 0.67 s';
K,,,, 152 mM R ,[[C, 43.8 s-"M') and native APP peptides (kcat/Km 39.9
s 1M 1) are not %%r&%do?@&%ﬁé‘st es as the Swedi sh APP peptide 30 (kcat, 2.45
,Km I mM ke" /K, 2450 STM'). 2 8 JUN 2005 -24 To determne if M
possesses an APPEbst@-oacecbsﬂta&smatqgscahﬁamidnal dragdedigramre basdd o knswieggd N 2 was
transiently expressed in HeLa cells (Lin, X, et al., FASEB J. 7:1070-1080
(1993), t heof BEAstiNg s tordipissh 2a¢ éﬂil%ﬁ:%ﬁ%#%&se&vvﬁ@rmﬁmm hatsTeg i ret y) |

met abol i cal | with
e e I s R B A T e R

SDS- pol yacr ¥loagiod én thelpessthiedTorniesltsr. altksé mRBhiGGss BDSghfCmipadinanasi of

i muno- preci pitated APP Np- fragnent (97 kD band) fromthe conditioned nedia
(2 h) of pumsd Xiraxeveirbesrapiendata 18 handke dnhiviprsappalsadeobtanasd by M.

Control s transfect wi t h. APP. al one an t ransf ect nd M with
Baf i | onycin %F%H%@gf%? af G REPo e Oiélwﬁ%&ll%mﬁla{fd?‘gqﬁlse %afm%??l C f ragment
(12 kD) wer g:dyoamopLedl fidatad r@;ﬁ&&hﬁ*ﬂlﬁ‘eht@ﬁﬂfi& Félﬁﬂﬁqo%%sﬁxf 21the sane
experi nent as di scussed above. Controls transfected” with APP al one:

co-t ransf ecesgymwi d¢scAli leenein MBS ago4tyraansgedt te thamatbra WPPreaimdedvihizywiet, h

Bafi | onyC| n Al; transfections of. Swedl sh APP; and. co:-transfections. of
Swedi sh ‘APPPERYAING a\waSEOél?w g copRoBKEE i) hikdthe shdagepRhs 1Vithmuno 15

precipitate K I L ANS a cells
after |ong thlél fl(r;‘ﬁI g‘)@pbéts)%reaerg tgjr}ggl g%gleffr?gﬁlgﬁ @rtom ﬁ&ﬁﬁz ga {nl

SDS- PAGE patwmecrmwmfe sABBirdte dgatfenitdy ¢ ERGniddelie sabvirhreagne pbteatind 1ﬁ151bi¢5}

bet aN-fragnent) recovered from conditioned nedia after inmuno-precipitation
usi ng anti boeuaky sﬁé@efilaémﬁ%? range of eeSgRirApps) wgyured 3nddhe gxtgat ehat menapsin

2 cl eaved APFav%D%(c%%lulgs%aﬁex %llléw I%?él{?laﬁ\yBSe | %HB{S%Q%&%QC &’gfeg7 kD APP

beta N- fragnme erm nus a-secretase si in the

condi ti gredds®rdisa th@ﬂﬂgMQf&ga@ebet aC-fragnent (fromthe beta-secretase
site to the CGtermnus) in the el | | ystate. Controls transfected with APP
al one produced little detectable betaN- fragnent and no beta C-fragnent.

Baf i | onyci nlf\l ’ \fnle;():ahralti%n %?walg'gcarlﬂfl igti\gehﬁecombinant Memapsin 2

Cloning and Expression of Memapsin 2

Memapsin 2 was cloned and the nucleotide (SEQ ID NO: 1) and predicted

amino acid (SEQ ID NO: 2) sequences were determined, as described in Example 1.
20 The ¢cDNA was assembled from the fragments. The nucleotide and the deduced
protein sequence are shown in SEQ ID NOS: 1 and 2, respectively. The protein is
the same as the aspartic proteinase 2 (ASP2) described in EP 0 855 444 A by
SmithKline Beecham Pharmaceuticals, (published July 29, 1998), U.S. Patent No.
6,319,689, Sinha, et al., Nature 402, 537-540 (December 1999) and Vassar, et al.,
Science 286, 735-741 (22 October 1999), the teachings of all of which are

[C]
(2%

incorporated herein in their entirety).

Pro-memapsin 2 is homologous to other aspartic proteases, and shares
homology with mouse ASP1 (U.S. Patent No. 6,291,223, the teachings of which are
incorporated herein in its entirety). Based on the alignments, Pro-memapsin 2

30 contains a pro region, an aspartic protease region, and a trans-membrane region near



25 intra-vesicle pH of |ysosones/endosonmes and has been shown to inhibit APP
cl eavage by beta-secretase (Knops, J. et al., J. Biol. Chem 270: ﬁﬁéﬁ %ﬂﬁz
(1995), the teachings of which are incorporated herein in its enti y)
abol i shed the production of both APP fragments beta N- and beta G in
co-transfected cells, Cells transfected with Swedi sh APP al one did not
produce the beta C-fragnent band in the 30 cell |ysate but the
co-transfection of Swedi sh APP and M22did. This Swedi sh beta C- fragment
band is nore intense than that of wild-type APP. A 97-kD beta N-band 2 0 JUN
2005 -25is also seen in the conditioned nedia but is about equal intensity
as the wl d-tha/@etenﬁﬂastTﬁ@@t@ﬁmn@mo&[&lﬁ@ow%gIréﬁddee%r@atﬁqetmbeMZ processes
the beta-secretase site of APP in acidic conpartments such as the

endosones. TEazast ainemhpdihe aad pis ss-emynof is pra-menshaat?ed M2 gene, the

pul se-1abel ed cells were | ysed and i mmuno-precipitated by anti-M

anti bodies. A 70 KD M2 band was seen in cells transfected with M gene,

whi ch has the sa nd from HEK 293 cells known to
express bet a- soors R ek %al i ture 260:672-674 (1992), the
teachings of whilghréreo ua@ﬁm@rtaetmsth@eepdmmména t€Bédi g8 tnhlbitods Mefsy fai nt
band of M2 is also 10 seen, after a long filmexposure, in untransfected
HelLa cel |5, neﬂfms@att@ ngprassmrt@lytmm aP@WﬁC@ﬂb@ﬁm@gém@lsglw thamFiaye siee is

i nsuf fi ci ent % t%r bet aN- _ or Qﬁi ? ; @g % wi thout M2 rransfection.
Anti body A(&PFiMTE ra“?&ﬂ?’& [AOpEE T YA 3/ VHeEBgHie é%‘l“ffééﬁ‘%‘érgm’ra PR Ap
peptide, wasndsgfid ®waoBk rﬁﬁkﬁh§EC&ﬂfﬁQWoQﬁﬁaﬁﬁﬁ@ﬁﬂﬁﬁ%%&§W%ﬁmﬁ“ﬁ@vage I n

cells transfected with APP and M, beta N- and beta N-fragnents are
visible 15 msmsngemhraanatreg)md)and@mdjﬂd ZalSIngdl’i’bed MEE:mplaél Thegioondafs ARP
present in both agnment s ti body Al 31 cognj ze the beta N fragnent
produced by t%%@éﬁeggansséf%&a@&f@t BeuClq ﬁa,m RYF QHSPUBPENIRIPILANS Thi s

anti body, O"’asan RRY S ery gﬁs‘tfg %he%é)ofl Eﬁ%%ﬁ'%ﬁne& @@EQ%I]:%'\# E&rﬁ ﬂ?ﬂ?&t KRoYN to be

pr esent |n ce I's co- tra and ser VAt ons
confirmed thad edeitailNyfat dgseived bg Lither 4ir, 0hoal, thd tehetings2dF vshaeﬂi etease site cut
by N12, which abolished the recognition epitope of AP 1-17' In specificity
studi es, it NESPIratEAdcraRIn lmmlr@Veﬁvé@fqlﬂ@ap@@ Ppeipiniieidisgalved ned§rongnd t he
protease porgti es)

1). Beside$ e{\%uru[(%/redélcmo {)Pu oh R a5166\/1h eQﬁH@%{M%gg%él%g%tggtf_ll vat i n (Tabl e

PsTussed above &¥ed "Sxi di zed

bovine insyhtknt B 1€dﬂ&hé\p@@§lnas @ma&etah@up@ﬁiﬂseﬁmwﬁhls chatime .8 @hei s wer e
not cleaved by 25 M2pd These sane met hods can be used in conbination with

t he di sclosede niatimdithtepretetmissicssebved fige 8e¥lfuresdt30 mi bethinpdredpteethiminemapsi n.
then rapidly diluted into 20 volumes of 20 mM-Tris, pH 9.0, which is then slowly

adjusted to pH 8 with 1 M HCI. The refolding solution is then kept at 4°C for 24 to

48 hours before proceeding with purification. In the second method, an equal

volume of 20 mM Tris, 0.5 mM oxidized/1.25 mM reduced glutathione, pH 9.0 is
20 added to rapidly stirred pro-memapsin 2 in 8 M urea/10 mM beta-mercaptoethanol.
The process is repeated three more times with 1 hour intervals. The resulting
solution is then dialyzed against sufficient volume of 20 mM Tris base so that the
final urea concentration 1s Ov.4 M. The pH of the solution is then slowly adjusted to
8.0 with 1 M HCL.

The refolded protein is then further purified by column chromatography,

[
w

based on molecular weight exclusion, and/or elution using a salt gradient, and

analyzed by SDS-PAGE analysis under reduced and non-reduced conditions.



V. Methods of diagnosis and treatnment |Inhibitors can be used in the

di agnosi s and treatnent and/or prevention of 30 Al zheinmer's di sease and
condi tions associated therewith, such as elevated |evels of 2 6 JUN 003005
-26 the forty-two am no acid peptlde cl eavage product, and the accunul ation
of the peptide in amyeloid plaques. Diagnostic Uses The substrate anal ogs
can be used as reagents for specifically binding to 5 nmemapsin 2 or
menapsi n 2 anal ogs and for aiding in2fempsin 2 isolation and purification
or characterization, as described in the exanples. The inhibitors and
purified reconbi nant enzyne can be used in screens for those individuals
nore genetijgal | WuBs@RR S cHRY®! R PhZMed RBfeties OF MeasspsinPer apeutic Uses 10
Reconbi nant human nemapsin 2 cleaves a substrate with the sequence

LVNM AEGD ( SEQ | Dhki@rhiSiyors Thii be sreepmed des inkibithea dfivindinparpt dewsgehy site
sequence of human. presenilins. Both presenilin | and presenilin 2 are
integral nEHRRIE DYOESURET S hey are processed by protease cl eavage, which
renoves the N Term nal sequence fromthe unprocessed form Once processed,
presenilin forns a 15 two-chain heterodi ner (Capell or al., J. Biol. Chem
273, 3205 (1998)5u$hﬁmﬂ8ﬁﬁdﬁtﬂﬂ al., Neurobiol. Dis. 4, 438 (1998); Yu et
at., Neurosci Lett. 2;254(3): 125-8 51998) t he teachlngs of all of which
are i ncoPpor at ed TﬁépéqSﬁnqerp (N3P B Mé)ckyl)t ehwfbwdlcéteﬁltt%llbmlg*él ative to the

R e e R T e
ncor por at o WZ?#“?%M “e%‘?@éi%ﬁ%%g%@mwﬁﬁéam“ SRS
control s theedrétasd. Vihead? itiie¢-inodnshetbstrusace edodsied awhitgle liintegtat n cl eaves the
anyl oi d precursor protein (APB% Ieadlng to.the formation of A(342. The
accunulatloﬁ“@?r#TGHQwﬂh ?W@“B‘éﬁHg%ﬁ $hatdfs giphmtar P teASE HniteaR or cause of

Al zhei mery s g@r%fy%%% ir&(raﬁee c‘BX\éed f‘;g?@t)l&%oaﬁihedjr r?de r&{%ﬁé otf%c*b' J&Qﬁiuﬁ! 25 whi ch

are incor por er ernin I ent'l reseni

therefore %ham@erserﬁm@nd)m@wsm afraBémahBhage PRCiH oﬁth%éb&@lﬁ AEFPI i§als
supported by the observation that in the absence of presenllln gene, the

product i on @thA(lérSnbﬂ@tq)@}ﬁtliSd@t& secrdtesfesitedo¢ed &qu@&%eqsldeles &bm th¥at ure 391,
387 (1998), Ehe teaq$|qgs %f gﬁﬁre |nc0£ qé ereln inits
entirety). BIAEE TP ELERLEGS 8% B sy ‘8# dBEP ? B'IJUN 2005 -27

A synthetic peptide derived from this site (SEVKM/DAEFR) (SEQ ID NO:

15 5) was hydrolyzed by M2, (modified M2 containing amino acids from Ala™®" to
Ala’) at the beta-secretase site (marked by /). A second peptide (SEVNL/DAEFR)
(SEQ ID NO: 6) derived from the APP beta-secretase site and containing the
‘Swedish mutation” (Mullan, M. et al., Nature Genet. 2:340-342 (1992), the
teachings of which are incorporated herein in its entirety), known to elevate the level

20 of AP production in cells (Citron, M. et al., Nature 260:672-674 (1992), the
teachings of which are incorporated herein in its entirety), was hydrolyzed by M2,
with much higher catalytic efficiency. Both substrates were optimally cleaved at pH
4.0. A peptide derived from the processing site of presenilin 1 (SVNM/AEGD)
(SEQ ID NO: 7) was also cleaved by M2 ; with less efficient kinetic parameters. A

25 peptide derived from the APP gamma-secretase site (KGGVVIATVIVK) (SEQ ID
NO: 8) was not cleaved by M2, Pepstatin A inhibited M2, poorly (IC;,
approximately approximately 0.3 mM). The kinetic parameters indicate that both

0.67s"; K, 152 mM; k_ /K., 43.8 s'M"') and native APP
peptides (k. /K, 39.9 s'M™) are not as good substrates as the Swedish APP peptide

30 (kg 2.45sHK,, 1 mM; k, /K, 2450 sT™M).

presenilin 1 (k

cau



qui ckly, the processed, heterodineric presenilin nust be responsible for the
accunul ation of A(342 leading to Al zheiner's di sease. The processiqg &E
presenilin by memapsin 2 woul d enhance the production of A(err)42 hdUN 2005
therefore, further the progress of Al zheiner's disease. Therefore a
memapsin 2 inhibitor that crosses the 5 blood brain barrier can be used to
decrease the |ikelihood of devel oping or slow the progression of

Al zhei ner' s di sease which is nedi at ek4by deposition of A042. Since nemapsin
2 cleaves APP at the beta cl eavage site, prevention of APP cl eavage at the
beta cl eavage site will prevent the build up of A(342. Pharmaceutically

Accept abl e Carri ergdd@rndine if MRipakdedes awiAHP Betpketbthye fRac@sinthsmelgidnoral Iy
or by injection. Oral admnistration is preferred. Alternatively, other

formul at i onseBgmdbrapssed Wa@ﬁrandeitimyesbg;i ipUHetercstly (LimuEozah! of ASERWsder mal
routes. The j nhibjt usual ly be adnministered ip conbination with a
phar maceut i ja 1449- H@g)e(ﬂa%@b g’eé%ﬂﬁh}réﬁ O?‘)"Ib R teQinoEapd E%{F‘r“l 187 SBtECHhown to
t hose skill opr qtig"!ﬁr : I be

sel ected baefg%fh%&?ﬁ%g{lfsa lég%%d I[rent{ nlgsl\{I?ttaﬁllegn. gPI]r?g%? ate:dc%#pérgtg#p%m tions

may al so 3 nehudedieNr oisudbfRioaf IARR- dagrad RikbertieferEDIPbliyatiehidal
agents, antiinflammatory agents, and anal gesics. Preparations for parenteral
admi ni st r at icbsstropherdsis ﬁn@tm%m&)nSlW H%ﬁé@taﬁt@ms of mrhutepgcHifated éﬂﬁé\{ﬁrs or

non- aqueous sol uti nd e o) 20 Exanpl es o

o e ous gmahil i BEP T gﬁecoaﬁwa BT ilethgf ERle R RV BERE Al o
oiI's such agy %E&’ﬁ]&?fk’é’ »@%we%f/ eﬁmmﬁnﬁé&&mnﬁm ﬁ%n@ta{ﬂcyl:om eate.
Aqueous carrirers I nc wat er CO.hO 1 c/ aqueous sol uti ons SI ons or
suspensi ons,trangfetigdivich A8Piané Mihdith Haftidsreykimadi aldechfeepsdr&ﬁmpar Smer al

vehicles include sodiumchloride solution, R nger's dextrose, dextrose and
sodi um cH! ofi4deE ngema@f éf@cﬁ@%frﬁg@?ms(lzd&D)MCX@WPF@Feqlnﬁtédlé“ﬁﬁugleveh| cles

| ude fluid t t I h h
et hose badBRt B RGHE & TLERHoRer RPN AT BAE TorC TR CRRR(FHER ol ng
appl i cation ;6 AppueaRato s4hiraaed MtHQALHdér{KMtzh@o %h@f@bted’%ﬁtﬁm ¥nd REsal ,

vagi nal or rectal) adm nistration may include ointnments, |otions, creans,
gel s, drops,wiguppidlsittyoir &$; trapfeayens dfi Syddos SRR, qmdvmiersmsfelétwm&tl ons 30

for the e appl c tion known. . For e | e nunber of Jonary
f or mul atS i onggo I | s@‘gﬁf WO I Peﬁfﬁ%e%e\%ﬁgg’é\gﬁ éﬁ]é(uﬁ" erg glsp E"aﬂp‘P nHEP’F\‘Q‘ spr ay
drying tps f%"r&% it&d @I’)p@@%é,rglﬁvth'ﬁgfe%ﬁ%ﬁé %ﬁtr?ﬂélchedaﬂeﬁae%g%?%ﬁ%mn% di amet er

of between one an consistin n cohbi nati on
wi t h pol yneningnfilneexsosufed ahdetidogeiumpad? lﬁioﬁﬂHEKOI%Odeﬁls stMSErpmem i ncl ude

powders or %rf?ﬁglg f?asvmesnl{ss E) 1%%SKIDOQeStaN fragment and 95 kD betaN-fragment) recovered
from conditioned media after immuno-precipitation using antibodies specific for
different APP regions indicated that memapsin 2 cleaved APP.

20 Cells expressing both APP and M2 produced the 37 kD APP beta N-
fragment (from the N-terminus to the beta-secretase site) in the conditioned media
and the 12 kD betaC-fragiment (from the beta-secretase site to the C-terminus) in the
cell lystate. Controls transfected with APP alone produced little detectable betalN-
fragment and no beta C-fragment. Bafilomycin A1, which is known to raise the

25 intra-vesicle pH of lysosomes/endosomes and has been shown to inhibit APP
cleavage by beta-secretase (Knops, I. et al., J. Biol. Chem. 270: 2419-2422 (1995),
the teachings of which are incorporated herein in its entirety), abolished the
production of both APP fragments beta N- and beta C- in co-transfected cells. Cells
transfected with Swedish APP alone did not produce the beta C-fragment band in the

30 cell lysate but the co-transfection of Swedish APP and M2 did. This Swedish beta

C-fragment band is more intense than that of wild-type APP. A 97-kD beta N-band



5 or solutions in water or non-aqueous nedia, capsules, sachets, or tablets.
Thi ckeners, flavorings, diluents, emulsifiers, dispersing aids or binders
nmay be desirable. Peptides as described herein can also be adnini 38dikgjgs a
pharmaceutically acceptable acid- or base- addition salt, forned by
reaction with inorganic acids such as hydrochloric acid, hydrobrom c acid,
perchloric acid, nitric acid, thiocyanic acid, 10 sulfuric acid, and
phosphoric acid, and organic acids syeh as formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid,

mal oni ¢ acid, succinic acid, nmaleic acid, and fumaric acid, or by reaction

T s 38) SB35 B AR T VLS RO R te

aryl am nes gy sibstibhut ed et hanol amines. 15 Dosages Dosing is dependent on
severity and responsiveness of the condition to be treated, but wll

normal | y be one Ghesmresultdaaésatpdiat MY prosedshs ihe bemescofetdse eae nBAPPliast i ng
from several days to several nonths or unti| the attendi ng physician

det er ni nes @@ lqwm&mﬂe&%hﬁs (ie1enderomsst 4P re@bliteins GKRIEBHOBPHI nary skil |
can detergmi ng oot LM 20 dé%% ﬁﬁﬁ’labde‘?édé% %}@gg%auce ﬁﬁmf‘g) e%rfeé‘g, dtta gifbg/;tr?‘t es.

The dosade FARYELCArE FHGs 6 ge enoug in

whi ch the syApIIBn@odidie m«m;wm bancmdg eéeﬁdn déisarfefecrusyial MeVialeed
(typically characterized by a decrease in size and/or nunber of anyI0|d

pl aque, or Mwhich liaithaisame moblhrtiscasetaseﬂam being éroor HEHa2ft3i ¢ejly knownita whi ch

by The ! ndi TG DT R FOT AL S PErR o0 CRRy cOURt o T h iSRG, The

present inveat,i l;{ e I npl es
whi ch are n§? hlh%eaﬁ%ledg Oﬁ%r‘{tw Bé}%n lpnélélﬁftrll[re?r)lyg\v\g%/@ tfi]ﬁ%ﬁa? BNOQ%%% ﬁ%

EXEMPLI FIOCAT¢ l\a ftépealopg @lrh. exﬁvsatﬁem ynurmsfmtﬁ\ﬁdm cahisl iodieatvagey aiytlew
preferences of recombi nant , Temaps % amno acid sequegce around the
prot eol yti c leicbalayessvesto FIABP B ﬁ%ﬁ%té? BFoAR BN - BF B Crigreaadb | | sh

the specificl {hy%upltfp aatn TepRet {)2‘7 4A6f%ecag/npqna%h181r petzl%n@);)@ 0 2 e-I;]i'eW%ues PCUbat ed

LA} B
in 0.1 M sodi acet '8”hour's eératuré I n order

to create alm[@a\tgademeg &As%y@%ec%nmeh@&&%%aa\éeéretas@mldrga@qoysmg
SDS- pol yacryl am de gel ‘el ectrophoresis. Several bands which c8rresponded to

nmol ecul ar weélfhtrsns&eedd veith AR&rant M4k, oth prtaNrendpsta IN-Ragweests 22 vbdés ved. The
el ectr Ophaor %gllng ax? %gggod\glerregoc}nll’ﬁr?ws thgll\?ttgn%?qa? petcr?onaofPXPDll’:preng'rit ll’? rlgoth

fragments. Antibody AP, , recognize the beta N-fragment produced by endogenous

beta-secretase in the untransfected cells. This antibody was, however, unable to

recognize the betaN-fragment known to be present in cells co-transfected with APP

and M2. These observations confirmed that betaN-fragment is the product of beta-

20 secretase site cut by M2, which abolished the recognition epitope of AR, ..
In specificity studies, it was found that M2 , cleaved its pro peptide (2 sites)
and the protease portion (2 sites) during a 16 h incubation after activation (Table 1).
Besides the three peptides discussed above, M2 also cleaved oxidized bovine

insulin B chain and a synthetic peptide Nch. Native proteins were not cleaved by

25 M2,

Cl.

These same methods can be used in combination with the disclose

inhibitors to screen for efficacy in inhibiting the memapsin.

IV,  Methods of diagnosis and treatment
Inhibitors can be used in the diagnosis and treatment and/or prevention of

30 Alzheimer’s disease and conditions associated therewith, such as elevated levels of



Four bands were chosen and subjected to N-term nal sequence determ nation in
a Protein Sequencer. The N-term nal sequence of these bands esta Ii@&e% t he
positions of proteolytic cleavage sites on pro-nemapsin 2. In addidt ,Zg%e
oxi di zed pl-chain of bovine insulin and two different 15 synthetic peptides
were used as substrates for nmemapsin 2 to determ ne the extent of other
hydrol ysis sites. These reactions were carried out by auto-activated pro-
memapsin 2 in 0.1 M sodium acetate, {#¥8-4.0, which was then incubated wth
the peptides. The hydrol ytic products were subjected to HPLC on a reversed
phase C-18 columm and the el uent peaks were subjected to el ectrospray mass
spect r omet r yhé Rity28vd digindelRIgeprlas tleavapk pidwiciiehe et @cumaiaghbh ofthd he :
fragments. Two hydrolytic sites were identified on oxidized insulin B-chain
(Tabl et). Tipepeddipdmayejaidplasiuees were identified from peptide NCH gamma. A
single cleavage site was observed in synthetic peptide PSI -gamm, whose
sequence (LVNMAEGD) (SEQ ID NO 10) is derived fromthe beta-processing
site of human presgpiddiR kel Table 1). 28 JUN 1005 -30 Table 1: Substrate
Specificity of Memapsin 2 Site 4 Substrate P4 P3 P2 PI PI' PT 1 PT 14 SEQ
IDNO | | 1 Pro-ThR s@bSrdtt Andpgé dan baasddasl iBagdntsSbspdoi fidily bd)dimeranapsi n SEQ
IDNO 122 2 GT QHGI RL (aa 23-30 of SEQID NO. 3) SEQIDNO 13 5 3
S S N F A Vsmepsiad et 1g5agsin paaloghangior 3ydingm memgeyin 24sdfatigniand vy A E | A
(aa 183-190 0f'g§a'%%§ég%hg%%§&it§o%9ﬁé Beddbed t@%één%gé?dnﬁe hiprerGR o E VS

is cysteic act' _ nsu steic acl aint C
G E R G F Fpirifibd e ositi@mt ehB@kedhn be used in screens for those individuals more

genetically prone to develop Alzheimer’s disease.

Therapeutic Uses

10 Recombinant human memapsin 2 cleaves a substrate with the sequence
LVNM/AEGD (SEQ ID NO: 9). This sequence is the in vivo processing site
sequence of human presenilins. Both presenilin 1 and presenilin 2 are integral
membrane proteins. They are processed by protease cleavage, which removes the N
terminal sequence from the unprocessed form. Once processed, presenilin forms a

15 two-chain heterodimer (Capell et al., J. Biol. Chem. 273, 3205 (1998); Thinakaran et
al., Neurobiol. Dis. 4, 438 (1998); Yu et al., Neurosci Lett. 2;254(3): 125-8 (1998),
the teachings of all of which are incorporated herein in their entirety), which is stable
relative to the unprocessed presenilins. Unprocessed presenilines are quickly
degraded (Thinakaran et al., J. Biol. Chem. 272, 28415 (1997); Steiner et al., J. Biol.

20 Chem. 273, 32322 (1998), the teachings of all of which are incorporated herein in
their entirety). It is known that presenilin controls the in vivo activity of beta-
secretase, which in tumn cleaves the amyloid precursor protein (APP) leading to the
formation of AB42. The accumulation of AB42 in the brain cells is known to be a
major cause of Alzheimer’s disease (for review, see Selkoe, 1998, the teachings of

which are incorporated herein in its entirety). The activity of presenilin therefore

2
W

enhances the progression of Alzheimer’s disease. This is supported by the
observation that in the absence of presenilin gene, the production of AB42 peptide is
lowered (De Strooper et al., Nature 391, 387 (1998), the teachings of which are

incorporated herein in its entirety). Since unprocessed presenilin is degraded



7 Synthetic VGS GVin a peptide: VGSG/LLSRK(SE Peptide’” Q ID NG 30) 10
8VGSGVLLSEQIDNO 17 SEQIDNO | S9GVLLSRKSEQIDNO 19
10 Peptide" L VNMAE GD SEQID NO 10 Positions P. and P ,' (whil ¢iN 205
is 1l 2, 3, 4, etc.) refer to the positioning of the amno acids in a
peptide relative to the site of cleavage, indicated by the double 15
vertical bar. Position nunbers increase distally fromthe scissile bond. *
Synt hetic peptide based upon the am mg-aci d sequence of Notch protein
(Accessi on nunber AAG33848). Menmapsin 2 cleaves the Notch peptide at three
sites. ** Synthetic peptide based upon the processing site of Presenilin-1

20 Saccess! O AUIRAL Bgég%é%eggsaﬁeﬁggPélgﬁ‘im%ust bORLHS R RGRIA) - 754~ 760

(1995), the teatCh are hereby 1 ncorpora y.reference inits
entirety). 28cdiMaZ0Rdf AL IEdailoeAlZheiMet’s tkhsan TOk ppycessiR@sesenliand
enzynme kinetics. Incubation in 0.1 Msodiumacetate, pH 4.0, for 16 h at
22' C aut o- datmbyepoallwoudavtente theproduvBiPol of ABKRRud themafoienfurihat they dr ol ysi s
tests, two synthetic Reptiﬁes were_separately incubated with pro-MPd in
0.1 M Na acetagess piflengingegs disegss. f HEHPICoREBARSE ANYT IEPTTR Frosseothes h. The
i ncubat ed; s : j.ect 0 fQr: ' L [ f. the
hydrolyti% 3g§%§§¥@§&ﬁggy |§%ﬁ§gdg %ﬁ#%é%ﬁ?ﬁgﬁh$ gH#?@?%g&hgﬁgs%%%cenan
Syst em Gol d)prpsReisE 0P8BSIV Q11 At FhiRh @FmboftedbyaRpbdiddn ONApINESHiceand
kcat values for presenilin | and Swedi sh APP peptides (Table 1) were
measur ed by rsteapbm tckavekANR 71 the belivdeavagh sifedprsb erionadd\Béeelearadzgaesthe0 f or
APP peptide coul d not be measured accuyate by standard nethods, so its
kcat / Km vaﬁﬁé‘%ﬁ@”ﬁ%é@%?&@pﬁve@dH%EWﬁ{?W%}%gﬁzolysis of mi xed substrates
against presenilin | peptide (Fersht, A "Enzyme Structure and Mechanisni,
2d Ed., WH. Freeman and Conpany, New York. (1985), the teachings of which
are incorporated phenetdutichll Aeidptsid Cargikys) . 15 The conversion of pro-MPd
at pH 4.0 to smaller fragnents was shown by SDS-pol yacryl am de
el ect rophoresi s. TirinkibiPer eltepicallnbeyrdminsterpbeoistizar py oueatid. Qfad convert ed
enzye 1o CULARM LR AT ELNLE Q106 10 PRI Sicki cBPSL GRaAe Synthesis
delivery by pulmonary, mucosal or transdermal routes. The inhibitor will usually be

administered in combination with a pharmaceutically acceptable carrier.
Pharmaceutical carriers are known to those skilled in the art. The appropriate carrier

15 will typically be selected based on the mode of administration. Pharmaceutical
compositions may also include one or more active ingredients such as antimicrobial
agents, antunflammatory agents, and analgesics.

Preparations for parenteral administration or administration by injection
include sterile aqueous or non-aqueous solutions, suspensions, and emulsions.

20 Examples of non-aqueous solvents arc propylene glycol, polyethyleﬁe glycol,
vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate.
Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and  buffered media. Preferred parenteral vehicles
include sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride,

lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient

o
w

replenishers, and electrolyte replenishers (such as those based on Ringer's dextrose).
Formulations for topical (including application to a mucosal surface, including

the mouth, pulmonary, nasal, vaginal or rectal) admimistration may include ointments,

lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Formulations

30 for these applications are known. For example, a number of pulmonary formulations



OW9-2. 20 Based on the results of specificity studies of nemapsin 2, it was
predicted that good residues for positions P1 and P1' woul d be Leu ggﬁ ?ﬂlﬂg
It was subsequently determined fromthe specificity data that P1' {) 'i) d
smal | residues, such as Ala and Ser. However, the crystal structure
(determ ned below) indicates that this site can acconmodate a | ot of |arger
residues. It was denonstrated that PI' of 25 nemapsin 2 is the position with
the nost stringent specificity requi rérent where residues of small side
chains, such as Ala, Ser, and Asp, are preferred. Ala was selected for P 1
mai nl y because its hydophobicity over Ser and Asp is favored for the
penetrati on lafre bémm deleopkdbtyaicallpasing grgy chyingquforrauhteta fdoovdet hayvimgppargelenf a
memapsin 2 inhibitor drug for treating Al zhei ner's di sease.. Th refore

i nhi bi tors WKbatRERGyRRHS diareetssof BEWECH nerpnd HirenmaGrase CoNTHIBg AEIME 85+t er e

bet ween Leu &QQ Ago bﬁaggmlt%} &%{%@?IZS%% 2 Leu*Al a, where * represents

the transitionz € i soster and the subsite P4, P3, P2,

p2', P3' and P4' @drﬂ‘pcfsltiohﬁﬂar\e‘ﬁrilhdﬁﬂﬁstﬂﬁ@rﬁm&@ﬁé pbRGEs &i frensegsI8peRick the
Swedi sh mutant fromthe beta- anyl oid protein. OW9-1: Val

: Asn- Leu* Al epr Aplati@isun Phater 0 SE@-quef@ meddy, cappulenachets, or tablets. Tmckeners

G Val * Al - Phe Leu* Al .a di tid
i sgst 2r e vvas&ag'%?gﬁg@ﬁlf@a eé’%ulflglﬁis(‘ﬁép%rwhgfe%%ﬂgdﬁrsdm%ﬁ e q?esolsf Zfel fgr t he

M - i nhi bi t or was H%ré)%@@sr fs%efsér%EdLherélﬁ'éEr\ 16 bdadif] n%&e@'é@ghaﬁﬂcéﬁk‘?caﬁ@' | owi ng
descri ption, 4, etc, refers to the respective nunbered Conpound

i n synt hesi sxcsccmmresmd— orbas&rmﬂd&xonTm fooh el by @ea@txort—lwhth(lﬁ}mgaﬂeacm@%ﬁlam 0
oil Et20, 97% ' x| 1Xl 6 BuOCQCI N- et hyl. pi. perl di ne MeONHMVe. HCl , 97%
r 00 p~ Li /&PHY ocopig aslrd cirpbwwem PegttHyic prdaBIcaacH. Abiogyanis sy

10 sulfunc acid, and phosphoric acid, and organic acids such as formic acid, acettc acid,
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, malonic acid,
succinic acid, maleic acid, and fumanc acid, or by reaction with an inorganic base
such as sodium hydroxide, ammonium hydroxide, potassium hydroxide, and organic

bases such as mono-, di-, trialkyl and aryl amines and substituted ethanolamines.

15 Dosages

Dosing is dependent on seventy and responsiveness of the condition to be
treated, but will normally be one or more doses per day, with course of treatment lasting
{rom several days to several months or until the attending physician determines nb
further benefit will be obtained. Persons of ordinary skill can determine optimum

20 dosages, dosing methodologies and repetition rates.

The dosage ranges are those large enough to produce the desired effect in
which the symptoms of the memapsin 2 mediated disorder are alleviated (typically
characterized by a decrease in size and/or number of amyloid plaque, or by a failure
to 1ncrease in size or quantity), or in which cleavage of the AB42 peptide is

25 decreased. The dosage can be adjusted by the individual physician in the event of
any counterindications.
The present invention will be further illustrated by the following examples

which are not intended to be limiting in any way.



pni .Cl. Hz PPhMe4 O ~,.v \\ 2. AcOH PhMe COEt O O5 + 6 10.7 % > 0
"L~6 0 7 62.8% (Schene 1) 2 B JUN 1005 -33 nunber is also referr?gl JHN’Z[][H
herein as "conpound”, e.g. conpound 2, of the synthesis schene. own i
Schenme 1, L-leucine was protected as its BOC-derivative 2 by treat ment with
BOC, O in the presence of 10% NaOH in diethyl ether for 12 h. Boc- 5 | eucine
2 was then converted to Weinreb amde 3 by treatnent with isobutyl

chcl orof ormat e and N-net hyl pi peri di neof ol |l owed by treatnment of the resulting
m xed anhydride with N, O di met hyl hydr oxyl am ne (Nahm and Wi nr eb,
Tetrahedron Letters 1981, 32: 3815, the teachings of which are incorporated

herein in t ; Reduction of 3 with lithium alum num hydride in
di et hyl et h?%row dfeﬂ%)l\'g he al dehyde 4. Reaction of the al dehyde 4 with

| ithiumpropiolate derived fromthe treatnent of ethyl propiolate and

l'i thium diisopropyl am de afforded the acetylenic alcohol S as an

i nsepar abl e Exampled . dirothohtierattyityrand(desragy-site prefosensed eft redopbiiamt ( Fray,
Kaye and Kleinman, J. Oa. Chem 1986, 51: 4828-33, the teachings of which
are incorporB€®aPHBrein in their entirety). Catalytic hydrogenation of 5

over 15 Pd/BaSO4 10 [ @psdciise nge G A YESsof e@S&Q@le%%ée%’i‘teQ&fAPP wsul ting

gamma- hydroxy ester wth a catalytic anount of acetic acid in toluene at
refl ux, furrdesdreinddne ormmrestdalﬂcshmmm@cm@dy 8f mrMABYm 2L éledom‘tb‘hmnt BOAEr S Were
separated by silica chro togr by usi ng 40% eth acet ate in hexane
as the el uerffCmeRsL %g—dc‘t’?sdﬁc tE’cdh‘é %ﬂd“’gj?é at%ztpft‘lﬁ) $620Usonpl i shed

by st er cosel ggkluRaaLIYL A0 Bl L bRLIRIMG Lodide 1(ShetEs Bery Thus,

generation o 8rani on o |'act one | um hex st | azi de

(2.2 equivahnahits) usumo saisrpaﬂyaémﬁrnrdargeaélect?cﬁah@re(sﬁo Sel/¢thl teahds a/'hk)ﬂ ation with
met hyl iodide (l.l equivalents) for 30 mn at -78 C, followed by quenching
wi th propi omoéfewﬂdeq ® melganlonweights)smapenhiad dit pABrodmeMeRYN AMeJE at ed | act one

REptE MR e e TR A .
6146- 54, therduessitsngse ehosehiagd s@f@ctéd‘@%@&ﬁﬂﬁﬁ@ﬂi\ﬁh@é Hetbrination in a
Protein Sequencer. The N-terminal sequence of these bands established the
positions of proteolytic cleavage sites on pro-memapsin 2.
In addition, the oxidized 3-chain of bovine insulifl and two differsnt
15 synthetic peptides were used as substrates for memapsin 2 to determine the extent of
other hydrolysis sites. These reactions were carried out by auto-activated pro-
memapsin 2 in 0.1 M sodium acetate, pH 4.0, which was then incubated with the
peptides. The hydrolytic products were subjected to HPLC on a réversed phase C-18
column and the eluent peaks were subjected to electrospray mass spectrometry for
20 the determination of the molecular weight of the fragments. Two hydrolytic sites
were identified on oxidized insulin B-chain (Tablel). Three hydrolytic sites were
identified from peptide NCH-gamma. A single cleavage site was observed in
synthetic peptide PS1-gamma, whose sequence (LVNMAEGD) (SEQ ID NO: 10) 1s

derived from the beta-processing site of human presenilin 1 (Table 1).



their entirety). The epineric cis-lactone was renoved by col um

chromat ography over silica gel using a mxture (3:1) of ethyl acet

hexane as the solvent system The stereochem cal assignnment of aI 3%@%@05

| actone 8 was made based on 30 extensive 'H NVR NOE experinments. Aqueous

l'i thi um hydroxi de pronoted hydrolysis of the lactone 8 followed 2 0 JUN
2905 34 by protection of the gamma- hydroxyl group with
tert-butyldinmethylsilyl chloride in he presence of im dazole and

di met hyl am nopyridine in dinethylformam de afforded the acid 9 in 90%yvyield
after standard work-up_and chromato Sel ective renoval of the
BOC- gr oup wakaldgflect edS%?/Stf?téﬁﬁé'ﬁP FMW%HSF%éroacetl c Qu H LHVDS, Mel,

1/ Me I 1 THH—T%U 3- r-\U| mgrazot c, SvFYyor
CH1L. TFA DCM|H CH|Gl (1 t4),]0QO C|0 O Sy, OP Aq NaHCO3} 10
di oxane 9 (Sdesabojusiacd &% LTl 4l LN B The—akul ting
am ne salt wgs thgn reacted W thjcom ISS\%Z%%QIEIQI
RajHoos t o

Fnoc- succi ni rfilde dekre-vati Y& i hGdi ¢x¥ang
provi de the Hmot—qraleshef T TSPSTE
chromat ography. Prjojectedfisokter¢ 10
random sequerc“e i rfhi bi tor | I brgry. Q1p!
N- (t ent - But ojycar qonyl ) - L Leugi nef(co
(76.2 mok) df; L-lUeucine | 140 mibpf
NaOH After gLl l'id di sfalyves

the reactionjm xtyre. Theyresulting r

. DinocjUEe0oUS

4EQ BINO: 12
P Rbepar addion of a
b 00T 3
Ispemsy@ns of J10 g
&d@fe@s 8TERL jof 10 %
to

&R @tfiq red 23' C

for 12 h. Aftezr tHI s peri pd, fhe fayef 1%‘%’1%30‘5&%% S
| ayer was acipdt-frga—+to pH—% catefuo TYERD 0 C
The resulting m xtjure wasjextfact éadAw B X5 Q,cmd) The
organic 2 8 JUN 2qo%idized | H JL 1C S JH 1L SEQ ID NO: 16
Insulin B- C* is cysteic acid
6 Chain ' cr G E R G F F Y
Three sites cleaved
7 Synthetic v g |s Jc |v l\?éspé‘\)/tfrfém(ss
Peptide* Q IDNO:30)
10 8 v G }s G |v L L | SEQIDNO:17
SEQID NO: 18
9 G {V L |L s IR K SEQID NO: 19
r .
10 pepiide |l v In Im Ja le |g | p |SEQIDNOI0

Positions P and P, (whereinnis 1, 2, 3, 4, etc.) refer to the positioning of
the amino acids in a peptide relative to the site of cleavage, indicated by the double
15 wvertical bar. Position numbers increase distally from the scissile bond.
* Synthetic peptide based upon the amino acid sequence of Notch protein
(Accession number AAG33848). Memapsin 2 cleaves the Notch peptide at three
sites.
** Synthetic peptide based upon the processing site of Presenilin-1
20  (Accession number P49768, Sherrington et al., Nature 375(6534): 754-760 (1995),

the teachings of which are hereby incorporated by reference in its entirety).



-35 layers were conbi ned and washed with brine and dried over anhydrous
Na2SO4. The solvent was renpved under reduced pressure to provide tzitJe
product which was used directly for next reaction without further 28 JUN 2005
purification (yield, 97 %9. "H NWR (400 M1z, CDCI3) 6 4.89 (broad d, IH J
=83 Hz), 431 (m IH, 1.74-1.49 (m 3H), 5 1.44 (s, 9H), 0.95 (d, 6H, J =
6.5 Hz). N-(tert-Butoxycarbonyl)-L-Ieucine-N nethoxy-N -nethyla-m de
(conpound 3). To a stirred solutionipf N, O dinethyl hydroxyam ne

hydrochl oride (5.52 g, 56.6 nnol) in dry dichloromethane (25 nlL) under N,
at nosphere at 0C, - nethyl piperidine (6.9 nL, 56.6 nmmmol) was added dropw se.

The resul ti Ar : N a separate fl ask,
N-(tert-but glqox%%r b%ﬁa?:)‘t\{\@? ﬁ%uclﬁ%g‘a?%‘flol&[gfén%?n%{.ﬂﬁt'%ml) was di ssol ved
ina mxture of Tidubiukh ikl 1 dnehdicth abdtae opreultane 6L 22ET autader N,

at nosphere. The resulting solution was cooled to -20'C To this solution
was added 1cmlc/ﬁ941b1q@ew¢1@ﬁdrm0(1‘é2p9 torM2, 566 imitrel hydrélysip matwsmm@tw

chl orof ormat e ( ure gtlrredfor

S nut o5 aPSRSEs el iroRinie s BONRA LI Pt i W0 B N iy LR B e v
added tosit 4iifhg, g@ﬁ&& Dok FURE2 VRSS Keme n?ch&eé &mpPs %@%@%c@a%t hen

warmed to 23C. Thé reaction was quenched with water and the l"ayers were
separ at ed. IﬁldvIScfuetbnasddnalﬁeatwm tbx hydclyad praduhtsdifohkmeoosthitianeghé 3 x 100
ed with 10%citric¢c acid,

L Th b |
sa% ur at eg g?ﬁﬂ’?hﬁ?gﬁgﬁ i g@ﬁg}%lg %{H\A%qu)yﬁ% uc ReAks AR e alyd ?Orwas dried over
anhydr ous Sﬁ% tf%ﬂd Th‘é Caffy atv%ﬁeﬁ festfifin I%H?S‘%&ﬁét Hidu jathe residue

was purifi sh SI ca g&l to raphy cetat e/ hexane)
to yield th(srztbudl)av@femmumdlsy@tbadﬁstgne m&'ﬁ% ARe mmdpdbeal KeldndW Qivdlues H NVR
(400 MHz, CDCl,) 8 5.06 (broad d, IH J =9.1 Hz), 4.70 (m 1H), 3.82 (s,
3H), 3.18 (&r pcpildmowﬁ]ﬂorbam~§sw@i@csr@fe(lhbygmdqdwthozi§, ©sis 9H), 0.93
(did, 6H, J,=,6.5 tent Bu arb | euci nal. (conmpound
5 o a st lrfour i Fabuhhinat O doriR s IR Rt e 54, RES0 S ol )
in dry di ebﬁyémmm%p& Faksht, . “E4Rrfe gmﬁre%d@nmmbﬁr’ezm »as wgded
N-tert- butyl oxycarbonyl - Ieum ne- N - met hoxy-N - rreth | am de (5 05 g, 18.4

mol ) in 2 8re3urn20050ompaay.diet Hprk. ¢t $ep, tb?(itaﬁl‘l_l)l afehick etglin¢argoragsict i on
m xture was stlrr%mfor 3t0 mn. After this period, the reaction was
quenched wi PHETI% ¥yl ution (30 nl). The resulting reaction mixture

was thenswarmed Q. Q&Qe?sn&u §it;}r’bf1@d at pirhat tots%mﬁf ghhents (WAt svibp.  The
resulting solution was filtered ant t%e filter cake”was washed by two

SDS-polyacrylamide electrophoresis. The difference in migration between pro-M2

and converted enzyme is evident in a mixture of the two.

Example 3: Design and Synthesis of Memapsin 2 Inhibitors OM99-1 and
OoMmM99-2.

20 Based on the results of specificity studies of memapsin 2, it was predicted
that good residues forpositions P1 and P1' would be Leu and Ala. It was
subsequently determined from the specificity data that P1’ preferred small residues,
such as Ala and Ser. However, the crystal structure (determined below) indicates that
this-site can accommodate a lot of larger residues. It was demonstrated that P1' of

25 memapsin 2 is the position with the most stringent specificity requirement where
residues of small side chains, such as Ala, Ser, and Asp, are preferred. Ala was
selected for P1' mainly because its hydophobicity over Ser and Asp is favored for the
penetration of the blood-brain barrier, a requirement for the design of a memapsin 2
inhibitor drug for treating Alzheimer’s disease. Therefore, inhibitors were desi gned

30 to place a transition-state analogue isostere between Leu and Ala (shown as



5 portions of diethyl ether. The conbined organic |ayers were washed with
saturated sodium bicarbonate, brine and dried over anhydrous MgSO4.
Evaporati on of the solvent under reduced pressure afforded the tiZt§l #N 2005
al dehyde 4 (3.41 g) as a pale yellow oil. The resulting al dehyde was used
i mredi ately without further purification. "H NWR (400 MHz, CDC13) S 9.5 (s,
1H, 4.9 (s, 1H), 4.2 (broad m 1H), 1.8-1.6 (m 10 2H), 1.44 (s, 9H,
1.49-1.39 (m 1 H), 0.96 (dd, 6H, J 3322.7, 6.5 Hz). Ethyl (4S, 5S)-and (4R
5S)-5-((tert-Butoxycarbonyl)am no] -4-hydroxy-7-nmethyloct- 2-yrtoate
(compound 5). To a stirred solution of diisopropylamne (1.1 m, 7.9 mol)
in dry THE (;6Qx XA . TrBuLi 6 Min
hexane, 4. 951,@%1_{\@#%1%&15&%?&&&0%%5@9#%%%%%t?gg@ggﬁ%%n%g stirred
at 0C for 5 sobsitedind PGhRD REArARdnd P4'23 Ulahdith the etat séonetadSsitisaquekie offi Xt ur e
was cooled to -78C and ethyl propiolate (801 L) in THE (2 nL) was added

dr opwi se ovdie awpdish smtatt Eompfhs betmamylaidargiledn.was stirred for 30 nin, after

whi ch N Boc- L~ cinal 4 (1. 1 2 D| i N f~drx JHE was added.

The resul ti ngowgffme was st ?\?arl'_é nélféuf%ip‘%adgh_f?ﬁ? %%SRPI%?'S% is period, the

reaction sas-gyeoched wit fGl@c‘ﬁu&s@gmA(l@A%plm-@hgkﬁg&*@ N@L21) The reaction
s a

m xure was warned up to 23"C and brine solution wa ded. The | ayers were
separated and the organic |ayer was washed with saturated sodi um

bi carbonat e _and dti ed .over, Na2SO4. Evapor ati,on t he sol vent under reduced
pressure pr ﬁ‘iegéﬂ*éﬁr‘gg?l?ﬂﬂ?‘ TChWras W?Zfeflé‘ﬁffﬁlp“ﬁash silica gel

chr omat ogr aphy 2 % gt : 5 nenit: } e (3:1) of
acetylenic al cohosqhg ]I%LI(%.QQJ]G&%@Q%C%E%% {O'r E%%ﬁ?%%hé%lgoﬁésﬁfr%ﬂc?%égy%. 64 (d,

1H, J= 9.0 Hajcined. MBoldod @achbss in thélfolloidSdéseripdd, e,g. 3, 3,64, €, rekeds,to th63 (m
1H, 1.43-1.31 (m 2H), 1.39 (s, 9H), 1.29-1.18 (m 3H), 0.89 (m 6H). 18
JUN 2005 - 3@pegmemundersi cqmpeunpip sytbasin sshomas bdnghd amiBepoltednet hyl but yl |
- di hydr of uran-2(3H)-one (conpound 7). To a stirred solution of the above

m xture of acetylenic alcohols (1.73 g, 5.5 mml ) in ethyl acetate (20 nli)
was added 5% Pd/ BaSO4 (1 g);. The resulting 5 m xture wag hydrogenated at 50

psi for 1.5 h. After tHi ri od, fAve:%aeanget was_ 964 § of f through a
plug of Celite and the filtrd&t'e was cenoeitr at ed dnder] reducé! pressure.
The residue was dissol in toluene (20 mL) and aceti®Acid (100 L). The

reaction mxure was ref/luxed for 6 h. After this periodj the reaction was
cooled to 23" C and the solvent was evaporated to give a yresidue which was
purified by flash 10 silica gel chromatography (40% di et hlyl ErREPCY hexane)

. . N-methy! piperidine,
to yield the (55 IS)- MeONHG. HCL 97%

Y
E\)j)\ LiAIH 4, Et,0 0} ﬂ
0 T » ] , v OMe
>l/ \n/ i H - v =2 >l/ \n/ ' i‘l/
) o :
0 l< ’ 86% (6] ‘< Me
4 3

LDA, ethyl propiolate
42%

Y
() i i 1. HzlPd/BaSO4 (0} &
>r \D)/ : % 2. AcOH, PhMe > >r I 1
- <

CO,Et

]
5 + 6 10.7 %

(Scheme 1)



gama-| actone 7 (0.94 g, 62.8 and the (5R | S')-ganmm-|actone 6 (0.16 g,
10.7 % . Lactone 7: '"H NWR (400 Mz, CDCl,) S 4.50-4.44 (m 2H), %88@{5?20%%
(.m 1H), 2.50 (t, 2H, J =7.8 Hz), 2.22-2.10 (m 2H), 1.64-131 (

1.41 (s, 9H), 0.91 (dd, 6H, | =2 .2, 6.7 Hz); CNWR (75 M1z, CDCl,

177.2, 156.0, 82.5, 79.8, 15 51.0, 42.2, 28,6, 28.2, 24.7, 24.2, 23. 0 21 9.
(3R,5S5,1 '"S)-5-[I "-[(tent-Butozycarbonyl)am no)J-3'-rretIryI but-yIJ-3-rrethyI
di hydr of uran- 2(3H) -one (conpound 8).-3Be a stirred solution of the |actone 7
(451.8 ng, 1.67 nmmol) in dry THE (8 nlL) at -78C under N, atnosphere, was
added lithi um hexamet hyl di sil azane (3.67 20 nL, 1.0 Min THF) over a period

of 3 mn. T'}ﬁuﬁtf‘eﬂﬁélw ARt hEr R S écgh{p"oﬁﬁd ?Te Z &Md ﬁ%fmegsymeagnerate

the lithiume ate. After this peri was added“dropw se and
t he resul ti nghemxture was stlrred at -78 C for 20 mn. The reaction was
guenched with saturated aqueous NHACI solution and was allowed to warmto
23C. The reacti onAM)OtW)@ckﬁégmédnbéﬁlﬂcﬂ%ﬁ‘ééﬁ patpstedras dig BLAdeasaiiiee hd 25 t he

overs vor o athan i HoE P Rt MRt e AN by RS R Hos et o
of the sl ventin@s (s ded c%n{?é%dC{b‘&Nm&rh:M@@3ByrtﬂeEﬂr@éﬁt Bythsidduga gel

chromat ography (15 I/o ethyl acetate / hexane) to furnish the al k-yl ated
| act one 8 (Gh8Brefpriiste¥hd Asmathylpapmrdumoisslowed by treatbheNVE t(anuMﬂgm@B@I ) 8

4.43 (broad t, |H_J = 6.3 He). 4.33 30 (d IH 7 = 9.6 78 1

2 62 Emr O?H)an]n Irags With Mydimg hg%lyémxyiﬂlé‘ e (Nahgmand Weygp, zw'ci%@hedfﬁé 1m24 H)m
1.37 , , . 6, 6.7 Hz);

o N vin ((73‘1%?) 19(%0%3’ $ghs, Jht IACEBZS&‘H@%P %r% 1@%0\'%@?%@1Hh141i’1 t5‘%”34 3. 32, 3%

28.3, 24.7,enidetH. IQelluBt,loIﬂ-@f ﬁw1t(121|ﬁnuﬂ151lummum hydride in diethyl ether provided

5S) - 5-[ (t ent - But-oxycar bonyl ) am no] - Wgﬁ (tert-butyl di methyl sil ylgalm 1-2, 7-
5 di et hid ochaaldelydsci Ryacoppolithd agéeh dwghilithiva propiotatoderoed| dre 8 (033

g, 1.17 mol n eous Li Q

The'reoul 1 tpetst ar & ua ogialf ant B Jr g EE% PR e o e
reaction m xhagh@! %§m@9ﬁ€&@£&@%ﬁ%%&%mt&%&@ 5 BIISSS W i@t HR1d emai ni ng
aqueous residue was cooled to OC and acidified 10 with 25%citric acid

sol uti on to (pHydKaFhand §kuinamd. Qrg. dhems b9, i5drd 8R8s3 e dtertaadthergs akivtticlet hyl
acetate (3 x 50 nL). The conbi hed organi ¢ | ayers, were washed with brine,
dried over NASCATPRFICEBHESHD HRINIFEY %'éﬁté"{%@%g?ﬂ@%@)ﬁ&? AYhydr oxy aci d

(330 o), as ?dﬁ%’%ﬁéefo 1?% gg&lﬁ Ja% z.%?fYa .iﬂn%%fH%qgsﬂﬁﬁgegénlu%ajhglﬁro&he hext

reactlon ¥ur urrfic
ester with a catalytic amount of acetlc ac1d in toluene at reflux, furnished the

gamma-lactone 6 and 7 in 73% yield.

The 1somers were separated by silica gel chromatography by using 40% ethyl
acetate in hexane as the eluent. Introduction of the methyl group at C-2 was

20 accomplished by stereoselective alkylation of 7 with methyl 1odide (Scheme 2).

Thus, generation of the dianion of lactone 7 with lithium hexamethyldisilazide (2.2
equivalents) in tetrahydrofuran at -78°C (30 min) and alkylation with methy! 1odide
(1.1 equivalents) for 30 min at -78°C, followed by quenching with propionic acid (5
equivalents), provided the desired alkylated lactone 8 (76% yield) along with a small

39
W

amount (less than 5%) of the corresponding epimer (Ghosh and Fidanze, 1998 J.
Org. Chem. 1998, 63, 6146-34, the teachings of which are incorporated herein in
their entirety). The epimenc cis-lactone was removed by column chromatography
over silica gel using 2 mixture (3:1) of ethyl acetate and hexane as the solvent
system. The stereochemical assigniment of alkylated lactone 8 was made based on
30 extensive 'H-NMR NOE experiments. Aqueous lithium hydroxide promoted
hydrolysis of the lactone 8 followed



15 To the above hydroxy acid (330 ng, 1.1 nmol) in anhydrous DME was added

i mdazole (1.59 g, 23.34 mol ) and tert-butyldi nmethylchlorosilane (1.76 g,
11.67 mmol). The resulting mxture was stirred at 23'C for 24 h. AfggnyuN 008
period, MOH (4 nL) was added and the m xture was stirred for 1 h. The
mxure was diluted with 25%citric acid (20 nL) and was extracted with

ethyl acetate (3 x 20 20 nL). The conbi ned extracts were washed with water,
brine and dried over anhydrous Na2SG4- Evaporation of the solvent gave a

vi scous oil which was purified by flash chromatography over silica gel (35%
ethyl acetate / hexane) to afford the silyl protected acid 9 (0.44 g, 90

% . IR (neatp, 3300 30H0nE BEARE Dy e D809 1o 2%9;(1@&%%13;;5:11 Chloridi VR (400
MHz, DMBO-d6, 343 K) delt&d 6.20 (broa H) , , 3.51 (broad
s, IH), 2. 49he?p¢é26r(cmof ﬂxﬁ{)d,azd]paﬁd dtmethﬂammopymdmi uh-id)netllylﬁﬂma(mde 1H), 1.37
(s, 9H), 1.28-1.12 (m. = 7.1 Hz),.0.87 (d, 3H J = 6.1
Hz) 0.86 (s,afrdgd theaeé 9(18 90%»'16‘31 &*665@"%‘51 W%kd&@n@@mmtoqep%z (s, 3H).
28 JUN 2005 ¢..

59 5oL (11 LoT D R g g AT e T PR BERY Y Tifbpopgfecti
silyl)o,,yJ-2,7-di net hyl octanoic acid (corrpound 10) . To a sti rred sol ution
of the acid 9 (0.17 g, 0.4% mmol) in dichloronmethane (2 at 0C was
added trifluoroacetic acid 4500 L). The resulting m'xture s 5 stirred at
OC for 1 h and an addi#i of portl&mc@gq L) of tr|fI usro i oleaci d was
added to the rea}r h-xtuf e. The—mxt Uf-e—was / an additional 30
mn and the progres e{% t he reacti onfias m)nlto d %C fter this
X

period, the solvents re careful |y, regoved under red d priesgaréCrat a
bat h tenperature not ceeli ng 5C The resi due was°di 5sol ved enradivscane (3
mL) and NaHCO3 (300 ng) in 5 nL of 10 HO. To this solution as ¢ e
Frmoc-succinimde (166.5 ng, 0.49 nmol) in 5 nL of dioxange. The r gﬂﬁlting

' iryed at 238(for 8 h. The m xure vvasthengﬁnluted with HO (5

th 25% & ueous citric acid to pH 4. Th& acjdic solution
et hyl ace ¥53 x 50. mep.: oThe conbi ned &tr % wer e
%sh/ Hand conegnta at/\ﬁd 8%pressure
Si t he ﬁg si due by

15 to give a v pus oi I{, resi due. PUI‘Iﬁf:q:T,T{OQ@SQT | ash

chr omat ogr aphy ~over sili c@a—gel afforded tAgendHmog - pr ot ect acid 10 (137 nmg,
61% as a white foam '"tHl NVR (400 MHz, DNVS@owBe 343 Ky 7.84 (d, 2H, J =
7.4 Hz), 7.66 (d, 2H, J = 8 Hz), 7.39 (t, 2H, S=7.4 H), 7.29 (m 2H),
6.8 (s, 1H), 4.29-4.19 (m 3H), 3.74- 38m¢m 2H), 2.49 (m 1H), 1.88 (m
IH), 1.58 (in 1H) 1.31-1.17 (in, 3H), 1.10 (d, 20 3H, J = 7.1 Hz), 0.88

ot st & oci st FToreTings 2o Tatoe koo de st it Aot st dab Risnabhsted

with commercial (Aldrich, Milwaukee) Fmoc-succinimide derivative in dioxane in

was extracted w
washed with bri

the presence of aqueous NaHCO; to provide the Fmoc-protected L*A isostere 10 in
65% yield after chromatography. Protected isostere 10 was utilized in the

preparation of a random sequence inhibitor library.
10 Experimental procedure

N-(tert-Butoxycarbonyl)-L-Leucine (compound 2).
To the suspeneion of 10 g (76.2 mmol ) of L-leucine in 140 mL of dicthyl
ether was added 80 mL of 10 % NaOH. After all solid dissolves, 20 mL (87.1
mmol) of BOC,0 was added to the reaction mixture. The resulting reaction mixture
15  was stirred at 23°C for 12 h. After this period, the layers were separated and the
aqueous layer was acidified to pH | by careful addition of 1 N aqueous HC1 at 0 °C.

The resulting mixture was extracted with ethyl acetate (3 x 100 mL). The organic



pepti de synthesis procedure in which Leu*Ala was incorporated in the fourth
step. The synthesized inhibitors were purified by reverse phase HP ﬁfnd
their structure confirnmed by nass spectronetry. 25 Exanple 4: Desié ) UN 2005
Synt hesi s and Anal ysis of Additional Inhibitors. Various substrate

anal ogues ot her than OW9-1 and OW9-2 can be simlarly designed and

synt hesi zed. For exanple, sixty six additional inhibitor analogues, MM -00l
to MM -062, MM -065, MM-066, MM-030-and MM -071, all of which resenble
an isostere of the active site of nemapsin 2, were designed. 30 The
synthesis of the additional substrate anal ogues follows that for OW9-1 and

2 B JUN 2003ayerde@MB8bred HRE whasd Gath bShE Wed HFies o®dr dnRpdra@eiNajSanalThe
substrate anal ogues are listed in Table 3. The general synthesis of various

i nhi bi tors aplecouvis wetvehuSidrgnd:ic8d pt}:\sﬁEBS;cOpl@HBie tiRNproducNwiiicBhwas Bed- N OH
BOC, K = oMo g freaction w s burisept aeattogilyigls o7 Lo i NMR (fod ¢ = =
R=BOC- Val , X 7. Ro= BOG-Valy, 4 X, = oh h 3: (a)
Fooront | SEEheth B4 Brodd g B 0CRs W 45 o R 2E O B Baha k.
THE, 23 G (1694 GFBOORHS @8l 2,=23 Hz). (d) EDC, HOBt, acid, iPr2NEet,

DVF-CH2A 2 (1:1), 0 Cto 23 C. As schene 3 denonstrates, using a standard
pepti de coupling procedure, valine derivative 11 was reacted with the

OB L B0 e BRSSOk Mo L L Bt
gxr/nd (r]I gxybenzot ri azg) 25y RLRid b, 0- Kb 18fdrENanAfdh fdtb Hlerideq saff ord the
56.6 mmol) in dry dichloromethane (25 mL) under N, atmosphere at 0°C, -
methylpiperidine (6.9 mL, 56.6 mmol) was added dropwise. The resulting mixture
10 was stirred at 0°C for 30 min. In a separate flask, N-(tert-butyloxycarbonyl)-L-
leucine (2) (11.9 g, 51.4 mmol) was dissolved 1n a mixture of THF (45 mL) and
dichloromethane (180 mL) under N, atmosphere. The resulting solution was cooled
to —20°C. To this solution was added 1-methylpiperidine (6.9 mL, 56.6 mmol)
followed by isobutyl chloroformate (7.3 mL, 56.6 mmol). The resulting mixture was
15 stirred for 5 minutes at —=20°C and the above solution of N,O-dimethylhydroxyamine
was added to it. The reaction mixure was kept -20 °C for 30 minutes and then
warmed to 23°C. The reaction was quenched with water and the layers were
separated. The aqueous layer was extracted with dichloromethane (3 x 100 mL).
The combined organic layers were washed with 10% citric acid, saturated sodium
20 bicarbonate, and brine. The organic [ayer was dried over anhydrous Na,SO, and
concentrated under the reduced pressure. The residue was purified by flash silica gel
chromatography (25% ethyl acetate/hexane) to yield the title compound 3 (13.8 g,
97%) as a pale yellow oil. '"H NMR (400 MHz, CDCl,) § 5.06 (broad d, 1H,J =9.1
Hz), 4.70 (m, 1H), 3.82 (s, 3H), 3.13 (s, 3H), 1.70 (m, 1H), 1.46-1.36 (m, 2H) 1.41
(s, 9H), 0.93 (dd, 6H, J =6.5, 14.2 Hz).

=72

[N
wn

N-(tert-Butoxycarbonyl)-L-leucinal (compound 4).

To a stured suspension of hthium aluminum hydride (770 mg, 20.3 mumol) in
dry diethyl ether (60 mL) at -40 °C under N, atmosphere, was added N-tert-
butyloxycarbonyl-L-leucine-N’-methoxy-N’-methylamide (5.05 g, 18.4 mmol) in



derivative 12. Renoval of the silyl protecting group by treatnment with
tetrabutyl anmonium fluoride in THE afforded inhibitor 13 (MM -001). Exposure
of 13 to trifluoroacetic acid in CH2CI 2 resulted in the renoval of] §BOE 2005
group. Coupling 10 of the resulting am ne with BOC-asparagi ne provi ded
inhibitor 14 (MM -011). Treatnent of 14 with trifluoroacetic acid and
coupling of the resulting amne with BOC-valine under standard conditions
af forded inhibitor 16 (MM -012). For -3%he 28 JUN 1005 41 synt hesi s of

i nhi bitor MM -15, conpound 13 was reacted with trifluoroacetic acid and the
resulting am ne was coupled wth BOC-nethionine to afford the inhibitor 15
(MM -015). Restbyladthef(26 hd)BO®: mpsoltipg ofacién anxtucowps stirgedofor 8 minesfleri ng
amine wth BOC-valine provided the inhibitor 17 (MM-017). 5 Preparation of
i nhi bitors NMugpeoogithe mesiiomyes auched Y1th NP HaH SBagoluipn 132 mLpy Eg%lr ation of

val i ne derivatjve Tno , | 1 08 . - nd
benzyl am ne r?%l'lt}(’r& %E&v% %89 1#1"3%3)‘%35 t\%l-/%l?g/ |€dseglrh\3_e(gégg s%%?&h%ggﬁgﬁj‘_a%mgnd DIVF
(2 nL). To trhi S0 &0A.UtHeaBsultieBtol (8dBwaP filtéted ndrt fliteaRdkdkhs §ashRd Bygwo2. 76
mol ), and diisopropylethylamne (2.4 n_., 13.80 mmol) were added 10

successi vel ypoatoB@f dafthyd ethenel aadeninehioefl onghric dasset Wers wiaskediweh waimiraied owed to
warm up to 23C and stirred.overnjght. Th 1 Xt yr oured into sat.
o0 | acy SOTHHBOFRDaM G R P o B et SESe BB BoERE [ exane. The
organi c | ay 1 L A ) i.on of

t he sol vent %Elr;/ ﬁ%%%ﬁ%&“@% %fggr&r@gqlgg{/dgqid% s?éz‘%aﬁg%gggg%%ﬁi ed by
fl ash col umoilkHiteratddnagdyhide WB30%eEtrfidedihekawithoitdughaeudifitatian. (H3% of

coupling product, The resulting _am ne was dissolved in CH2ClI 2 (20 nlL). TFA
(4 ML) was DHER. 4ASEHE CPEMIP % SipbHA G, [Hhe 7 duerd Bn [UAMS (oo siirred

for 0.5 . d,i C n t [t re ressure. The am ne
5 s ol aizﬁgdltﬁl&é%)a?iﬂgg'% @5, PRk éggdo‘%%%c%a‘) 0.87 (3H, d, J=
6.9 Hz), 1.02-(3H, d, J=6.9 Hz), 2.00 (2H, br 20 s), 2.37 (1H, in), 3.36
(IH, br s), 4.43-4.52 (2H, m), 727-7.37 (5H, m, 7.70 (IH br s).

Pr epar at i on Ashyld#d,d&)-det (ARaly)ve/ tatipundird@)yl) abiipdptihgér dxg-dstehelog-(41  ny.
0.10 mmol) a)nd amne 11 ‘%% . 0.20 mol) were dissolved in DMV (2.0 nL).
To this sol dEXBH (9eEPOIBHhy, 0.15 mmol) and EDC (29 ng, 0.15 nmrnol), 25

and dii sopropyl etfyl at-desi@ich @ﬁcn?sg Bpfla %e(qlsm??@srmﬁ%%%a%yn@% @bter the

addition, the reaction m xture was to warmup to d was stirred
over ni ght. Thie) atiRC wnéenidsatposplede,iwisaddat n-BNAHCIOS M aghexahfiel. 98 #ilyred was
eXtT A e W L o Bropwise The reatiting Woiutioh 92 stred Y80S Mohn and tha. | 07! e and
warmed to 23°C and stirred for 15 min. The mixture was cooled to -78°C and ethyl
propiolate (801 uL) in THF (2 mL) was added dropwise over a period of 5 min. The
mixture was stirred for 30 min, after which N-Boc-L-leucinal 4 (1.55 g, 7.2 mmol)
in 8 mL of dry THF was added. The resulting mixture was stirred at -78°C for 1 h.
20  After this period, the reaction was quenched with acetic acid (5 mL) in THF (20
mL). The reaction mixure was warmed up to 23°C and brine solution was added.
The layers were separated and the organic layer was washed with saturated sodium
bicarbonate and dried over Na,SO,. Evaporation of the solvent under reduced
pressure provided a residue which was purified by flash silica gel chromatography
25 (15 % ethyl acetate / hexane) to afford a mixture (3:1) of acetylenic alcohols 5 (0.96
g, 42 %). 'H NMR (300 MHz, CDCl,) § 4.64 (d, 1H, J. = 9.0 Hz), 4.44 (broad s,
1H), 4.18 (m, 2H ), 3.76 (m, 1H), 1.63 (m, 1H), 1.43-1.31 (m, 2H), 1.39 (s, 9H),
1.29-1.18 (m, 3H), 0.89 (m, 6H).



2 8 JUN 2005 -42 dried over Na, SO4. Evaporation of the solvent under the
reduced pressure gave a residue which was purified by colum chro'r\r/El';_goRJraphy
(20% Et OAc/ hexane) to give 55 and (95% of amde 12. 'H NWR (500 N 2005
CDCI3) 0.09 (3H, s), 0.10 (3H, s), 0.91 (9H, s), 0.92-0.98 (12H m, 1.10
(3H, d, J=6.7 Hz), 1.25 (1H, m), 1.44 (IH 5 mM, 1.46 (9H s), 1.63 (1H,
m, 1.74 (1H, br s), 1.80 (1H, m, 2.18 (1H, m, 2.56 (1H m, 3.62-3.78
(2H, m, 4.13 (1H, m, 4.48-4.56 (3H3m, 6.35 (1H, br d, J=8.5 Hz), 6.41
(1H br s), 7.26-7.40 (5H m. Preparation of inhibitor MM-001 (conpound
13): To a solution of amde 12 (61 nig. 0.10 nmmol) in THE (1.0 nLO was

added TBAF JTHE: O Cand it was stirred
over ni ght . %%1 rszl E] cﬁFﬂB% lrﬂywm 9@%’%%@%%ed%r& reduced pressure. The

resi due was @Mf‘,gz,fdf@qnbg(3gpbumo$buagwpogr aphy (40% Et QAc/ hexane) to give
MM -001 (13, 41 300 M#z, CDCI3) 0,88-0.98 (12H, in), 1.15

(3H, d, J=6.9 Hzljo’ a anm@mha@n C(fﬁlh‘? alive, mixtugof Sueylenic algohds (1178 gny-5 2. 60

R e P Blbeehe o B et e AR 1 85, bt (2%
sol uti on «f n%?tnﬁré4’as MOdroQe R m(§>31 P 19 Oh feef t%nsrﬂe)io\ﬁ’aﬁle@gtq@@ JEA (0.2 nil)

at 23C. After 0.5 hr,” tHe reacti m xture was concentrated under reduced
pressure. THgteraisafel ugou\ﬁsa p hig g ﬁleueaclandrthaﬁ/l%rﬁeﬂfwnd_c)oncgmmm sncRo Feduced,

N- Boc- asparagi ne (41 ng, 0.18 mmol), 20 HOBt (24 ny & and EDC (34
ng 0. 18 mmolpPyessygdlias r%@ﬁmﬁ;lde‘iswypfém W@enw—ozmﬁvh)m ca@l@éa ubtessivel y

at 0C. After.the addit.ion, the tion.mxture was dtowarmup to
25C and vas BETTALATGUSPR g S0 o Rl AiAGs BT i G RrL gy

(aq). The miXbytEaBge QNERGH BCLWHREONG aFBﬁd&f\gﬁﬁthz!s%ylﬁﬁe%§ flasshed
with brine and dried over Na., SO4. Evaporat| on of the solvent under the 25
reduced Igr esémaget;dven@tmh&lﬁ@‘wqimhy veder pheahe ed Md(ﬂm (ufml%hf omat ogr aphy

E:‘éf?ooyb%i%“ it 7o ¥ 508 abfiney o L0 crlin etibha 6. B 1Bt (BRL A 1. 45
E?Hj rij 3 gtog%TH' 1\311%(% gﬁ? SB%)ZG%%% (Eg%f%kﬁwgzg%(ﬁb 30 ’(5a *

m. 28 JUN 200f¢t, 2#3 Brmarzﬁtz 12.00 (N biERiTtEr 1 MMmO1S), (1041:3909;%}1 01p): To a

solution of conp ound 13 (64 nmg. 0.13 mmol ) in CH C, was added TFA
(I m) at 23&l, 6HAth%r2 2 65 He); MR A6 Vb, ﬁmli)roelﬂdsle@ﬁc@qﬁ,r”é& &d under

reduced pressure, The: 550 247242, 23.0, 21.9.

Loy LOU, 204, &

(3R, 58,1°S)-3-[1"-[(tert-Butoxycarbonyl)amino)] -3 -methylbut-yl]-3-methyl
dihydrofuran-2(3H)-one (compound §).

To a stirred solution of the lactone 7 (451.8 mg, 1.67 mmol) in dry THF (8
mL) at -78°C under N, atmosphere, was added lithium hexamethyldisilazane (3.67

20 mL, 1.0 M in THF) overa peﬁod of 3 min. The resulting mixture was stirred at -

78°C for 30 min to generate the lithium enolate. After this pefiod, Mel (228 pL) was
added dropwise and the resulting mixture was stirred at =78°C for 20 min. The
reaction was quenched with saturated aqueous NH,Cl solution and was allowed to

warm to 23°C. The reaction mixture was concentrated under reduced pressure and

R
w

the residue was exiracted with ethyl acetate (3 x 100 mL). The combined organic
layers were washed with brine and dried over anhydrous Na,SO,. Evaporation of the
solvent afforded a residue which was purified by silica gel chromatography (15 %
ethyl acetate / hexane) to furnish the alkylated lactone 8 (0.36 g, 76 %) as an |
amorphous solid. '"H NMR (300 MHz, CDCl,) 8 4.43 (broad t, |H, J = 6.3 Hz), 4.33
30 (d,1H,J =9.6 Hz), 3.78 (m, 1H), 2.62 (m, 1H), 2.35 (m, 1H), 1.86 (m, 1H), 1.63-



resi due was dissolved in DM (4 nL). To this solution, N Boc-nethionine (65
ng, 5 0.26 nml), HOBt (35 ng. 0.26 mmol) and EDC (50 ngy, 0.26 nml), and

di i sopropyl ethylam ne (0.4 nL) were added successively at 0C. After g jn 2005
addition, the reaction mxture was allowed to warmup to 23C and was

stirred overnight. The mxture was poured into sat. NaHCO3 (aq). The

m xture was extracted with EtQAc. The organic | ayer was washed with brine
and dried over NaSO4. Evaporation of-3he 10 sol vent under the reduced
pressure gave a residue which was purified by colum chromatography (80%
Et OAc/ hexane) to give 37.2 ngy (46°/c) of MT-015 (15). '"H NWR (300 MHz, CD30D)
0.80-1.00 (1244 rmaH)ll%Q (§3¢ILI) 01J(& ﬁﬂJ iﬂ?);,Hé)Z@%% (&@ 6H|J 9"7'6 9.7 HE); 45 (9H,
s), 2.10 (3H, ss 2.°45-2 (2H, nm, m, 3.90 (1H,
m, 4.10-4. 153(\2&1.1(76 MHz fﬂD@ 3)4816(2&L1:m5r0,,8073 29-87385 4}59{, 340 3215, Wrxypar at i on
of Inhibitor -012 corrpound 16): To a solution of 13 (8.4 ny, 0.014
mmol ) in CH?GI7 280, &L, Wad added TFA (0.2 ni) at 23C. After 0.5 hr, the
reaction m xture was concentrated under reduced pressure. The resi due was

di ssolved in DM (1 nlL). To this solution, N-Boc-valine (6 ng, 0.028 mmol),
HOBt (3.8 nng ;
di i sopropyl etﬁy;zlg a{r%lggemg%l Eu@gﬁa%yggggqu?ué@%gél Q//feﬂmbﬂhtylsﬁpﬁ}io@% ggr t he
addi tion,5 tdmeemﬂacztamon auzi(faompomd 9al | owed to warm up to 230 and vvas
stirred overnight. The xture was poured into_sat. %

mi xture was extréf&@éflwqwlﬁewlactw Gk 9hei k1T aypesl )waéf%@n@& Waﬁh bri ne
and dried OV%d A\}ﬁ eo@’ﬂf&&x <51h Q%P‘SEH'lﬁml gé’s%;}%o“r{’g‘?urer\ﬁ%%ﬁf%@ fessure

gave a resi ur|
MeOH Et OAc) vtﬁC%rvM Aft@gmﬁ@ %odoa‘helrémhbhmgmwabs &2 entrd@d unddd NVR (400

Mz, CD30D) 0.80-1.00 (18H, n), 1.05 (3H, d, J= 6.7 Hz), 1.10-1.50 (6H m,
1.40 (9H, s)redtmeﬁﬁre(ssuﬂeam)ithelremm(nls-hqtmus 125id0e (Mchocvi)%d t@0YBara, amdlﬁé@H n,
3.45 (I -

8. JUN 2005
Pr epar al-%%n wih M%CHPPG‘F’ “‘T@fo (’E%%‘p{)lﬂﬁfﬁséhﬁ‘g aﬁ*élcéo%}o&tﬁvﬁrrké‘fac'fé (14. 5
ng, 0.023 ”mltk) eth?l ag?‘%g (%)(?Omi)) WCM% rgéuéq’ay%rs'n/ére%asgég)\mﬁfter 0.5
hr. the reaction m xture was concentrated un réduced pressure h
resi due V\/aSerues&(dd\mdrNaqSZIM:an@zont@mrafEd to lyiedd Smluahem,nd[‘dfgaqdm/\ey ac (10
rrg.,00465mm3 rTP 046 mol ) g (&; ng, 0.046 mol),
and dii soprdpyme ﬁ%/?&vrwtﬁéo%f@ ) ﬁLh)‘/dWéVéC’éidﬂ%sdisé‘ el émﬁ oKt (RECUR t er t he

addi tion e was allowed to warmup to 23C and was
stirred over\ﬂﬁlouf%?ﬁhﬁpgumé%ttébe was poured into sat. NaHCO3 (aq). The

m xture vas extr aud @d avbidhdréBCacid 336 ned, daniendl pireihvasuvasiedvasi th brine
and dried over Na2SO4. Eva or at ion of the

added imidazole (1.59 g, 23.34 mmol) and tert-butyldimethylchlorosilane (1.76 g,

11.67 mmol). The resulting mixture was stirred at 23°C for 24 h. After this period,

MeOH (4 mL) was added and the mixture was stirred for 1 h.  The mixure was

diluted with 25% citric acid (20 mL) and was extracted with ethyl acetate (3 x 20

20  mL). The combined extracts were washed with water, brine and dried over

anhydrous Na,SO,. Evaporation of the solvent gave a viscous oil which was punfied
by flash chromatography over silica gel (35% ethyl acetate / hexane) to afford the
silyl protected acid 9 (0.44 g, 90 %). IR (neat) 3300-3000 (broad ), 2955, 2932,
2859,1711 cm™; '"H NMR (400 MHz, DMSO-d®, 343 K) delta 6.20 (broad s, 1 H),
3.68 (m, 1H), 3.51 (broad s, 1H), 2.49-2.42 (m, 1H), 1.83 (¢, 1H, J =10.1 Hz), [.56
(m, 1H), 1.3.7 (s, 9H), 1.28-1.12 (m, 3H), 1.08 (d, 3H,J = 7.1 Hz), 0.87 (d, 3H, T =
6.1 Hz) 0.86 (s, 9 H), 0.82 (d, 3H, J = 6.5 Hz), 0.084 (s, 3H), 0.052 (s, 3H).

3]
wn



10 solvent under the reduced pressure gave a residue which was purified by
colum chromat ography (EtOAc) to give 5.5 ng (33% of MM-017 (17)

(10% Et OAc/ hexanc); ‘H NVR (300 MHz, CD3CD) 0.80-1.00 (18H, ), 170&(?5%2005
d, J= 6.7 Hz), 1.20-2.10 (11H, m, 1. 43 (9H, s), 2.10 (3H, s), 2. 40 2. 60
(2H, m, 2.70 (1H, m, 3.50 (IH m, 3.80-3.95 (21-1, m, 4.18 (1H m,
4.30-4.50 (3H, m, 7 20-7.30 15 (5H, m. Enzyne activity of the isosteres
was neasured as descri bed above, butswith the addition of either OMR9-1,
OW9-2 or one of MM-001 - MM -062, MM-065 MM-066, |IVLM-070 and

MM -071. OW9-1 inhi bited reconbi nant nemapsin with a K; calculated as 3 x

10-8 M The sed et e f.l yo e pti 20 substrate.
The i nhi bi u@ﬁ M Qjﬁf'enr’r 'F%t(/%lo Car%:(f"yr%gm”wg J?(ge \?\lgury?rdgéréeﬂr)gd usi ng the
sane fl uor Og@lm)&ﬂlmﬁﬁiﬁr?ett@loc-mﬁo Kbczwqrwﬂp(ymz geternmined to be 9.58 x 10"9
M The residues in Pl and P1' are very inportant since the M2 inhibitor nust

penetrate the bl dode firaddrsobaroniodithd BBBY (0.The , OWdi menddj inAliehloneniRthane
facilitates the 25 penetratl on of BBB. Anal ogues of Al a side chains wll
al so work. rcérmléﬁéﬁrﬁ w2s pifledgalpemcasrticaore 0ralhy Fhaiegelting g1k ust WAfa

substituted nethyl ., ps ,about a ize |ike rreth or

et hyl groupst Eﬁﬁgb%%sfgbﬁliapata@%d&g niﬂrP@ft,bﬂ"h(Dbpd@ Gﬁ?ﬂmmﬁfﬂcﬁpdﬁ” can al so
be substit ut,ade ¥ g5 Pe‘dE’b?%rprfmxsthr@ Ml n3ikg 88 wak t‘ﬂ‘réd‘foﬁ%%&d&xﬁﬂdi @Osm @ingleu side
chain. For penetrating t it is deswaf)etorraet |nh| itors 30
smal | er. OnehepmwgthesthoractsewalBdbnltord by HiGr Aftagthpopaniodathel sdiveetar d t he
outside subsites P4, P3, P3'" and P4' . The retained structure

Asn- Leu* Al aYracarefudlapmeyadi unger @deceﬁumeszewt a.baty témapvéae PR C8EMRE i t ut i ons

for atlght- in t . dhe

ot her substra gﬁéenlgflggeues?h%IQ%WS%?@@%mre al’ GQe ? Eﬁ“rogenzyrre
i nhibitia@n. HEOr BX@mdoutiohheaskdded Bhndesutofinlidd (1643, mg{I\d 4®Zﬁaoa)ﬁﬁu5\ML 5 071
are corrparable to that for OW9-2, indicating that they are al so excellent

menmapsi n i nisifdicxens. TIWSLKuvalm@ufmwaS\Ame@m73 Mor 8 118, Thewvhixe@ewapibeM - 066
| 5,20Proxi el onTeant s yde, gher Lhend ol Lon VeSaz, bl patTn that
of the additijang) u@ﬁhﬁisr@&ﬁc@@wﬂ%ﬂeﬁ B8kl S %%Lﬁmm&h&maeél
structure are listed in 10 Table 3. 2 8 JUN 2005 -46
were washed with brine, dried over Na,SO, and concentrated under reduced pressure
15 to give a viscous oil residue. Purification of the residue by flash chromatography
over silica gel afforded the Fmoc-protected acid 10 (137 mg, 61%) as a white foam.
'H NMR (400 MHz, DMSO-d®, 343 K) & 7.84(d, 2H,J =7.4Hz), 7.66 (d, 2H,J =
8§ Hz), 7.39 (t, 2H,J =7.4 Hz), 7.29 (m, 2H), 6.8 (s, 1H), 4.29-4.19 (m, 3H), 3.74-
3.59 (m, 2H), 2.49 (m, 1H), 1.88 (m, 1H), 1.58 (m, 1H), 1.31-1.17 (m, 3H), 1.10 (d,
20 3H,J =7.1Hz),0.88 (s, 9H), 0.82 (d, 6H, J = 6.2 Hz), 0.089 (s, 3 H), 0.057 (s, 3H).
The synthesis of OM99-1 and OM99-2 were accomplished using solid state
peptide synthesis procedure in which Leu*Ala was incorporated in the fourth step.

The synthesized inhibitors were purified by reverse phase HPLC and their structure

confirmed by mass spectrometry.

lysis of Additional Inhibitors.
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Various substrate analogues other than OM99-1 and OM99-2 can be
similarly designed and synthesized. For example, sixty six additional inhibitor
analogues, MMI-001 to MMI =062, MMI-065, MMI-066, MMI-070 and MMI-071,

all of which resemble an isostere of the active site of memapsin 2, were designed.

30 The synthesis of the additional substrate analogues follows that for OM99-1 and



Tabl e 3. Chem cal Structures and K; Val ues of Additional Substrate Anal ogues
Structure Conpd No. / Structure Conpd No./ K, (ruM K (uM 2 NHeac BJ NH
MM-001/ HENHH MM -011/ Y 9,mo 3,738,100.0 3,134.0 pEJ Y HN Ph8)JUN 2005
BOCNH N MM -002 Y a No 430,940.0 pHHMILI-012/ HNPho59 9, NO
BoceHn rvH3ac Y N~ NIM-003 " M-013 / ~ 2,617,000.0 0 O "p rv 154,160.0
i Ph" p NHBOCNHBOc OH " Y MML-004 / CYOMVII-014 / Y ~ 22,423.0 HNN
2,777.8 Y CHNOJ~ .N'3ac | P*J ""-40-NHBOCc "=N OH .,Mle XH N o No
IVI.M-005/ HMM-015/ 61.4 YP 5,808.0 NHBOc NHaoc 5.J.fo XNHy r'
HNI ML MM-006 / MVML-016 / Y 63,288.0 3, 5,640.0 YNHBoc

OM99-2. The chemical structures of the additional substrate analogues are listed in

Table 3. The general synthesis of various inhibitors are outlined in Scheme 3.

T8
Q o ch,
HzN\)kN/\ph +  BOC-N OH
H :
11 9
la
R
O CHy 0
BOC-N N P

X
h OH CHy
14 R=BOC,X=CONH, R_ N N
15 R =BOC, X = CH,SMe N ;

16 R =BOC-Val, X = CONH, O ' o]
17 R =BOC-Val, X = CH,SMe K

Scheme 3: (a) EDC, HOBt, amine 11, /Pr,NEt, DMF-CH,C}, (1:1), 0 °C to 23 °C;
(b) nBuy,N"F", THF, 23 °C; (c) CF;CO,H, CH,Cl, 23 °C;
(d) EDC, HOB, acid, iPr,NEt, DMF-CH,Cl, (1:1), 0°C to 23 °C.

As scheme 3 demonstrates, using a standard peptide coupling procedure,

valine derivative 11 was reacted with the dipeptide isostere 9 in the presence of N-

wh

ethyl-N’-(dimethylaminopropyl)carbodiimide hydrochloride, triethylamine and 1-
hydroxybenzotriazole hydrate in a mixture of DMF and CH,Cl, to afford the amide
derivative 12. Removal of the silyl protecting group by treatment with
tetrabutylammonium fluoride in THF afforded inhibitor 13 (MMI-001). Exposure of
13 to trifluoroacetic acid in CH,Cl, resulted in the removal of BOC group. Coupling
10  of the resulting amine with BOC-asparagine provided inhibitor 14 (MMI-011).
Treatment of 14 with trifluoroacetic acid and coupling of the resulting amine with

BOC-valine under standard conditions afforded inhibitor 16 (MMI-012). For the



NHBa] HN O 0 0 HNN MM -007 MML-017 / Y P N O 49,877.0 4iN 2.5 Ph)

)INHBOQ ~.NHBOc HN o HNco MM-008 / f (f 1 . HHNYO OHry,~,~N~|_a\\,p\/l W/

Y'"H73.6 HN8.01 10 PO .NHBJ rv-HB~a( H HN "0 T/~~ OH llp 5

I1/1 HNNO O .. 009/ MM-019/ Y o. L 89.9 YO 14,500.0 n,a P ~ NHBC

NHBCE HN ~0 NY~ OHW MM -010/ UHd N* M-020/ Y P "~ 0 29,403.0 Y q N

01,6052 P,J 1B JUN 2005 -47 Table 3 cont'd from previous page .rH o M1 O
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synthesis of inhibitor MMI-15, éompound 13 was reacted with trifluoroacetic acid
and the resulting amine was coupled with BOC-methionine to afford the inhibitor 15
(MMI-015). Removal of the BOC group of 16 and coupling of the resulting amine
with BOC-valine provided the inhibitor 17 (MMI-017).

(0

Preparation of inhibitors MMI-001, MMI-011, MMI-012, MMI-015 and MMI-17:

Preparation of valine derivative (compound 11): N-Boc Valine (500 mg.

2.30 mmol) and benzylanmne (0.50 mL, 4.60 mmol) were dissolved in CH,Cl, (20
mL) and DMF (2 mL). To this solution, HOBt (373 mg, 2.76 mmol) and EDC (529
mg, 2.76 mmol), and diisopropylethylamine (2.4 mL, 13.80 mmol) were added

10 successively at 0°C. After the addition, the reaction mixture was allowed to warm
up to 23°C and stirred overnight. The mixture was poured into sat. NaHCO; (aq).
The resultant mixture was extracted with 30% EtOAc/hexane. The organic layer
was washed with brine and dried over N2,SO,. Evaporation of the solvent under the
reduced pressure gave a residue which was purified by flash column chromatography

15 (30% EtOAc/hexane) to give 442 mg (63%) of coupling product. The resulting
amine was dissolved in CH,Cl, (20 mL). TFA (4 mL) was then added at room
temperature. The reaction mixture was stirred for 0.5 hr. and it was concentrated
under the reduced pressure. The amine 11 was obtained quantitative yield. 'H NMR
(500 MHz, CDCl;) 0.87 (3H, d, /=6.9 Hz), 1.02°(3H, d, J = 6.9 Hz), 2.00 (2H, br

20 s),2.37 (1H, m), 3.36 (1H, brs), 4.43-4.52 (2H, m), 7.27-7.37 (5H, m), 7.70 (LH, br
s).

Preparation of amide derivative (compound 12): Dipeptide 1sostere 9 (41
mg. 0.10 mmol) and anine 11 (41 mg. 0.20 mmol) were dissolved in DMF (2.0
mL). To this solution, HOBt (20 mg, 0.15 mmol) and EDC (29 mg, 0.15 mimol),
25 and diisopropylethylamine (0.2 mL) were added successively at 0°C. After the
addition, the reaction mixture was allowed to warm up to 23°C and was stirred
overnight. The mixture was poured into sat. NaHCO, (ag). The mixture was

extracted with 30% EtOAc/hexane. The organic layer was washed with brine and



11,766.0 1,341.0 YP iPH~ W-023/ M-033/ H Y ~ 15,273.0 16, 300.0
0O ~o"Ho HMM-034/ MM-024 / HN" f 228.8 1 1129.0 Y PM\/I-???NZNSI(

MM -025 426.3 YH ~Y o Hf, o ~F HMY1I-036 / NLM-026 no i nhi bi H ~
/[ .vPn 9.4 N.\v NONOON | MM-027 / MM-037/ Y II 11,547.3 YO0 3.9 P
PnJ HO MM-028 / ryjt "~0 9,867.0 YH M -038 / 106.0 YH- Nr~O Y o

iviivlil-0:v/ N IviM-039/ 1,696.6 Y 1,4 o P H ~~ 1\ ~~0 O CF,
-472-

dried over Na,SO,. Evaporation of the solvent under the reduced pressure gave a
residue which was purified by column chromatography (20% EtOAc/hexane) to give
55 md (95%) of amide 12. '"H NMR (500 MHz, CDCl,) 0.09 (3H, s), 0.10 (3H, s),
0.91 (8H, s), 0.92-0.98 (12H, m), 1.10 (3H, d, /= 6.7 Hz), 1.25 (1H, m), 1 .44 (1H,
m), 1.46 (9H, s), 1.63 (1H, m), 1.74 (1H, brs), 1.80 (1H, m), 2.18 (1H, m), 2.56
(1H, m), 3.62-3.78 (2H, m), 4.13 (1H, m), 4.48-4.56 (3H, m), 6.35 (1H,br d, /= 8.5
Hz), 6.41 (1H, brs), 7.26-7.40 (3H, m).

wh

Preparation of inhibitor MMI-001 (compound 13): To a solution of amide

12 (61 mg. 0.10 mmol) in THF (1.0 mLO was added TBAF (1.0 M in THF:0.3 mL,
10 0.30 mmol) at 23°C and it was stirred overnight. The reaction mixture was

concentrated under reduced pressure. The residue was purified by column

chromatography (40% EtOAc/hexane) to give MMI-001 (13, 41 mg, 83%). 'H

NMR (300 MHz, CDCI;) 0.88-0.98 (12H, m), 1.15 (3H, d, J = 6.9 Hz), 1.40-1.80

(5H, m), 1.43 (9H, s), 2.10 (1H, m), 2.60 (1H, m), 3.40-3.60 (2H, m), 4.00 (1H, m),
15 4.20-4.45 (3H, m), 4.70 (1H, m), 708-718 (5H, m).

Preparation of inhibitor MMI-011 (compound 14): To a solution of 13 (44
mg, 0.089 mmol) in CH,Cl, (1 mL) was added TFA (0.2 ml) at 23°C. After 0.5 hr,
the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in DMF (4 mL). To this solution, N-Boc-asparagine (41 mg, 0.18 mmol),

20 HOBt (24 mg, 0.18 mmol) and EDC (34 mg 0.18 mmol), and diisopropylethylamine
(0.2 mL) were added successively at 0°C. After the addition, the raction mixture was
allowed to warm up to 23°C and was stirred overnight. The mixture was poured into
sat. NaHCO; (aq). The mixture was extracted with EtOAc. The organic layer was

washed with brine and dried over Na,SO,. Evaporation of the solvent under the

[S)
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reduced pressure gave a residue which was purified by column chromatography (4%
MeOH/EtOAcC) to give 12.5 mg (23%) of MMI-011 (14). '"H NMR (500 MHz,
CD,0D) 0.85-1.00 (12H, m), 1.10 (3H, d, /= 6.7 Hz), 1.20-1.50 (SH, m), 1.45 (9H,
s), 1.60 (1H, m), 1.75 (1H, m), 2.05 (1H, m), 2.50-2.70 3H, m), 3.45 (1LH, m), 3.75
(1H, m), 4.10 (1H, m), 4.30-4.40 (3H, m), 7.20-7.30 (5H, m).
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Preparation of inhibitor MMI-015 (compound 15): To a solution of
compound 13 (64 mg. 0.13 mmol) in CH,CI, (4 mL) was added TFA (1 ml) at 23°C.
After 0.5 hr, the reaction mixture was concentrated under reduced pressure. The
residue was dissolved in DMF (4 mL). To this solution, N-Boc-methionine (65 mg,
0.26 mmol), HOBt (35 mg. 0.26 mmol) and EDC (50 mg, 0.26 mmol), and
diisopropylethylamine (0.4 mL) were added successively at 0°C. After the addition,
the reaction mixture was allowed to warm up to 23°C and was stirred overnight. The
mixture was poured into sat. NaHCO?3 (aq). The mixture was extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,. Evaporation of the
solvent .under the reduced pressure gave a residue which was purified by column
chromatography (80% EtOAc/hexane) to give 37.2 mg (46%) of MMI-015 (15). 'H
NMR (300 MHz, CD30D) 0.80-1.00 (12H, m), 1.50 (3H, d, /= 6.7 Hz), 1.20-2.10
(10H, m), 1.45 (9H, s), 2.10 (3H, s), 2.45-2.60 (2H, m), 2.70 (1H, m), 3.50 (1H, m),
3.90 (1H, m), 4.10-4.15 (2H, m), 4.30-4.42 (2H, m), 7.20-7.35 (5H, m).

Preparation of Inhibitor MMI-012 (compound 16). To a solution of 13 (8.4
mg, 0.014 mmol) in CH,CL, (1 mL) was added TFA (0.2 ml) at 23°C. After 0.5 hr,
the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in DMF (1 mL). To this solution, N-Boc-valine (6 mg, 0.028 mmol),
HOBt (3.8 mg, 0.028 mmol) and EDC (5.3 mg. 0.028 mmol), and
diisopropylethylamine (0.2 mL) were added successively at 0°C. After the addition,
the reaction mixture was allowed to warm up to 23°C and was stirted overnight. The
mixture was poured into sat. NaHCO, (aq). The mixture was extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,. Evaporation of the
solvent under reduced pressure gave a residue which was purified by column
chromatography (4% MeOH/EtOAc) to give 2.1 mg (21%) of inhibitor MMI-012
(16). 'HNMR (400 MHz, CD,0D) 0.80-1.00 (18H, m), 1.05 (3H, d, /= 6.7 Hz),
1.10-1.5.0 (6H, m), 1.40 (94, s), 1.55 (1H, m), 1.70 (1H, m), 2.00 (1H, m), 2.45-2.70
(3H, m), 3.45 (1H, m), 3.80-4.45 (6H, m), 7.15-7.30 (5H, m).

n~ pol ar -4énctn 631,000.0 HHN off C MM -046 Y
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Preparation of inhibitor MMI-107 (compound 17): To a solution of 15
(14.5 mg, 0.023 mmol) in CH,Cl, (2 mL) was added TFA (0.5 ml) at 23°C. After
0.5 hr. the reaction mixture was concentrated under redﬁced pressure. The residue
was dissolved in DMF (2 mL). To this solution, N-Boc-valine (10 mg., 0.046
mmol), HOBt (6.2 mg, 0.046 mmol) and EDC (8.8 mg, 0.046 mmol), and
diisopropylethylamine (0.4 mL) were added successively at 0°C. After the addition,
the reaction mixture was allowed to warm up to 23°C and was stirred overnight. The
mixture was poured into sat. NaHCO; (aq). The mixture was extracted with EtOAc.
The organic layer was washed with brine and dried over Na,SO,. Evaporation of the
solvent under the reduced pressure gave a residue which was purified by column
chromatography (EtOAc) to give 5.5 mg (33%) of MMI-017 (17). Rf=(10%
EtOAc/hexane); '"H NMR (300 MHz, CD,0D) 0.80-1.00 (18H, m), 1.10 (3H, d, J =
6.7 Hz), 1.20-2.10 (11H, m), 1.43 (94, s), 2.10 (3H, s), 2.40-2.60 (QH, m), 2.70 (1H,
m), 3.50 (1H, m), 3.80-3.95 (2H, m), 4.18 (1H, m), 4.30-4.50 (3H, m), 7.20-7.30
(3H, m).

Enzyme activity of the isosteres was measured as described above, but with
the addition of either OM99-1, OM99-2 or one of MMI-001 — MMI-062, MMI-065,
MMI-066, MMI-070 and MMI-071. OM99-1 inhibited recombinant memapsin with
a K, calculated as 3 x 10* M. The substrate used was a synthetic fluorogenic peptide
substrate. The inhibition of OM99-2 on recombinant memapsin 2 was measured
using the same fluorogenic substrate. The Ki value was determined to be 9.58 x 107
M.

The residues in P1 and P1' are very important since the M2 inhibitor must
penetrate the blood-brain barrier (BBB). The choice of Ala in P1' facilitates the
penetration of BBB. Analogues of Ala side chains will also work. For example, in
addition to the methyl side chain of Ala, substituted methyl groups and groups about
the same size like methyl or ethyl groups can be substituted for the Ala side chain.
Leu at P1 can also be substituted by groups of similar sizes or with substitutions on
Leu side chain. For penetrating the BBB, it is desirable to make the inhibitors
smaller. One can therefore use OM99-1 as a starting point and discard the outside

subsites P4, P3, P3' and P4' . The retained structure Asn-Leu*Ala-Ala is then further



no inhibition NWMO070 2.0 (4-9) J Hh n Prt off HNLWO065 / NM 071 /
1"moo I 10.0 (97.4) H~ H 4.0 (1.9 H Exanple 5. Sub-site Specifici%gjﬁ&
Memapsin 2 (p-secretase) The results obtained from OW9-2 denonstrate QWS
by evoking all eight sub- sites with OW9-2, a high inhibition potency (K =
1.6 nM can be achieved. However, clinically useful nemapsin 2 inhibitors
must be small (i.e., typically less 5 than 500 - 700 daltons) in order to
penetrate the bl ood-brain barrier toe4seach the brain. Detailed information
on sub-site specificity of nmemapsin 2 would provide a better understandi ng
for the design of small yet tight-binding inhibitors. The conplete sub-site
preference oo VRIMARIsHbsA hiRhs PG RIRAIThHSD RARREr ARidheSH!als® pdnk@arebot h
substrate kinetics and the probing of random sequence |nh|b|tor library. 10
Experi ment atheMBBedur es Procedures The Design of the Defined Substrate

M xtures Peptide_m xtures were nthe5|zed to robe each of 8 positions in
the tenplate seEU%ﬁ8§rEVNEaEAE RO toMI-QE, iKrszales Gsrader

(3 secrel asg,, gl agya ?ons'ﬁo%emn@g%h% vqmg@ RN gD BT ENBSn A descr i bed

above. For arac rization eacn posi |on an equino mxture of 7

am no ackd der iéabpaabla@rteatFeden gon? txh@c@eﬁ@t@ﬂrth@f ﬂe@l/s@'e‘ic&fenfﬁm id phase
synthesis (Research Genetics, Invitrogen, Huntsville, Al abama 2 resulting in
a mxture omemapeiptibiorsdiThe & Wﬁlgelﬁcyr MMIdil’WéPrﬁ A58, AAMI 24t o VBVThEHtEe

position. To facilitate the r bstra es .2 JUN 2005
PS5 and hyarargtripBhina P nRDhsh B el e Rl
Therefore, bLf coﬁ@%teﬂ@@arﬁ%@ds%@m‘éﬁxaﬁé&ﬁ%’ﬁl&h@na'fhe el f&%&po%led si de
chains (19 total, excluding cysteine) in a single mxture due to the

i denti cal nadtissnabulsont ariogoesoariddss aemiespndwey dhemprag viemtturteaes fsted in
|dent|f| atjon, Therefore, the different amno acid substitutions 5 were

di vi ded ! ntga?ﬁﬁee groups (Tables 4 and 5) to maxim ze their differences in
mass and the full set of 19 varied am no acids (less cysteine) at each
subsite were contained in 3 substrate m xtures in which the peptides were
synthesi zed to incorporate each amno acid in a single position. A standard
peptide was included in each group for the purpose of relating the
gquantitative information between



10 m xtures, for calculation of relative kcat/ Km The substrate of known

kca,/K,,, value serves as an internal standard for normalizati ngﬂ‘i
relative initial rates and the <calculation of kc"/I1C"' val ue of
substrates. For positions P,', P,', P,", and P,', the tenplate sequence was

extended by 4 residues at the C-termnus (tenplate EVNLAAEFVWHDR, SEQ m NO
23, Table 4) to facilitate their detection in 15 VIALD -TOF MS. Four

addi tional residues were |ikewi se add¥d on the Nterminus in the tenplate
to characterize specificity for positions P,, F2, P3, and P, (tenplate
RWHHEVNLAA. EF, SEQ 112l NO. 24, Table 5). 2 8 JUN 2005 -51 Table 4. Peptide
Substrate M xt Gpde $-ofhegyend Strueturey ambKeY Hugsf Additipal Rehstptei Apaloguesg t he P,
Posi ti on Am no~Aci O Peptide Sequence SEQ TDNO —Substrate mixture 1 A

(al ani ne) EVNLAAERMdBR-25 DChaspasti c aci d) EVNERAEFWHDR 2&mpSNpseri ne)
EVNLSAEFWHDR 27 T (threoni KghMEVI *' LTAEFWHDR 28 | (i sol exgavg)

EVNLI AEFWHDR 29—E—({gtutarntcacitd)—EVNEEAEFWHBR 30—F—(phenytatant ne)
EVNLFAEFW - | DR 31 strate mxture 2 4 (al anigney< EVN?_AAEFWHDR 32 5 G

(gl yci ne) EVNLGEEE EB V NIVH10Dhe) EVNLVAE “34 v (1 etiEsiva) /
EVNLLAEFWHDR 35 YK (I Yystne) BVRBKMEFWHDR 36 R (argdi i ie) EVNBRAEFWHDR 37 W
(tryptophan) EVNLWAEFW -1DR 38 Substrate nixturel3 A Yafanine) EVNLAAEFWHDR
39 P (proline) NLPAEFWHDR 40 N (aspar agi ne) EW\/EIQ\CILT\IAEFV\V-lDR 41 Q

(gl utam ne) EVAE 42 MMEHex/hi oni ne) EV L_ AEFWHDR 43 H (hi stidine)
EVNLHAEFWHDR 44~"Y w ©si ne F3ESANOYAEFWHDR 4H25NJ12;:N§ JUN 2005 52
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Tabl e 5. Peptide Substrate M xture for Specificity Determ nation of

Nl emapsin 2 to the P, Position Am no Acid Peptide Sequence SEQ I D 2%)
Substrate mxture 1 F (phenylal ani ne) RWHHEVNFAAEF 46 D (aspartic atfdyN 2005
RWHHEVNDAAEF 47 S (serine) RW-IHEVNSAAEF 48 T (threonine) RWHHEVNTAAEF 49
| (isoleucine) RWHHEVNLAAEF 50 E (glutam c acid) RWHHEVNEAAEF 51 G
(glycine) RWMHHEVNGAAEF 52 5 Substrate m xture 2 F (phenyl al ani ne)
RWHHEVNFAAEF 53 A (al ani ne) RWHHEVNAAAEF 54 V (valise) RWHHEVNVAAEF 55 L
(1 euci ne) RWHHEVNLAAEF 56 Q (gl utam ne) RWHHEVNQAAEF 57 M (et hi oni ne)
RWHHEVNVAAEF 58 Y (tyrosine) RAHHEVNYAAEF 59 Substrate m xture 3 F

(phenyl al ani ne) TEMEBEYNFARER 660 fape ol i ne) RWHHEVNPAAEF 61 N (asparagi ne)
RVWHHEVNNAAEF 62— K—{lvysine) RWHHEVNKAAEE 63 R (argi-nine) RAHHEV' | RAAEF 64

H (hisiidine) RAHH F 65 W(tryptoph HEVNWAAEF 66 Initial Rate
Det erm nati on by \ M5 Substrate m xtUr€s; wege dissolved at 2 ng/m in
10% gl aci al acet k . and M¥I-0tléd i nto app Latle copgpmMsy ation of NaCH
to obtain a mxture 6 rat®s in 10 the -~wmr Liég i ggs0di um acet ate at

pH 4.1. Aliquots vver\e/eqp P brated at 25 C @D reattions were initiated by
the addition of aliquots of memapsin 2. Aliqugts (10 I) were renoved at

tinme intervals and med with MALDI - TOEsomdor,i ¥ (a- hydroxyci nnam c aci d
in acetone, 20 ng/gpiyeand i meHEBI'y spott edw i catUMIgAt 6 a
stai nl ess-steel KAD | e pl&. Sanples were jectetP®8 analysis by 15

usi ng MALDI - TOF nmass. spe metry device, operatéd at 20,000 accel erating
volts in positi vebpode with a 150 nsec del ay; u*.gﬁqg a PE Bi osystens Voyager

DE instrument at «the Ml ecul ar Biol ogy Resourc® Center on canpus. Tons with
a mass- to-charg& @i o (mz) were detected*InJe(nange @ha499, - 2000 amu
(atomi c mass \'/L/QL[A MMI-023/ ‘ 16,300.0
Y e 152730 Yoot ’
>L B ‘[-1 PR’
QOHNiO ey Z\gg\l<
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2 8 JUN 2005 -53 units). Data were anal yzed by the Voyager Data Expl orer
nodul e to obtain ion intensity data for nmass species of interest. Random
Sequence | nhibitor Library The random sequence inhibitor library wig JiNsi8eh
on the sequence of OW9- 5 2 with random am no acids (less cysteine) at 4
subsite positions P'" P3, P, and P3'. Diisostere Leu*Ala (* represents
hydr oxyet hyl ene transition-state isostere) was used in the synthesis to fix
the positions P, and P,'. Peptides wet8e synthesized by solid- state peptide
synthesis nmethod and | eft attached on the resin beads. By using the
"split-sylithesis' procedure (Lamet al., 1991), each of the resin beads
contained only 10 Tob Beshge ioen pleiloas pye sequence differed frombead to
bead. The overati—tibrary —seguence was— & y- XX
1- Xx2- Leu* Al a- Xx3- «%-Arg Met-QAy-Gy-| ead] P. P3 P2 P, P,' Pz’
P," P; (SEQ ID NG 15 where Xxn residuesy re n represents either 1,
2, 3, or 4) are rséT(djﬁ ﬁ)/gt MMEPT /posi ts oth H’LQ am ngnacisgs. A shorter
S

version of the peptl ar tp igibiEen P2 (se 16 inhibition

Xx3- Xx4- Phe- Arg [ Resin bead] SEQYD NCY 68)ors Was al so  present
in each bead wt t| o to the | onger seq%% at about 7:3. Wt hout

i sostere, the\&b&;otoﬂsequence woul d not bind SI n 2 with significant
strength but 20 it nce pwgopoNveni e;m\/ﬁdlon dentlfyl ng, the resi dues at
by aut onat ed Ednl\[ain gr adatskeg.; The resi dug ent| ¥om t he
random zed positi o follows: Edman cycl H1“°2 8°"’4°“‘°S§ thee 1, fromthe
| ong sequence: GlyHN%x Xx2 Lea Sequence 2, fr t e short sequence Xx3 Xx4

Phe Arg 25 The & Xx3 and Xx2 hag~ng Ya.03, gw ty since they are the
only unl mown reS| l’é“ll 041d 3 respectr %Mét%fpds Xx1 and Xx4
were assi gned from ;hel el"ﬁt‘?fi/% amount s. The/pre ce "8f""5%t hi oni ne

woul d permt the f‘ ¥l eavage foll ow by '&%ldentlfled by MS/MS. 2 8
JUN 2005 -54 ProbT“ng of the Random Sequenc i brary About 130, 000

i ndi vi dual beads?%esﬁ NYIMIAEE copy OFSYRE st i by , nafed to be

contained in 1.1 mgo { | ednitedds, was hygf atBdO-h bu ff‘ Gé,(so m Na

acetate, 0.1 %Tr)i\[t,n 00, 0.4 Murea, 0.02% Na azide, 1 ng/m BSA, pH
o ,NFO\K

~a o] E .
df%\/:fw MMI-045 /
~ A,  no inhibition vk/LB« MMI-055 /
o’ O 631,000.0
)ln °7< (Icss poLxr isomer)
§ gW )l:‘f*

MMI-046 /
J\J\g J@ 149.900,000.0 oﬁgv:f Tk MMI-056 /
YO 205,0000
)'\lSFOK Y (less polur isomer)

YK

H
N,
N o
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: 110,600,000.0 \)\)\gﬁo
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Hr:l':\% i\g/*
\SWO OH " . ~
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<0 T
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x
2

100,000.0



5 3.5, filtered with a 5 micron filter). The beads were soaked in 3% BSA in
buffer A for 1 h to block the non-specific binding, and rinsed t\&fgmﬁth
the sane buffer. Reconbinant nemapsin 2 was diluted into buffer U2
and incubated with the library for I h. A single stringency wash was
performed which included 6.7 .tM transition-state isosteric inhibitor
OW9-2 in buffer B (50 MM Na acetate, 0.1 % 10 Triton X-100, 0.02% Na azi de,
1 mg/m BSA, pH5.5; filtered with 54picron filter), followed by two
additional washes with buffer B containing no OW9-2. Affinity- purified 1gG
specific for reconbinant nemapsin 2 was diluted 100 fold in buffer B and

i ncubated 30 min Mlehcddﬂ@&dmm\aruypagd:ol | ow ng thr ee Washes with buffer B,
affinity-purifieda S e—was—di luted into
buffer B 15 (1: ZOO?b?nd |ncubated for 30 nlbéﬁfnth t hree subsequent washes.

A single tablet of i ne phosphat ase su (BCI P/ NBT) was di ssol ved
in 10 M water and and i ncubated | h. Beads were

appl i t he bead
resuspended in 0‘ % é@?‘&@(’o i’n wat & al d

xam ned MMIE®6 /a di ssecting
, i2ngi vidual |y
ained in DVF. The

ni croscope. Darkly nbedadV QP e graded”
i sol at ed, strlppedjﬁS rea for 24 h, and‘Z/O de
sequence determn don 6f the beads were carried in an Applied

Bi osystem Protei n.gequencer at the Ml ecul ar Biol Resource Center on

canmpus and the P aci ds were quanti Y}rmagl ng reversed- phase HPLC.
Det er m nati on of m%@ara The Ki ne aranmeters, K and kcal,
usi ng single pepti substo at ionst, free iyiviovd ors, were
determ ned as descri bedvn)abovenom E“ bui IZEWS bi idiopg to nmemapsin

2 The crystal stru f OW9-2 in conpl ex\m mapsi n was used as

the initial nodel. respondi ng subsite resi d,uesfwere replaced with that of
O MDO- 3. The si gl&/w confo\r ons V\Bl’}g\ﬂ ly sel egpvad7ir om a rotoner
library for 30 the %ﬁ? the bi mli’ng pockets igtogrms of the
non- bonded i nt eract+ - 5%% imzation was then

eér energy paraneters
(Engh, R A and Huber curate bond and anglle- ameters for X-ray
structure refinenent” i Acta Cryst. A47, 392- 46 (1991)). C. atons and
the atons with j ibitor 5 were
subject to harnonic restrains during the mnimzation process. Results

Det er m nat i @xa@ipis BhStIudt-Stes$ gheiftdngi 0T NIEBhSEIRMNAG-deBretRIERPSi N 2 sub-sites The

substrate cleft of nmemapsin 2 acconmodates ei ght sub-sites for the side
The results obtained from OM99-2 demonstrate that by evoking all eight sub-

sites with OM99-2, a high inhibition potency (K; = 1.6 nM) can be achieved.

carried out with th Eprogram usi ng Engh and

However, clinically useful memapsin 2 inhibitors must be small (i.e., typically less

than 500 - 700 daltons) in order to penetrate the blood-brain barrier to reach the

wn

brain. Dectailed information on sub-site specificity of memapsin 2 would provide a
better understanding for the design of small yet tight-binding inhibitors. The
complete sub-site preference of memapsin 2 has been determined based on results
from both substrate kinetics and the probing of random sequence inhibitor library.

10 Experimental Procedures

The Design of the Defined Substrate Mixtures
Peptide mixtures were synthesized to probe each of 8 positions in the
template sequence EVNLAAEF (SEQ ID NO: 22), derived from the (3-secretase
cleavage site in APP and memapsin 2 inhibitor OM99-2 described above. For
15 characterization of each position, an equimolar mixture of 7 amino acid derivatives
were added in the appropnate cycle of solid phase synthesis (Research Genetics, |
Invitrogen, Huntsville, Alabama) resulting in a mixture of 7 peptides, differing by 1

of 7 amino acids at a single position. To facilitate the rapid quantitation of substrates



chains as shown in the crystal structure. A conplete set of side-chain
preference 10 anal yzed by cl assical enzyne kinetics for all sub-sites of
memapsin 2 woul d require the deternmination of 160 pairs of indivi2&idUN R05,
and K. values, a tedious task so far not attained for any aspartic protease
wi th broad specificity. The sub-site preference is, however, defined by the
relative catalytic efficiency, k,,/K ", values of substrate wth different
side chains, which may be determinedromthe relative initial 15 hydrolysis
rates of defined m xtures of substrates (Fersht, A Enzyne Structure and
Mechani sm 2" Ed., Freeman, New York, (1985), the teachings of which are

i ncor por at ecinfidyaiohytioprotheits, hegit thraatghput MALDIFEPRMS as uipde Thenefors tf ul |y
used to analyze the.specificity of other asparti r ot es (Kassel et al.,
1995:  Koel SCHGP! BPSSIBLE Sopsitith &l CamEMMARng Aot Ratts | AL8rp BFAbO8Eher of
in their entitetyy:.. The, : i ] ‘Sl L by the
use of MA\LDICI-y 5{(%1&_1}{ ?\)é‘ i”i‘ %ﬁb%?fi‘%ﬁ?? ﬁifgecﬁ odr&ﬁg%"gﬁ% I c(:)fzg'tg ?%E%g}ﬁé %Fg% itvi}/lg&ilar%unt S
of product s vagulld prebstithsie sdenlhtddlonT Uheore) tha différemniniihe sciiaubstiveggnsused to
quantify conpounds fromplasma and cell culture (Sugiyama et al., "A

quant i t atd vevaandivydadsinigs theasrgrpapsyTakles dendy) e piiuzesipis deereness in
desorption ionizati,0 i me-of-flight.mass,spectronetry w.th. delayed ion
extract i on® "8 i RIS SEe Ciohiarie T2t SRt PR A e EES

aut omat ed MAbRhin@BSS 3 sEPQL:E RIFREFY iPRRIAARNpERIdOREIG BINRE &Y€) OSpOri N
extraction and quantitation” in: Anal Chem 69: 3767-71 (1997), the

t eachi ngs ofin@iporate eabl iy aid mecosipgde avaton.hérsgindaidrpephde wag mtdludedyih and
pertinently, to detzrnLne relat'v§¥anuunt of. A&S. 0 and A&err) 42 from cel
cul ture (DavPEsSREP APT INC PHIROSSO TGEAIGE ENSHE N BHEE ARt OPRE™ S EFar ti ¢ 30

pr ot ei nages". ;L0 { i - Blhophys ; - - (499 t he

t eachi ngid3 6?1k%?§éﬁ&;braeﬁg}/aﬁ§g%gg%@€\?ﬁ‘ﬁe éi@%n%% gi éﬁ%r?t%i]n ?‘éi‘/ﬁ‘. @A%%ant ages
of MALDI - TOséVEs &5 £h ihtdh A Q@mdardS6r hatnadibitoneEtbiadvd intlialdees gl gensitivity

and rapid acqusition of data. Linearity of ion intensity data with m xtures

of product &Aguiatipgef keE<preduebethenbbrden kasmeatigrs Bn P’ Rastrddhsitlst ent f or
each substrate in the m r i rrectign factor. Initial
rates of hygern&f l%‘/{él’isse%%lr%g‘égﬁ?tﬁg%{hﬁod\’re&q%ldrélggﬁﬂ% %—)%?%m%ﬁgm %‘%’sequent ly 5

det erm ned @sINIgA ABEFVHBRNGEQ RANDS30Tat1bep® fhafilitdAdhelrAeRStidd € pr opor ti onal

to their relative catalytic efficiencies, kcat/Km (Fersht, 1985). The
rel ati vel ‘catahyPl-d Qf Mxirsiadditional rendyssiwerlikoyisepdped onuibe Bi-teempusi ti ons

f th bstr at ted in Fi 5 Th | t fi [
obser vat i ond” PRATRGHe GRS 2F gie SURTaT RS Rerfpby A7 SRR utel y
stringent. Rayv@ebothallte Brg) genandst hgibs) side, the central sub-sites (P,

and P,') are nore stringent than the outside sub-sites (P4 and P4'). This
is in evidence when the



hydrol ysis efficiency of the non-preferred residues (background) are
conpared to the preferred residues. The lack of stringency is rmrfg_IHNFzguﬁ
pronounced for the 4 sub-sites on the P side, especially for P3

where the backgrounds are relatively high. The 15 poor stringencies of these
two sub-sites is consistent wth the observation that the P3'" and P,' side
chains of OW9-2 do not significantly interact with the enzyne in the the
crystal structure, Sub-site P4 favorsl-du over A n which, in turn, is
favored over Asp. P4-@u of OW9-2 fits well in S4 pocket with multiple
interactions. The reduction of 20 catalytic efficiency fromsubstitution of
P, -G u wi t hTable 4reepirledaehstianté NExturs $or08 pecifivarygBetienténr #tixin afrfiVlemapdiosi de
chain with Arg233 and Arg307. The further decrease of catalytic efficiency
from substi 240 tRP o ORA0® y with Asp is likely due to the absence of the
hydr ogen bond to P2-Asn. For sub-site P3, an Ile is nore preferable than Val
as in OW9-2. This is due to a better fitting in the S3 hydrophobi c pocket.

25 I nhibitor side chain pregfere eterm ed frgma conbin i.al Ljibrary
The sub-site prefer ence f on 4‘Hm%§f8 bi ndi Qt‘\ﬂé carsye tuda%ﬁbli NO.

conbi nat ori % gltrbé é‘t 1200y aﬁl matel y 1.3 #hi bitors

i mobi | i zed| 3R°°"B&al ‘Wﬁss F%ﬁ%edandé@% maplnz The base
sequence of|{the library vvaxsb 3SRUHC A8 CM?Q %éQ D NO. 69) (*
desi gnat es B0 i sostere hydnoxyeirs)l ene), iﬁWSﬁEFHéH@B\b s ’es P3, P2| P,',
and P3' (bo] df ace) were rcaﬁd@hﬂeze‘de)v\nth al[BVNDTAEFACHOR eX@8pt cystei ne. P,
and Pi' were keep constant |d¢goRu8ndUN 2005 VNEVTAEPWHIBRUSE 26f L*A in
library synthesis. P4 and P4 (SneERiRid)r andoZed srvapger |30  keep t he

l'i brary size nmanageabl e. AI hI:rW?alhxﬂBW m‘tEVq‘@IﬁLbQEE%BROUt sjjde sub-si 1Bes
i tler —enhanci-nd

are less critical for the an of sl ars

Memapsin 2 @u&%@qﬂﬁ%—%@tl V4 :Maﬁlﬂe)t he |1 breanyr Rmmhmg Mizph urea
sol uti ons, t he bound 5 MeMRRs ead< BY (aatibody rajsed

to memapsin 2 and an al kall Eﬁ hat ase ondar,y anti body.

About 65 frlom about 130, 000 ‘b (9"3 wer e Il’%g}lg]g? & ds ‘observed under

the |ight nicroscope. The 'Mfﬂﬂ 5 sequé W@Rlo mest i ntensely

stai ned beads were determ n&d(!Bsinaut omat eclEWé’ﬁH@fkl ngé(Table 2)| A

clear consepsus at the foun R@ngomeyed posiBVNDRABFWHORIf 406) was observed

to be ELDLAVEF (SEQ I D NO thryﬂibﬁ}a(ﬁb ear | GANSEMSAISFWIHDRO0SI38i ve beads| and
{ lf\_L 2\ o

olnBn-ar-t annt on

t he | ack of —eensensus—+A-nRegative—beads—(Fabte—2)——supportsithe—eont i on

t hat the nensmirateZnWa&ebound(:ﬂmmpé)eferreqiESEchJ A(E@SVHDRt he 36i brary. Al so,
t he consensus inhibitor seq efiRYr ee wel levwiit bAEReIBRUI t2100bt ai ned from

the substrate studies. An|inNpisBit@le) OVOORNDRWERGVHBR cgngensus sequence
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Q (glutamine) EVNLQAEFWHDR |42
M (methionine) EVNLMAEFWHDR |43
H (histidine) EVNLHAEFWHDR | 44

Y (tyrosine) EVNLYAEFWHDR |45




I 5 ELDL*AVEF (SEQ ID NO 71) was synt hesi zed using the nethod descri bed
above. The K; of this inhibitor proved to be 0.31 nM nearly five fold
| ower than the 1 of OWB9-2. 2 8 JUN 2005 -58 Table 2. Selection df JBoil8ht
conpetitors of OW9-2 from conbinatorial library' ID P3 P2 PT P3" SEQ I D NO
72 1 Leu Aso Val Gn 73 2 Leu u Val Gn 74 5 3 Leu Asp Val Qu 4 Leu
Asp Val Qu 75 5 Leu Asp Val An 76 _77 6 1lle Asp Ala Gn 78 7 Ile Asp
Val Tvr 79 10 8 Leu Gu Val Gn 80 -¥Leu Phe Val Gu 81 10 Phe/lle Ser
Val Phe/lle Neal Phe Met Asn Arg 82 Neg2 Asp Phe Ser 83 15 'Library
tenplate: Gly-P3 P, --Leu*Al a-P2' - P3' - Phe- Arg- Met-A y-A y-Resin (SEQ | D NCs:
72-83) Bi ndi haplefS. deptide-SubistrateMigiare {or Snecdicity Peteapiiation ofdfpmepsions
bet ween t he ié%ﬁxtﬂi I§t rtucture' of OW9-2 and the nol ecul ar nodel of OWR000-1
reveal inpro Chi'BIt 8™ binding of the later to nenapsin 2. 20 As
conpared to [OWY-2, the Targer hydrophobic sfde chains at P3 and P’
subsites forl OMDO-3 are bet{&migeckitodat ed byeptde SpauansesubsiSEQ TRy H

i mproved van er Waal interactjons.. Anong th 1Lx . slgnificant new
i nteract i ons:S‘gét-“l‘;té\ﬁuéfmeﬁn1%5?&"6‘?‘y%6\]iaflweﬂeu aWMﬁkﬂnfz?‘s and

P,'-Val with Val, Tyr, Ile aRdamartic 3gd) EVNDAAEF

S (serine) RWHHEVNSAAEF | 48

T (threonine) RWHHEVNTAAEF | 49

I (isoleucine) RWHHEVNIAAEF 50

E (glutamic acid) RWHHEVNEAAEF | 51

G (glycine) RWHHEVNGAAEF | 52

5 | Substrate mixture 2 | F (phenylalanine) RWHHEVNFAAEF |53
A (alanine) RWHHEVNAAAEF | 54

V (valine) RWHHEVNVAAEF | 55

L (leucine) RWHHEVNLAAEF | 56

Q (glutamine) RWHHEVNQAAEF | 57

M (methionine) RWHHEVNMAAEF | 58

Y (tyrosine) RWHHEVNYAAEF |59

Substrate mixture 3 | F (phenylalanine) RWHHEVNFAAEF | 60

P (proline) RWHHEVNPAAEF | 61

N (asparagine) RWHHEVNNAAEF | 62

K (lysine) RWHHEVNKAAEF | 63

R (arginine) RWHHEVNRAAEF | 64

H (histidine) RWHHEVNHAAEF | 65

W (tryptophan) RWHHEVNWAAEF | 66

Iuitial Rate Determination by MALDI-TOF MS
Substrate mixtures were dissolved at 2 mg/ml in 10% glacial acetic acid, and
diluted into appropriate concentration of NaOH to obtain a mixture of substrates in
10 the uM range in sodium acetate at pH 4.1. Aliquots were equilibrated at 25 oC, and
reactions were initiated by the addition of aliquots of memapsin 2. Aliquots (10 pl)
were removed at time intervals and combined with MALDI-TOF matrix (-
hydroxycinnamic acid 1n acetone, 20 mg/ml) and immediately spotted in duplicate
onto a stainless-steel MALDI sample plate. Samples were subjected to analysis by
15 using MALDI-TOF mass spectrometry device, operated at 20,000 accelerating volts
in positive mode with a 150 nsec delay, using a PE Biosystems Voyager DE
instrument at the Molecular Biology Resource Center on campus. lons with a mass-

to-charge ratio (m/z) were detected in the range of 400 - 2000 amu (atomic mass



addi tion, the nodel shows that replacenent of Asn by Asp at the chggsh&ion
25 introduces three new salt bridges between the side chain atons JEh 005
CD2 of P,- Asp and that of NE and NH1 of Arg-235. The inter-atom c distances
of these salt bridges are 3.6, 3 .4 and 3.5 angstrons respectively. These
charge interactions 2 8 JUN 2005 -59 should render higher free energies of
bi nding than that of P,-Asn in OW9-2. These observed structural

di fferences between the binding of t#®-inhibitors are consistent wth the
4.5 fold decrease in K; values fromOW9-2 to OMO0-3. To be useful for
clinical treatnent of AD, nmemapsin 2 inhibitors nmust 5 penetrate the

bl ood- br ai nyBag)r iDRta waRtAnRDRSE 8Y et VyyagtiiBita & p i@ thodule & @faib<orr 00

daltons). An eight-residue inhjbitor such as OWO0-3, is 917 daltons. Smaller
i nhi bitors cetpnsh® ddeesiogmads spscieg of B@EStsub- si t es, perhaps spanning only 4 or
5 sub- sites. Information described herein on sub-site preferences together
with the information on the three-dinensional structure of the sub-sites
can be used g bN&S ek AeBigr: HLibAepe 1 nhibitors. Exanple 6: Using The
Crystal Structure to Design Inhibitors Pharmaceutically acceptable

i nhi bitor drugs dhe raclomatdqpehesshiblianit8ay watdlasaihen the sequreccat@MIO- memapsi n
2 inhibitors, this requirenment nay even be re stringent e .the need
for the drugsVitrapdraemipe 2tie(pcyecrrhit, SUPFT FRSIHAR Ror gg&ﬂ%ﬁe‘| . wel |
defined subgy; FUCE WE.e el RV LG ar eas
for rationa Iﬁgﬁéégggfkgh H@@F§§§§9%%%“?%3§¥Sﬁﬁ?§ﬁé§F%ﬁ?ﬁ%ﬁ%egggg% Fvidua

i nhi bitor $ide seiBedis w b tHeh@sicions Bspairli. Pgpisddasidresyalthdshed epzyhig- as
revealed in this crystal structure permts the design of new inhibitor
structures pidteagerddsynthrssanpibed endledt attipghedjos the sesipnads-Beustns thscor por at e

t he uni que confornation of .subsite . 1 and, P4 20 into the selectivity
of mommget n T AAIBILO P e BREpreslogt ) ea B e Fenh heBe S8t he.

current 1o yghabeqSblddGhMIEthakey@hyem fiRHMNm BxanBlbead  TheidveRlltiasi de chai ns
of P, Val and P, Leu are packed against each other and there is no enzyne

structure betauerss wirem cross-1inking these side chains would increase the

o the eneyme, RO PQekH kbt R B IS MU Ve BS S opy |

di fference between tpie for eg ang bpundg fosns than their non-cross-Iinked

4

counterparts (Khan, A R et at!, Biocdhenistry, 37: 16839 (1998), the
teachi ngs of Wh{SEQADNONEOr porated herein in their entirety). Possible
structures of the cross- |inked side chahns incl ude thos&)shomm in Figure 1

30 ExanpgPe BRCFRETHEEIUET (TS BACRESICRS cHatWedn 1 Hié) P fePPraRed poe3&8n. The

position with 19 amino acids. A shorter version of the peptides, starting at P,'
(sequence: Xx3-Xx4-Phe-Arg-Met-Gly-Gly-[Resin bead] SEQ ID NO: 68), was also
present in each bead with a ratio to the longer sequence at about 7:3. Without
1sostere, the short sequence would not bind memapsin 2 with significant strength but
20 its presence was convenient for identifying the residues at by automated Edman
degradation. The residues are identified from the randomized positions as follows:
Edman cycle # 1 2 3 4
Sequence 1, from the long sequence: Gly Xx1 Xx2 Leu
Sequence 2, from the short sequence: ~ Xx3 Xx4 Phe Arg
25  The assignment of Xx3 and Xx2 had no ambiguity since they are the only unknown
residue at cycle 1 and 3 respectively. Amino acids Xx1 and Xx4 were assigned from
their relative amounts. The presence of a methionine would permit the CNBr

cleavage follow by peptide 1dentified by MS/MS.



current crystal structure shows that these side chains are already hydrogen
bonded 2 8 JUN 2005 -60 to each other so the cross linking betweeg§tigr(05
woul d al so derive binding benefit as described in A The cross-I|inked
structures include those shown in Figure 2. Exanple C. Based on the current
crystal structure, the PI' Ala side chain may be extended to add new

hydr ophobi ¢, Van der Waals and H bond interactions. 5 An exanple of such a
design is diagraned in Figure 3. Exarﬁﬁ‘l‘e D: Based on the current crystal
structure, the polypeptide backbone in the region of P1, P2, and P3, and
the side chain o[ P 1-Leu can be bridged into rings by the addition of two
atons (A and’Bbing @rfgﬂﬂé"@m %qs‘é’lcealerﬂéYhyl group can be added to the

bet a- carbon of th odi i catians ariations of the
met hods and mat er‘?g?ujt 15@@9 i H’ldﬁ%ﬁgeelaﬁs R Sigmb% OBV OBYJQ?B}? %ﬁ%@'e skilled in
the art and éﬁﬁxaté&ttgﬁg%gmtaﬁxegm h i b smttfeﬂ%e§@soﬂféls hQdratdagn BREENASG0C! ai ns.
Wiile this invention has been particularly shown and described with

ref erences toMoNehestated). &nbbdionefil 80,tthéeMeafea, 0.02%iIN4d adéde, Undemnsit OB, b t hose

skilled in 15 the art that varlou chapges in formandodetall y be nade
therein wt howitfl IEFéEfg Mthdg iR filer saféﬁgea@rs W%S?%@Ht?érﬁ%m%?zﬁgfgééd by the

appended cl aj,p, ¢ bﬁ)c’ll;]][\\% ﬁ&g%emf@bl%ﬁ% Mid r)jm le%'lebian gaﬂ1§Ru§fer An

i nhi bitor of catalytic I've menapsin fothe active site
of the nmemapicomdimiat hieatpbiyt 2 hes cpheaﬁmczeblﬁferm £abpind incutsq@btviithchd

resi dues and substrate binding cleft, the inhibitor having an Ki of |ess
than or equiirarydor bh7A Ningds stithgerichiMash 16 potforthes| wiich H@dﬁﬁﬂdl%Y ndy! an

i sostere of the, actlve site of i.bi tor a|m2
conprising AT4MSIBETTAS ﬁ&%@ﬁ@l%@%@@% i ppiter BoSo N el o, s
-L2-P7_Lo Plrdn BL100, 60790 RE d7ide2] mefmd BsALBer s Finectduan s IHY@PSﬁ & Br)PX
represents t e substrate speC| e 1y position relative cl eavage site
whi ch is repbdsead Byzlt\byada:htxexlz;bwaslaaadmm\bwfmr}aasmmﬁminlgmol G)M@ing Affegiyons

bet ween each substrate eC| fici ty posi tion, in LOis 15 a
non- hydr ol yzZifisd fof reqogniipgnt mglapswmw&fi wlmd .1%0 @léﬁrbbbfferB

and incubated 30 min with the library. Following three washes with buffer B,
affinity-purified anti-goat-alkaline phosphatase conjugate was diluted into buffer B

15 (1:200) and incubated for 30 min, with three subsequent washes. A single tablet of
alkaline phosphatase substrate (BCIP/NBT) was dissolved in 10 ml water and 1 ml
applied to the beads and incubated 1 h. Beads were resuspended in 0.02% sodium
azide in water and examined under a dissecting microscope. Darkly-stained beads
were graded by sight, individually isolated, stripped in 8 M urea for 24 h, and

20 destained in DMF. The sequence determination of the beads were carried out in an
Applied Biosystem Protein Sequencer at the Molecular Biology Resource Center on

campus and the PTH-amino acids were quantified using reversed-phase HPLC.

Determination of Kinetic Parameters
The kinetic parameters, K, and k_,,, using single peptide substrate, and K,

against free inhibitors, were determined as described above.

o]
w

Model building of OM00-3 binding to memapsin 2

The crystal structure of OM99-2 in complex with memapsin 2 was used as
the initial model. Corresponding subsite residues were replaced with that of OMO0-
3. The side chain conformations were visually selected from a rotomer library for

30 the best fitting into the binding pockets in terms of the non-bonded interaction.



smal | er than CH20H (side chain of serine), and at |east two other P
positions are a hydrophobic group. 4. The inhibitor of Caiml haw wtﬁ
of less than or equal to 10-6 M 5. The inhibitor of Caim!]l hav;ﬁngg of
| ess than or equal to 2 nM 20 6. The inhibitor of Cdaiml having a Ki of

| ess than or equal to 1 nM 7. The inhibitor of Claim1 having a root nean
square difference of less than or equal to 0.5 A for the side chain and
backbone atons for am no acids 28-443-of SEQID NO 2. 2 8 JUN 2005 -62 8.
The inhibitor of Caimt which is perneable to the blood brain barrier. 9.
The inhibitor of Cdaiml which is I ess than 900 daltons in nol ecul ar

vei ght. 10. EhB&yiciiMize0sn Fhs Hedichirfed Wt &ith bhoOCKS ;ﬁb&@ﬁﬁ@n@En%EﬁfﬂpSi n 2
under physiol ogical conditions. 11. The inhibitor of] aiml having a F; of

| ess than oHubguerergoparameten (Engh, MAc enpbuber “Selcerateond adangke gr oup

consi sting of MM - 005, 012, MM-017, ,NM 01 Nl M, = , - ,

ML4I - 037, &faqame@%?or%n S MRS O8R! < B68YSt 7’8‘%;4(’%9%& -071. 13.
A compound gl gelednf HRMLBS gl OLR SRS s Moo 2ropMBKTihr B33

MM - 018, NL q?%%'g, i -o%@,? AEm s o R oo oyt gl

N&I |- 071.5 l4verd idjaes &0 BfrmdRid mittdind drimgfthepigpsidiiod procdshie manuf acture of a
medi canent for the therapeutic and/or prophylactic treatnent of Al zheiner's
di sease, said inhibitor of nmemapsin 2 selected fromthe group consisting of
MM - 005, MM -012, t'017’ MM -018, MNII-025, MM -026, MM -037, MM -039,
MM - 040, MM - 065 3¥#- 070, and MM -071. 15. An inhibitor of nmemapsin 2 for

USF i ? Ejh]? ED’e??’hHﬁ&WOiPcﬁf ﬂb;ﬁ@k?ﬁ[elﬁzagi @ﬁj& ncestﬂiiﬁetnbﬂijéj l?ishgfsiti?;lt KW@DSBQSZ
sel ecte rom I : A = 3 . - ,
MM =025, WM - 026, N DST A, B98Pt -cé‘%g‘,%of\i/‘?‘\t/l%‘ég, i 6‘30, ©and

MM -071. 16chdiheadishewafinchadnystiidkiruahes. el tohpletenets Cadmaliain prefrendeal

medi cament. L7. A method of determ ning the substrate side-chain preference
in nemap$i nanglysdiiyssiesisal gappeikaichgs faalispagicott memapsand tyosdd BRIkt ur e of

memapsin 2 ?l%jebéetterr%}iga%io\ﬁ\jotfh65%g§?§f iﬁdl%;iduaapgw%ng KJmQMl@e%,(')? tedious task so far
not attained for any aspartic protease with broad specificity. The sub-site preference
is, however, defined by the relative catalytic efficiency, k /K, values of substrate
with different side chains, which may be determined from the relative initial
hydrolysis rates of defined mixtures of substrates (Fersht, A. Enzyme Structure and
Mechanism, 2™ Ed., Freeman, New York, (1985), the teachings of which are
incorporated herein in their entirety). This method has been successfully used to
analyze the specificity of other aspartic proteases (Kassel ef al., 1995; Koelsch ef al.,
2000, the teachings of which are incorporated herein in their entirety). The rate
20  determination was further simplified by the use of MALDI-TOF/MS ion intensities
for quantification of relative amounts of products and substrates. MALDI-TOF/MS
lon intensities have been used to quantify compounds from plasma and cell culture
(Sugiyama et al., “A quantitative analysis of serum sulfatide by matrix-assisted laser
desorption ionization time-of-flight mass spectrometry with delayed ion extraction”

in: Anal. Biochem. 274: 90-97 (1999); Wu et al., “An automated MALDI mass

Q)
L

spectrometry approach for optimizing cyclosporin extraction and quantitation” in:
Anal Chem. 69: 3767-71 (1997), the teachings of all of which are incorporated
. herein in their entirety) and pertinently, to determine relative amount of AR 40 and
AP 42 from cell culture (Davies et al., “The structure and function of the aspartic
30 proteinases” in: Annu Rev Biophys Biophys Chem.19: 189-215 (1990), the teachings
of which are incorporated herein in their entirety). Advantages of MALDI-TOF/MS



-63 b) determning the sub-site preference of nemapsin 2 by determ ning
relative initial hydrolysis rates of the mxture of memapsin 2 subsf B ayggp0s
18. The method of Caim 17, wherein the initial hydrolysis rate is
determined 5 by using a MALDI - TOF/ M5 device wherein the ion intensities
fromthe MALDI -TOF/ M5 neasurenents are used for quantification of relative
anmounts of the substrates and the products forned thereof by hydrolysis of
the substrates. 19. A nethod of deteffining the substrate side-chain
preference in nemapsin 10 2 sub-sites, conprising the steps of: a)
preparing a conbinatorial library of memapsin 2 inhibitors wherein the

i nhi bitors canpisitsehed hrkelesrguesitatyt aldempidraoqusi@ibeF &ta. BingaropbhHmnt he
library of inhibitors with memapsin 2 wherein the 15 nenmapsin 2 may bind one

. Wit h y
or a pi ural ittgasgy datvish puxerase! perduchind subsigate produptd sxeeilent cofrelbigRd

merapsi n 2 ;wagggns(% t%ng%liecatc- @Qbsttﬂ e 1%9%62?%)%%&81% u&é'&rgﬂ- ﬁgcc%gec {E')tn'fgé}g}’ rai sed

to nenmapsin 2 an al Kal'i'ne phosp se ¢onj ed secondary “ariti body.

20 20. The mrtinadicobf BabmsitFor sRBHEptdd RS atinikLt0r s tischi@mBI | i zed on
beads. 21. The nethod of aim 19, erein the base sequence is EV1 |L*AAEF

and whebei detetreingd usipg thipethagh al®s ofghipsegnitiabragss aneprepsition2l wrtheir

random zed. 25 22. Use af. an inhibitor of catalytically active nemapsin 2
whi ch bi nds "¢ eHEahatS ‘?fgw?fl?‘gs’ fajﬁh?pm%%a 2 defined by the presence of
two catalytic a LCod &840k andcisubsteatgsibb gl N9l &iohghi bi tor
havi ng an Ki of gﬂgl}%JIU&NV 2(%845%%@ F’ecslsytﬁan oESlgqtr}g]{ag%cslg-syeﬁb olrO tghe
manuf act ur eopfheadubmditcampndsciited i Aggurd 5.e@harenésultf chlfrhepreeious di sease in a

human. 23. Use of an inhibitor of cat al.éti cally active nmemapsin 2 which
bi nds to thebseagtiopethet nenesf the aigheiiRapisi ol engssionkld absolukly griasetice of two

cauel YU SRS HEE, RS AN RS S B0l e R T L
root nean SeiaEeht than the outside sub-sites (P, and P,'). This is in evidence when the
hydrolysis efficiency of the non-preferred residues (background) are compared to the
preferred residues. The lack of stringency 1s more pronounced for the 4 sub-sites on
the P’ side, especially for P;' and P,' where the backgrounds are relatively high. The
poor stringencies of these two sub-sites is consistent with the observation that the P’
and P,' side chains of OM99-2 do not significantly interact with the enzyme in the
the crystal structure.
Sub-site P, favors Glu over Gln which, in turn, ts favored over Asp. P,-Glu
of OM99-2 fits well in S4 pocket with muiltiple interactions. The reduction of
20 catalytic efficiency from substitution of P,-Glu with Gln may be due to the loss of
charge interaction of P, side chain with Arg”” and Arg’®". The further decrease of
catalytic efficiency from substitution of P,-Glu with Asp is likely due to the absence
of the hydrogen bond to P,-Asn. For sub-site P3, an Ile is more preferable than Val

as in OM99-2. This is due to a better fitting in the S; hydrophobic pocket.

25  Inhibitor side clhain preference determined from a combinatorial Library
The sub-site preference for inhibitor binding was also studied. A
combinatorial library of approximately 1.3 x 10° different inhibitors immobilized on
beads was synthesized and probed with memapsin 2. The base sequence of the
library was taken from OM99-2, EVNL*AAEF (SEQ ID NO: 69) (* designates
30 isostere hydroxyethylene), in which the sub-sites P,, P,, P,’, and P’ (boldface) were

randomized with all amino acids except cysteine. P, and P," were keep constant due



difference of less than or equal to 0.5 A for the side chain and backbone
atons for am no acids 18-379 of nemapsin 2, for the manufacture of 22 JUNJSZ 05
nedi canent for the treatnent of Al zheiner's disease in a hunman. tg
of a conmpound selected fromthe group consisting of MM -005, M\/I 012,

MM -017, MM -018, MM -025, MM -026, MM -037, MM-039, MM -040, MM -065,

MM -066, MM -070 and MM 071, for the manufacture of a nedicament for the
treatment of Al zheiner's disease in &7-human. 2 8 JUN 2005 -65 25. A
conpound having the fornula: X-La-Pa-L3-P3-L2-P2-L, -P,
-Lo-P,'-Li'-P2'-L3-P3'-L3'-Pa L4 -Y, wherein, Lo is -CH(CH) CH2-,

- CH( OH) CH2Nigh (0 5z St O it () P4 ankipa W &reaBfrdndon®ied inSc@N6H; P’ s
-CH2-, -CH(CH3)-, -CH(CH2CH2 CH( CH2COH) -, - CH( CH2CH2OH) -

- CH( CH2CH=CH&}p tlmrhb;@yl(s@lelzmmble I?ylbcv ghe l@ﬁf(rmﬂs)m pn tI@Hé: OH(STHBDY sites

% %ggj;g]eﬁ‘b% %S Cfltﬁg@(%g%%%@%% mbib tloés CHZ R eﬁ%%fﬂ?zﬂ’sm ¢yl opentyl ,
- Gy Crocrost bt s TR RO kg %%ﬁ%) pop TR

-L3'-P3 -5 afdnapsth 2 Bd beaddveasaptacasdad yi aymbds@sxarstad toMaeRbsin 2Rhd ditalkdhe and
Pa' havetheforrmla R CR3-, wherein R3is Hand R is independently H,
-CH3, -CH( Gﬁ@wwataselqgmﬁg@p@)sgcondaw@bmy( @HQ@@) from@bipg H@d09) beads

oo o) e R R B e T S B o

- CH2(i m dazQkf)ences@rhEKdt 0 m@ﬁag%%alﬁabeﬂﬁ%érgﬁetﬁﬁﬁméh @53&0%
wherein R3 is H and R is independently H, -CH3, -CH(CH3) CH2CH( CH3) 2,

~ CH( CH3) ( CHZHB, seqGHR{rig r{aeble)Z) A <R (s pusen e the JOH2CHRBCES] po GHRGH,

) mzmzd@zcmal%ﬁfmg 5%%%?%@%*‘;% g mzclglggﬂ’duu, L3,

L2, L3' and 4,856 BE%QAWHIC I consensus in negative beads (Table 2) supports the

contention that the memapsin 2 was bound to preferred sequences in the library.
Also, the consensus inhibitor sequence agree well with the results obtained from the
substrate studies. An inhibitor, OMO00-2, having the consensus sequence

15 ELDL*AVEF (SEQ ID NO: 71) was synthesized using the method described above.
The K, of this inhibitor proved to be 0.31 nM, nearly five fold lower than the K of
OMO99-2.



X and Y are a capping agent. 26. The conpound of claim 25, having the
formula: X-L2-P2-Li-Pl-Lo-P,'-L,"'-P2'-L2"-P3"-L3 -Y, or X-L,-Pl- Z(golﬁN
i"-Li'-P2'-L3 -P3 -L3" -P4-La -Y. 2 8 JUN 2005 -66 27. The conpoun (,2[<1§I m
25, wherein 0-* ~O OXis -OC(Cl13)3, 1f ee HOONoOr and x \ x | -CN
HOIN t NYis benzyl, Ph, HOHor x / wherein * represents the p0|nt of
attachnent. 28. The conpound of claim 25, wherein said conpound is MM -005,
MM -012, MM - 017, MM -018, MM -025,-5M -026, MM -037, MM -039, MM - 040,
MM - 065, MM -066, NM-070, or - MM-07 1. 29. The conpound of claim 25,
wherein said compound is MM-012, MM-01 7, M- 018, MM -026, MM -037,

MM - 039, MVIT20¢d, SWW@TQ?‘EUFOWM@V@ID“@U:Z frTe cambippouiablitspeyt| ai m 25 for use
in the treatnment of Al zheiner's disease. 31. A nethod of inhibiting nmemapsin
2 activity conprising contacting nemapsin 2 with the compound of claim 25.

32. A pharnmaceutic cof Ition d a
phar maceutical ly a ; ot
det erm ning the hydiol yqig.sate o Arggmapsi M @asubst r@hp rel pt fve to a
st andard peptide, atl ID‘LIIUUTUIIJIi‘DiIIg. \1) COMt tirrg e u?HSTll >~mtith a
m xture of at |east,one|nenppsin Pgubstratieyand a.f gy
74
5 3 Leu Asp Val Glu
75
4 Leu Asp Val Glu
76
5 Leu Asp Val Gln
77
6 Ile Asp Ala Gln
78
7 Ile Asp Val Tyr
79
10 8 Leu Gl Val Gln
80
9 Leu Phe Val Glu
81
10 Phe/lle Ser Val Phe/lle
82
Negl | Phe Met Asn Arg
83
Neg? | Asp Phe Ser
15 ‘Library template:  Gly-Py;-P,-Leu*A4la-P,’-P; -Phe-Arg-Met-Gly-Gly-Resin

(SEQ ID NOS: 72-83)

Binding of OMO00-3 in the active site of memapsin 2
Comparisons between the crystal structure of OM99-2 and the molecular
model of OM2000-1 reveal improved inhibitor binding of the later to memapsin 2.
20 As compared to OM99-2, the larger hydrophobic side chains at P, and P,’ subsites
for OMO00-3 are better accommodated by the enzyme subsite through improved van
der Waal interactions. Among these are six significant new interactions: P;-Lew of
inhibitor with Leu and Gly of the enzyme and P,’-Val with Val, Tyr, Ille and Tyr. In
addition, the model shows that replacement of Asn by Asp at the P, position
25 introduces three new salt bridges between the side chain atoms CD1 and CD2 of P,-
Asp and that of NE and NH1 of Arg-235. The inter-atomic distances of these salt

bridges are 3.6, 3.4 and 3.5 angstroms respectively. These charge interactions



standard peptide; (2) allowing nmemapsin 2 to hydrol yze said standard peptide
to forma standard peptide hydrolytic product; (3) allow ng ”E”HDZEQ ﬁ ME
hydrol yze at | east one nmemapsin 2 substrate to forma nemapsin 2 Su g # e
hydrol ytic product; (4) identifying and quantitating the standard peptide
hydrol yti c product and nemapsin 2 substrate hydrolytic product using a
MALDI - TOF/ M5 device thereby determning the initial hydrolysis rate of the
menmapsin 2 substrate relative to thesstandard peptide. 34. The method of
claim 33, wherein said hydrolysis rate is the initial hydrolysis rate. 35.
The use of the conpound of claim25 in the manufacture of a medi canent for

the therapenddl€ réaef Richét PRvkacdd &F YindEas RAthebf Al-ARgiNEM®-di Tease. 2 B
JUN 2005 1/24 SEQUENCE LI STING~ <110> OkT ahona Medi cal Research Foundati on

The Board obbFrustsestuil differctrssbervsianythobindingiodows infiibitays akarogarstent N,

Koel sch, GCeral d 10 Arun K._<120> ] nhibitors psin 2 and Use
Thereof <130% té@%.fsfgb@%@swﬁy /’g[m@?’é%%ééo 85’1&?532001- 12-28 <150> US
60/ 275, 756 <151 - : - < ; -12-28 <160>
83 <170+ Fast SEQ Par W hdSus O5ror anting A3 pdiesnt pinSASdS 0
<213> Horjo papiteRsthe $4Abriindrafgagideorsgrenlyanat bggeaalt ocsge cacgycat cc
ctgcccct gcgcagcgge 60 ct cg cccccct ctgcggetg ccc aga
gggaggaaga g@]g@g‘gg%g@iggtz@sidueg?n ?k%?or%uch as OMO%%? 1S 917gdaqt%ns.g8mallgrggg g

inhibitors can be designed using fewer sub-sites, perhaps spanning only 4 or 5 sub-
sites. Information described herein on sub-site preferences together with the
information on the three-dimensional structure of the sub-sites can be used in the

10 design of these inhibitors.

Example 6: Using The Crystal Structure to Design Inhibitors
Pharmaceutically acceptable inhibitor drugs are normally less than 800
daltons. In the case of memapsin 2 inhibitors, this requirement may even be more
stringent due to the need for the drugs to penetrate the blood-brain. In the current
15  model, well defined subsite structures at P, to P,' provide sufficient template areas
for rational design of such drugs. The spacial relationships of individual inhibitor
side chain with the corresponding subsite of the enzyme as revealed in this crystal
structure permits the design of new inhibitor structures in each of these positions. It
is also possible to incorporate the unique conformation of subsites P,', P;' and P,
20 into the selectivity of memapsin 2 inhibitors. The examples of inhibitor design based
on the current crystal structure are given below.
Example A: Since the side chains of Py Val and P, Leu are packed against
each other and there is no enzyme structure between them, cross-linking these side

chains would increase the binding strength of inhibitor to memapsin 2. This is

8]
L

because when binding to the enzyme, the cross-linked inhibitors would have less
entropy difference between the free and bound forms than their non-cross-linked
counterparts (Khan, A.R., et al., Biochemistry, 37: 16839 (1998), the teachings of
which are incorporated herein in their entirety). Possible structures of the cross-
linked side chains include those shown in Figure 1.

30 Example B: The same situation exits between the P4 Glu and P2 Asn. The

current crystal structure shows that these side chains are already hydrogen bonded
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gt cagt agga
gcct aacat t
acaaat gggg
gat caaagt?
t ccaagat ag

180b° apRended ¢laRs.t agt t t caga agt act ggca t cacacgcag gttaccttgg
186D ‘&95@9@?%%%nﬁ&? 9§Q§%a§§9%@$§§9&n5595&&%8&{wﬁ t ggccaaa
gcac ag cttt g

1520 gagga gctat ttg aga gacaggcac at aaacaa
1980encegtsenagd chibgekiditd Beraf itraPauRARALS RUR} thogagtiatd trat
2040 gcggctggaa agaggagaag agagggagt acaaagacag ggaat agtgg
Zhoort tayjyaragpdrngisda ceonanl edstsonechymiade thege Mthaghcct cat ¢

Zd]'eggrting from the scope of the invention encompassed by the appended claims.
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The inhibitor of Claim 2, comprising 2 molecule having the general form

X-L4.Pg. 13 P53 Ly Pp.L1.P;.Lo.P{’-L1’-Pp’- Ly’

P3-Ly-

wherein Py represents the substrate specificity position relative to the

cleavage site which is represented by an -L(., and L represent the linking

regions between each substrate specificity position, P «, and wherein Lg 1s

a non-hydrolyzable bond and P’ is -R{CR3_, wherein Ry is a group

smaller than CH7OH (side chain of serine), and at least two other P

positions are a hydrophobic group.

4, The inhibitor of Claim 1 having a K; of less than or equal to 10-6 M.

5. The inhibitor of Claim 1 having a K of less than or equal to 2 nM.

6. The inhibitor of Claim 1 having a K of less than or equal to 1 nM.

7. The inhibitor of Claim 1 having a root mean square difference of less than

or equal to 0.5 A for the side chain and backbone atoms for amino acids

28-441 of SEQ ID NO: 2

BEON 2005

<400> 2
Lew. BF f%ss g’lax]ro 15

35 40 45
50 55 60
Asp 65 70 75 80



H s
Lys

Al a
160
175
185
200
215
Tyr
Val
Tyr
Leu
Al a
Leu
Pro
Arg
Al a

Arg Tyr Tyr Gn Arg Gn Leu 5er Ser Thr Tyr Arg Asp Leu Arg 100 105 110
Ay Val Tyr Val Pro Tyr Thr Gn Ay Lys Trp Gu Ay Gu Leu 115518 2085
Tar Asp Leu Val Ser Ile Pro Hs Ay Pro Asn Val Thr Val Arg 130 135 140
Asn Ile Ala Ala Ile Thr Au Ser Asp Lys Phe Phe Ile Asn Gy 145 150 155
5er Asn Trp AQu Ay Ile Leu Ay Leu Ala Tyr Ala Qu Ile Ala Arg 165 170
Pro Asp Asp 5er Les GQu Pro Phe P@ge. Asp Ser Leu Val Lys Gn Thr 180

190 H's Val Pro Asn Leu Phe Ser Leu On Leu Cys Ay Ala Ay Phe Pro 195
205 Leu Asn Gn 5er Au Val Leu Ala 5er Val Gy Ay Ser Met Ile Ile 210

220 JUN 2Q05 3/ 2 - : 1S: . . leu Trp
Thr Pro %25 230 %g@ﬁ%y ?f: %ﬁ‘ﬁﬁm r‘gﬁ‘c’;%g&?ér'ag’lﬂﬁr@{h"‘rwb&gd%{‘éﬁﬁ?%Te e
Arg Val Qu Ile 245 250 255 Asn Gy G n Asp Leu Lys Met Asp Cys Lys Gu
Asn Tyr Asp Lys 260 265 270 Ser Ile VvVal Asp Ser Gy Thr Thr Asn Leu Arg
Pro Lys Lys Val Tre5nig80o2g5 lalhé wdieh 1Alless Ataa M) daltpss Bemolerelatys A 1 a
Ser Ser Thr du Lys 290 295 300 Phe Pro Asp Ay Phe Trp Leu dy Qu Gn
Val Cys Trp G n Af®30305 310 315 320 @y Thr Thr Pro Trp Asn Ile Phe
Val Ile Ser Leu Tyr Leu Met 325 330 335 dy Gu Val Thr Asn A n Ser Phe
Ile Thr Ile Leu Pro Gn Adn 340 345 350 Tyr Leu Arg Pro Val G u Asp Val

Thr Ser Glo. Asp A%k ifbi5itdydf Cldbl 36&hHbeks cleavage by memapsin 2 under

physiological conditions.
L. The inhibitor of Claim 1 having a K of less than or equal to 10-6 M.-
12. A compound selected from the group consisting of MMI-005, MMI-012,

MMI-017, MMI-018, MMI-025, MMI-026, MMI-037, MMI-039,
MMI-040, MMI-065, MMI-066, MMI-070, and MMI-071.

3. A compound selected from the group consisting of MMI-0{2, MIMI-017,
MMI-018, MMI-026, MMI-037, MMI-039, MMI-040, MMI-070 and
MMI-071.

14.  The use of an inhibitor of memapsin 2 in the manufacture of a medicament for the

therapeutic and/or prophylactic treatment of Alzheimer's disease, said inhibitor of
memapsin 2 selected from the group consisting of MMI-005, MMI-012,
MMI-017, MMI-018, MMI-025, MMI-026, MMI-037, MMI-039, MMI-040,
MMI-065, MMI-070, and MMI-071.

15.  Aninhibitor of memapsin 2 for use in the treatment of Alzheimer's disease, said
inhibitor of memapsin 2 selected from the group consisting of MMI-005,
MMI-012, MMI-017, MMI-018, MMI-025, MMI-026, MMI-037, MMI-039,
MMI-040, MMI-065, MMI-070, and MMI-071.

16.  The use of claim 14, wherein the medicament is an oral medicament.
L7. --A method of determining the substrate side-chain preference in memapsin

2 sub-sites, comprising the steps of:

a) reacting 2 mixture of memapsin 2 substrates with memapsin 2; and



Lys
Ile
400
415
425
440
455
465

Phe Ala Ile Ser da Ser Ser Thr Ay Thr vVal Met Gy Ala Val 370 375 380
Met Qu Ay Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg |le 3850 38020895
Gy Phe Ala Val Ser Ala Cys His Val Hs Asp Gu Phe Arg Thr Ala 405 410
Ala Val Qu Gy Pro Phe Val Thr Leu Asp Met Qu Asp Cys Ay Tyr 420
430 Asn Ile Pro @ nThr Asp Qu Ser Thr Leu Met Thr Ile Ala Tyr Val 435
445 Met Ala Ala Ile Cys Ala Leu Phe Met Leu Pro Leu Cys Leu Met Val 450
460 Cys Gn Trp Arg Cys Leu Ara'6éys Leu Arg G n An H s Asp Asp Phe
470 475 480 Al a Asp Asp Ile Ser Leu Leu Lys 485 <210> 3 <211> 503

<212> PRT <213> Hono sapiens <400> 3 Net Ala Ser Met Thr Ay Ay Gn Gn

Met
H s
Ay
Arg
Sy
Thr
Al a
Ser

Ay Arg Gy $Br Net detegmining theosupssite grafergage q@nem&mxmﬂ@yﬂﬁ@r@wnghr dn

Gy lle Arg Leu Pro L Ar.c_Se . Pro Leu
Leu Arg Lou Pro Arg & adveé%?%@ygéolﬁsrm% fg%nt’ﬁ\ff Igféle@%/f % Pro Sly
Arg Ay Ser Phe Val &G0 55 60  Net VaI Asp Asn Leu Arg Gy Lys Ser

Gn dy Tyr Tyr Val Gu 65 70 75 80 Mt Thr Val Ay Ser Pro Pro Gn
Leu Asn Ile Leu Val Asp Thr 85 90 95 dvy Ser Ser Asn Phe Ala Val Gy

Ala Pro Hs Pro_Phe Le 100 105 110 Arg Tyr Tyr G n Arg n Leu Ser
Thr Tyr 1/§rg 1]_€er[]€t}ﬁ\? o]f_gl im 17, wherein the initia hy)(/irolys){s rateljgdeteml(l?led
5 by using a MALDI-TOF/MS device wherein the ion intensities from the

MALDI-TOF/MS measurements are used for quantification of relative
amounts of the substrates and the products formed thereof by hydrolysis

of the substrates.

19. A method of determining the substrate side-chain preference in memapsin
10 2 sub-sites, comprising the steps of:
a) preparing a combinatorial library of memapsin 2 inhibitors
wherein the inhibitors comprise a base sequence taken from
OM99-2;
b) probing the library of inhibitors with memapsin 2 wherein the
15 memapsin 2 may bind one or a plurality of inhibitors to generate
one or a plurality of bound memapsin 2 ; and
c) detecting the bound memapsin 2 with an antibody raised to

memapsin 2 and an alkaline phosphatase conjugated secondary

antibody.
20
20. The method of Claim 19, wherein the inhibitors are immobilized on
beads.
21. The method of Claim 19, wherein the base sequence is EVNL*A AEF and
wherein the P3, Py, P7’, and P35’ sub-sites of memapsin 2 are randomized.
25 22. Use of an inhibitor of catalytically active memapsin 2 which binds to the

active site of the memapsin 2 defined by the presence of two catalytic

aspartic residues and substrate binding cleft, the inhibitor having an K of
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125 dy Vval Tyr Val Pro Tyr Thr Gn Gy Lys Trp Gu Ay Gu
140 rhr Asp Leu Val Ser Ile Pro Hs Ay Pro Asn Val Thr Val

Leu Gy
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155 160 2 8 JUN 2005 4/24 Asn Ille Ala Ala Ile Thr du Serd Aoy s
Ile Asn Ay Ser 165 170 175 Asn Trp Qu Ay Ile Leu Sly Leu Al a

Gu lle Ala Arg Pro 180 185 190 Asp Asp Ser Leu Qu Pro Phe
Val Lys Gn Thr Hs 195 200 205 Val Pro Asn Leu Phe Ser Leu

Phe Asp
d n Leu

Ala Gy Phe Pro Leu 210 215220 Asn A n Ser Qu Val Leu Al a Ser

Gy Ser Met Ilelle Ay 225 230 235 240 dy lle Asp His Ser

Leu

Gy Ser Leu Trp Tyr Thr 245 250 255 Arg Ara Qu T Tyr Tyr
e Tle val loa Gavdr %a&tﬂ@ ﬁortéwaﬂs@cmoa%wé%mﬁgbf% Lys Met
Lys G u Tyry, Y 285 Ile Val Asp Ser Ay

Asn Leu Ara llr%flﬁ?/gelt%% Sg?ﬁrea%ﬁ }é 95 300 Qu Ala Ala Val Lys
Lys AI a Ala 5er 5er Thr GI u Lys Phe 305 310 315 320 Pro Asp dy

Leu Ay Gu dn Leu Val Trp Gn Ala Ay 325 330 335 Thr Thr Pro
|l e Phe P%: Qfaﬂﬂ iphipigepf <L3éftl1 lylagiivavisern@psin 23dioclsh@dgsothel u val Thr

Su noe etviple dhlbeadofih RiSinRe by Loinee o Rud a8 350 phe Al &

@ n Ser SgbarliRireRives BAA stiraldin&hY Rr@ iNV&hnibli6r having an K; of

less than or equal to 10-7 M, wherein the inhibitor has a root mean square
difference of less than or equal to 0.5 A for the side chain and backbone
atoms for amino acids 18-379 of memapsin 2, for the manufacture of a

medicament for the treatment of Alzheimer’s disease in a human.

10 24,  Use of a compound selected from the group consisting of MMI-0035,

MMI-012, MMI-017, MMI-018, MMI-025, MM1I-026, MMI-037, MMI-039,

MMI-040, MMI-065, MMI-066, MMI-070 and MMI-071, for the
manufacture of a medicament for the treatment of Alzheimer’s disease inh a

human.



385 390 395 400 Net Au Ay Phe Tyr Val Val Phe Asp A.rg Ala Arg Lys Ara
Ile Ay 405 410 415 <?he Ala Val 5er Ala Cys His Val H's Asp A u Phe Ara Thr
Ala Ala 420 425 430 Val G _u dy Pro Phe Val Thr Leu Asp Met Qu ﬁﬁgu,p?[%
Gy Tyr Asn 435 440 445 1le Pro A n Thr Asp Gu Ser Thr Leu Met

Ala Tyr Val Net 450 455 460 Ala Ala lle Cys Ala Leu Phe Met Leu Pro Leu Cys
Leu Met Val Cys 465 470 475 480 dngdrp Arg Cys Leu Ara Cys Leu Arg A n
G@n Hs Asp Asp Phe Ala 485 490 495 Asp Asp Ile Ser Leu Leu Lys 500 <210>
4 <211> 501 <212> PET <213> Hono sapien ¢400> 4 Met Ala G n Ala Leu Pro

Trp Le eu eu_TIr dld}eﬂty.(;l%fda y VvVal 15 10 15 Leu Pro Ala Hs dy Thr
G n Hi CRMRP YPA+g 5er 20 25 30 Ay Leu Ay Ay Ala Pro

Leu G y Leu Ara Lexl1YpQ-T1ALH-IG R,-TTIP; - B§91 -135PAD4R-F'P,AuYPro Gu Gu Pro
Gy Arg Ara Ay 5er Phe Val Qu Met Val 50 55 60 Asp Asn Leu Arg Ay Lys

Ser d ywlgreinSly Tyr Tyr Val Gu Met Thr 65 70 75 80 2 8 JUN 2005 5/24 Val
peh phe Al & vt -G CHBIOGENF r ORI GRICEE 100 Y05 110

L, L, and L' are -C(O)NH-;

P,'is -CH,-, -CH(CHj3)-, -CH(CH,CH,CH3)-, -CH(CH,OH)-, -CH(CH,CH,OH)-,
-CH(CH,CH=CHy,), or -CH(CH,COOH)-;

P, is -CH(CH3)-, -CH(CH(CH3),)-, -CH(CH>CH(CH3)2)-, -CH(CH(CH3)(CH,CHz))-,
-CH(CH;(indole))-, -CH(CH,(phenol))-, or -CH(CHx(phenyl));

P, is tetrahydrofuranyl, cylopentyl, -CH(CH,C(O)NH,)-, -CH(CH,CH,C(O)NHy)-,
-CH(CH,CH,SCHj3)-, -CH(CH,SCH3)-, -CH(CH,CH,S(0),CH3)-, or
-CH(CH;5(0),CHj3)-;

-L4-Ps-, -L3-P3-, -L,"-P5'-, -L3'-P3'-, and -L4'-P4'- are optionally present, wherein
P4, P3, Py, and P, have the formula -R;CR3-, wherein

R; is H and R; is independently H, -CH3, -CH(CH3),, -CH,CH(CH3);,
-CH(CHj;)(CH;CH3), -CHx(indole), -CH,(benzene), -CH,CH,SCHj,
-CH,0H, CHOHCH3;, -CHz(phenol), -CH,SH, -CH,CH,C(O)NHo,,
-CH,C(O)NH,, -CH,CH,CH,CH;NH,, -CH,CH,CH,NHC(NH)NH,,
-CH,(imidazole), -CH,COOH, -CH,CH,COOH,

P;' has the formula -R;CR3-, wherein Rj is H, and R is independently H, -CH3,
-CH(CHs),, -CH,CH(CH3),, -CH(CH3)(CH,CH3;), -CHz(indole),
-CHy(benzene), -CH,CH,SCH3, -CH,OH, CHOHCH3, -CHz(phenol),
-CH,SH, -CH,CH,C(O)NH,, -CH,CH,CH,CH,NH,,
-CH,CH,CH,NHC(NH)NH,, -CH,(imidazole), -CH,COOH, -CH,CH,COOH,
and

L4, Ly, Ly, Ly' and L4' are -C(O)NH-; and

X and Y are a capping agent.

26.  The compound of claim 25, having the formula:
X-Lz-Pz-Ll-P1-L()-Pl'-L]'-Pz'-Lz'-P3'—L3'-Y, or

X-L;-P1-Lo-Py'-Li'-Py"-L,"-P3'-L3"-P4'-L4'- Y.



Tyr
Tyr
Leu
160
175
185
200
215
225
Arg
Gn
Val

Pro
Al a
Met
Gn
Cys
Al a

Gn Arg Gn Leu Ser Ser Thr Tyr Arg Asp Leu Arg Lys GQy Val 115 120 125
Val Pro Tyr Thr Gn Ay Lys Trp Qu Ay GQu Leu Ay Thr Asp 1@ i@gzuﬁo
Val Ser Ile Pro Hs Ay Pro Asn Val Thr Val Arg Ala Asn Ile 1 5
Ala Ala Ile Thr Gu Ser Asp Lys Phe Phe Ile Asn Ay Ser Asn Trp 165 170
Gu dy Ile Leu Ay Leu Ala Tyr Ala Gu Ile Ala Arg Pro Asp Asp 160

190 Ser Leu Qu Pro Phe Phe Asp Sgk-Leu Val Lys Gn Thr H's Val Pro 195
205 Asn Leu Phe Ser Leu Gn Leu Cys Gy Ala Ay Phe Pro Leu Asn G n 210
220 Ser Qu Val Leu Ala Ser Val Gy Gy Ser Met Ilelle Ay Ay lle

230,235 240 As i [ r Thr Sly Ser Leu Trp Tyr Thr Pro Ile Arg
24527350 ﬁsescontaound'?f%c'%%z%e‘?h%&é Val Ile Ile Val Arg Val Qu lle Asn Gy
260 265 270 Asp Leu Lys Met—Asp Cys Lys @ u Tyr Asn Tyr Asp Lys Ser lIle
275 280 285 Asp Ser AW Thr Thr Asn Leu Argdeu Pro Lys Lys Val Phe

Al a 250 295 300 Ala Val II@ Lys Al Ser Thr G u Lys Phe
3 pT Au G Val Cys Trp G n
p Asn ||l e Phe Pro | e Ser Leu Tyr Leu

Asp 305 310 315 320

dy du Xa$-O-840H3us = Bn G n Ser’Phe Arg || hr Ile Leu Pro G n
Tyr Leu Arg 355 360 365 Pro Val Gu Asp Val Ala Thr Ser G n Asp Asp
Tyr Lys Phe Ala 370 375 380 Tie Ser Gn Ser Ser Thr Ay Thr Val Met Ay

Val Ile Met u 385 3803 400
Z , or * and
%
O N
Y is benzyl, Ph, , HO , H , Or

wherein * represents the point of attachment.

Ay Thr Thr 325 230

28. The compound of claim 25, wherein said compound is MMI-005, MMI-012, MMI-
017, MMI-018, MM1-025, MMI-026, MM1-037, MMI-039, MMI-040, MMI-065, MMI-066,
MMI-070, or MMI-071.

29. The compound of claim 25, wherein said compound is MMI-012, MMI-017, MMI-
018, MMI-026, MMI-037, MMI-039, MMI-040, MMI-070, or MMI-071.

30.  The compound of claim 25 for use in the treatment of Alzheimer's disease.

31. A method of inhibiting memapsin 2 activity comprising contacting memapsin 2 with

the compound of claim 25.

32. A pharmaceutical composition comprising the compound of claim 25 and a

pharmaceutically acceptable carrier.



Ay Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg Ile Gy Phe Ala 405 410 415
Val Ser Ala Cys H's Val Hs Asp Qu Phe Arg Thr Ala Ala Val Qu 420 425 430
Gy Pro Phe Val Thr Leu Asp Met Qu Asp Cys Gy Tyr Asn Ile Pro gS%gm 45
Gn Thr Asp Gu Ser Thr Leu Met Thr Ile Ala Tyr Val Met Ala Ala 4 60
Ile Cys Ala Leu Phe Met Leu Pro Leu Cys Leu Met Val Cys Gn Trp 465 470 475
480 Arg Cys Leu Arg Cys Leu Arg G n (gn Hs Asp Asp Phe Ala Asp Asp 485 490
495 |le Ser Les Leu Lys 500 <210> <211> 8 c¢212> PRT <213> Artificial
Sequence 2 8 JUN 2005 5/24 <220> <223> Synthetic peptide <400> 5 @ u Val

o L2t i TR T TAAR: PR 1 o
2 <223>stiadard pfideOaid Method40Bpritindsp Xaa Ay
(1) contacting memapsin 2 with a mixture of at least one memapsin 2 substrate and a
standard peptide;
(2) allowing memapsin 2 to hydrolyze said standard peptide to form a standard peptide
hydrolytic product;
(3) allowing memapsin 2 to hydrolyze at least one memapsin 2 substrate to form a
memapsin 2 substrate hydrolytic product;
(4) identifying and quantitating the standard peptide hydrolytic product and memapsin 2
substrate hydrolytic product using a MALDI-TOF/MS device thereby determining the

initial hydrolysis rate of the memapsin 2 substrate relative to the standard peptide.
34.  The method of claim 33, wherein said hydrolysis rate is the initial hydrolysis rate.

35.  The use of the compound of claim 25 in the manufacture of a medicament for the

therapeutic and/or prophylactic treatment of Alzheimer's disease.



1 <210> 7
Synt hetic peptide
<210> S <211> 10
pepti de
<211> 8
<400> 9 Ser Val
c211> 12

<400> 6 Ser

<211> 10

<400> 7

Ser

d u Val

<212> PRT <213> Artificial

<212> PRT <213> Artificial

d u Val

<212> PAT <213> Artificial

<212> PRT <213> Artificial

<110>

Sequence

Sequence

Oklahoma Medical Research Foundation

Sequence
Asn Leu Asp Ala G u Phe Arg

SEQUENCE LISTING

Secuence
Lys Met Asp Ala ds Phe Argz
<220> <223>
15 1D <210> 9
<220> <223> Synthetic peptide
Asn Met Ala O--,u Gy Agps 1 5 28 JUN 1005 7/24 c210> 10
<220> <223> Synthetic peptide

<220>

The Board of Trustees of the University of Illinois
Jordan J.N.
Koelsch, Gerald
Ghosh, Arun K.

Tang,

<120>

<150>
<151>

<150>
<151>

<160> 83

<170>

<210> 1

<211> 3252
<212> DNA
<213> Homo

<400> 1

gcgggagtge
ctggggggceg
ccecggccgga
ggctactacg
acaggcagca
cagaggcagc
cagggcaagt
gtcactgtgce
tccaactggg
ctggagcctt
cagctttgtg
agcatgatca
atccggcggg
ctgaaaatgg
aaccttcgtt
tccacggaga
ggcaccaccc
aaccagtcct
gccacgtccce
atgggagctg
ggctttgctg
ccttttgtca
accctcatga
tgcctcatgg
gctgatgaca
ggaccacacc
cagagcacct

ggctggcaag
cactctgctg

2932.

1006009

PCT/US01/50826
> 2001-

12-28

US 60/275,756
2001-

03-14

US 60/258,705
2000-

12-28

sapiens

tgcctgecca
ccccectggg
ggggcagctt
tggagatgac
gtaactttgc
tgtccagcac
gggaagggga
gtgccaacat
aaggcatcct
tctttgactc
gtgctggett
ttggaggtat
agtggtatta
actgcaagga
tgcccaagaa
agttccctga
cttggaacat
tccgcatcac
aagacgactg
ttatcatgga
tcagcgcecttg
ccttggacat
ccatagccta
tgtgtcagtyg
tctcectget
tcecgtggttce
caggaccctc
gtgggttcca
gcgggaatac

FastSEQ for Windows Version

cggcacccag
gctgcggetg
tgtggagatg
cgtgggcagc
agtgggtgct
ataccgggac
gctgggcacc
tgctgccatc
ggggctggcee
tctggtaaag
cceccctcaac
cgaccactcg
tgaggtgatc
gtacaactat
agtgtttgaa
tggtttctgg
tttcccagtc
catccttccg
ttacaagttt
gggcttctac
ccatgtgcac
ggaagactgt
tgtcatggct
gcgctgectc
gaagtgagga
actttggtca
cccaccecacc
gggactgtac
tcttggtcac

4.0

cacggcatcc
cccecgggaga
gtggacaacc
ccceccgcaga
gceceeecace
ctccggaagg
gacctggtaa
actgaatcag
tatgctgaga
cagacccacg
cagtctgaag
ctgtacacag
attgtgcggg
gacaagagca
gctgcagtca
ctaggagagc
atctcactct
cagcaatacc
gccatctcac
gttgtctttg
gatgagttca
ggctacaaca
gccatctgcyg
cgctgcctgce
ggcccatggg
caagtaggag
aaatgcctcect
ctgtaggaaa
ctcaaattta

Inhibitors of Memapsin 2 and Use Thereof

ggctgcccct
ccgacgaaga
tgaggggcaa
cgctcaacat
ccttcctgca
gtgtgtatgt
gcatccccca
acaagttctt
ttgccaggcc
ttcccaacct
tgctggcectce
gcagtctctg
tggagatcaa
ttgtggacag
aatccatcaa
agctggtgtg
acctaatggg
tgcggccagt
agtcatccac
atcgggcccg
ggacggcagce
ttccacagac
ccctcttcecat
gccagcagca
cagaagatag
acacagatgg
gccttgatgg
cagaaaagag
agtcgoggaaa

gcgcagcggce
gcccgaggag
gtcggggceag
cctggtggat
fLcgctactac
gccctacacc
tggccccaac
catcaacggc
tgacgactcc
cttctccctg
tgtcggaggg
gtatacaccc
tggacaggat
tggcaccacc
ggcagcctcc
ctggcaagca
tgaggttacc
ggaagatgtg
gggcactgtt
aaaacgaatt
ggtggaaggce
agatgagtca
gctgccactc
tgatgacttt
agattcccct
cacctgtggc
agaaggaaaa
aagaaagaag
ttctgctgct

<223>

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

synt he



<400>
<211>

10 Lys Ay Ay Vval Vval Ile Ala Thr Val
8 <212> PRT <213> Artificial Sequence
<400> 11 Leu Val Asn Met Ala Gu Ay Asp 15 <210> 12 <211> 6 <212>
<213> Artificial Sequence <220> <223> Synthetic peptide <400> 12 Arg Gy
Ser Mt Ala Gy Val Le'- 1 5 <210> 13 <211> 8 <212> PRT <213> Artifici al
Sequence <220> c223> Synthetic peptidé/2«400> 13 Ay Thr An Hs Ay lle
Arg Leu 1 5 ¢210> 14 c211> 8 c¢212> PRT c213> Artificial Sequence <220>

Ile Val Lys 1 5 10 c210> 11
<220> <223> Synthetqgjgﬁqgg$e

<223> Sy

nthetic p

tgaaacttca
cttecttttct
tgtggtaccc
gaggatgcac
ggtgcaaaga
gcggctggaa
aggaaaggca
catcccatct
accaaaagtg
tgzagtgccc
tctctatctg
cctaagctcce
tcctggtcat
ctaaaaggaa
tcattcaaca
agtagcaaga
cccctecatt
agaaatacag
aaggatggca
catctttttc
gctggttett
agtaaactac
tcctactcect
acctgataag
gcccmcaagc
aaaaaaaaaa

epti de
gccctgaacc
tagtttcaga
tggcagagaa
agtttgctat
ttgcctcttg
agaggagaag
gaaacacaac
cagaagatgg
agatgggaag
actaagaagt
aaccaccctt
aggtgcccectg
aggctcactc
taggtaggag
gctgatgccc
tctttacata
tatttgacta
tgctttatgg
gcctcagggce
ccctatcctg
gggctaggta
ggtaccagtg
acctggtcaa
ggagagggaa
catasaccza
aa

tttgtccacc
agtactggca
gagaccaagc
ttgctttaga
aattaaaaaa
gagagggagt
cactcaccag
gtgttgtttt
ggcttatcta
tccacttaac
tattctacat
tgggagagca
tttcccccaa
acctcttcta
tataacccct
attcagagtg
aagcatcrca
ctctaacatt
ttcecttatgt
ttcttccect
gtggggacca
ttagtgggaa
cccgetgcett
atacaaggag
taaamcaaga

attcctttaa
tcacacgcag
ttgtttccct
gacagggact
aaactagatt
acaaagacag
tcctagtttt
caatgttttc
gccaaagagc
acatgaattt
atgataggca
actggactat
atcttcctcet
tctaatcctt
gcctggattt
gtttcattgce
cagtggcact
actgccttca
ccteccaccac
ccccgctect
agttcattac
gagctgggtt
ccaggtatgg
ggcctctagt
atactgagtc

attctccaac
gttaccttgg
gctggccaaa
gtataaacaa
gactatttat
ggaatagtgg
agacctcatc
ttttectgtgg
tcttttttag
ctgccatatt
gcactgaaat
agcagggctg
ggagctttgce
aaaagcataa
cttcctatta
cttcctaccc
agcattatac
gtatcaaggc
aagagctcct
aatggtacgt
ctccctatca
ttcctagtat
gacctgctaa
gttcctggec
taaaaaaaaa

ccaaagtatt
cgtgtgtccc

1800
1860

gtcagtagga 19520

gcctaacatt
acaaatgggg
gatcaaagct
tccaagatag
ttgcagcctg
ctctcttaaa
aatttcattg
atcctaaccc
ggctctgtct
agccaaggtg
tgttgaacat
ggctataaga
tctctaatgg
caagagtatg
tgcctggaga
tgatgaaggt
gggtacccag
gttctagcat
acccactgceca
gtgtggaatt
tcagccagct
aaaaaaaaaa

1880
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2540
3000
3060
3120
3180
3240
3252

<210> 2
<211> 488
<212> PRT
<213> Homo sapiens
<400> 2
Ala Gly Val Leu Pro
1 5
Leu Arg Ser Gly Leu
20
Glu

Leu
15
Pro

Thy Gln His
10

Leu

His Gly Ile Arg

Pro Leu Leu
25

Pro

r Gly Gly Arg

Glu Thr Glu Glu Glu Gly Arg Arg Gly Ser Phe

45
Gly

Asp
35

Glu Met Val Asn Leu Gly Ser Gly Gln

50
Met

Rsp Arg Tyr
55

Pro

Lys

Leu Ile val
75

Ala

Ser Pro Gln Thr
70

Phe

Glu Thr
65

Thr

Gly

Phe
95
Leu

Ala His
90

Ser

Asn Ala Val
B85

Gln

Gly Ser Ser Gly

Gln Ser Thr
105

Gln

His Arg Tyr Tvr Leu Arg

100
Tyr

Arg

Glu
125
Val

Thr Glu
120

Pro

Val Val
115

Asp

Lys Gly Pro Tyr Gly Lys

Asn val
140
Phe

Ile
135
Thr

Thr Val Ser Pro

130
Asn

Gly Leu Gly

Ile Glu Phe 1Ile

150
Ile

Ala Ile Ala RAla Asn

145
Ser

Asp Lys
155
Tyr Ala
175

Gln Thr

2la Ala Glu Ile

170
Asp

Glu Gly Leu Gly Leu

165
Leu

Asn

Phe Phe
185

Gln

Ser Glu Pro Ser Leu Val

180
Asn

Pro Lys
150
Ala Gly
205

Ser

Phe Leu Leu Phe

200
Ala

His Leu Ser Cys Gly

Glu Vval Leu Ser Val Met Ile

215

Gly Gly

220

Leu Ser



2 0 JUN 2005 8/24 <400> 14 Ser
<212> PRT <213> Artificial

<211> 8

<400> 15 Ay Leu Ala Tyr Ala Qu Ile Ala 1 5
<213> Artificial

Cys Ay
Sequence
Phe Tyr

Ser

15

Gly
225
Ile
Asn
Ser
Phe
Phe
305
Gly

Gly

Asn
Met
Cys

465
Ala

Secuence

Hi s Leu Val
<220> <223> Synthetic

Gly
Arg
Gly
Ile
Glu
290
Pro
Thr
Glu
Leu
Phe
370

Met

Phe

Ile
Ala
450
Gln

Asp

<210> 3
<211> 503
<212Z2> PRT
<213> Homo sapiens

<400> 3

Met
1
Gly
Arg
Thx
Met

65

Met
Gly
Arg
Gly

Thr
145

Ela

Ile
Arg
Gln
val

275
Ala

Glu
Pro
435
Ala
Trp

AsSp

Ser
Leu
Gly
35

Glu

Asp

Asp
Glu
Asp
260
Asp
Ala
Gly
Pro
Thr
340
Pro
Ile
Gly

val

Gly
420

Gln-

Ile
Arg

Ile

Met
Pro
20

Leu

Glu

Asn
100
Gln
val

Val

His
Trp
245
Leu
Ser
Val
Phe
Trp

325
Asn

Ser
Phe
Ser
405

Pro

Thr

Thr
5
Ala
Gly
Pro
Leu
Ser

85

Phe
Arg
Pro

Ser

Ser Asn Phe Al a Val
Sequence

Sly Ala 15

<220> <223> Synt heti

<210> 16 <211> 8
<400> 16 Hi s Leu

<220> <223> Synthetic peptide
<210> 17 <211> 8

15

Ser
230
Tyr
Lys
Gly
Lys
Trp
310
Asn
Gln
Glu

Gln

Tyr
390
Ala
Phe
Asp
Ala
Leu

470
Leu

Gly
His
Gly
Glu
Arg
70

Pro
Ala
Gln
Tyr

Ile
150

<210> 18 <211> 5

Leu
Tyr
Met
Thr
Ser
295
Leu
Ile
Ser
AsSp
Ser
375
Val
Cys
val
Glu
Leu
455

Arg

Leu

Gly
Gly
2la
Glu
55

Gly
Pro
val
Leu
Thr

135
Pro

Tyr
Glu
Asp
Thr
280
Ile
Gly
Phe
Phe
Val

360
Ser

Pro

Pro

Gln
Gly

Ser
120

Gln G

His

Thr
val
Cys
265
Asn
Lys
Glu
Pro
Arg
345
Ala
Thr
Phe
Val
Leu
425
Thr
Met

Leu

Gln
Gln

Leu

Gly
Ile
250
Lys
Leu
Ala
Gln
Val
330
Ile
Thr
Gly
Asp
His
410
Asp
Leu

Leu

Arg

Met
10
His

Thr
Lys

Pre

<

<210> 15

2B

<212> PRT <213> Artificial
pepti de,/2£400> 17 Cys Ay GQu Arg Ay Phe
<212> PR <213> Artificial

Ser Leu Trp Tyr

235
Ile

Glu
Arg
Ala
Leu
315
Ile
Thr
Ser
Thr
Arg
395
Asp
Met
Met

Pro

Gln
475

Gly
Gly
Leu

Arg

r Gln

75
Asn

Pro
Tyr
Trp

Asn
155

vVal
Tyr
Leu
Ser
300
Val
Ser
Ile
Gln
vVal
380
Ala
Glu
Glu
Thr
Leu

460
Gln

Arg
Ile
Arg
Gly
60

Gly
Ile
His
Arg
Glu

140
Val

Arg
Asn
Pro
285
Ser
Cys
Leu
Leu
Asp
365
Met
Arg
Phe
Asp
Ile
445
Cys

His

Gly
Arg
Leu
45

Ser
Tyr
Leu
Pro
Asp
125
Gly

Thr

Val
Tyr
270
Lys
Thr
Trp
Tyr
Pro
350
Asp
Gly
Lys
Arg
Cys
430
Ala

Leu

Asp

Ser
Leu
30

Pro
Phe
Tyr
val
Phe
110
Leu

Glu

val

Thr
Glu
255
Asp
Lys
Glu
Gln
Leu
335
Gln
Cys
Ala
Arg
Thr

415
Glvy

Tyr
Met

Asp

Met
15

Pro
Arg
Val
val
Asp
95

Leu
Arg

Leu

Arg

Pro
240
Ile
Lys
Val
Lys
2la
320
Met
Gln

Tyr

Ile
400
Ala
Tyr

Val

Phe
480

Ala
Leu
Glu
Glu
Glu
80

Thr

His

Gly

Ala
160

Sequence



<220> <223> Synthetic peptide <400> 18 Val Ay Ser @y Val <210> 19
<211> 7 <212> PST <213> Artificial Sequence 2 8 JUN 2005 9/ 24 <g260§84 @g 3>
Synthetic peptide <400> 19 Val dy Ser Ay Val Leu Leu <21 1>
7 <212> PRT <213> Artificial Sequence ¢220> <223> Synt hetlc pepti de <400>
20 Gy Val Leu Leu Ser Arg Lys 1 5 <210> 21 c211> 10 c212> PRT <213>
Artificial Sequence ¢220> c223> Syntheyic peptide <400> 21 Val Gy Ser Ay
Val Leu Leu Ser Arg Lys 1 5 -0 <210> 22 <211> 8

Asn Ile Ala 2la Ile Thr Glu Ser Asp Lys Phe Phe Ile Asn Gly Ser
165 170 175
Asn Trp Glu Gly Ile Leu Gly Leu Ala Tyr Ala Glu Ile Ala Arg Pro
180 185 190
Asp Asp Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gln Thr His
185 200 205
Val Pro Asn Leu Phe Ser Leu Gln Leu Cys Gly Ala Gly Phe Pro Leu
210 215 220
Asn Gln Ser Glu Val Leu Zla Ser Val Gly Gly Ser Met Ile Ile Gly
225 230 235 240
Gly Ile Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro Ile
245 250 255
Arg Arg Glu Trp Tyr Tyr Glu Val Ile Ile Val Arg Val Glu Ile Asn
260 265 270
Gly Gln Asp Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Ser
275 280 285
Ile Val Asp Ser Gly Thr Thr 2sn Leu Arg Leu Pro Lys Lys Val Phe
290 295 300
Glu Ala 2la Val Lys Ser Ile Lys 2la Rla Ser Ser Thr Glu Lys Phe
305 310 315 320
Pro Asp Gly Phe Trp Leu Gly Glu Gln Leu Val Cys Trp Gln ala Gly
325 330 335
Thr Thr Pro Trp Asn Ile Phe Pro Val Ile Ser Leu Tyr Leu Met Gly
3490 345 350
Glu Val Thr Asn Gln Ser Phe Arg Ile Thr Ile Leu Pro Gln Gln Tyr
355 360 365
Leu Arg Pro Val Glu Asp Val Ala Thr Ser Gln Asp Asp Cys Tyr Lys
370 375 380
Phe Ala Ile Ser Gln Ser Ser Thr Gly Thr Vval Met Gly Ala Val Ile
385 320 385 400
Met Glu Gly Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg Ile Gly
405 410 415
Phe 2la Val Ser Ala Cys His Val His Asp Glu Phe Arg Thr Ala Ala
420 425 430
Val Glu Gly Pro Phe Val Thr Leu Asp Met Glu Asp Cys Glyv Tyr Asn
435 440 445
Ile Pro Gln Thr Asp Glu Ser Thr Leu Met Thr Ile Ala Tyr Val Met
450 455 460
Ala Ala Ile Cys Ala Leu Phe Met Leu Pro Leu Cys Leu Met Val Cys
465 470 475 480
Gln Trp Arg Cys Leu Arg Cys Leu Arg Gln Gln His Asp Asp Phe Rla
485 490 495
Asp Asp Ile Ser Leu Leu Lys
500

<210> 4

<211> 501

<212> PRT

<212> Homo sapien

<400> 4
Met Ala Gln Ala Leu Pro Trp Leu Leu Leu Trp Met Gly Ala Gly Val
1 5 10 15
Leu Pro Ala His Gly Thr Gln His Gly Ile Zrg Leu Pro Leu Arg Ser
20 25 30
Gly Leu Gly Gly Ala Pro Leu Gly Leu Arg Leu Pro Arg Glu Thr Asp
Glu Glu Pro Glu Glu Pro Gly Arg Arg CGly Ser Phe Val Glu Met Vval
50 55 60

Asp Asn Leu Arg Gly Lys Ser Gly Gln Gly Tyr Tyr Val Glu Met Thr



<212> PRT <213> Artificial

Sequence

22 Val Asn Leu Xaa Ala Ala G u Phe
<220> <223> Synthetic peptide
<223> Xaa = Transition-state isoste-e hydroxyethylene 2 8 JUN 2005 10/24

Artificial

<400> 23 G u Va
<213> Artificial
<222> 3 <223> Xaa = Transbtloqlstate

Sequence

Leu Xaa AF& SYaSey 5o P

Ser
Tyr
Tyr
Leu
145
Ala
Glu

Ser

<21
<21
<21
<21

Asn
Gln
Val
130
val
Rla
Gly

Leu

Leu
210

- Glu

His
Trp
Leu
Ser
290
val

Phe

ro Trp

Asn

Val
370
Ser

Phe
Ser
Pro
Thr

450
Cys

0>
1>

@ n

Phe
Arg
115
Pro
Ser
Ile
Tle
Glu
185
Phe
val
Ser
Tyr
Lys
275
Gly
Lys
Trp
Asn
Gln
355
Glu

Gln

2> PRT

3>

Ala
100
Gln
Tyr
Ile
Thr
Leu
180
Pro
Ser
Leu

Leu

VY

P

260
Met

Ser
Leu
Ile
340
Ser
Asp
Ser
val
Cys
420
Val
Glu
Leu

Arg

Leu
500

Sequence

85
vVal

Leu
Thr
Pro
Glu
165
Gly
Phe

Leu

Ala

Ile
Gly
325
Phe
Phe
val
Ser
val
405
His
Thr
Ser
Phe
Cys

485
Lys

Gly
Ser
Gln
His
150
Sex
Leu
Phe
Gln
Ser
230
Thr
val
Cys

Asn

Lys
310
Glu
Pro
Arg
Ala
Thr
390
Phe
Val
Leu
Thr
Met

470
Leu

Rla
Ser
Gly
135
Gly
Asp
Ala
Asp
Leu
215
val
Gly

Ile

Ile
Thr
375
Gly
Asp
His
Asp
Leu

455
Leu

Artificial Sequence

2la
Thr
120
Lys
Pro
Lys
Tyr
Ser
200
Cys
Gly
Ser
Ile
Glu
280
Arg
Ala

Leu

Ile

Met
440
Met
Pro

Gln

<220> <223> Synthetic peptide
VARI ANT <222> 4 <223> Xaa = Transition-state isostere hydroxyethyl ene

15 <210> 23 <211> 9

Pro
105
Tyr
Trp
Asn
Phe
Ala
185
Leu
Gly
Gly
Leu
val
265
Tyr

Leu

Ser

Ser
345
Ile
Gln
vVal
Ala
Glu

425
Glu

Leu

Gln

20
His

Arg
Glu
val
Phe

170
Glu

Pro
Ser
cvs
330

Leu

Leu

Arg
Phe
Asp
Ile
Cvs

His
490

Asn Leu Xaa Al a Al a d=2Phe
<220> <223> Synthetic peptide
i sost ere h%d

Asn Ile Leu V

Pro
Asp
Gly
Thr
155
Ile
Ile
Lys
Gly
Met
235
Tyr
val
Tyr
Lys
Thr
315
Trp
Tyr
Pro
Asp
Gly
355
Lys
Arg
Cys
Ala
Leu

475
Asp

1 <210> 24

Phe
Leu
Glu
140
val
Asn
Ala
Gln
Phe
220
Ile
Thr

Glu

Leu
Gln
Cys
380
2la
Arg
Thr
Gly
Tyr
460
Met

Asp

I OX
Asp

Leu
Arg

125
Leu

Arg

Gly
Arg
Thr
205
Pro
Ile
Pro
Ile
Lys
285
val
Lys
Ala
Met
Gln
365
Tyx
val
Ile
Ala
Tyr
445
val
val

Phe

<221>
<400>

<2215 VAR ANTLSZIB A

<211> 5
<221> VAR ANT

yethyl ene,
S5

His
110
Lys
Gly
2la
Ser
Pro
180
His
Leu
Gly
Ile
Asn
270
Ser
Phe
Phe
Gly
Gly
350
Tyr
Lys
Ile
Gly
2la
430
Asn
Met

Cys

Ala

Arg
Gly
Thr
Asn
Asn
175
Asp
val
Asn
Gly
Arg
255
Gly
Ile
Glu
Pro
Thr
335
Glu
Leu
Phe
Met
Phe
415
val
Ile
2la

Gln

Asp
4395

Tyr

Gln
Ile
240
Arg

Gln

Ala
Asp
320
Thr
val
Arg
Ala
Glu
400
Ala
Glu
Pro
Ala
Trp

480
Asp

<212> PRT

<400> 24 Asn



<210> 25 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 25 Au Val Asn Leu Ala Ala Qu Phe Trp His Asp Arg
1510 <210> 26 <211> 12 -<212> PRT <213> Artificial Sequence <%§p ﬁﬁ$>
Synthetic peptide <400> 26 Qu Val Asn Leu Asp Ala Qu She Trp Hi XQE g
1510 <210> 27 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 27 Qut Val Asp,/beu Ser Ala Gu She Trp H's Asp Arg
1510 1 B JUN 2005 11/24 <210> 28 <211> 12 <212> PRT <213> Artificial
Sequence <220> <223> Synthetic peptide <400> 28

<220>

<223> Synthetic peptide

<400> 5
Glu Vel Asn Leu Ala Ala Glu Phe
1 5

<210> 6

<211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Aspartic protease sequence motif

<221> VARIANT
<222> 2
<223> Xaa = Ser or Thr

<400> 6
Asp Xaa CGly
1

<210> 7

<211> 10

<212> PRT

<213> Artificial Secuence

<220>
<223> Synthetic peptide

<400> 7
Ser Glu Val Lys Met Asp 2la Glu Phe Arg
1 5 10

<210> 8

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 8
Ser Glu Val Asn Leu Asp Ala Glu Phe Arg
1 5 10

<210> 9

<211> 8

<212Z> PRT

<213> Artificial Sequence

<220> .
<223> Synthetic peptide

<400> 9
Ser Val Asn Met Ala Glu Gly Asp
1 5



AQu Val Asn Leu Thr Ala GQu Phe Trp Hs Asp Arg 1 5i0 <210> 29 <211> 12
<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 29
Gu Val Asn Leu Ile Ala Gu Phe Trp Hs Asp Arg 1 5 10 <210> SOW}%D%@?
<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 30
AQu Val Asn Leu GQu Ala GQu Phe Trp Hs Asp Arg 1 5 10 <210> 31 <211> 12
<212> PRT <213> Artificial Sequence <220» <223> Synthetic peptide <400> 31
Gu Val Asn Leu Phe Ala Gu Phe Trp Hs Asp P.rg 1 5 10 <210> 32 <211> 12
<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide 2 8 JUN

2005
<210> 10

<211> 12
<212> PRT
<213> Artificial Seqguence

<220>
<223> Synthetic peptide

<400> 10
Lys Gly Gly Vval val Ile Ala Thr val Ile Val Lys
1 5 10

<210> 11

<211> 8

<212> PRT

'«213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 11
Leu Val Asn Met Ala Glu Gly Asp
1 5

<210> 12

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 12
Arg Gly Ser Met Ala Gly Val Leu
1 5

<210> 13

<211> 8

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 13
Gly Thr Gln His Gly Ile Arg Leu
1 5

<210> 14

<z1ll> 8

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide



12/ 24 <400> 32 Gu Val Asn Leu Ala Ala GQu Phe Trp H's Asp Arg 1 5 10
<210> 33 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>7§ JUN 2005
Synthetic peptide <400> 33 Qu Val Asn Leu Gy Ala Qu Phe Trp H's Asp Arg
1510 <210> 34 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 34 Qu Val Asn Leu Val Ala Qu Phe Trp H's Asp Arg
15 10 <210> 35 <211> 12 <212> PRT <@A3> Artificial Sequence <220> <223>
Synthetic peptide <400> 35 Qu Val Asn Leu Leu Ala Qu Phe Trp H's Asp Arg
1510 <210> 36 <211> 12 <212> PRT <213> Artificial Sequence <220>

<400> 14

Ser Ser Asn Phe Ala Val Gly Ala

1 5

<210> 15

<211> B

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 15
Gly Leu Ala Tyr 2la Glu Ile Ala
1 5

<210> 16

<211> &

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 16
His Leu Cys Gly Ser His Leu Val
1 5

<210> 17

<211> 8

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 17
Cys Gly Glu Arg Gly Phe Phe Tvr
1 5

<210> 18

«211> 5

<212> PRT

<213> Artificisl Seguence

<220>
<223> Synthetic peptide

<400> 18
val Gly Ser Gly val
1 5

<210> 1
<211> 7
<212> PRT

<213> Artificial Sequence

9



<223> Synthetic peptide <400> 36 A u Val Asn Leu Lys Ala Gu Phe Trp H's
Asp Arg 1 5 10 <210> 37 <211> 12 <212> PRT <213> Artificial Se%[?mﬁ‘emis
JUN 2005 13/24 <220> <223> Synthetic peptide <400> 37 du Val n“Le rg
Ala Gu Phe Trp Hs Asp Arg 1 5 10 <210> 38 <211> 12 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 38 Qu Val Asn Leu
Trp Ala Gu Phe Trp H's Asp Arg i 5 10,,,<210> 39 <211> 12 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 39 Au Val Asn Leu
Ala Ala Qu Phe Trp His Asp Arc 1 5 10 <210> 40 <211> 12 c212> PRT

<220>

<223> Synthetic peptide

<400> 19
Val Gly Ser Gly Val Leu Leu
1 5

<210> 20

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 20
Gly Val Leu Leu Ser Arg Lys
1 5

<210> 21

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 21
Val Gly Ser Gly Val Leu Leu Ser Arg Lys
1 5 10

<210> 22

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 4
<223> Xaa = Transition-state isostere hydroxyethylene

<400> 22
Val Asn Leu Xaa Ala Ala Glu Phe
1 5

<210> 23

<211> 9

<212> PRT

<213> Artificial Seguence

<220>
<223> 8ynthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Transition-state isostere hydroxyethylene



<213> Artificial Sequence <220> <223> Synthetic peptide <400> 4C du Val
A--n. Leu Pro Ala Qu Phe Trp H's Asp Arg 1 5 10 <210> 41 <211> 12 <212>
PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400 & JUNIE5
Val Asn Leu Asn Ala Qu Phe Trp Hs Asp Ara 1 5 10 2 8 JUN 2005 14/24
<210> 42 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic peptide ¢400> 42 Au Val Asn/beu G n Ala Gu Phe Tip Hs Asp Ara
15" 0 c210> 43 <211> 12 c212> PRT <213> Artificial Sequence ¢220> <223>
Synthetic peptide <400> 43 Au Val Asn Len Net Ala Gu Phe Trp H's Asp Arg

15 10 ¢&299>=44
Glu Val Asn Leu Xaa Ala Ala Glu Phe

1 5

<210> 24

<211> 5

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 3
<223> Xza = Transition-state i1sostere hydroxyethylene
<400> 24
Asn Leu Xaa Ala Ala

1 5

<210> 25

<21l> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 25
Glu Val Zsn Leu Ala Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 26

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 26
Glu Val Asn Leu Asp Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 27

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 27
Glu Val Asn Leu Ser Ala Glu Phe Trp His Asp Arg
1 5 10



<211> 12
<400> 44 du Va
<211> 12
<400> 45 du Va
<211> 12

<212> PRT <213> Artificial
Asn Leu Hs Ala Qu Phe Trp H's Asp Arg 1 5 10
<212> PRT <213> Artificial
Asn Leu Tyr Ala@ u Phe Trp His Asp Arg 1 5 10 <210> 46
<212> PRT <213> Artificial

Sequence <220> <223> Synthetic peptide
Sequence <220> <223> Synthetr%%gié ?de

Sequence <220> <223> Synthetic peptide

2 8 JUN 2005 15/24 <400> 46 Arg Trp H-2ki s Gu Val Asn The Ala Ala G u Phe

15 10
Synt het i

<210> 47 <211> 12
c peptide

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

12

PRT

artificial Sequence

Synthetic peptide

28

<212> PRT <213> Artificial Sequence ¢22C <223>
<400> 47 Arg Trp His Hs Gu Val Asn Asp Ala Ala G u The

Glu Val Asn Leu Thr Ala Glu Phe Trp His Asp Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

29

12

PRT

Artificial Sequence

Synthetic peptide

29

10

Glu Vval Asn Leu Ile Ala Glu Phe Trp His Asp Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

30

12

PRT

Artificial Seguence

Synthetic peptide

30

10

Glu val Asn Leu Glu Ala Glu Phe Trp His Asp Arg

1

<210>
<211>
<212>
<213>

<220>
223>

<400>

5

31

12

PRT

Artificial Segquence

Synthetic peptide

31

10

Glu val Asn Leu Phe Ala Glu Phe Trp His Asp ARrg

1

<210>
<211>
<212>
<213>

<220>
<223>

5

32

12

PRT

Artificial Sequence

Synthetic peptide

10



1511 <210> 48 c211> 12 «c¢c212> PRT <213> Artificial Sequence <220> <223>
Synthetic peptide <400> 46 Arg Trp Hs Hs GQu Val Asn Ser Ala Ala G u Phe
15 10 <210> 49 <2 1> 12 <212> PRT <213> Artificial Sequence <2203UN2005>
Synthetic peptide <400> 49 Arg Trp His Hs Qu Val Asn Thr Ala Ala Gu Pte
1510 <210> 50 <211> 12 <212> PRT <213> Artificial Sequence <22 0> <223>
Synthetic peptide <400> 50 Arg Trp Hs /s GQu Val Asn Ile Ala Ala G u Phe
15 10 <21C 51 <211> 12 <212> PRT <212> Artificial Sequence 2 8 JUN 2005
16/ 24 c220> ¢223> Synthetic peptide
<400> 32

Glu Val Asn Leu Ala Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 33

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 33
Glu Val Asn Leu Gly Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 34

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 34
Glu Val Asn Leu Val Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 35

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 35
Glu Val 2Zsn Leu Leu Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 36

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<£400> 36
Glu Val Asn Leu Lys Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 37

<211> 12

<212> PRT

<213> Artificial Segquence



<400>
<211>
<400>
c211>
c400>
c211>
<400>
<211>

51 Arg Trp Hs His Au Val Asn Gu Ala Ala Qu
12 <212> PRT <213> Artificial Sequence <220>
52 Arg Trp His His Qu Val Asn Ay Ala Ala Qu
12 <212> PPT <213> Artificial Sequence ¢220>
53 Arg Trp Hs His Au Val Asn Phe Ala Ala G u
12 <212> PRT <213> Artificial Sequence <220>
54 Arg Trp His His Au Val Asn Ala Ala Ala Qu
12 <212> PRT <213> Artificial Sequence <220>

<220>
<223> Synthetic peptide

<400> 37
Glu Val Asn Leu Arg Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 38

<211> 12

<212> PRT

<213> 2rtificial Seguence

<220>
<223> Synthetic peptide

<400> 38
Glu Vval Asn Leu Trp Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 39

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 39
Glu Val Asn Leu Ala Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 40

<211> 12

<212> PRT

<213> artificial Sequence

<220>
<223> Synthetic peptide

<400> 40
Glu Val Asn Leu Pro Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 41

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 41
Glu Val Asn Leu Asn Ala Glu Phe Trp His Asp Arg
1 L 10

Phe 1 5 10 <210> 52
<223> Synthetic peptide
Phe 1 5 10 7821670863
<223> Synt hetic peptide
Phe 1 5 10 <210> 54
<223> Synthetic peptide
Phe 1 5 10 <210> 55
<223> Synt hetic peptide



<400> 55 Arg Trp Hi's Hi's Au Val Asn Val Ala Ala GQu Phe 1 5 10 2 8 JUN
2005 17924 <210> 56 <211> 12 <212> PRT <212> Artificial Sequence <%ﬁ]g>
<223> Synthetic peptide <400> 56 Arg Trp His H's Qu Val Asn Leul N
AQu Phe 15 10 <210> 57 <211> 12 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <400> 57 Arg Trp H's Hs Au Val Asn @n Al a
Ala du Phe 1 5 10 <210> 58 <211> 124,5212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <400> 58 Arg Trp His Hi's Gu Val Asn Met Al a
Ala Gu Phe 1 5 10 <210> 59 <211> 12 <212> PRT <213> Artificial Sequence

<210> 42

<211> 12

<212> PRT

<213> Artificial Sequence

<223> Synthetic peptide

<400> 42
Glu Vval 2sn Leu Gln Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 43

<211l> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 43
Glu Val Asn Leu Met Ala Glu Phe Trp His Asp Arg
1 5 10

<210> 44

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 44
Glu Val Esn Leu His Ala Glu Phe Trp His Asp Arg
1 5 10

<21C> 45

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 45
Glu Val Asn Leu Tyr Ala Glu Phe Trp His ZAsp Arg
1 5 10

<210> 46

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide



<22C> <223> Synthetic peptide <400> 59 Arg Trp His Hs Au Val Asn Tyr Al a
Ala Gu Phe 1 5 10 <210> 60 <211> 12 <212> PRT <213> Artificial Eﬁg%ﬁce
<220> <223> Synthetic peptide 2 B JUN 2005 18/24 <400> 60 Ara Tr}g8 S

Gu Val Asn Phe Ala Ala Gu Phe 1 5 10 <210> 61 <211> 12 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 61 Arg Trp H's H's
Gu Val Asn Pro Ala Ala Gu Phe 1 5 1{/2<210> 62 <211> 12 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 62 Arg Trp H's H's

d u Val AsonO AsQ Ala Ala Qu Phe 1 5 10 <210> 63 <211> 12
<4 > 4
Arg Trp His His Glu Val Asn Phe Ala Ala Glu Phe

1 5 10

<210> 47

<211> 12

<212> PRT

<213> Artificial Segquence

<220>
<223> Synthetic peptide

<400> 47
Arg Trp His His Glu Val Asn Asp Ala Ala Glu Phe
1 5 10

<210> 48

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 48
Arg Trp His His Glu Val Asn Ser Ala Ala Glu PpPhe
1 5 10

<210> 49

<211> 12

<212> PRT

<213> Artificiel Seguence

<220>
<223> Synthetic peptide

<400> 49
Arg Trp His His Glu VvVal Asn Thr Rla Ala Glu Phe
1 5 10

<210> 50

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

400> 50

Arg Trp His His Glu Val Asn Ile Ala 2la Glu Phe
1 5 10

<210> 51

<211> 12

<212> PRT
<213> Artificial Seguence



<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide <400> 63
Arg Trp Hs Hs GQu Val Asn Lys Ala Ala Qu Phe 1 5 10 <210> 64 %miﬁ
<212> PRT <213> Artificial Sequence <220> <223> Synthetic peptide =< %4
Arg Trp Hs Hs Gu Val Asn Arg Ala Ala Qu Phe 1 5 10 <210> 65 <211> 12
<212> PRT <213> Artificial Sequence 2 8 JUN 2005 19/24 c220> <223>
Synthetic peptide <400> 65 Arg Trp Hixs/Bks GQu Val Asn Hs Ala Ala G u Phe
15 10 <210> 66 c211> 12 c¢212> PRT c213> Artificial Sequence <220> <223>
Synthetic peptide ¢400> 66 Arg Trp His Hs Gu Val Asn Trp Ala Ala G u Phe

15 10 <220>
<223> Synthetic peptide

<400> 51

2rg Trp His His Glu Val Asn Glu Ala Ala Glu Phe
1 - 5 10

<210> 52

<211> 12

<212> PRT

<213> Artificial Segquence

<220>
<223> Synthetic peptide

<400> 52
Arg Trp His His Glu val Asn Gly Ala Rla Glu Phe
1 5 10

<210> 53

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 53
Arg Trp His His Glu Val Asn Phe Rla Ala Glu Phe
1 5 10

<210> 54

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 54
Arg Trp His His Glu Val Asn Ala Ala Ala Glu Phe
1 5 10

<210> 55

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 55
Arg Trp His His Glu Val Asn Val Ala Ala Glu Phe
1 5 10



<210> 67 <211> 13 <212> PP.T <213> Artificial Sequence <220> <223>
Synthetic peptide <221> VARI A" NNT <222> 2,3,7,8 <223> Xaa = Any am no acid
<221> VARI ANT <222> 5 <223> Xaa = HTdroxyet hyl ene transition- st atld jBo#l%r e
<400> 67 Jy Xaa Xaa Leu Xaa Ala Xaa Xaa Phe Arg Mot Ay dy 1 5 10 <210>
68 <211> 7 <212> FRT <213> Artificial Sequence <220> <223> Synthetic
peptide <221> VARI ANT <222> 1,2 <223>74aa = Any am no acid <400> 66 Xaa
Xaa Phe Arg Met Ay Ay 1 5 <210> 69 <211> 9 <212> PRT 2 8 JUN 2005

20/ 24 <213> Artificial Sequence <220> <223> Synthetic peptide <221>

VARI ANT <210> 56
<211> 12

<212> PRT
<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 56
Arg Trp His His Glu Val Asn Leu Ala Ala Glu Phe
1 5 10

<210> 57

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 57
Arg Trp His His Glu Val Asn Gln Ala Ala Glu Phe
1 5 10

<210> 58

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 58
Arg Trp His His Glu Val Asn Met Rla 2la Glu Phe
1 5 10

<210> 598

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<222> Synthetic peptide

<400> 58
Arg Trp His His Glu Val Asn Tyr Ala Ala Glu Phe
1 5 10

<210> 60

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide



<222> 5 <223> Xaa = Hydroxyethylene transition-state isostere <400> 69 Qu
Val Asn Leu Xaa Ala Ala Qu Phe 1 5 <210> 70 <211> B <212> PRT <213>
Artificial Sequence <220> <223> Synthetic peptide <400> 70 Qu lﬂeww'j Leu
Ala Val Gu Phe 15 <210> 71 <211> 9 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <221> VARI AN : <222> 5 <223> Xaa =
Hydr oxyet hyl ene transition-state isostgye,; <400> 71 G u Leu Asp Leu Xaa Al a
Val du Phe 5 <210> 72 <211> 13 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <221> VARI ANT <222> 5 <223> Xaa =
Hydr oxyet4tpbef® transition-state isostere <400> 72

Arg Trp His His Glu Val Asn Phe 2la Ala Glu Phe

1 5 10

<210> 61

<211> 12

<212> PRT

<213> Rrtificial Sequence

<220>
<223> Synthetic peptide

<400> 61
Arg Trp His His Glu Val Asn Pro Ala Ala Glu Phe
1 5 10

<210> 62

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<400> 62
Arg Trp His His Glu Val Asn Asn Ala 2la Glu Phe
1 5 190

<210> 63

<211> 12

<212> PRT

<213> Artificial Seqguence

<220>
<223> Synthetic peptide

<400> 63
Arg Trp His Eis Glu Val Asn Lys Rla Rla Glu Phe
1 5 10

<210> 64

<211> 12

<212> PRT

<213> Artificial Seguernce

<220>
<223> Synthetic peptide

<400> 64
Arg Trp His His Glu Val Asn Arg 2la Ala Glu Phe
1 5 10

<210> 65

<211> 12

<212> PRT

<213> Artificial Sequence



Ay Leu Asp Leu Xaa Ala Val Qu Phe Ara Mot Ay Ay 1 5 10 2 8 JUN 2005
21/ 24 <210> 73 <211> 13 <212> PET <213> Artificial Sequence <22%> <223>
Synthetic peptide <221> VARI ANT <222> 5 <223> Xaa = Fwdroxyethylé elUN 2005
transition-state isostere <400> 73 Ay Leu Qu Leu Xaa Ala Val Au Phe Arg
Mt Ay Ay 1 5 10 <210> 74 <211> 13 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic peptide <221> Y@ﬁLANT <222> 5 <223> Xaa =

Hydr oxyet hyl ene transition-state isostere <400> 74 Gy Leu Asp Leu Xaa Al a
Val Gu Phe Arc Mot Ay Ay 1 5 10 <210> 75 <211> 13 <212> PRT <213>

ArtificiakoSequence <220> <223> Synthetic peptide <221> VARI ANT <222> 5
<223> Synthetic peptide

<400> 65
Arg Trp His His Glu Val Asn His Rla Ala Glu Phe
1 5 10

<210> 66

«211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 66
Arg Trp His His Glu Val Asn Trp Ala Ala Glu Phe
1 5 10

<210> 67

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223» Synthetic peptide

<221> VARIANT
<222> 2,3,7,8
<223> Xaa = Any amino acid

<221> VARIANT
<222> 5
<223> Xaa = HY¥droxyethylene transition-state isostere

<400> 67
Gly Xaa Xza Leu Xaa Ala Xaa Xaa pPhe Arg Met Gly Gly
1 5 10

<210> 68

<211> 7

<212> PRT

<213>» Artificial Segquence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 1,2
<223> Xaa = Any amino acid

<400> 68

Xaa Xaa Phe Arg Met Gly Gly
1 5

<210> 695

<211> 9

<212> PET



<223> Xaa = Hydroxyethylene transition-state isostere <400> 75 Gy Leu Asp
Leu Xaa Ala Val Qu Phe Arc Mot Ay Ay 1 5 10 <210> 76 <211> 13 <212>
PP.T <213> Artificial Sequence <220> <223> Synthetic peptide 2 8§ JUNIR9O5
22; 24 <221> VARI ANT <222> 5 <223> Xaa = Hydroxyethylene transition-state
isostere <400> 76 Ay Leu Asp Leu Xaa Ala Val A n Phe Arg Met Ay Ay 1 5
10 <210> 77 <211> 13 <212> PRT <2133/Atificial Sequence <220> <223>
Synthetic peptide <221> VARI ANT <222> 5 <223> Xaa = Hydroxyet hyl ene
transition-state isostere <400> 77 Gy Ille Asp Leu Xaa Ala Ala G n Phe Arc
Met Ay @iy> ArtBfiQial<@q@rent8 <211> 13 <212> PRT <213> Artificial Sequence
<220> <2<22?5%>Synt hetic Peptide

<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 69
Glu Val Asn Leu Xaa Ala Ala Glu Phe
1 5

<210> 70

<211> B

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<400> 70
Glu Leu Asp Leu Ala Val Glu Phe
1 5

<210> 71

<211> S

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 71
Glu Leu Asp Leu Xaa Ala Val Glu Phe
1 5

<210> 72

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 72
Gly Leu Asp Leu Xaa Ala Val Glu Phe Arg Met Gly Gly
1 5 10



<221> VARLKNT <222> 5 <223> Xaa = Hydroxyethylene transition-state isostere
<400> 78 Gy Ile Asp Leu Xaa Ala Val Tyr Phe Arg Met Gy Ay 1 578QUN 4R40>
13 <212> PRT <213> Artificial Sequence <220> <223> Synthetic
<221> VARI ANT <222> 5 <223> Xaa = Hydroxyethyl ene transition-state

7 <211>
pepti de

isostere <400> 79 Gy Leu Qu Leu Xaa Ala "Cal G@n Phe Arg Net Ay Gy

10 2 8 JUN 2005 23/24 <210> 60

Val du

Artifi cij%FlL%;Se;@%ence

<213> Rrtificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 73
Gly Leu Glu Leu Xaa Ala Val Glu Phe Arg Met. Gly Gly
1 5 10

<210> 74

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 74
Gly Leu &sp Leu Xaa Ala Val Glu Phe Arg Met Gly Gly
1 5 10

<210> 75

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT

<222> 5
<223> Xaa = Hydroxvethylene transition-state isostere

<400> 75
Gly Leu Asp Leu Xaa Ala Val Glu Phe Arg Met Gly Gly
1 5 10

<210> 76

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<211>1}3; <212> PET <213> Artifici al
Sequence <220> <223> Synthetic peptide <221> VARI ANT <222> 5 <223> Xaa
Hydr oxyet hyl ene transition-state i sostere
<Phe>Ailg et Gy Gy 1 5 10 <210> 81 <211> 13

<212> FRT <213>

15

<400> 80 Ay Leu Phe Leu Xaa Al a



<220> <223> Synthetic peptide <221> VARI ANT <222> 2,6 <223> Xaa = Phe or
Ile <221> VA=ANN <222> 5 <223> Xaa = Hydroxyet hyl ene transition- 52& 200
isostere <400> 81 Gy Xaa Ser Leu Xaa Ala Val Xaa Phe Arg Met CH@ @ i 5
10 <210> 82 <211> 13 <212> FRT <213> Artificial Sequence <220> <223>
Synthetic peptide <221> VARI ANT <222> 5 <223> Xaa = Hydr oxyet hyl ene
transition-state isostere <400> 62 Gyy,fhe Met Leu Xaa Ala Asn Arg Phe Arg
Mt Ay Gy 1 5 10 <210> 83 <211> 13 <212> PRT <213> Artificial Sequence
2 0 JUN 2005 24/24 <220> <223> Synthetic peptide <221> VAR ANT <222> 5

<223> X&%§§>ﬁy@ﬁ@%yethylene transition-state isostere <221> VARI ANT <222> 7

<223> Xaa = Hydroxyethylene transition-state igostere

<400> 76
Gly Leu 2sp Leu Xaa 2la Val Gln Phe Arg Met Gly Gly
1 5 10

<210> 77

<211> 13

<212> PRT

<213> Artificial Seqguence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 77
Gly Ile Asp Leu Xaa Rla Ala Gln Phe ARrg Met Gly Gly
1 5 10

<210> 7
<211> 1
<212> P
<212> Artificial Seguence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 78
Gly Ile Asp Leu Xaa Ala Val Tyr Phe Arg Met Gly Gly
1 5 10

<210> 72

<211> 13

<212> PRT .

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state isostere

<400> 78
Gly Leu Glu Leu Xaa 2la Val Gln Phe Arg Met Gly Gly
1 5 10



<223> Xaa = Any amino acid <400> 883 Ay Asp ?he Leu Xaa Al a Xaa Ser Phe
Ara Net Ay SIy 1 5 10 ZBJUNZUUE

23/24

<210> 80

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Yaa = Hydroxyethylene transition-state isostere

<400> B8O
Gly Leu Phe Leu Xaa Ala Val Glu Phe Arg Met Gly Gly
1 5 10

<210> 81

<211> 13

<212> PRT _

<213> Artificial Segquence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 2,8
<223> Xaa = Phe or Ile

<221> VARIANT
«222> 5
<223> Xaa = Hydroxyethylene transiticn-state isostere

<400> 81
Gly Xaa Ser Leu Xaa ARla Val Xaa Phe Arg Met Gly Gly
1 5 10

<210> 82

«211> 13

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide

<221> VARIANT
<222> 5
<223> Xaa = Hydroxyethylene transition-state iscstere

<400> 82
Gly Phe Met Leu Xaa Ala Asn 2rg Phe Rrg Met Gly Gly
1 5 10

<210> 83

<211> 13

<212> PRT

<213> Artificial Seguence



<220>
<223>

<221>
<222>
<223>

<221>
<222>

<223>

<200>

24/24

Synthetic peptide

VARIANT
5
Xaa = Hycdroxyethylene transition-state isostere

VARIANT
7
Xaa = Any amino acid

83

Gly Asp Phe Leu Xaa Ala Xaa Ser Phe Arg Met Gly Gly

1

5 10

18 JUN 2005



