; €3essDN6<T&SWO 00/ 52194 PCT/ US00/ 05889 G00001 METHODS FOR DETECTI NG
MEMBRANE DERI VED CASPASE ACTI VI TY AND MODULATORS THEREOF TECHNI CAL FI ELD
The present invention relates generally to nethods for detecting 5 nmenbrane
derived caspase activity and nodul at ors t hereof, and nore particularly to
novel cel | - WOM5884 eeni ng assays f([H m mmg i nhi bi tor"§TﬁJﬁ€P"l§?ﬂ3ancers
of nenbrane derived caspase acti vi D OF THE | NVENTI ON Ti ssue
honeostasis i s nmaintai ned by the procesmooof* apoptosis-that is, 10 the

nor mal physi ol ogi cal process of programred cell death. Changes to the

apoptoti c pat hway I r re often as

i nportant in the %ﬁﬁ%@ﬁwcﬁbﬁéwm @ﬁkﬁxgﬁrﬁﬁﬁ in the

regul ati on of the cell cygreviy XEDAEDDULIATCROTHERBEOFY i s control | ed

t hrough conpl ex interactions between cell cycle regulatory proteins,
apoptosis is simlarly regul ated under normal circunstances by the 15

i nteraction @l HaPRIRARARCt s that either function to prevent or induce cell
deat h. Since apoptosis Functl ons in maintaining tissue honmeostasis in a
range of physi ol ogi caTheprpmsaEsmsgentmucrelass gaferalynite methedsodore mgtectingnmune

cell regu at| on and, no ar t.urn he unctio | oss of
regul at e B@esdegé‘ﬁ{maéﬁ © a tw vaé’idl @?@’Yag?fs ﬁ%etrﬁ‘gd%‘b‘{ gre m@%@% ©tates.
For exanpl e,noHl%elll-‘ﬂ%§ s@faenﬁ@%'&e@ﬁ ifsr idenif}if@ chhittotshd2hatetsnaf dnitRmeof sel f
reactive |ynphocytes associated with many autoi mmune di seases.

| nappr opr i atd&riyed$aspaie SHYfhi ti on of apoptosis can also lead to the

accunmul ation of virally infected cells and hyperproliferative cells, such

as neoplastic or tunor cells. Simlarly, the inappropriate activation of
apopt osi s cM@@@ROLM@FfTHFaIN)@NHON of pat hol ogi cal di sease states

nour odeganer at i ve. o s DieB IOk R TRRRRRE Bt T e BRH0 SL APt obgs o
medi at ed1®Yy tkl N@MSEpIFkigbalcal prockss oNprbgramidet eeldtdtRNShaxiges 6 thelapspt@ine
products, the results of these interactions ultimately feed into a cell

deat h pat hw@3thPRytthatsprexest Of idglaxrmorgalcesils BIRAYEr Bt Gln 2hiRegrenhiy the wo
00152194 P §g&/eg§§§8is%sésrb\é%% SRbALSRies e @gglﬁmx,ofmesc%hf clkS 1ccascade
of proteoly |c vents anal ogous to that of the blood coagula (?ll on cascade.
Several geneel alivisipmswhinkl iprconitatied thioagh rendplextinteranéonspespvesni @llp%@t;‘ess have

now been identified. OCne rtate-s
pr ot eases S f &aé%%gg%%m% apc\ﬂ%m%léss‘m'aﬂ &%‘Pagdunger cpr?ﬁi %]rc'm%%ﬁéeglb egans i's
requi r ed15 olinteraOipnadTgest ﬁ@ddetsdmteiﬂled funicfigh W@ eveakmuramiucoéclt deathr oundwor m C.

el egans. Ced-3 honol ogues as well as qther caspases have been
characterized. The hu ﬁe%P:S.’Bi?é.‘éé“"FH‘PﬁSI‘EII‘?aW&"E}H%ESS“FB?m@?%ﬁﬁl%ar"@é%l"f?: human
1CE (inter| enklifiodicdir .%\é@rhbmgsaﬂsr 580 déveRpRRAL ithmhhe L& rds&ﬁa@se 2)
CPP32 (caspg)g&g-1 odi %E | caspase¥4) | CE~e~ III1 cagpaseekg) Mch2 10
(caspase- 6), notm}& q@l«hlﬂgr (L@metp&yedwyunctmns lpssaafragrdat apqp@@smpeea(dctawase 9),
Mch4 (caspa a hand

ot hers. Thes\g’gég ofgﬁ?cﬁ%]?a‘?di’s%n Sem@glﬁg ek 133@%20%%@%8 tggr%tgiﬁg]lg ?fﬂé%tors of
t he apoptdt |a©c1pmmmms>f¢émmactete Iahphocﬂet hss&éat@%tﬁ&ﬂa,nyb@@:&nmmhmdasnaa;eset al .,
Cell 87:171,

Inappropriate loss or mnhibition of apoptosis can also lead to the accumulation of virally
infected cells and hyperproliferative cells, such as neoplastic or tumor cells. Similarly,
the inappropriate activation of apoptosis can contribute to a variety of pathological
disease states including, for example, acquired immunodeficiency syndrome (AIDS),
25 neurodegenerative diseases and ischemic injury.

Although apoptosis is mediated by diverse signals and complex
interactions of cellular gene products, the results of these interactions ultimately feed

into a cell death pathway that is evolutionarily conserved between humans and

*159159*

T



1996; Cohen, Biochem 326:1-1 G 1997; MIller, Sem n. Irnnunol 9:35-49,
1997; 15 Salvesen and Dixit, Cell 9l:443-44G 1997). Caspases are i

synt hesi zed as inactive zynogens, which are activated by proteolytic
processi ng woogsmabd | arge (~18 kDa) and small (~12 kDa) sebmwusensishat
associate to formactive enzynmes (Thornberry et al., Nature 39G 768-774,
1992; Nicholson et al., Nature 37G 37-48, 1995; Stennicl:e and Sal vesen, J.
Bi ol . Chen:. 272:25719-25723, 1997). Diverse apoptotic stimuli cause the 20
activation of specific caspases which then initiate a protease cascade by
prot eol yti caivestelyptos el prghveridlitselfoivad caserdp ab potcpBitic reveris anadogets @i that Proc.
Nat|. Acad S SA 93: 4491, 1996; Yu et al., Cancer Res. 58:402-408,
1998). Once gc c|b\&/Ja %guﬁggggsaagdmst ream (executioner) caspases kill cells
by cl eaving specific Sevkatgémrfahiiegaidplotals daemeanas thedpoptic pedckss
viability or by actlvatl 0- apo totlc factors (Liu et al , Cell 25

89: | 75- 184, haypow thesn jid “é‘gﬁ%‘{ pilx igghe asparate- SP%%S CYAFING BENFAREd Di xi t)
Cell 9l: 3 9 &0@& r to be
oyt osol i & profares T arar ey JaSRRSER O MGne R BE SRR |05
Ni chol son efcelhldegth rdatmg de\3lopeM- af3he 19@8woini (oteleghns, Ced-Bihomologhesnas
272:30299- 303 997 S have su ted that. in sonme
i nst ances, cagpaseser Crﬁ)s%aﬁfswe Qeeﬁéﬁnaégcg%nczf %t ewniaﬂ ‘4 ? &H}Cglﬂlg E‘?I pl asma
menbr ane (Sleﬂgﬁ;lile 6¢‘ edad,. humhn IEEp(thiﬁika&?B&Mﬁmglléiﬁyméﬁ@&pase—m@@/l52194
PCT/ US00/ 05889 agig% et al é&s} d 89: 38| 7- &825 1997; Posrmantur et
al ., J. NeulersPasf 938B3e-3}0 Y5 Fééé%ﬁier‘&) d Bloflk Hepspasery): M&2a) so

i ndi cat eg) afcAps 9%? ,atEaTA ey (cﬁﬁf)ls@l?ﬁ‘ Magp@a&sevn)titmhﬁe sk-9). s

endopl asm c reticulum (Manci ni : Bi ol : 1485- 1495, 1998;
Chandl er et (edspase-J0), Basphse- 1@@9?356-2?351%81@ Q@B@é&”&@@&)her% The Bcl-2 fanily
constitutes another ke ShullufBP4l AIALR. Rl APERLOLI ExRBLTURY, Tese

proteins can function 0Si's
systens (O tapeptotinprokass SWeyeer, alOe(reIll 715964]189—219993, YA fRehri Iaeed CNatBlnG;‘l

domi s, dedPinabateeriiosen. B todSo Pl Refioramain Jifr-&7 196%

car boxyl 14 ergxivasén iddapsie el agys43 Q48N edoo, m?@e@arew&yn%s@éd %a&h@m to be
associated with cellul ar nmenbranes includin he outer nbr ane of

m t ochondr i &yMeeRisnvkick are %HYPé?ddf)’ePrQWﬂlyflﬁémé?ﬁG@s|t<agmldclar@t(pé§, kD R eed
Nature 387: 7 Y/ ¥ 5 1993
e o g e

Gowth Diff eVatzB’eZBl9!E:-74&774 11992L)N10ﬁ'¢1mnoated & e§§6 671-43),f 19361 Seniﬂa}s: deden shown

to 15|nh|b t he .i S asesf | | owi apgptoi c
stinmuli sé(?{/ﬁeéh 9?&5 f/"é'? 5?%‘%@#? @B%e Se > 4pppt FS?".“”Q:%%‘ €

271 - 1685@6 16185511101189@)%@lcﬁlsl’}ba;tcywm&tthc’ﬂ initiatk.a ;Bbl@llse cadtade bﬁﬁﬂote@@?ﬁ&ﬂl‘}57ﬁ
199G Boul aki a et al O rcogene_ | 2: 29-3G. 1996; Srinivasan et a

Neur osci . | @roRsssingRyditiond epspases Fiasula ﬁfr‘k‘vio s N rdead 2. déﬂ'i‘ngr?s‘c“f“&% -ed t hat
Bcl -2 i nhi bifygof "RoRNSA! oLk, ABIVP RS 51@1462 @éhcew@ﬁppt@&e an%atw' fk@t ed, 20
Bcl -2 does not i'npede the process (McCart hy et al ?

136: 215- 217,dop@giTepm (elgssuipancr) caspases kil ¢edls bmclee\ang mwﬁt:h@lmtabtm thatund
Bcl -2 exerts ¢ rol .ove I ase Fur r
sui tabl e metho s‘ssgrétkalig (Ejlr‘}lgsl)t‘?llljt |lr¢ aﬁgg rg 6%03 oélcés& (ih Hf {fects on
caspase astiss1rg-liga, aa99t7eIEna1f1 reeezl rrWaneé 39Th6-50ﬂe998| fSaMEdmm1d)D1ﬁQr¢kwundS

t hat nodul at p ti at hwa 25 enhancepgent or inhibiti on of
menbr ane dergfe] ‘%‘3 4635@573 }FO\WI VERES E‘é\éen ‘Fﬁ“n%FéFréﬁg’?lﬁb"‘i’%éo b5 R to8plics ych

net hods. Avairbeik evRE Bads sa8ier. Crhir.t 881862 86b a0k OicERSS &It M¥rure

efficiency, and/or utilization of whole cells or cytoplasmc extracts

t her eof . For376:33r3} 8995mbs et @nth BivhnCeham. drie é§293r3é)3%r1(9@71)9@mmn0¢m101ﬂ1 ability
to kill cel 's%um%dwsrgg{%@mgga ihisoid FRldntos, GABROUAAM: b8 e OBHERA RRE"
addi tion, nany ofher

necrosi s or apopt osI S
30 the nucleus or plasma membrane (Singer et al., J. Exp. Med. 182:1447-1459, 1995;

)F{j




30 assay techniques focus on studying the inhibition or enhancenent of
caspase “enzynes WO 00/ 57194 4 PC1'/USO0/ 05889 |ocated further into the
cascade. Therefore, there exists a need in the art for nethods of

i denti fyi ngV@&MHa%¥nds that not only inhibit or enhance cePFTYSMOB8 Lyt also
conpounds that nodul ate the |n|t|at|onﬁﬁf t he apoptotic cascade. The
present invention fulfills this need, ile further providing other related
advant ages. 5 The foregoing characteristics, and others whi ch shal |l be

described in greater detail_ bhel ow Kk he nethod escri hed herein
particul arl %raw*ae&q’vé?t'@dﬁ%ﬁhﬁ3&%55%% Slawrf'eéa .Jo §uroslczjﬂm&~?? THE
| NVENTI ON Thespriggpt R'eeeﬁaptgueﬁshg@raﬁfaa}hdsyaw fdicdRa ﬁeasla&qﬁlomf debscting 10
menbr ane derived caspase activity and nethods for identifying nodul ators

t her eof . | ncopescasyidomitodhnrdrianandrandeiasprio vétabima (Mendid ot faér Ji deéhBidlyi ng
Tenbrane Aol PikscARRARRLAE! oy | P ol PLLITE10 BGRRL g3 TErEr ane

fraction conprisi'ng heav Yo irenbranés un condi hs and for a
time sufficient to aITlm/vacDI thﬁnﬁyeamktuﬁueomnomexca@pase ofiatgwlatbig, ofaiied

subsequent|ly detectin &g ase act|V|t .15 In ?nother aspect, the present
i nventi on prRERAIIEPatvwRY: fBese prteinan dhteliom i madulae arapiasts ”61“ Wigvaziew; vi ty of

a menbrane @?Eénvggteﬁmeﬁs& and RétsnleD&! BEIR$9:180M8GH0 N ReBd, We@%@ 7h3.action
with a caspase substrate in the presence and absencé of at |east one

candi dat e i fifo, bl|996)r Bdr?dfaam!mtplngc«nmw loag & ﬁ)uoﬁomatypthdern@ubsimﬂma@d
turnover) a EEf [P Rsf J¥Ae e%“ ﬁb' E%Bo%fu ?na?‘%}ahé’r{a orle
ve

menbr ane de caSpase. ano aspec |nvent|on
provi desi@ rmctﬂaﬂﬁbthafce Mmhtalloﬁvythbgn talbe enbamee Wltﬁfcemlhﬂ' mﬁbrunets yncm‘dn@

nmenbr ane deri ved cas in con actin ran racti on
with a caspé‘%‘emgﬂb‘é‘P ’ia ¢ omewawﬁ“ ‘g ‘Pﬂfe&b?é‘ﬁ © m‘?aI ¢ r [aS‘BhCe

candi dat e eraélfwmr (Re%adzv&zwaom m 7t7he199eV%§e»o§kl feaapa%mw m; r:@tzﬁot-ur nover,
and therefromidentif an enhancer he acti vi nmbr ane deri ved

t
caspase. 25 4A14EHcY B8 geet el din d38A T3 P UPR Tisheavinet o Hlor
| dent i i g g, o o010 7O RIRRC i Oyl B3 SYBh U > U GRBPBRFPLLOCESS! N0

within a nme rane action contactin rane action
with at lkasﬁh@n&wcaamdtﬁmbﬁcywﬁhsmm cnspases foanmnga;p@tem semaBnin sevad! ckdlt ect i ng

t he presence of e and s it erefrom eternlnlng
the level  orvasupBulnitaelih i o oo RS A0, tsamas tos. &

PCT/ USO0/ 05888). | Cheht O£BSB78A570)d198! eSouldk®a R¥ EFENORcIREna 10B9PRSEIPBOCESSI NG
i nhi bitor, and wherein an increase In processing indicates the presence of

a caspase proodesinng ehhdndefrosci. 16:5654-60, 1996). oreover, previous work has
demonstrated that Bcl-2 inhibits the onset of apoptosis, but once apoptosis is initiated,

20 Bcl-2 does not impede the process (McCarthy et al., J. Cell Biol. 136:215-217, 1997).
However, it remains unclear how the membrane bound Bcl-2 exerts control over the
soluble cytoplasmic caspases. Further, no suitable methods exist for studying
membrane bound Bcl-2 and its effects on caspase activity in a cell free manner.

The identification of compounds that modulatc thc apoptotic pathway via

25 enhancement or inhibition of membrane derived caspase activity has been hindered by
the lack of such methods. Available methods are limited by the lack of specificity,
efficiency, and/or utilization of whole cells or cytoplasmic extracts thereof. For
example, most anti-cancer drugs are screened for their ability to kill cells and therefore
will identify compounds that induce both necrosis or apoptosis. In addition, many other

30 assay techniques focus on studying thc inhibition or enhancement of caspase enzymes



I n other enbodi nents, the present invention provides a nethod of

i dentifying a compound that nodul ates nenbrane fraction derived caspase
activity, that 5 includes, incubating a nenbrane fraction, an inhibitor of
apopt osi s, WAAV/RIMaspase substrate in the presence and abB&HeWOBBI%t | east
one candi date conpound under conditions, and for a tinme sufficient to all ow
for the evolution of caspase activity; ‘and conparing the |evels of caspase
substrate turnover, thereby identifying a conmpound that nodul ates nmenbr ane
derived caspase activity. 10 In ot her enbodi ments, i nhibitors and enhancers

of the acti AcB{d Brther inforiBe eaterdge M Nerelgrce Hisrarists amaped & Beiagdpi petheds %y t he
vari ous et gy G oRibeitidd Gtk ndbnly Bint6A ok ChinE QAU IRNb S aldoARRPSEHAICL | Vi Ly

is detected by fmeasuring substrat€ turnover or caspase processing. |In other
enbodi ment sthasmbdulatathe intininanefithe spoptotis naseatlebyT'he iprasers ouvegtiorofulfdisdhisi nt

anal ysis. In_furthe nbodi. ment t.he nbrane 15 fraction conprises heavy
or nucl ear H%eﬁ'bwgﬂec@.nﬁ?r?rvé@gg %trﬁ%rﬁglﬁte%g%vga{aﬁ%shts, the nmenbrane fraction is
derived fsrom cel | s exfHeefosdgbigg ahadtteristiof) Gt Aithets POLHPERALL KedestribegVign
further enbodi ments, the menbrane fraction is derived from non-apoptotic

cel I's. Thes®&eaisedeiaihsions apake fhe ragthadolosies dessribed etaim pArHerianY Mrss¥e e evi dent

upon referegﬁ%dtisgo‘;ep)ea}jp%gtgm_ng detail ed description and attached draw ngs.
In addition, Z0 the various references set forth below that describe in

nore detail certain procedures or conpositions (e.g., plasmds, etc.), and

are therefo ' rence in their entirety. BRIEF

DESCRI PTI mg@}‘@%&pﬁﬁwﬂé@g 1 is a scanned i mage of an i mmunobl ot

representi ng SDS- PACETIRS padsaity siventivh gafeatlyl praviddsr acstliodss fdir aeredidg - neo and
chronme oxi dase (subunit 1V),

baD  ant? BEIBaIRgEed atpare p r@?@?d%@rtﬁﬂaﬁwg orBiRethrFection, LM =
l'i ght nmenbr apeadkACHhE dventonkROvides@ hOB& fof idehBS AR emPManONgiveDeispate the
speci fic i mmunoreactive band. WO 00157194 6

activity, that includcs, incubating a membrane fraction comprising heavy or nuclear

membranes under conditions and for a time sufficient to allow for thc evolution of

caspase activity, and subsequently detecting caspase activity.

15 In another aspect, the present invention provides a method for
identifying an inhibitor of the activity of a membrane derived caspasc, that includes,
contacting a membrane fraction with a caspase substrate in the presence and absence of
at least one candidate inhibitor; and comparing the levels of caspase substrate tumover,
and therefrom identifying an inhibitor of the activity of a membrane derived caspase.

20 In yet another aspect, the present invention provides a method for
identifying an enhancer of the activity of a membrane derived caspase, that includes,
contacting a membrane fraction with a caspase substrate in the presence and absence of
at least one candidate enhancer; and comparing the levels of caspase substrate turnover,
and therefrom identifying an enhancer of the activity of a membrane derived caspase.

25 A further aspect of the present invention is 2 method for identifying an
inhibitor or enhancer of the evolution of caspase processing within a membrane
fraction, that includes, contacting a membrane fraction with at least one candidate

inhibitor or candidate enhancer; and dctecting the presence of large and small caspase

subunits, and therefrom determining the level of caspase processing, wherein a decrease



PCT/ USO0/ 05889 Figures 2A-D are histograns of caspase substrate cl eavage
activity in subcellular fractions. Figures 3A and 3B are graphs

representi ng nenbrane-associ ated procaspase-3 spontaneous activati on.
Figure 3A i Maew2tdes t he spontaneous activation 5 of caspRCRUSIBN8EI ty in
heavy menbrane from 697-neo and 697-Bcl -2 cells as a function of DEVD ant
turnover. Figure 3B illustrates the genér ation of sol uble caspase activity
from menbranes as a function of DEVD-ant turnover. Figure 4 is a scanned

i mge of an imunobl ot representing SDS- PAGE anal ysis of heavy nenbrane and
cyt osol i ¢ friagueasssing indier9 thereesernech (GOAsIBs¢ pRcessing suhilierpmdoehkrein ah an

ant i -caspasei-n3 Soli]){crlogensgil ant iagg . r‘l;httlace%%r(cjgxs/ng%ds isnsgi ce?_%e the mgration
of protein si 7& r Rere P?Qal hBow rekgrs) f{lovgxs) PIYRE SN ™ di cat es
procaspase-3. HM = hean otk nénitidindnksathé @ientSinkéiflion prytvidenhi etho® @i on.
Figure 5is a qraph illustrating activation qof penbrane associ at ed DEVD-ant
cl eavage actI9§RtyIng g canpepa dhat modulaies membrape Gagton dep edsAspase ackipity that

gr aphi cal sr CREGIA iRub Ak £inchipMe Aci6h, SAY RABIBE bi Updhodid) A8 & BRPasdNd
@@7-Bcl-2 cells 1 n the presence and absence of cytochrome c. Figure 6A

i | lustrates substrataspdbe pzasericeiang ghsewemt ah kehst dne asapdideterioampeudd anderon.

Figure 6B il |l ustrates, the cas e tiyit esent.in.the cytoplasmc
fraction. Figrusty i ba% GREANS L lon b RRlionbrcd R aBMEdN or 20
per meabi | i zi agnheihg fgaatess dIRadpRERUIBSRGteatROCH ahaebCidsiiaFiag aGbmpbind.thdti gur e
7A is a graph dermnstrgti ng the effects of NP-40 on spontaneous acid

i nduced casp®edvlaies mgmprapgderiyedieaspaseAtiP¥es. Figure 7B is a graph

i11ustratjogng the effeqh AherNRbQinRisS RAIRNE P ARHBAS Srafb I¥MilyoBr kN Bel -2
and neo-nenbranes. Figure 7C is a graph depicting NP-40dependent and

i ndependent membiane etved bagpassdlent praddenBfipd bytha maryave nBthodearepeavidedf 25
m tochondri a) enri cheqnftﬂea%rlog %mb%&@ilxtg,@sp[%%s%ﬂ ﬁ;g%ﬂtg:“f%wﬁé‘%e%%{%’h@ ON As

not ed above, the present |nven€|on I's “genera e S5 of

det ecti ng anshbswdle hiahoves onespasapeocelingy da oties pabedimeits,viubstratduenoppisi cat i on
of the WO 00/52194 7 PCT/ US00/ 05889 di sclosed invention is in the

i denti ficat i BYY2YFedi YHIBT VY 9B EndRHE AREYSLS- o faﬁﬁlﬂfﬁteB’g’Pé‘F“ePﬁ’ ‘E‘F RSOT08 s,

the use ofs syGhioR WRisesCRIaby fok GRcRESA¥MBMALL MIPIRY iH8Rr RmBB@RRNE Othe
i dentifying CO;BOUHdS whi ch pronote or inhibit progranmed cell death at a

critical inimeabraon figetion is deriesd, from pptsasrprepsing\a e ppapiie arolypkptidee I8ubj ect
| nventi on (i, Abl Libbaiedl, ddigatat] A200, ATSAV S B LA ANGSI gate the
ef fects of menbranes derived ’fromcells over-expressing a 06 ot'i ¢ pat hway
proteins, such as thoskhesd aidhethércdspektd afribleypresent invention will become evident
upon reference to the following detailed description and attached drawings. In addition,
20 the various references set forth below that describe in more detail certain procedures or
compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in their

entirety.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a scanned image of an immunoblot representing SDS-PAGE
25 analysis of subcellular fractions from 697-neo and 697-Bcl-2 cells using antibodies to
PARP, cytochrome oxidase (subunit IV), D4GDI and Bcl-2. Nuc = nuclear fraction,
HM = heavy membrane fraction, LM = light membrane fraction, S100 = cytosolic

fraction. Arrows indicate the specific immunoreactive band.



As described herein, a preferred assay systemutilizes heavy or nucl ear
menbr anes for detecting nenbrane derived caspase activity and/or for~

i dentifying conpounds that nodul ate caspase activity, directly or
indirectly,womosieel | -free system 10 Therefore, by usi ngPETIG$00/4E88HIr ane
systens, control points upstream of the cytoplasm c apoptotic pathway can
be effectively assayed and nodul at ors t her eof may be identified. The assay
nmet hods of the present invention are particularly useful for drug

di scovery, in pan by use of high throughput nethodol ogi es. Accordingly, by
1 S utilizing the cel Fightce @AaR sug histpgramm offcasiiee prbstatatcldarageractivty, in
identificati ds that affect evolution of caspase activity from
the nmenbrané cregé]fulcgélm?%wrapi dly achieved. Prior to setting forth the
invention, it may be BighsulAt mdanBunarde gedphn dieprgsehting anémbranesstociavedt h
definitions of certain terns that. wil]| be3‘¥ﬁ§?s hereinafter. As used herein,

a "caspase" HFefeshage-§ spoptancaysaciation o Figyie, tratss derSPRipRepUD BFUVPIRRy e

proteins af t@icafdaR dehvityiMRavyGRSRRARSHEH S97-0bd bt 497-8o1r RA$§0a AScHoATOgENS,
in which a Ia\a&e subunit is NNtermnal to a small subunit. Caspases are

general | y actflE\dRramy turnevgy akjeura 8BiiHestnates the Aoperation af geluble Thpese aptivityei ns
have been idt?éﬂinfejn ngﬁsgﬁﬂ%ﬁ?ﬁg%ﬁ%@ﬁm thﬁ[ﬂ(&lzéildi ng C. el egans, Drosophil a,
rrently,

nouse, and hunan. ere are at least 14 known caspase genes,
nanmed caspase-1 throuBtgueaspaseanhéd inlagplo€ ad im@andbds r@bedenting SDBRAAGES pases

oL ong 1 eSS DB S0 CREBIAEA LS 1t 7.5c2
ggopai n_ng PgR&bedl QEHf‘anl hﬁxti-Ia?éFasle@"R& Smsﬁmﬁdn@li"mel_ birowie¥ds inRaQ0/R2194 8
spase- 6Mch2Caspase- 7Mch3, | CE- LAP3, CWVH 1Caspase- 8FLI CE; MACH,
MchSCas pas e-migation APQrorbhE tn dpgeses. (RyinbownMarkers, dfavex)pdiy @800/i0488% W t hi n
the context ;S?I)catslmséli}@M@ﬁéanehBraﬁQﬂwtigns? glb’fpg g§t§§o‘i’1{8(}ra&%t. a
Figure 5 is a graph illustrating activation of membrane associated
DEVD-amc cleavage activity by exogenous caspase-1.
15 Figures 6A and 6B are graphical representations of DEVD-amc cleavage
activity in 697-neo and 697-Bcl-2 cells in the presence and absence of cytochrome c.
Figure GA illustrates the caspase activity present in the heavy membrane fraction.
Figure 6B illustrates the caspase activity present in the cytoplasmic fraction.
Figures 7A, 7B, and 7C are graphs representing the effects of
20 permeabilizing detergents on membrane-associated caspase activity. Figure 7A is a
graph demonstrating the effects of NP-40 on spontaneous and induced caspase activities
in neo-membranes. Figure 7B is a graph illustrating the effect of NP-40 on spontaneous
caspase activation in Bcl-2 and neo-membranes. Figure 7C is a graph depicting NP-40-
dependent and independent activation of procaspasc-3 by granzyme B treatment of

25 mitochondrial enriched fractions.

DETAILED DESCRIPTION OF THE INVENTION

As noted above, the present invention is generally directed Lo methods of

detecting and modulating membrane derived caspase activity. One application of the



caspase includes wild-type protein sequences, as well as other variants
(including alleles) of the native protein sequence. Briefly, such variants
may result fromnatural 5 polynorphisns or may be synthesized b

r econbi nant WRMMEIAb! ogy, and differ fromwild-type protei HCWSWPé”Br nor e
am no acid substitutions, insertions, deletions, or the like. Typically,
when engi neered, am no acid substitutions will be conservative, i.e.,
substitution of am no acids within groups of polar, non-polar, aromatic,

charged, etc, amnppo acids. .Ip the region_.of honolo to the native
cequence, *vaielirE RfBiongs it BetarErdn ot FOR of etk AL ol o
sequence i defhpik ternRN theWse U MbubIe At Vel QMO JBAL Systetd PRIvRfes lahABB32% 95%
or 97% i dentity. Such anino acid sequence identity may be determ ned by

st andar d nretifentiéiies)Fespounds Whish gornate opfinkibit pregramoned celledratly atf peritical

Bi ot echnol oqy:,.Lk t| e . i I o

www. ncbi . nl :9111){1}11 }“‘Eg“géa&\gﬁ dl'%’gm%éﬁ[cls?yﬂ{%éé?%(%ﬁ@g%ﬁgg%?%%lg’b%ggmgﬁ glteta %léye
descri bedsi rofite dibcidSed &asyesystem, t&Rivedigatealndeffcts oF Membeineaderivedfromadelts Aci ds
Res. 25 :33 89-3402, 1997 all gf whi ch are, incor parat eﬁj {}er_?i n by
reference. |VeCEBFEEERBPUS Pathivay profeins, ugh a5 fhase qfthe kel-gdamily o g i ¢ h

default settings. As Wsldesdi8e@RREIRCA BleBrel Yasdal) QF et Kiilit@Cheb Wy bGuchat . @
nucl eoti de sequence encoding a caspase or variant may differ fromthe known

nati ve sequeneelaney fer detectingcmambrape Jetivedagaspase antidtye and/etefopdiisptibiiphi sns,

or am no aci [ r odi : lL,ant haul ef erably
hybri di ze toc(a %&%tﬁ%ﬁ&ﬁ%&%a igcsngq e%ggw;{)’s%]gl\rﬁ%ﬁl? i glnazceglpﬁ énéo F}g#
stringendq, TiHeretdrej dyappngxsueht mkmbidbe 3F9Geingl oontitin pdints hepsuadmvef dhgpl ex
(e.g , SX SSPE, ,0.5% SDS,. SX, Denhardt's sol ution, 50% f.or manm de, .at 42C or
equi val ent cOFRRAMEPOPOLE pé&‘ﬁ@? & RF Cf%&%&yo‘?fﬁayfgfi a&‘l({) .mc’%llafé’é%ﬁrlcofd’%i ng: A
25 Labor at orpe jMnngad., 2nd ed., Cold Spring Harbor Press, 1987; Ausubel et

al., Current Protocols in Mlecular Biology, G eene Publishing, 1987). WO
00/ 52194 9 The assay methods of the present invention are particularly useful for

drug discovery, in part by use of high throughput methodologies. Accordingly, by
15 utilizing the cell-free assay system of the present invention, identification of compounds
that affect evolution of caspase activity from the membrane fraction is rapidly achieved.
Prior to setting forth the invention, it may be helpful to an understanding

thereof to set forth definitions of certain terms that will be used hereinafter.
As used herein, a "caspase" refers to a cysteine protease that specifically
20 cleaves protcins after Asp residues. Caspases are initially expressed as zymogens, in
which a large subunit is N-terminal to a small subunit. Caspases are generally activated
by cleavage at internal Asp residues. These proteins have been identified in many
eukaryotes, including C. elegans, Drosophila, mouse, and human. Currently, there are
at least 14 known caspase genes, named caspase-1 through caspase-14. Table 1 recites

25 ten human caspases along with their alternative names.

Caspase Alternative name
Caspase-1 | ICE

Caspase-2 | ICH-1

Caspase-3 | CPP32, Yama, apopain
Caspase-4 | ICEII; TX, ICH-2
Caspase-5 | ICE JII; TY




pcT/ usoo/ ossa9 An "isolated nucleic acid nolecule" refers to a

pol ynucl eotide nolecule in the formof a separate fragnent or as a
conponent of a larger nucleic acid construct, that has been separated from
its source wedosgiomcl udi ng the chronosone it normal |y resipd®&IS000S888t | east
once in a substantially pure form Nuclglc acid nol ecul es may be 5
conprised of a wde variety of nucleoti i ncl udi ng DNA, RNA, nucl eoti de
anal ogues, or sone conblnatlon of these A "menbrane fraction", as used
herein, refers tgs; eukaryotic cell conprising
cel l ul ar menbr an en—feavy nmenbranes”, as used

herein, refers tfo L qli‘j]:lcﬁg‘ﬁ‘?fgwmllhqfantl ally fret of nucl ear 10
and |ight nmenbr areaspasatier BHHCENMAGH;tMehSor edofi nant components i s

m tochondri a. A ['Gdspasai9at PICEeEABmMhési s" or '[pro-apoptotic agent”, as used
herein refers to @apagdant | Mo, FLICE-2ases the $pecific apoptoric acti vity of
a cell. Illustrative exanptes of suchstinutus are deprivation of a growth
factor, Fas ligand, anti-Fas antibody, staurosporine, ultraviolet

irradi ation, gamm i r Véithimtthe pontex mfrthisciovansivs, it Shéwld ther undarstbodtthars wel |

knovvnlnthe art. a.stimulator of ap sis i.s an nt that
i ncr eases th‘éas%fé ‘%F %iﬂyé? PGP EAUHESe %"Z’ ?ﬁpggmélv?rﬁaé’lts &H"?}g‘g'ﬁ y or
indirectly. diricayef ﬁhh(ﬁmveq:rsﬁeinmdhﬂ@d’ BfiefB) @ihOfkisnts athyiesud Rdh YilaRl | de
that is capable of jncreasing or_inducing the apoptotic activity of a cell.

Such pol ypepPqlyaerphisgs @aéflaw@ssémﬂ%%eddmré%anwnanégmhézfi@logheanapiof&rcﬁqne

pat hway SUChwﬂ§t )iyrotaﬂ(%y oRe |or hore dilte agﬁ i§1'|bs§lf?.1qol%so nﬁ&&l 'oigse dgl@t%}?s&%hés vel |
as those that indirectly’regul ate the pathway. I'tor apopt osi s"
or "anti- apotﬂteotfrpla@enwhqn Gﬂgmﬁsmdt dmnelandrsewsemmonswalh bagemervatinat, idecr eases
the apoptotic¢ ctl el en conpared to control nts

|l lustrati vesué’ mﬁ% :g?mg Gglﬁs Wﬁtpin EPYBtS tg%o TP EHROS ?f(?ﬁnﬂ%%g?fﬁ?q etc.

ol ecul es, farito araaﬁ) o (e, r@@h -of, hdBedlogf—to Mel nalive EiBreh I VaFigiis IRQINOVI I US,
as well 25 as antagoni sts of pro-apoptotic agents (e.g., antisense,

ri bozymed? aprefcRb dave at deast R aMéiongrig, SeaPF“F?\HF‘ﬁ}“tt)bra’b‘f WilBOCHES s all
agent that dggi&RRERs, tg?&tmhﬁpyd%rgmtarvmx i@nti&2S BAGCaRb &Lt A &icd her

directly or |nd|rectly. An "apoptotic pathway protein", as use ereln
refers to a {dﬁ@ltﬁlmﬂ tevdstepmihed lyy tstapdazé lnieﬂd)dalbhlepandiu@vg usd ofitbe Nationak

exanpl es Incbex‘gcr Bldtecﬁgolo ’lnt%%zin)éﬁ’ BLAST search methodology available at

www.ncbi.nlm.nih.gov. The identity methodologies preferred are those described in

15 U.S. Patent 5,691,179 and Altschul ez ¢l., Nucleic Acids Res. 25:3389-3402, 1997 all of

which are incorporated herein by reference. If Gapped BLAST 2.0 is utilized, then it is
utilized with default settings.

As will be appreciated by those skilled in the art, a nucleotide sequence

encoding a caspase or variant may differ from the known native sequences, due to

20 codon degeneracies, nucleotide polymorphisms, or amino acid differences. In other

cmbodiments, variants should preferably hybridize to the native nucleotide sequence at
conditions of normal stringency, which is approximately 25-30°C below Tm of the
native duplcx (e.g, 5X SSPE, 0.5% SDS, 5X Denhardt's solution, 50% formamide, at
42°C or equivalent conditions; see generally, Sambrook et al. Molecular Cloning: A

25  Laboratory Manual, 2nd ed., Cold Spring Harbor Press, 1987; Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing, 1987).



30 Bi k, Bak, Bax, Bad, caspase nol ecul es, Apaf 1, cytochrome c, and the
i ke. WO 00/ 52194 10 PCTNSO0/ 05889 "Evol ution of caspase activity", as
used herein, refers to the increasing of detectable Ievels of caspase
pr ot ease acﬁ%‘?“fsil%ver a time period. Such evolution may W 'H‘gﬁ??ed by
detectabl e increases in substrate turnoyger (e.g., fl uorogenl C substrates)
and/ or detectable increases in caspase processing, 5 "Menbrane derived
caspase activity", as used herein, refers to caspase activity that is

rel eased from or asso@irﬂﬁmhtmi fielefedv moleculelClefrs tone pdlymietstiddAmoNENBRANE
PREPARAT10NS NE?SP pre ar tions within the c? ext of the present

i nvention med} WReloRBOf § SEPfAiGHPEMSPL Y @tVOHfPOE?:HtP ? 45888 nyfleig ggid caustruct,
Typically, f@p %S&e&fseﬂamﬁ B ust frck Qe firlchuditgl ﬂhbzc%nwsblhe bendmfafcar yotic
cell line or other culturable cell type. wever, | s can al so be” derived
from ti ssuesresides i) htelcaﬂhgnceclnlataybﬁmtr@lm pwrsfonn)néluoremoercm mategulekinky ben t he

ot dependerionsie thet cvat vl b HeRR0RE" sRhubnt” A RN AGEMF oo -

fractions arsapge@asedmetombinkg@l dfhesé. fracti onation has been a basic
research tool in cell bjology for the last 30 years. Accordingly, those of
ordinary skill in theAarpemirancizeion aps wid hervarlief%r%totae%‘h?ﬁ”ﬂl?é agtigh o§ych
fractionati op.ulyitcaldly corﬁm bétlufdr %Erﬁﬁ%ﬁé&nah{ g,an&aﬁprﬂ]@ &S} WReal@ST C
steps, 1) honobgenization and separation. nizatron in its ideal
forn~ all owsmprabttan@ul @tueeddregamebﬂesso saumeléadmtﬁwtlmumbataet,xalmftoccpﬁomdhara
Iysosorre X1 SO to remain intact. A varjety.of hopnogenization
oonnt qud? g R REmBEhEn TES <3k SR Breh iy co et Bl Tt el

Pot t er - El vehj em homg@nl"ﬂﬁﬁxﬂatégbﬁaﬁdﬁtc&fs?' 1) "pro-gipattieagehtPehd uid, hepdssage

t hrough smal | gauge needl e, and the |ike. Exenplary techni ques are

descri bed i nTef&t i #n Bgenfiheh dncerases|the spseidic apRpfofc aﬂt"a‘d ofgepell. Uitfastrative
77:6139-6143,,1980.c JpaEh Slimtus are) dedmvR 4 d Bal ch
et 25 al., ottt 405- 416, 1984, ﬁar?{vﬁ’gﬁ shvy B, ( Tieade i FA0C P2
traditionall §nt1bed)f oftairesponigd, ngtraavis nryadgxtlauh ganma iadiagors uamos enegnoasll ents

th t d d ot | t t
o ool e mar ol o olRECwe TR R al bl Brel s sBbRal 3 bS8ty vol
31, Par t A (Eéeﬁﬁﬂheﬁnoﬁié’h@espﬁlekxﬁdsleﬁﬁf& JetivitP B4 )casphse adtHchie® Rither WRcP/092194 11

PCT/ US00/ 05889, a nunber_ of alternative nethods have been devel oped for
i sol ati on of ngEEStyydn addignm, a stirgulaton pf 4papiegis GRS & polmpsatids Bi1atis 6apabled@d f1 ow

el ectrophore Medgbr ane
Trarti o pp. sy BEs pETHAAE APIERAGRRIEIs!. SRR TRl MRS

ref erences athat divemily adguintarthie apoteticapdthweaynsuch ias Bade, B4d, 53ci k3CBako Mak,ia0d

techni qu [ exam ods .in Enz 31, Part A

(FI esche%%anac%lggﬁfg? e%ﬁs‘”‘)ﬁ?asfggﬁm g' fi{rfcttlp'é?‘é('gg? @g\é?t Ba¥ticles and

Macr onol ecul es: Separ @i Cihibier PiapdptdBARL Idan'aﬂti-alﬁjpwml feHli"e8s uell herein

Or ganel | es, I\/Enbr anes, and Cells (Al bertsson, 1986; Martin et al.

Eur. J. dinrefiso ap 2ger -that, dequgangs ﬂ)&n*‘@&%l"‘&?‘f}tyn‘éf AcE! oYhepetomppigd to
fractionati Ogoxﬁ%mﬁéxﬁéesnlﬂyﬁﬂﬁ{?@'eﬁﬂnpws 6elshéh bﬁh-épcli!ﬁ’&f&fv%h& Rifufi€Tspdald WHi Ch

a variety of protease i Itors are present (e. | eupept I n,
pepstatin, amowulns,rﬁnkEDﬁA)?m,cBC)l-fl $h@<sm+le§15f1@1<i ﬁlembldclwdlrmn a$ wekl t hen
honogeni zgd ysing. a 5?0“ Gro-apo gc‘?%'ez‘? oLl qung homoaeni zatlon Lt f
honogenat™& i S e ugeHro Efp Bi3HC 28 n%(ge%e PEbE ﬁ' 8 > ﬂl A5 L5t pel | et
can then be wasdigiegigngh mmu&pﬁmgeldosxér f%EbnSdgﬁ&rtmtdaﬂEasbﬂhEh@d’]edﬁﬁﬁhéﬂvﬂtyQEd at
14,000 x g for 30 15 mnutes to pellet the heavy nenbranes. The 14,000 x g
supernat ant Bﬁﬁsﬁﬁéﬂ‘olfé“lé%ﬂihﬂ41[?§%°rdf’d‘1€(§53’000 x g for 30 mnutes to yi el d
a supernatant (cytopl %ﬁ“"&pJ &%H&a‘ﬂﬂ)aya{ixgte?n" ekl 8tq Qm'efeghfref%%”f‘ar@b‘?otem
fraction). The pelleted fractions can e washed and resuspended in the
appropri at e nyblved inftbe cellsdzathi pathwa2 0 lIBstr@ERERNMINES iQFudd\Bi1R), BORS,, BREX,,

i bi torl) Rtk SRR S RE AT G oty el xlBF OFEy canai date

i nhi bitors and enhancers may be isol ated or procured froma




25 variety of sources, such as bacteria, fungi, plants, parasites,
libraries of chemicals, peptides or peptide derivatives and the |ike.

I nhi bitors and enhancers may be al so be rationally designed, based on the
protein strwstanseid9det ermi ned from X-ray crystall ography (Z6®USIOSEP et al .,
J. Biol Chem, 272:G539-(G547, 1997). In_ certain enbodi nents, the inhibitor
targets a specific caspase (e.g., menbr Hhe associ at ed WO 00/ 52194 12

PGT/ USO0/ 05889 caspases). In other enbodi nents, the candidate inhibitor or
enhancer indirectly af"ﬁ?&ﬁt?on?&%asﬁ%eea@t?ﬁ{ye,\’a‘g|u's@d! }kaiﬁ),frefgx%rfﬁf}ﬁﬁﬁcrga‘éiﬁ%\é?d
caspase activity. Wthout being held to”a particular nmechanism the
itiliibitor dagctablsletn)s gficaspasetnrotgasprdiyéty oierg timfe periods Buchesvolutievmay beig
caspase enzynatic ti,vit by ot her 5 nechani sns, or_ b reventin

l'i beration o‘I”V”ﬁel%edgg’é Sgtgcétéﬁ?l? 6%{?“?1‘35 TR ewgﬁroktﬁ"ng?%?g?ﬁes %FltFﬁt%? tor may
act direct! yaf@Woride@itais€ irdcheasek th QBgasepledsiignt , inhibitors interfere in the
processing of the caspase protein. In other embodinents, the inhibitors are
smal | nol écul es. | n yeMeamngdenvsdifasnase Attivity'n 3F Bpedobeseipniefsrstor cagpassh Bel - 2.
I n ot her aspgg; Ll b : i thitars shoul d have
a m ni mum of Eb%gﬁ%}rﬁgﬁé#]%%ﬁérgﬁgasgé%@ﬁ@@?%g* ?/xsﬂrluglﬁ:-a ]{Igi% i(%lfﬂlféhhi bitors that
can penetrate cells are preferred. In addition, enhancers of caspase
activity or expression are desirable in certain circunstances. A tines,

i ncreasi ng apopt dE=BRANEIPREBARRTEDNS her apeuti ¢ effect. For exanple, tunmors or

cells that nediate autqi mmune di se.ases_ﬁre agprogr%ate cells for 15
destruction. Enhancer MsmgraneRIpRazations yithip the-cogexi.pf the ipeqient ipyentospay e

processi ng, HAHgdrRAS Erol' ANSRly dtlckPRypRE of doaRSs, a’r'y;%bugi 16 ERRIE naRESEe _
rel ease/ evol ution fromthe nmenbraneé, or act through other nechanrsnms. As is
appar ent 0o emils uglizad|val berg eplayeticteell knpgr ethertamburgble ¢ell tyires Howeswmedlel above
apply to the_desi . - ni mat s
Scr eeni ng asgzgly@o%r&?lﬁﬁqgfﬂ?ggsé%%@ % ’583%?]&‘?'8& %%C\%g'r gﬂ ggﬁ?)ﬁ%?é g%]ga t he
type of inhi bi therarowoeld hmmblyraparediatehthandit assyo fof tireep@exnt nvieytidrhae rios bei ng
affected. In,general, assays, Wthin the_.c ext of the present. i nvention,
are desi gned SERUAPERIY e YR SRECHPODBE A 51D EBRsMRgh MU JES IR At |
activity as pRpgare@sult of caspase activity that 25 evol ves/derives froma
menbrane fraction. In any of the assays, a statistically significant

i ncrease ¥r decrease cohfrdiviag fpefioaatinnolins beehabpds researehhipiol it fefebiglogy
enhancement gf doRkbid R ARLRAES/, thdst o?BHMa& B Y dRTR feduhilal whg! ection
of menbrane derived caspase activity may be b Irect or I ndirect neans.
For exanpl e, vaicis r echiniqreanfr i suchlefractionatgpnme nbymcadly ¢ ashadelas ufstiotien
turnover, while an {'wnou ricgcie anflgos o evsotoglasg%}g% 13t. PCT, 00/6058t89 ii $
detecting tthTBI} O&eYS) r?a SrPui't AP t§) s 8ar3é%lba ER D! E)y t he
menbr ane der idégidfofin APABELpartidulsd GrgaidlledlsudR Ak thetiieleas SiiyochéridrinZBsSosbmed)r ane
preparations fromeukaryotic. cells. In this regard, any cell type nay be
used depeifdi AR BFEOHAENCH 17 sl gtact 1y Variebyof hasnqegnization A¢higHESAF KBTS, ¢ he
membr ane fragldn0nasC OFRrcs © hoRiBgaizere YIRS BRss{N b Afer-BHGhRAT eAR&s. In
one aspect, the nmenbrane fraction is contacted or contacted and | ncubated
in the presefslessitaflonhgenrated gfipeitinga nefiseRst hraughisirall gaugs neadkeadnd theahke- t he
el RNy R ATRARE RLPREFH A By TRASHLCH, PUPSIAY ucpover or
caspasepr ocessi (ycfeav ge of caspases I nto lTarge ah SHral §aBunrts) can
be assessed WS4ar74039-8143%19800Darted! labds Femaner. 15y7:1108s2268f 1988 drld Balchtdae art

including,s fof EXAIPlS:a16, 1984,

Separation of subcellular fractions is traditionally performed using

density gradients. While sucrose gradients are the most widely used, many other
alternatives are available (e.g., Ficoll, Percoll, Metrizamide, and Nycodenz) (see

Methods in Enzymology Vol. 31, Part A (Flescher and Packer eds.), 1974). In addition,



fl uorescence spectroscopy) mass spectroscopy, HPLC, colorinetry (e.g., W
and vi si bl e spectroscopy), fluorography, radi ography, gel el ectrophoresis,

i mrunobl ot ti ngli nmuno-affinity, chronmatography, N-term nal peptide

sequenci ng AUOKAW4| | ke. Moreover, one of ordinary skill iRCT/GRO0/B5889 wi | |
recogni ze that incubation nmay be carri eq 15 out at a variety of

t enper atures, depending on the kinetics lo be studied. In one enbodi nent
the incubation tenperature is from20C to 40C. In other enbodinents, the

i ncubation tenperature is from25C to 37C. One in vitro assay can be

per f or med by2 euichi ¢fgaliameatize fraethodst hayechoi deyeloredfpousndation ehaapnscessi ng

of a caspase : = -sother i t )
caspase) i nto t &‘eétﬁ’bﬁﬁﬁ{‘?ié‘.gq’%’??‘gﬁ’ g{lﬁ%tugﬁ’bfsr% g‘%‘g eZE 83%1%&%&? Pgdgfu%%?ogt ein,
or peptide msoktior Xseeo@tlhifree Mpatyss efh Membrane chgffict ippn 381122, (Womerbaane
derived caspase-3 . i ilized (e.qg. D), for.exanpl e, when suc
substrate i scé‘?)b]?g%% NEO(S‘?oVBreE)F é’}f&g °qrﬂ§r°§f]35§f°raé'f"éa%les&?‘ﬁh 9?@‘:16’11‘&%& ‘gt ed or
purified fsroffagtiongtidn RUIHIQRS R efdBI1E Bee MMtBodR ih BHzymBlopdULd], 35 Manhact ed
or contacted and incubated with the nenbrane fraction in the 25 presence or

absence of a(fesbrraandePacken edsod otk Rartinncel CathdarisdessanddMagtomelasalas:ance of
the two SUbuﬁhﬁafatiglgmﬁ Fakifibdidh %[f%‘?&ﬁ&kéu?& cky rejrgafﬂe %, MdihrRl0t fdcds
eled du e D 0

peptide is |la ring translation or Via ge usion prior

expressi on. [(Albersdorgledhelo86 Mirthe et ado Egni Fudhint by 4986,r1988li | y det ect ed by
aut or adi ography after gel el qctrogtgo({eii S One skilled in the art will
recogni ze that ot her RSPy PR PRGN finefiaRatiop Fompistsesuspendug

al ter natinel yells in\AChypotobit el th Whith WSREEHTGIotdMe IHIBIERR bieViRedet (igl T O
assay is designed to neasure cl eavage of a casgase substrate anal og (e.g.,

‘ag ¢
Acet y| - DEVD- BMSho lrEpiiincRARREND dPTOHRE) EDTAnfta,). pbt sanipigsmare insulasades igerer ase
(PARP)) and ' : iet, ' 0 i al i |ahl g).
Substrate t uEHralgvAedr Sr."ge.d?/%i’{}%s"{ %P%émhgﬁﬁ%%%{}gfﬁ) rﬁﬁzgg&{,}g gés{g%g{éhﬂog’i Fl% ei t her
conpari son 5hehogenatecoeentduged ae500 pg tyscpasteourivie) Theasalesr fedlegean tiemdleut i on

compar i sony PSR RAS R P Birbglaihf R ¥piSe el LEBMY 3L Bl T

f | uor escersceminfés ®f pallet ithe hdavp namibaanet. herhgerooane o supeina@nt tan thes weat ed
with a candidate_inhibitor or enhancer al o,n(]g wi th the caspase substrate.

Det ecti on of Setakgekatd BLPY Xisdfor 30 maptes ipyteids supsipappk(cyorismig frastign)of 10
standard met hads peifee (1B behbranD GraStRS T TR ﬁe]}@{eldlfragﬁorls%g)? kel b%q’;das{llé?il zlnt@‘r’]vgd by

an appropriate detection neans. Typical substrates utilized wthin

context of t Fsugpeededin theaprrapriiadhbufiee fardesayingse agents whose turnover
measures, directly or indirectly, the apoptotic pathway and, in particular,
the enzymatic activity of one or nore caspase nolecules. In

20 B. SCREENING OF INHIBITORS AND ENHANCERS OF THE EVOLUTION
OF CASPASE ACTIVITY FROM A MEMBRANE FRACTION

1 Inhibitors and enhancers of membrane derived caspase activity
Candidate inhibitors and enhancers may be isolated or procured from a
25 variety of sources, such as bacteria, fungi, plants, parasites, libraries of chemicals,
peptides or peptide derivatives and the like. Inhibitors and enhancers may be also be
rationally designed, based on the protein structure determined from X-ray
crystallography (see, Mittl et al., J Biol Chem., 272:6539-6547, 1997). In certain

embodiments, the inhibitor targets a specific caspase (e.g., membrane associated



15 this regaxd a variety of substrates such as | abel ed caspase nol ecul es,

| ami n, PARP and caspase substrate anal ogues are known by those of skill in
the art. Such substrates are al so available comercially from such

conpani es awWoUsd%kne Research Products, Canbridge, MNA. |PCTUS0045588% e
substrat e anal ogues which arc tagged w t.h fluorescent markers include,
ZEVD- ant (car bobenzoxy-Qd u- Val - Asp- am ndnet hyl coumarin), 20 YVAD-ant
(Acetyl - Tyr-Val - Al a- Asp- am nonet hyl coumari n), and DEVD ant

(Acetyl - Asp- G u- Val - Asp- am nontt hyl counmarin). Mreover, any known enzymatic
anal ysi s carcaprasesdeln eterfegibodimentiethe sindidateoplibier errembancerigdisastly iaffietof ~ a

candi date c HACk /WOty > gﬂigfra iwed caspase activity. It
woul d be apgtgggeknt t/%%’o})d&gﬁ%?ﬁ%xﬂ%{aﬁ%ﬁﬁgil Slgﬁ&{vl\{ltg' art that the candidate 25
i nhi bi tor or enhancer Withpubkeingpalid &t 2 particulér rhévbargerh) thp inhilitor mafyraachy onat i on

or with the rrenbhane fractic%n after frac&i onationé butt.‘}‘;riort tlg) dttection.
Mor eover, t HESYRHY BRI tEP28r PERRANE S75PASy “BE A P4 ¥ % PPNt act ed
and i ncubat eglesMakibimé, her reThecvefin" Abratih GONGYI ERPAseY frdint thed HRASHRARE
substrate. The assays briefly described herein nmay be used to identify an

enhancer or A@orditglhitheinhibiiefmayact dirqetiy pr indisgctiyc {5 ongegppiodimeeny dphiRikes caspase
activity. A yardet: f 0 5&%% ogdQal: Qou - exi st
that can be léf’;eg tl}(g ﬂ% \;oecse%/%%ggg%letﬁfzﬁg aes%? reoEetq‘}Io %ﬁ%an I agﬁlﬁé%%ﬁ%?s Such
met hodol ogi ese amell mmdemles.ormyet gnatiee dmbodieneat], yrhibieng ymexedt ovitheBcltd. ofrs and

i ncl ude, for exanple, ,SDS-.PAGE, spectroscopy,.HPLC analysis, . .

aut or adi ogr a?}ﬁv,aqgﬁ?gsnmedﬁj?lﬁ&rﬁ BFF(YE"? ag?ﬁ%%g%fbgope%’(?&%&%& a Zpjgimum of

i mrunocheai séidey effectg and ke bicifdighly mopt&Gd. Pi InRibitéyg, thet Ean) perfetthte h@IIEES, | N

ot her assay enbodi ments, eukaryotic pronoters may be utilized within a
construct foPel§BFd-vering either inducible or constitutively expressed pro-

or anti-apoptotic proyehfftidmO ot & ' i ons
will be derived. For exa(§r$ﬁ{)tl1 e) e]gﬁélﬁ?eg cans%ggﬁl%g?gg?%gagoﬁdnﬁe ?ﬁgt&ﬁ% {ey

over expr ess ¢enainagtcimgignegpopitdimes, polegsieh epopeosBevillPhave ethetapentic effiecti ng
cel s where ﬁor@ﬁ%lé‘,’l&mﬁ’& &P Qg]@t[ﬂ,a? Bidiate autoimmune diseases are appropriate cells for
15 destruction. Enhancers may increase the rate or efficiency of caspase processing,
increase transcription or translation, increase caspase release/evolution from the
membrane, or act through other mechanisms. As is apparent to one skilled in the art,

many of the guidelines presented above apply to the design of enhancers as well.

20 2. Screening Assay Formats
Screening assays for inhibitors and enhancers will vary according to the type of
inhibitor or enhancer and the nature of the activity that is being affected. In general,
assays, within the context of the present invention, are designed to evaluate caspase
protein processing or caspase enzymatic activity as the result of caspase activity that
25 evolves/derives from a membrane fraction. In any of the assays, a statistically
significant increase or decrease compared to a proper control is indicative of
enhancement or hibition. Moreover, it should be understood that detection of
membrane derived caspase activity may be by direct or indirect means. For example, a

direct means is detecting membrane caspase substrate turnover, while an indirect means



woul d have a higher |evel of Bcl-2, such that only enhancers of apoptosis
whi ch were capable of overcomng Bcl-2 inhibition would be detected. In
this same regard, such cells could be treated with a stinulus of apoptosis
such that tWOWER®4; s "pojsed” for apoptosis prior to subfCAMSIYNEY on. In
such a nethod, treatnent of the ms*rrbran?j 15 fraction with an apoptotic

pat hway enhancer results in significantly nore robust activation rate than
a conpar abl e enhancer effect on non-poised cells. In further enbodi nents,
cells "poised" for cell death by.deliver f an apoptoti ¢ stinulator prior
Lo subf ract | Brisiertne Dyoeing ehditsgt v ole Ao nEaER Y thp mirgrne

over express @dived aRpaeot i ¢ pol ypeptides, but which are fractionated prior
to 20 apoptosis. Such cells may be subfractionated and the nenbranes
derived t her ef r orfnong [embediment thesassayi widizesamenbrane prepsrationsdram gukiryatihancer s.
The net hods Ckl ve f I i bk on i nhibitors ancers
of apopt osi sgch?bH g‘zsg“"ga%&aﬂ%t‘/ ec‘ré’l'ri]gb) ?\%ﬁ fbgrugr‘gct &eggr}(ﬁ#e%nsﬁre %Hé)%a%%%g %fi Sl%%}h
activity, si nii betairaenbddimerss, tthe ateabrae fidodon comprises hoavgesiembanespandgr anmed
cell death. In this \Qaaﬁ the 25 cell has B%nt hesj zed and/ qr activ% ed all
necessary coRREREROReS 15 0pe 3spERl thememBiang fragion Aneantactsdior aumadied 8841 ¢ hat
is required jpguthtedt inMhk YtedeRoeCHURRdB o fCL Lhndiddtee ¥hidr RAThhdrks Al @kng
point and into apoptosis. Accordingly, an enhancer would cause the cell to
progress i nt #rbairale) LERONEH OF 64spasgPECRSsINghis [necagied. n Rstraigrtumouerdor rasmasge- or

suppress thi J C f Q ! {i

00/ 52104 16 BT CRB0T LB RePRET SREfrdS el AR BB Bl bl WitBea by o
proceedi n@ i wiriztyprodgnethodsdkestn bgethbse ofiskilleint hie amemelpings Sorovxaniplg cel |
survival polypeptide or treatnment of the c wi.th known toti.c

i bi for o BRI ShOHPROaT S B C e LB G BAEFF B¢ U Rt ey
exhibit the glidrdscdpy)O PHRYERPhIP oSS BpNIEN (BXPr B HBFhREsi® aGhii@ed in a
cell induced to ur]dpergo apoptosis. For exanple, in the absence of a
functioni ng blettinggmpyng-affingy) hyepategiephyaNcemiinal peniide geanending andathe hkot i ¢
enhanccr (e. : s i iaiti .

apopt osi 5. engrseRaP o SRREY LAY sk Mt ehlok ok bl Hetyficd

t r eat mentlsw bl & pvaridpopttebperatargs ndepemlirgn o ithec kinetiasi toi izt studieé dnogreamnmed

cell death pat , byt .the cell wll survive due i.nhi.bi ti on.of one or
70 ror e evenpEbd g PrabirR P e iy Do ¢bE JBRke SOPent he

cel! syryi VakheRgdup Bttt rﬁtyﬁqgfr&na5oa@g7m,ogramd cel! deat h pat hway can
be inhibited early or relatively late within the execution of the cascade

of events | eadi ngORDMPHomMsseY @B|Ye pisfarmed b rxangping theeffpes| of peppnididale and
thei r encodi g Riigh S GneiibESsiAL B Ektask RO b LIRS Lo RSB bl O
exanpl e, the %g,{,uﬁg famél’j‘g’ 0 lre_ at eaﬂj pr f%g BC i E?cﬁ?‘{;l 1, %g F-el,
El B- 19K a20 wef h caspasehimitbitwo sebuoifts. t Baeflya s pabtradeigy ipeptideupioteas qoPBptider mA and
t he dom nant -negati ve forma1 of the cag}pgses.,[ Tpesebf or e i n(f:l ude, 3for
exanpl e, cas ¢) comntaining the enzyme recognition Site of memmbrane derived’ caspase-3 18
utilized (e.g., DEVD), for example, when such a substrate is a protein or peptide, the
substrate is in vitro translated or purified from a cell expression system. This primary
product is contacted or contacted and incubated with the membrane fraction in the
25 presence or absence of a candidate inhibitor or enhancer and assessed for appearance of
the two subunits. To facilitate detection, typically, the protein or peptide is labeled
during translation or via gene fusion prior to expression. If radiolabeled, the two
subunits may be readily detected by autoradiography after gel electrophoresis. One

skilled in the art will recognize that other methods of labeling and detection may be

30 used alternatively.



with an inactivating nmutation of the active site cysteine. Overexpression
of a cell survival polypeptide can be achi eved using, for exanple,

reconbi nant met hods known to those skilled in the art. Routine procedures
20 for perfwOOAY94uch reconbi nant expressi on net hods ar ePEBEYSMWORSY i n, for
exanpl e, Sanmbrook et al., Ml ecular Copjng: A Laboratory Mnual, Cold
Spring Harbor Laboratory, New York (1997}, G eene Publishing Associates and
Wl ey-Interscience, New York, (1995). Such nethods can be used to express
stably or transiently a cell survival poI ypeptide at a |level which is
sufficient to preMeatterngiye; indyiee i3y of dspigindots) measprs qipwageof & ¢asease d

nol ecul e enc d f or
exanple, a h%%%?%ﬁ%?%g e‘?&c&ﬁ'ﬂ%}%g@ }néfehgﬁ,;ircgﬁ]mfﬁﬁg(agg@%%ég%gxw cel |
type, or altsbase)pplyelerase (FrRMuadehedikeca varien] afodiich aramduaexeranpd@niaﬂdy) a

het er ol ogous | ei,.c_aci erent species or cell type.
The- sour ce. oP RS MEBHF et mitoH s BT PR ivsf Bk SRt eafginsed ! e
encoded cgl | oStimdionte @0 YRR dervex lisBist @ gAPaplueish of Htivih ik hibegatact wi ty.
WO 00152194 17 PCTNSO00/ 05889 A level of expression of a cell survival

pol ypept i de Ifirelysis &ate; analysss wastepdy-pate yelp comprisopkoic endppinb pnadysifpt(e8i s i s
known 10, { ORI oldsChel Buiblleinflal MABcAR) ABAMC il YL WG] Y FliblbECd DY
those skilled In the art. Expression vectors and systens are known and
commer ci al | yfractimnlisliaabatbd efithps cariditiatef iphibiterc orrbilaace amizywittp thedeasase

t t h
Vect or or - syRPEn IRPT Of SRAVR o RTAT FepErmpE by Sy oeadt s ERT T o

particul an hgstdagelethofs.t eGaRkdIvElBE sitigatexpillessilsheldiend filohel Chyers to
prevent the induction of apoptosis can be routinely determ ned by

expr essi ng t PRPrefatate dstFeionaeanso| ypepti de and then neasuring whet her the
cel | survives after t naldaPalbsithiuflicBf QiiRORe oh€xGeMe ool Byaigh i on Lo
reconbi nant mnet hods of "over-expressing a cell surviva p | ypeptide, a cell
can be used ulsligh thasheagents [whoss, imayep messiess, directly| orsindireotll t}pompp@pcl de. A
specific exa a. cell r QVEr. essing a cel | Vi
pol ypepti de FBLYWe“ﬂ méﬁplcfdar Qﬁe %g%fl%u va %p “\}\1/8% TR Igf)ﬂsgul?sdéntl fied.
Thi s | euksm ¢hidwegara atvraﬁétslo@clwstraes @th ahraammmsaﬁldl@ulb& lﬁrﬁimsPABPhh@h | evel
expression of 15 Bcl-2 and therefore cell survival. The |eukem c phenotype

is due to thEASP3ESERSHAY apAIpRucE AIRPORR by Hiase P ekdl in fhedEs SHAR SYPsiraiFetnt | v
OVer - eXpr ess @y qeiliabﬁuao\aw@hamoIfﬁéﬁlemch AQmpaflesS hdTOnBédede RRsdarBUPbiudtd) €

met hods of the invention. The bl ock from apoptosis due to over-expression
of a cell suCﬂmbfaqlgepM@'pébﬁﬁtﬂéveaﬁ@ﬁ!%@ analegyesrahichodre ttiaged svithsiiygrespeny

pr o- apopt ot i nt. uenc, In
this way, thgmg% smélp(g egggrletz %}} I Cg%gg‘%az&%yg(r}lug\r]%)]gf aﬁﬁ?ﬁ@%ﬁ‘%ﬁ%ﬁ% h) A

pr o- apopt2it i & Vageame camdeefl—a"yxfb(aﬁ-&hayﬂsp#anﬂmdxﬁ@ln)émmanﬁyI t andt o DIEVD-emt |

i ncl udi ng, | ar ronnent al hysical stimuli. As defined

previ ously, n%“c??ﬁﬁsprﬁh’l Lfo‘ép EWB’\RHNF’SQPWEE%SSH lled in the art and can be
characterized by mefdoVe! inyknowhehSidli €anMyisidican béreseaRONIGW the MBIV Y01

Exanpl es of pro-apoptotic 25 a%ents i ncl ude inducers such as deprl vati on of
a growt h f acewncipgabiliypefrricangidete cpampoudtyidoepardste augmahgpisr deriaed qaspase
Necrosi s Fachgviey Ul it RRHIOE bpdhly SRR Srdl Al R akUP that HRALMERL ! 2
cel | over-expres ing a ce Farvi val pol ypepti de vmt a proapoptotic agent
will prindb tihitger br élmanapm@sumusatﬂtmtbmhdwcqﬂqmok |t0/éaa'wdatmgrmviriﬂethsi gnal s
provi de bal anci ef ant e of this t hat cel |
fleat h 50 confnEiee fapiorsitsr PaREARE, B msRr s fuRe Mitehvgh b ook Ve
that over compmitifdeor enfibhd2Pnfayl bO4ontiktddCol/ oA d beiBAckbatakvitt the A ntbednk

survival pol ypeptl de/anti - apopt otic agent. This allows for the rapid
i nducti on of TAHHBCEETECH ¥ih B 54P5E SYREEAEN screening for conmpounds t hat

possess apopt osi STH@%E)‘S%@IC}tde‘!&Md inBrelm 2P 'HESREE S0 YenBf arf eMandde | g X~
Such cells are particularly useful in screening for inhibitors of Bcl-2 or

Bcl - X~, r¥spadibitpe|that specifically affects membrane derived caspase activity. A variety of



5 .3. Hi gh throughput The nethods described herein are al so anenable to
hi gh t hroughput formats (e.g., a nulti-well format assay where | arge
nunbers of sanples can be screened rapidly and efficientl For exanple a
96-wel | for WRX0018%i des practical 10 advantages since pla¥€§ BBriate
for mani pul ati ons and neasuring devi ces 18re comercially avallable Such
procedures can be further automated to |ncrease further the speed and

ef ficiency of the method. Thesc features conbined with the specificity of

the nethod, allow for cell-fre h throughp reeni ng. of candi date

i nhi bi tor s oMCBASRIPRIEY &ish fhat can da'@t‘l“(FF‘t‘%ﬁt 'i‘FF% O?PG?H wnd. oy
exanple, a l a@%% rality
of menbrane g%gtgeioéfﬁgﬁﬁggayed for thel r abi | nén%]tﬁ%tﬁgﬁéﬁgh%é%g

i nhi bit apopinekids;. for crxamplei é@&m&us@str@acepwdﬂﬂéblmarym bmmdltoaepla»peuti c
and di agnostl i al | o f. or th
detection of hﬁﬁglg@?’fc?%%ﬁ%d%fm%&gl}ésge§§é°§s gﬁch (%‘&B% ?ggalb Or(}g%l uabl e

i n researgh pxebiﬁitzﬁﬁhgim)apopt oti c mechani sns given that they can hel p deduce
further nol ecul ar %él ts and gﬁlow de further specificity for the

di scovery and devel op eTgIOTS; {f} QNG ASEpFEIPRdiEnents, cykanospromgismepPer| C

PATHWAY GENEGiifsd Rathefl a 280s@ct TR eliviVigpteitRs RIQIES5 cmwlvg§ta9%seael ating
to caspase and other apoptotic pathway genes and gene produc and et hods

for the use pio- PhentP@ogtatieproairits Wethe cgllsdue wdich] mempbrang prehaations tvllibavent i on
provi des assgusch 3l d5kaot MOWLALE 3,00 OFIRLNG Ser ived castpoRy |

activity. G ven the di'sclosure provi
skilled i1 thsmpaitic, powpe]apiamcﬂm thepbly rpmydmg @ty Wwhesmoeembrage peparatibnee

i sol at ed from varl e 9 00152194 19 1. |sal ation of
apoptotic pr B'P ﬁ‘a?éenﬁ Iﬁ‘gﬁégc%g:ﬂ’%@@/ﬂ%&@‘aﬂﬁéb%i‘ﬂ%mﬁ‘l‘“‘d‘f’é‘?hnw%‘ﬁcodl ng
genes nay becapsah@maertmﬂggctMmm&p%ﬁldme%tearqﬁ Wi BAnYe FRNNA; sucROl ati on
of apoptotic pathway genes from genom c DNA or cDNA typically can proceed

by, first, geﬁlércatlidnlge weatesloyity 9 rstimutus PNAPPRIBYIS sYcht thatolig teell is "poised” for

apoptosis prior to subfractionation. In such a method, treatment of the membrane
15 fraction with an apoptotic pathway enhancer results in significantly more robust
activation rate than a comparable enhancer effect on non-poised cells.

In further embodiments, cells "poised” for cell death by delivery of an
apoptotic stimulator prior to subfractionation, may be created by treating cclls that do
not overexpress anti-apoptotic polypeptides, but which are fractionated prior to

20 apoptosis. Such cells may be subfractionated and the membranes derived therefrom
utilized for assaying candidate inhibitors and enhancers.

The methods described above for identification of inhibitors and
enhancers of apoptosis provides an alternative format for measuring apoptotic activity,
in that a cell is treated so that it is "poised" for programmed cell death. In this way the

25 cell has synthesized and/or activated all necessary components that are required for
programmed cell death. All that is required is a stimulus to cause the cell to extend past
its holding point and into apoptosis. Accordingly, an enhancer would cause the cell to
progress into programmed cell death, while an inhibitor would delay or suppress this

progress in the presence of an apoptotic stimulus.



5 techniques for constructing libraries that are known in the art (see
Sanbrook et al., Mdlecular doning: A laboratory Manual, Cold Spring Harbor
Press, 1989) or purchased from conmercial sources (e.g., Contech, Palo
Alto, CA). Woiomsd19a cDNA |ibraries can be constructed i n benuUswiosshage
vectors (e.g.) ~,ZAPI 1), plasm ds, or others, which are suitable for
screening, while genomc DNA |ibraries tan be constructed in 10 chronosomal
vectors, such as YACs (yeast artificial chronpbsones), bacteriophage
vectors, such as ~,EMBL3, ~.gtl0O, cosm ds, orplasm ds. In one enbodi nent
known apoptotic prot eiTrhegboiéinsenpwnwtch(msmehe Bell - ﬁemetoce@ingBmm X~,

Bi k, Bad, Bax, etc. y ut| I| ed to design on
hybri di zat i offe 5 e)dscglﬁ tdeﬁ (e:roé'grﬁfq?{ﬁss g %ﬁ? 8915);5‘%85&& g?? 85,
Preferably, tewhent of e deﬂ@ﬁhlﬁh@@tvh dpopistiiakibAsre. ZZQH%QrVMSS@SlypéanWE h. To

facilitate hybridizatjon detection, the oligonucleotide may be conveniently
| abel ed, gen@rEcieized in fhat Gey gyhibit et ability '@ BB ERr aPRBioes orrhsn eXPIEFFed & o

radi OnUC| isde€otivGted in a?{:%ﬁ)rndu%&lZYJTﬁﬁchgot ﬁﬂoms er%I’% eﬁnﬁl?bﬁl the abARELSELNT

| abel , biotin. Such libraries are genera ‘ated as phage or

col oni es, deﬁmnnhmg Qqﬂcsnmraépvlampode,mu treSad)sret&;weerb}ytpticaemamcoéegl al ose or
nyl on nmenbr ane, 20 .col oni.es or ave been transf rred, is
ot obed to 1 aBmisppioBhasii s et S iR ol TR JE FR st Rl Fey
gene. Such cadibuehat£ polypaptide, teetmeht ﬁdh aqarcﬁ@abﬁnahmtférhﬁn&earcgem{a&%by any
of various nmeans including, for exanp sequence anal ysis or

hybri di zat i oRrograpymed sl dspth par'i’é?’ﬁy’ol?}’érﬂl’eaifﬂ)ll Wil %‘F‘Glﬁ%d“ﬁ‘?c'éh@“}"i“b}f G oF s

identifiegd apoftlealsRidg tﬁeﬁpﬁmrg,t PO hFIhI BBt af WhicH AREcHMInEvl Pe
i solated by anplification. Brie usi Nng a caspase gene as an

i 11 ustrati onpolyprehide Singtons DA nrvgsrramyd prAdeath patheayicart be anhpbitetli egely ioon
rinmers are d as gene.s ences nBank
Rccesm on Nos%%glggl%%cgrgﬁ%gée%i@w@? %E%g?dgas peélgrets %%H 5 tf)él}é“?aem cgﬁ)
(caspase- 3), dédh8Qdll émpla;myp@udeuaﬂd)ﬂrﬁlr(mm@sm&)c addi’@ﬁaave@qaswase 6), L;
et S8 i BERAC SRS B AR o R o
WO 00/ 52134 Rfd)- r@rmﬁr@wa&ﬁ& 1|nhlletéFs 'O?fhe mgsefawmwﬁuh as mst BrnfW G4 @spase

activity is preferred Primers for anplification are preferably derived
f r om sequenc éemingntinegative forg of the gesnaggss | Thesdforegyinelade, foexgmple; easpasgbat e a

ful |-Tength RANA iulAhL RBERoPEARELANL Yid BN OC content of about 50% and

contain restriction site acilrtate cloning and do not have self 5
conpl ementary sequenc eﬁvemxprednort dfeaycet csmtvarahpcojwqphémmmtb&rayhsmﬁuemgebr at

their 3" end (t t d
Lo CDNA o GEHETIE "EXEOMA BFFI:TERT (GINAFT P B8 g axe HeUCas BOHGRRr nod o

yield a proodystperaing ¥udh fuahbizad cire@rn @EBREds 45 HEEBE® ifMer siagiphi,Ng. The
anplified fragnent is purified and inserted into a vector, such_as ~,gtlO
or pBS(ML3+) Sa‘ahr@%rebﬂZgMO@G“I“C&{?'f”i’gmtﬁl dRb@ptory Manual, Cold Spring Harbor

Laboratory, New York (1992), Greene Publishing Associates and Wiley-Interscience,
New York, (1995). Such methods can be used to express stably or transiently a cell
survival polypeptide at a level which is sufficient to prevent the induction of apoptosis.
25 The nucleic acid molecule encoding the cell survival polypcptide can be encoded by, for
example, a homologous nucleic acid derived from the same species or cell type, or
alternatively, the nucleic acid molecule can be encoded by a heterologous nucleic acid
derived from a different species or cell type. The source of the encoding nucleic acid is
not important so long as the encoded cell survival polypeptide exhibits apoptosis

30 inhibiting activity.



10 the nature of the fragnent is obtained by DNA sequence anal ysis or
indirectly through amno acid sequencing of the encoded protein. Qher
nmet hods may also be used to obtain the apoptotic pathway protein encoding
nucl ei c aci W52l e. For exanple, a nucleic acid nol eculFETARRUMBHG
caspase may be obtained froman expressign library by screening with an
anti body or 15 anti bodies reactive to caspase (see, Sanbrook et al.

Mol ecul ar Conirrg.~ A Laboratory Manual, 2nd Ed., Cold Spring Har bor

Laboratory Press, NY, 1987: Ausubel et a Current Protocol s in. Ml ecul ar
Bi ol ogy, G eene Publ i shilfYg! %@%‘B@F%‘E’\e%faafﬁﬁ syyvalpq ?WCBP%Y”E'HI&E S“ﬁ{}‘e"i@%) .
Variants of 3RpRBHGA ﬁldﬁaiohvmpms&efs rkn&eﬂeosthwsmed%qwﬁeaﬁ@c&r@m1%0
natural variants (e.g., polynorphisms, splice variants, nutants),

synt hesi zed aeutinelysderanained by Nbesy SK&%M@CMeﬂmmlwmﬂom S’ysjpmgewer ating

mut ant s (see erall o] ra,
and the di SCUS%?’E ni[ngb(%%{/rg?g%gﬂp ?‘F’ﬂ%l%?\g er R eg%ée Q?mbma% rlﬁ%e}’ﬁéé a few
nucl eot i des swhprbdsiont iTDRS: ruiitidei atenfor ohé gmmaqhematardtb dhbede asypates ot dy8telhase or

bases to be mutated _and conta ns t tated base 25 or bases. The

ol i gonucl eot gt ViHly Brovifie, suth 'F’B“‘cgﬁﬁm; nPRFSFSISA ni @ PERRdRMuQei ¢ aci d
and second stA1RRMALSHPIAE Shtedsn RV DRAGEERTD HRS ! thd HAMEH RS ABptosiHBan

doubl estranded nucleic acid is prepared for transformation into host cells,
typi cal |y E. beaputinelydeteanined hmxwemyg thetogl suyivekenlynsplide anddhent mepsutingher
eukaryot es. ro Iy ols are used to
identify mutan }%&gg{alggﬁgégﬁg%s al n&n%{h %ro )f%aorsawac 900/ 52194

PCT/ USOO/ 0889 21 Sim hmddwondelrectmmmnaﬂﬂtmds bN s edriexpressirgy agelneﬁvivay be

constructed by any. of a arle y of knao met hods as di scussed supra. For
exanpl e, the PQEREPHdSN 3pee ldfﬂe e‘éfe@m‘{’]}ﬂvwé%}lef‘?"yﬁ' | OYFTERIGHES 2affYl FWMVEat ed

such that a sRRMeRRe. I8 sgehm,t 8@nple 604 bamrﬁeremut Bvéctslhﬁebs@lfgaé cAIEGMORGES such
that an insertion or large substitution is nad nmeans of

generati ng vmoiyamtldgeqdbm&selhbwnbemeﬁpl\ﬂyedBwl 2 hwaseinHisly iensified.i Thise art
for example t r t

(supra). Veri Pﬁcéxg%a?lgaﬁ%ot agggcra:ug%,? ng&gg%ggsmﬁé 1t8 Qﬁw’ﬁ%ﬁﬁaccwﬁgk%gf by
restricti of eBrt-2rand thepgforegell smquehc’ﬁledauadeym phenotyp isaine tdn}mrmdbaad tan. D.
VECTCORS, HOST CEL S ANDﬁIﬁE[A g:l éPRE SI NG AND P%NG P 10 An
apoptotic pats‘HWr‘Jl‘Si1 pPHFLES Tgs Whieh oSFeRtY QUer PLEsS A6 é’B‘Ep" ¥ §%hi sns.
In certain ermﬁiqid,mtugcd hhe RERdRIoN tHeSnwehGshiced i n bacteria, such as E.
coli, or mammalian cells ge. g CHO and CCS-7), for which many expression
vectors have been devellbpepcknieom agopiosis [duste oversxpression 14 eelhsavival
organi sns in hgrq BRact.er SPef: ast
(e.g., Sacch %&Sctgfse cedr evi srlgatgﬁ%t ﬁ?é%?%ﬁ é% %g‘gt fe a%% r%%.dysi DNA
sequence é&ca@iaggmsttvemﬁnmces to the qcm rlodbis ewaynitie emlse&)rprexsmaﬂy pnestr;ti dor
appropriate for th b
inserted int cPr%g'v'l‘é’te %Pagﬂ%ﬁﬁh t%aﬁro ﬁpcfpﬁ(gllco%e'bt 03?59 i vagegrogd{ﬁ%ram lQisémfﬁl:&’scussed
above, the sef¢eRleindRling0 il bidantMe aod Phgsit4r stdmah am; r‘d!:ﬁﬂé‘d d wth
mul ti pl e codons.. The 20 alternative codons can be chosen as "optinmal" for

the host spediredoushiesfehistippugprakian g those glflediin the i B 5an be e‘efrqcr%ect he
primer sequenges.9nth.os %o@émee»oum td;e bRl ﬁawa@e £4 00180908 hloSpBftofiIe

vector. |If ne essary, translational 1 nitiation and term nati on codons can
be engi nedfedcegents dnclivies ipdicamsrsusle gtideprivgtion of a growth factor, Fas ligand, anti-Fas

antibody, staurosporine, Tumor Necrosis Factor, ultraviolet and gamma-irradiation.
Thus, treatment of a cell over-expressing a cell survival polypeptide with a pro-
apoptotic agent will prime the cell for apoptosis since both positive and negative signals
provide balancing effects. One advantage of this priming is that all cell death

30 components are available for apoptosis oncc a signal is received that overcomes the



At a mininmum the vector nmust contain a pronoter sequence. As used 25
herein, a "promoter" refers to a nucleotide sequence that contains el ements
that direct the transcription of a |inked gene and contai ns an RNA

pol yner ase wonasngs site. Mre typically, in eukaryotes, pPEFB308/0582quences
contain binding sites for other transcriptional factors that control the
rate and timng of gene expression. SudB sites include TATA box, CART box,
PQU box, AP 1 binding site, and the |ike. Pronoter WO 00/ sZ194 22
pcrrusoo/ osaa9 regions nmay al so contain enhancer el enents. \Wen a pronoter
i's |inked t dlagk géee eall wsvivah pelynentide/antizppnpiatigtagent. ofhis allowgefoe thei rapids
soperat] vel Ydubelr ppdllfY whERULAHE dhe SEURRGED R UoRENRAE WP sl
sequences inc e a nsScrip Thon term natl on ence, “secretion
si gnal sequeperesiotindgting cn‘cuﬁty aplthec ptesemoe FeBeX abIBEclmar kSnch aelth tlse |i ke.
The regul atory, sequencges are o rathnall ed with one another to
al | ow transcPr"’i“ﬁt‘l?ng] t‘??fﬁf?f“& Arhibiiars ‘ét};&fﬁlé gﬁﬁ v&EPEYesed herein

i ncl ude & pronoter designed for expre55| on of the proteins in a host cell
(e.g., bacterial). Sugtg ‘?hrB& ters are widely available and are wel |
known in the airt. Induc constitutive prormters are 10 preferred.

Such pronoters far ex i r d e T7

phage and ot her phageiJlIi Hs d&fﬁﬁe&l‘%rélg 5Q%l§§ a?ne% &%&nand | ac

oper ons. I—Iylibmchtqo(@grptaansm(vsc&leforMatSassEyameiate Niege Aurﬁﬁe“:s %&)mp&hl&:lﬁna& | ac\VWV,

col | 51 nol udeeFTHE BB I HSH)-on ob ST hL S JP A EP S i H s cot

G B B e b e pe Gedthe roter,
p

RSV LTR, Sv4ommersiailyl ayaiablmeSush praspsuesrcap be durther gutomeess to mereass: funtber

4,870, 009) Q{i‘ﬂ selParld é?ﬁcne&ggfﬂ{eorﬂafxcﬁ B £ ulr aﬁl{)ﬁéﬁs&{tﬁ Rlels Eku?Juyt he

a y tse

apoptotic p protern be contro e y a repre sor. “In sone
systens, the:fpheommhed allaw fdue:eﬂﬁ“redémﬁxphmgh;ﬂxt boreamlirigesfi cagditdte inhibi®rsodrogi cal
condi ti ons of thec by the addition of a nolecule that
competi ¢ velhiRtaagr pibase afi eSSV ot el g0t RaTplena APt 1 he
growt h nesli aomBb&{de chitBe AdRInRREFAIo rar;mrahtps)fhmmﬁ,smhyks ahEthePhsshjddi ted to
the E. coli |acl ressor responsive to | PTG i nduction, the tenperature
sensitive ~fe1dsy a‘P‘Bf)’r‘é§§W°e aiahibK @pontasis: Isentifisd gempoungds acaijugbe for

enbodi ments, boimﬁweagswanald@%nbmlﬁﬂ%%esasxaaquacEAnpalnoQ«n drhehRRERA RAUCNCE.
A "transcription term nator Tegion" has either a sequence that provides a
si gnal that ctemcmrxﬂtaacsptotrmsbmqﬂwe@ws bﬁucthrvempgllrydmm \tahtablemem@fgmhzes t he
sel ected pronpLer and na for | on., Preferably,
the vector i'§ c?g t% eﬁtgtfc alg'é?a] ?Vrﬁ’glutﬁ&t 88 qaﬁ #‘ﬁ ¢ g‘ﬁ W{en t he
host cel hoi Sevantbaﬁd PFAVILE) fuhh& speéifioity ﬂj’retflerd@sbb\}érﬁ@ﬂd albﬂsopanetnacbmﬁmﬁl origin
of WO 00/ 52194 23 PCT/ US00/ 05889 replication. Preferred bacterial origins
of replicatiGHPPH®ude the p 1 SA pSC 1 O1, and col El origins of
replication, especially the on derived frompUC plasmds. In yeast, ARS or
CEN sequences can be used to assure replication. A well-used systemin
mammel i an cefl s IGASBAEGANIAPOPEOTIHRAHIWAS HENES al so preferably include at

| east one sel ectable t table
mar ker gene i ncl udes gﬁ@‘g‘g&eﬁ%ﬁ? ﬁ%ét '%‘é%ln? ﬁ%}soggi%%) fe o'%ijt/kg%&%%ﬂattnh@&g%’? §:t hat

al | ows t r anséndrotied apepltdts fathwag gexksrzhd feedpradicdtss ehdemieiheéd for glioowa of fel t abl e
sel ectablg mar ker genes fg ba terlall hosts include the ang éf

resi stand® oFHE EhBEC Prayclicy UF PARICYIAS 10§ AYERNiope RO VIdes 28 %I“Taﬁ e¥dhanmyci n

resi stance Lfodifdtdn (dfaembriite d4dRAM4SIake &FAF! 28GR A8E Aischosite §F8AlddY
preferred. Suitable narkers
herein, and the knowledge of those skilled in the art, an apoptotic pathway protein

encoding gene can be isolated from a variety of cell types.



for eukaryotes usually require a conplenentary deficiency in the host

(e /g., thymdine kinase (tk) in tk- hosts). However, drug narkexs are al so
avai lable (e.g., (418 resistance and hygromycin resistance). One skilled in
the art appWOd/s2186 that there are a wide variety of suit ZSTASIISIct or s
for expression in bacterial cells and ich are readily obtainable. Vectors
such as the pET series (Novagen, Madison, W), the tac and trc series
(Pharnacia, Uppsala, Sweden), pTTQ 8 (Amersham International plc, England),
PACYC 177, pCGEX series, and the |ike are suitable for expression of the
protein. Bacul ovilrus #e@flevgfapga@ﬂca@tqysrnfeﬁaggwee e.g., US. Patent Nos.
S, 278, 050, 5, 244, and
5,169, 7S4; avail A%Qﬁﬁo ‘?8‘%1%1%5’?‘3852@@%5%8@ ﬁﬂéﬁen#?%l\gg%presm on
in insect cair¢ferablydiN/aslsgptidopf apoptofic pathivpepaias ﬁbmgmehicsDNAen cDNAS.

Pat ent No. 745 051 ) chaqi bact eri al or..t he expr.ession
of an apopt ﬁ??‘&g{xafw&“ﬁ bgi gjr‘% ga?eé{%%e?j" aﬁprﬁgp? NtAhéle@éttE ben

Comver ci af | fediijubs b &on@Rk RS livtatesPBat £6 Kb itS et 8D Re IFaAGbE0k 2D of\, W de
variety of suitable vect ors for expression in eukarﬁ)tl c cells are

avai | abl e. MelacuarcCornéng nd | iderqreraiiarial, BRI Spritg dlaghps nRressy JABRg oSy st ens,
La Jolla, CAkcng dﬁ%Bﬁuﬁércm‘PRﬁﬁcése( 5 CloRERVPLIS AldIGAY Ofifilly, BNSDad,

CA. In certaln enbodi ments, the gene €3f Tntefest s 0 a gene
targeting vdcblrzure,s caubﬂnoastnqsmlmm;erlaplpﬁ@@vmm&sgymﬂﬂ) pi8smiit,agethersCl oni ng

S ) 4 PCT/. USO 5889 T h
o oo by st as s fof e ot YA PR G PR e o 1 S

excl usi ono chyhedhadsofanpéyors, n@bmlasl‘mcc ltyasaire geial Bitombsiiies), EbachRabRAge
chr omat ogr aphy, HPLC, and other known protein isolation nmethods. (see
general |y AUEEES Such a5, EMBlLJy At Gepmidyer plesmids. supra). An isol ated protein

gives a 5 singlepapd e%o@%ﬁé@@n"%ﬁtoﬁé BAEH gehd th%ﬁ:g§§‘§‘|k_‘?ds§)6]§l?us| on

Apoptoti c pathway proteins may be expressed as a hexa
protei n and Bddl,aBedXpyBikeBad.- Bumtetd. hmag tehwtdized dgrdagply an seligonuedeotide

ni ckel - coupl riefl a_seguence enco ed to a DNA
Cequence. encOarRER Tl 1P (P EMT GRe RS FONA s’ ZetANEe i be
posi ti onad acmgmﬁ;n@numpﬁobes 1OL®60bsses iDlepgtkf erbahilmavemybxsdlhatmkeldteatont he 3'
end i nmedi at recedi ng%y e tern natj onggodon The fusion may

be
construct ed ugjpotide SEORVSRIeRREY Beled: spneralixmt He 5 R, Bith@ReP

ENHANCERS molecu]e, such as a radionuclide, (e.g., 32P), enzymatic label, protein label, fluorescent

label, or biotin. Such libraries are then generally plated as phage or colonies, depending

upon the vector used. Subsequently, a nitrocellulose or nylon membrane, to which the

20 colonies or phage have been transferred, is probed to identify candidate clones which

contain the apoptotic pathway gene. Such candidates may be verified as containing the

target DNA by any of various means including, for example, DNA sequence analysis or
hybridization with a second, non-overlapping probe.

Once a library is identified as containing an apoptotic protein gene, the gene can

25 be isolated by amplification. Briefly, using a caspase gene as an illustration, when

using cDNA library DNA as a template amplification primers are designed based upon

known caspase gene sequences (see GenBank Accession Nos. X65019 (caspase-1),

U13021 (caspase-2), U13737 (caspase-3), U25804 (caspase-4), U28015 (caspase-5),

U20536 (caspase-6), U37448 (caspase-7), U60520 (caspase-8), U56390 (caspase-9),

30 U60519 (caspase-10), and sequences available in the art). Amplification of cDNA



I nhi bitors and enhancers may be used in the context of this invention to .
exert control over the cell death process or cytokine activation (e.g.,
IL-1, which is 15 activated by caspase-1). Thus) these inhibitors and
enhancers wobwfamde utility in di seases characterized by KITVUH0/058%cessi ve
or insufficient levels of apoptosis. (QI bitors of proteases have potenti al
to treat the maj or neur odegenerative d? eases: stroke, Parkinson's Disease,
A zheiner's Disease, and ALS. As well, caspase protease inhibitors nmay be
used to inhibit apoptosis in the heart fol I owi ng myocardi al _infarction, 20
in the ki dnbbrafies] mege rfipracietie Wit highi easpasa dadtivityliis eyefegedf Primersi fper .
Enhancers o s or

cyt oki ne ac%1 @ﬁfa?@%?ggg}egeéql¥e%ﬁ¥&gx§ mle%%g&je ,IS% u§ﬁ3mgﬁg?sﬁa2%§%§§ﬁ

apopt osi s i ih @dercerisota¢ b SulblengheDNt The pnmbusfpeefaﬂablygxacelaICsC nentertd @f ef f ected
by delivery of ase enhancer. The inhj bi tO{S and enhanc

D Crer e o 3 RS hugin desegon aitihofob A S SR Endaag 31 B el o

recept or sspeghfibfedifty kbfieh®b hér doASSY ddnfatd @M @tarl Bfubide O htShF 3! e,-milancer s
will generally follow established protocols. The corIEounds identified by
¢

t he net hods(teforevae arigasraliyper fﬁvveaﬁlpn)on’fhﬁagnrb@s agmnneaedeiosdPNA o €enaitione,  or
as a pharma i,cal r d ns of
the present Thoy 2f eaflER0shphRior ol Bl te JPRETECEY VR0 SRMRE Sl
enhancer s asisodzed bpee cetrephoresis avDs@Bfg2 TB% AdpliHET faSa et 05 BdHied rand

conbi nation,wth .one or r ce .cally o hysi gl ggi cal | y accept abl e
carriers, diff lgtoc?rveéwé’lsﬂferé%hggt c‘iﬁs"&ﬁ%ogia?‘{ 8‘%§X5?§3 281’?@ @é Bﬁffers
such as feutetatsibf @ Bdgrhait i ebtaifddS INA Seitht 4R sEar iimtBreandintdugn | i ke,
carbohydrates such as gl ucose, nannose, sucrose or dextrans, nmannitol,
proteins, pemiloesidisapsneine afhhencadadpsotgnsuch as gl ycine, antioxidants,

chel ati ng agents num
hydr oxi de) and p?@ggh@dggﬁ fiso gdlstgtlﬁglr)l% %ﬁﬁ&hggﬂ%tc&aﬁﬁhg%ggt%‘?]ons of

t he present enqwdmgtmwmorragnd ah@lgcutontFar mxamde,ou myoles anl@llrmqlcmbel eratochnae

i ngredi ents. n5|dpnt|f|ed y b mghds tF § %

i nventi on nﬁ@“’%sé “1*8 ‘Fe r‘&i'i"" Lo £3 PR RS ORiRRY asfscrsa}wm raﬁtaf‘é“ Y fdi cat ed,

i ncl udi ng f ertiYREPaCLvel 10 caspagl (seeNSEMrookV@ DU SloldcidlaF Eldnag: Al Laboratory
i ntraperitoneal, subcutaneous, or_ intranmuscular admnjistration. Wthin

ot her enbodiMfgHels 281 Ednd-qld,SBries Harbor habugippoRiets Oh P84 ArBRE! fetei n may

be adm ni st e, A8Pébls A M@le§M§;t By, Geécﬁ@%bmmgan&somweg hhd Waly- ot her
enbodi ments, conpositions of the present invention nay be f ornullzed as a

15 | yophi li il@tt:réCleanNY,zI%é) appropri ate excipients which provide stability

har mgeati cal _composy PR araneut BabFay Bih Bohes "Bl ShefRtiChan o
conposi t 2®nnatey Caviahtai (e ga,npolyfnordhsmbmpﬁcedefsmmtd)edlutanh) bsyrniresmederdnancer S,

DNA nol ecul es, vec 0 Wi har jaceuti ca or 20
physi ol ogi e B epf”ﬁ‘BY em‘c',I %%?El‘%i g‘HP%dt g?r & W%W@sm“@@ﬁe%jﬁ%/l y, such
carriers sheghg.me SBﬂ%@K'e@al Osuf))QIC'AF&'sﬁJBI S @b, LpRa, HA3aBE disaRslof ARGRNL I at i ons
enpl oyed. Ordinaril t he preparation of such conpositions entails

conbi ni ng t Msieflheprafsaed ireetbods rfor EFncrating {4 é% nuglgetidgxsubtstitutéons plize gnascor bi ¢
aci d, | oW MRliGeiRbidhd Bhank 1 3Esd i Bk ARA J:chg%a.f& WEss cRahYBERbisdes,

prot eins) am o acl ds, ohydrates inclu |ng ucose, sucrose or

dext ri ns25 cvelbates.ndhagligrnsclenich lsksybﬁm“ml tog¢ommdzrmmmrxe sinple sorated nstlaibi | | zer s
and exci pi ent fered. sali or salin xed n ecific
cer um al bumiisd ST TR Aot ahe feyBHidt | Sns'SPRES

phar maceut i Gehnde® Ak&E bdi@ bpreParddifer tRneBARdtioh ime Bbét@ﬂlls”?pldaﬁy Erepapad for
adm nistration by a variety of different routes) including for 30 exanple

i ntraarti culadpmgiivelynother pEikpELley, Yot SragtBerngikpryotes.ntStaarasqrecaingyand

i ntramuscul afelr growth protocols are used to identify mutant sequences and obtain high yields.



WO 00/ 52194 26 PCT/ US00/ 05889 intraocul arly, intraperitoneally,
intrathecally, intravenously, subcutaneously or even directly into a tunor.
I n addition) pharnaceutical conpositions of the present invention my be

pl aced wi t WRO¥8P4i ners, al ong with packagi ng materi al \AﬁF’E’HS@fOBWdes

i nstructions regarding the use of such [IPhar maceuti cal conpositions.

Cenerally, such 5 instructions wll inClude a tangi bl e expression

descri bing the reagent concentration, as well as within certain

enbodi nents, relative anmounts of ex i ent redients or diluents (e.g.,
wat er, saline or PBS)S‘%‘FET% defgtjonsan 8‘@@%‘?&9@ BENES BIgK B penstracted by a“y

phar maceut i gal, VaRBR Ot KrloRA - mEtAGHs "RCAbub LA | suH2PPS é)!a%i% W bt edatllvel Or bot h
di agnostic or therapeutic purposes. 10 Pharmaceutical conpositions of the

present i nvéigestesh witdyregactipintirymee sed religatgd rereth diat gpgaaeence ds aleletsdigre

di sease to I t d

adm ni strat ?eglﬁgtreg%&%d&?}g?ﬁ S%\ﬁg&?%}m ﬂm%n %’?%{rl g}[(}iag& ufggtggtﬁgﬂg #@gg ‘of the
pati ent, Sand)thdnmewyso@f @mdatagmanmtyeqnbndehmapaé employed dith aaesiods laocsragms may be
det er mi ned ccur at during clinjc trials. Patient

noni t ored f h&*aé’tfgﬁ%/tloée Q?SF&E 4 e °‘BS/€ ﬂpﬁ%ﬁf‘i)aﬁ“g ‘g‘ésé‘nﬁ%cﬂ’dﬁy,

i ncl udi ng SKﬁBﬁa)OfV%ﬁ&t1&ii|of %30 sBReh @Y. is It]FREHI) TacBBlpIishBd Ibly KestridtidR

foll ow ng exanples are offered by way of il ustratlon and not by way of

li mitation. enzyws oPSE] SQuPCT ebos/ 058¢S briixaivrL ES EXAMPLE 1 CELL- LI NES
AND CELL CULTURE 5 697 human | ynphobl astoid cells stably infected with a
retroviral expression construct containing Bcl-2 eDNA ((®7-Bcl-2 cells) or
a control n&nycVacTarsj BongmM(FSWeHmE&SINcsANE(qustmctlazoaald Reccd,
1993) (o ai ned froweg lgé Burnham I nstitute). were. useg n these
studi es. '“The cells B aﬁ%‘?tﬁq APHRYD RrOTER May-ReogPEHEdeing? SREFY i%h 8PM 1 &40
medi um (1 1 VioR@inisms €M ¢ertafa, enﬁaamnénme p%n &E&&il@@@iﬁttﬁ&eﬂh 1s0chl@ Pochet al

bovi ne serum ( ( FBS) HycI one, /m G418 (G bco,

Gai t her sbur @ MVpyMaiav cd sﬂegg/qﬁ p@chp@ﬁr'/l)i f‘i’F §‘th|r*T¢g (BT, SPFESEPR Voo have

Scientific)y l'ler,

Uni versity o élvglg @@éﬁé@g&%@%]éhﬁ?%ﬁ %}ﬁglln%lgg | entzj[btfe'nHe

suppl enment edpmdshanﬂ&%atﬁotb’sBS;ch dervkagl (etga o aeomg céd. ceraviyiar), and insect cells

peni ci | I treg{??rryci n. Mouse brain cortical cells were prepared at E15 of
gestati o S buffered saline solution (Irvine Scientific) wwth 15 nM
HEPES. The tissue wasAlNAfskyheAdesnesding @ prottih i9inkloduded S an Rpr@ssigds hed

t horoughly with MEM nedi um suppl emented with 10% FBS and 0.4 ng/m DNase |
(Si gna, St. VEeor Prropople fgethe hoste dp certan embodiments, sisprptely ean, bedg Inserted

into a vector such that a fusion protein is produced. As discussed above, the sequence

may contain alternative codons for each amino acid with multiple codons. The
20 alternative codons can be chosen as "optimal” for the host species. Restriction sites are
typically incorporated into the primer sequences and are chosen with regard to the
cloning site of the vector. If necessary, translational initiation and termination codons

can be engineered into the primer sequences.
At a minimum, the vector must contain a promoter sequence. As used
25  herein, a "promotcr” rcfers to a nucleotide sequence that contains elements that direct
the transcription of a linked gene and contains an RNA polymerase binding site. More
typically, in eukaryotes, promoter sequences contain binding sites for other
transcriptional factors that control the rate and timing of gene expression. Such sites

include TATA box, CAAT box, POU box, AP1 binding site, and the like. Promoter



EXAMPLE 2 SUB- CELLULAR FRACTI ONATI ON 25 Frozen cell pellets containing ~ 10
cells were thawed and resuspended in cold hypotonic buffer (10 mM Na- HEPES,
5 mMwd 2, 42 mM KCLl, pH 7.4) supplenented with 1 nM PMSF, 1 p,g/m

| eupeptin, WORWVEAM pepstatin A, 5 ~g/ml aprotinin, 0.1 nREFAPONOSE 1 iV
EGTA and 5 mM DIT (Sigma) to a density gf QL.5 x I 0a cells/m . The sanples
were incubated on ice for 30 mn at whith time the cells 30 were | ysed
using 30 - 40 strokes with a Dounce honobgeni zes. The sanpl e was centrifuged
twice for 10 mn at 500 x g, 4 Cto separate the nuclei. The nucl ear

pel lets  WOSBOs BRY gleo sentmp TRagessclssnts. Wies aprumOtovHs Halepditop @eng 9 2% he sane
buf fer supple g1k ICE s i; tshe nucl ear fraction. The
super nat ant kovéaﬁgﬁ%%g?ls\e%é:trtlbtnhf@l}gg%lé&g?§§??%884]€hg or 30 minat 4 Cto pellet
t he heavy nenbranes. Cther tegdatyryrseqrisnen @sy\beriacludes haclB sqqueress inclubde 4. 5 nd
cold hypotonic buffer cont.aini.ng, protease inhibitors and DIT. The washed 5
morbr anes. WAPECTRISS SITRIRICR 1S Hh GERHTES b ETPD s HER at et SRR ¥ o el n
concentr &t i paplivéion AHRREQNle HRdriedr Yand B Th ruthitdry séduendes aé\opBRatidagne
fraction, that was either flash frozen or used inmedi ately 1'Por enzymati c
measur enent gssgFiptadyith ppeaptherto alpw trpascopionordgragglgionnat ant  was centri f uged
at 100,000 x g for 3 1 . i i a : agm c
fraction) and a pell %ﬁpgﬁ?‘grhgﬁ%%ﬁlég‘* rlﬂgrg{ﬁl g‘%&ﬂg %r g’?g{o#% lgrgér?cg)?t rations
wer e measur expression@f Pregiraseins Asskost ¢llt(elgl, bhctoml)Bi SiRalkle pidnitdye wicrvadepr um

al bum n as the1 al i réatior111tlsqt]andarg].e Ip 9 .b$g<perin§.nts cel | lpellets wer e
|l ysed as ab8R2°BAPCWIE noUt & T &zl nagl'stgg’lsl b Of SSPSUEYEE MBS YF ochr one
C ONn casprs grefidiedViSugh pedters ASFdxpresset i bactepib daclindel frohOtepOfroth thoT7 ne
cytochronme ¢ (Sigma Chemical, St._Laouis, M) throughout the entire

i sol ation pPBRESHTH Oher phagshreudh & Thpbh i2ALAES, a“lﬁ‘itf"i)g’ﬁoﬁ’ﬂr pag lag opEOPHNS wer e
prepared fr : n | I r h£er

i t ochondr i gﬂmr%? ﬁ%"g&%}(ﬁﬁgﬂﬁ ﬁ?‘g‘gﬁ@?&?ﬁﬁggﬂr’ 5%3% ’%%c’?‘lhialfh o my 1998)
and used wi elsoute fisedez Pranot@® BXAKPEEIR InVANCRLIOTEIINGrGudre did BIGror
fractions (9 rotein [ l-ane re.r ved b DS- PAGE on Y% or 16%
gel s (Novex?P gﬁlgghqu ?eél?p Oq?irnoé% crugaorYls Sélr%Peecgg(cho“Ip ﬁﬂéri‘ F%'osﬁén? SBVDE [késmranes
(M 11ipore, PRenlf Nesds,2A0)41, FR4D6EME2668LE 4146506 £chnd 15, 1BB3RD), MK TVEAR, 20

ot b, o/ OO ARAPENEs BT NG pBerP e Feun it ore £andls. PHOTI owi ng

t hree washeyd. B g7iB500) afd @k sikyver e i ncubated for one hour in 1:15, 000

di lutions of alkaline phosphatase conjugated goat antirabbit |gG or goat
anti - mouse |1 gG ( Tr opi Xe prgmoter controlling transcription of the apoptotic pathway protein

may itself be controlled by a repressor. In some systems, the promoter can be

20 derepressed by altering the physiological conditions of the cell, for example, by the
addition of a molecule that competitively binds the repressor, or by altering the
temperature of the growth media. Preferred repressor proteins include, but are not
limited to the E. coli lacl repressor responsive to IPTG induction, the temperature
sensitive AcI857 repressor, and the like.

25 In other preferred embodiments, the vector also includes a transcription
terminator sequence. A "transcription terminator region" has either a sequence that
provides a signal that terminates transcription by the polymerase that recognizes the
selected promoter and/or a signal sequence for polyadenylation.

Preferably, the vector is capable of replication in the host cells. Thus,

30 when the host cell is a bacterium, the vector preferably contains a bacterial origin of



30 PBST/casein. Blots were then washed twice with PBST, twice in assay
buffer (10 MM WD 00/52194 29 pcr/USOQ ossa9 di et hanol am ne, pH 10.0, 1 nM
MyC z) and then incubated in 250 pM chemi | um nescent substrate CSPD

(Tropi x) i nWMEA%uffer and exposed to Biomax film (KodaRCTRECKEEPer,  Ny)
overnight. In sonme cases, followng th econdary anti body incubati ons, t he
blots S were washed with | OrM Tris, pH9.5, 1 nM MyCl,. The blots were then
i ncubated for 30 mnutes in 1.25 pg/mM DDAO phosphat e (Arrersham Arlington

Hei ght I L I b Th ts d th
STORM 1 uor CSCIARE | TRGER PRGTBLITELP Sppmuies R alRal pRGR T "0 11
anti bodi es useskpey & ragrbti edpediall thd 6ﬁﬂ&ﬁhéﬁtﬂoﬁﬂp[|}@l§$asmkﬁ><| Iﬂ%ﬁbﬂAR(S()

caspase 3 (Snni vasan, et al., 1998), cytochronme c 10 (Pharm ngen) San

Di ego, A FEDY praBsRsevsan de deed te atsisireplicgtiqmyih welkugad spplemas mamgialipmnd
oR), D4- GDP& §E%“V4%tdnon inhibitor (D4-GDl) (a gift of Dr. G Bokoch,
Scripps Research Institute, La Jolla, CA) and pol y(ADP-ri bose) polynerise
(PARP) (Efizyne Syst endhe Dlavmardﬁ alse prdﬁmlbly thEXANRIaE che ACIECtob1E YhaASEAME

Caspase act | Migfiles iTERSHLEd oD eng ) Rhe Slend¥l: 2% SORVE SORLAL M O
(Asp-d u-Valp %ﬁé}v@drbmcmeh&yltmunws finsEHRed lcalltol Be |dehtifdl ARY sefedBvdM HEPES,
1 mM EDTA, 0.1 % CHAPS, 10 % sucrose, 5 nM DTT, pH 7.5) in duplicate

Cytopl ate weBP¥n. Fw@biet seegRblarmaker geses i lta@?e@al hosty Hsludp dhe ameicillin

fl uorescenc { v ng the
Cyt oFl uor 48r(§(£)1%m§tg§§€(e er; %ﬂac clig?(r:ég%%aln %e&%fgs;)s%gngyk%r g’k’llﬁq Sz%rt#%élj\/lﬁ\) For

ki neti c gbudgeas (Karﬁh Ebmtsmwenc:@mm gextei 1o preg@ndly \paefermetl. |Smtahb makge 1 -

100 pM For nh|b|t|on St dles the enz retreat 1
i bi or 1 ol SUARIa S e Sedile S EMRR! B RAE) e Bt ko YERED o1 o
50 | . ~M subsking@k g(tlgoinutk- didsts). NIHdWelvat dnfyg masddere Srenalse algildlen(dedG4ss ng t he

equation: 30 WO 00152194 30 ~FL/at = (~1FL/~t)o /(I +[1]/1Cs0)
PCT/ US00/ 058¥s8istepse/apg hyompean sstensRdd i nitial rate of fluorescence change

at inhibitor concentr @de%ﬂlll[:él In tﬂ@grt Qpﬂ?eclrz‘tgtilﬁ thée 538 Wik Vhddty bR&fRable

fl uorescence change for the uninhibited enzyne.
15  veclors for expression in bacterial cells and which are readﬂy obtainable. Vectors such

as the pET series (Novagen, Madison, WI), the tac and trc series (Pharmacia, Uppsala,
Sweden), pTTQ18 (Amersham International plc, England), pACYC 177, pGEX series,
and the like are suitable for expression of the protein. Baculovirus vectors, such as
pBlueBac (see, e.g., U.S. Patent Nos. 5,278,050, 5,244,805, 5,243,041, 5,242,687,

20 5,266,317, 4,745,051, and 5,169,784; available from Invitrogen, San Diego) may be
used for expression in insect cells, such as Spodoptera frugiperda sf9 cells (see, U.S.
Patent No. 4,745,051). The choice of a bacterial host for the expression of an apoptotic
pathway protein is dictated in part by the vector. Commercially availablc vectors are
paired with suitable hosts.

25 A wide variety of suitable vectors for expression in eukaryotic cells are
available. Such vectors include pCMVLacl, pXT1 (Stratagene Cloning Systems, La
Jolla, CA); pCDNA series, pREP series, pEBVHis (Invitrogen, Carlsbad, CA). In
certain embodiments, the gene of interest is cloned into a gene targeting vector, such as

pMClneo, a pOG senes vector (Stratagene Cloning Systems).



EXAMPLE 5 ACTI VATI ON ASSAYS 10 Heavy nenbrane sanples were diluted to 1
mg/ M in hypotonic buffer or in 0.25 M sucrose, 10 mM MOPS, 2 nM EDTA, pH’
7.4 (Mancini, et al., 1998) containing 5 MM DIT with or without 1 % NP-Q.
Caspase actWoR081M was i nduced by addi ng either 60- 160 ngPET/USWOEEDHI nant
murine caspase-1 (in bacterial |ysate) " f~g/m of purified human granzyne
B (Enzyme Systens Products, Livernore, (4_‘A) or buffer, 15 and incubating the
sanples for 60 min at 30 Cor 37 C. After the activation period, the heavy

menbrane pellet was renoved fromthe sanple by centrlfu‘?ation for 10 mn at
14,000 x g at 4 C. ThEhAPgPIotifrpatbvaapioH %ﬁd‘éql%‘i’—q px stapdard psthods; speh a5g

super nat ant gfmﬁ{ cHeAhAeSh g, §08 e&é]@sﬁ]mcrzﬂr&ﬁ%%ﬁf:}g{] nﬁetﬁ)ﬁgﬂ%ﬂf&{&t{gﬁﬁf@y from

exam ne the 11Mg course o Spont aneous actl v caspase a
menbr anes, 56niy lexahfangecchrymBogramphyh HRRE, shdipthyr kxovira protany isol:idf Gngtigpds.ot al

Cubstrat o oot Rl ohet il QP Br A vt e A PR FUBPBERANEE v

measur ed 9Veingld biRd oﬁ\SDsaﬂlAe:mwﬂeﬂdtmﬁedmtm@m@éwamts were renoved from
sonme wells) centrifuged for 1Q mn at 14,000 x to renove the heavy

menbr anes and the supfPPRiQtsathygy P%W%‘Eﬂ&’??ﬁsﬁdﬁﬁé herep-hig (His)e Iﬁﬁt"@ to
measure the pg&elﬁ%ygbﬁte@%y%eﬁlt@mﬁélﬁﬁg%ﬂ%m%ﬁ)%famﬁ ¥%ucH 43 n?&@pcoﬁﬁﬂﬁ btdaent s,

subcel lul ar ‘fractions werée treated wt bovi ne cytochrome ¢ (Sigm)
and SO ECM dBxiefly( Nequwgleacmlnw Hisabslmkabmea ID>NA ueridei enaddinp thealesiredt | ons)

for 40 mn at 30 r.to,.nmeasurenment .of caspase acgti Vit

001 52194 31 FESIRP R ERGALE RS Fesfisterm disoFolseds bLos
(DE3) celbs ﬁaﬁé:ﬁ@]@:lnn@ liak zasmﬂeﬁ@nﬁmediatelg prdtediap eHeadmiitatRA cddaaspse- 3
cDNA (Fernandes-Al nenri, et al ‘9 provided by Dr. E. Alnemri, Thonas
Jefferson UiPY®HERY {5 copsiguctedpyaayo w&etywémmﬂuxm | sites of pET21 b
(Novagen, WMadi son, W.) and were grown in one liter LB mediumcontaining 0.1

ng/m anpicillin at 37 C. When the culture density reached Aboo = 1, |PTG
(S~gma) was EiddedSE6F BNHRHRRSARENHAYGERSf 1 mM and the cul ture was incubated

at 25 Cfor three 10 g@%ﬁfﬁaaﬁaﬁgﬁagg Smiybe éé]ﬁ% i ?r? %ﬂte%’orctﬁﬂt ﬁéeﬁaH&%‘ on at

2,000 x g for 15 mn using one freeze-thaw
cycle in 10Gxeik cBitrdiover thefcek rdedtR ProdebsTeor Q@hnéﬁﬁﬁvﬂﬂdnl\h@ . IL51,ndichimisdazol e,

0.1 %triton X-100) with 0.1 /. | ysqQzyne. debri s s repoved from
t he sarrplé: A7t e ?’Y feApate Bn gg“%@“ﬁ%(‘i%&%ﬁ“ f e@ﬁ‘“ﬁ"irﬁ vl bpve utiyeln ysed
celI's were tdiQadeedndritidrizd bpsitHePexeediveiok UaaticRAt MIdIHoMpbbrosiaNthnidNeke 1 to 1
S reduce viscosity. The supernatant was filtered through a 0.45 ~m syringe

filter and |YaRieGasshthavenpatepel Np Lreat lheclnapg@alrpﬁlegﬁwatmeiedl@ﬁaﬁ%g getkemm
was vmshed oAl D N e R Fe 7D Moo B R B 5 ndi ng
Buf f er cont anhibitgs 60y ivhsedita snhidiitcapoflthes mabq:)hqaa fBllqwmg myncml ipfarttien, from
the col i uSIt['lg kadney fornowﬂgna%%{e gcr;hac%ae r]a%d llfl diseases of the liver. Enhancers of
caspase activity may be used in contexts when apoptosis or cytokine activation are
desired. For example, inducing or increasing apoptosis in cancer cells or aberrantly
proliferating cells may be effected by delivery of a caspase enhancer.
The inhibitors and cnhancers may be further coupled with a targeting
25 moiety that binds a cell surface receptor specific to the cells. Administration of
inhibitors or enhancers will generally follow established protocols. The compounds
identified by the methods of the instant invention may be administered either alone, or

as a pharmaceutical composition. Briefly, pharmaceutical compositions of thc present

invention may comprise one or more of the inhibitors or enhancers as described herein,



20 im dazole (60 - 500 mMM. Reconbi nant nurine caspase-1 was expressed
using BL21 (DE3) pLys S cells harboring pET3 ap30m CEFLAG plasm d (a
generous gift of Drs. HR Horvitz and Ding Xue, MT) which contains the
p30 caspaseMP WSKR4j nserted into the Nde | BanH | sites of ROTASPYHSEH
expression vector (Novagen). A three Iiéser culture was 2S grown at 37 Cin
I nduction nmedium (20 g/1 tryptone, 10 ¢g/'1 yeast extract, 6 g/1 NaCl, 3g/1
Na, HP0O4, 1 g/l KH P04, 1 mMMgC z, U 1 nM CaC 2, pH 7.4) containing 0.1
ng/m anpicillin and 0.02S ng/ m chl of anpheni col . en the culture reached
a density ofinagpmbinatign vy Gr’T‘g/a‘g ‘é‘ﬂ’é?eﬂh“l"'gg"f“m%é{nﬂf %‘@%‘?Weaqﬁﬁg@ﬁaken at
2S C for 3 hQuies, dilbents ! skcipRAB. COhdhCEInSidsiyns B! doigidt ibRfferdtsudP@P X 9
for 15 min at 4 C and 30 resuspended in 100 m cold buffer containing 25 nM
Trisd, pH Sestraldgfigradiealine, @hasphatep\buffeed saling agd tidika sadrinsisss such von
X-100, and O,1 np/ S Tech.. ttsford C. .. Canada). The
cell's were 1§ %’gg’&?ﬁ“ﬁé%bﬁéyogg8‘2‘%%%%&1%%%?}%%9%%‘8?4Pﬁi’%’?%t%\ﬁégf P AR by
treating thesusmapglgcing,tantiékiditsreebdtinpPhigees duch @s DTN dviBitathiohe,pdavaitor 60
mn and then centrifugin t 20,00Q x for 30 mn at__4 Cto renove cell
debris. 5 EXAERLEMIARRyTySROXIRANGH AP eI eEASPISEaIdiion, s Eharmpisp i)
caspases (W dghdo¥iR6ds ¥ the PREG RRAntDA thay hiks BordthiA AL 3F hidke hduitdAs! Riiesence of
"' S-met hionine using a coupled transcription/translation systemin rabbit
reticul ocyt eingigdignt. usi ng TNT Kit (Pronega) according to the manufacturer's

Sabcel | ul ar' 1acti ons WPEHea SRRl Pyl il b R PR A Bk T o

retrovirdb cfopstlued ffer the pames ofi gdreinishrationBadieZed; NAudiig for eempleifor ¢relSi St ance
gene (697-Bcl % and 697-neo cells,, refs?gecti vel y) éM ashita, and Reed, 1993)
Nucl ear, hea%almefii%ie, NIRRT (RFaRRRoneghy i‘iéﬂ!f P YactBRUSHISF e

i sol ated fi ofadihieeRiode Within SRk GALHATGNEJf ARAnIMHME ShEdompaki@bnsafdadribed S Wi th
anti bodi es specific for proteins with distinct known subcel |l ul ar

di st ri but i onkerciadnayrperadmpipistereg as Martj of osusiaingd egleane implagt. dWithint el offigai nst
cytochrone oxj peeh fi.: for. Mt o ri 1nn Tzagol of f,
1982), pol y(%E%@ﬁ%néiefﬂp@sﬁlﬁéffégh%éﬁ%w ‘E?@é‘??i@g g&n‘%c g‘r"&‘( égrger,

| 985), DASGOIophiBzmog; iutitiziog apprbprizid encipidids @hilch providecstibilityfasra kyyplolidases m ( Na,
et al., 1996%{@?@ Bcl - 2. l;l’t&ﬁ i mmunobl ots were visualized on film by

cheni | umi nesTETERSCIERERIENUHAE Byt ochr ome oxi dase i mmunobl ot whi ch was
visual i zed by 30 chemiAsl nbpddesse®d) pBarmaceutical compositions also are provided by this

invention. These compositions may contain any of the above described inhibitors,

enhancers, DNA molecules, vectors or host cells, along with a pharmaceutically or

20 physiologically acceptable carrier, excipients or diluents. Generally, such carriers

should be nontoxic to recipients at the dosages and concentrations employed.

Ordinarily, the preparation of such compositions entails combining the therapeutic

agent with buffers, antioxidants such as ascorbic acid, low molecular weight (less than

about 10 residues) polypeptides, proteins, amino acids, carbohydrates including

25 glucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and other

stabilizers and excipients. Neutral buffered saline or saline mixed with nonspecific
serum albumin are exemplary appropriate diluents.

In addition, the pharmaceutical compositions of the present invention

may be prepared for administration by a variety of different routes, including for

30 example intraarticularly, intracranially, intradermally, intrahepatically, intramuscularly,



WO 00/52194 PC T/ US00/ 05889 33 As shown m Figure 1, the mtochondria)

mar ker was found al nost exclusively in the heavy nenbrane fraction) the
nucl ear marker only in the nuclear fraction, and the cytopl asm c marker
only in thewoywesdasni ¢ fraction. Thus, the fractionati onPEGEUSINSSSR NI oyed
generated fractions with the expected ? bcel lular 5 distribution of marker
proteins. Inportantly, cytoplasm c contdm nation of the nuclear and
menbrane fractions could not be detected, and only m ninmal mtochondria)
contam nation of nuclear fractions was detected (the diffuse D4-GDI
reactive bangtrdopulathe intiencetpnedllyq dntiagiscallyoumiravenauplyy sebcutapneouglynors peesi f i ¢) .
West ern anal ySi.g, ; f i £ = Y| i . £ 0 human
Bcl -2 (Fi gurdzéz‘it?y)lm:?eant%%g% rlg'? g%{“;sr? P%%g’ziegﬁg%gc é o\%p%g anﬁﬁ B%Péedé%q’%h@hheavy
menbr ane fr agdyi beplacesd akithin rcesteiners tlpng rwitth@adkiagihg metedial awbich rjxetidesn, and

et Eon ! Suhgi il 08050 ol RSSOt RS o Sy
Simlar aaliysmsticnk Will dchideiStakgdislfeRRéssBa | deribfl|the gel\a?é@f?@o@eﬂt%tibh,%nt
overexpression. 15 EXAMPLE 9 SUBCELLULAR DI STRI BUTI _OF CLEAVAGE ACTIVITY
Prel i m nary vestpay Wit serfaificphpdimentparelatiyg papunticef gxainientiaingeedisnis |t ed 20
w th nmenbra L yeq,d.0 i C ] .
subcel | ul ar di esrgfi(%%fi Oafrt]ergﬁ @E(S:(ﬁ %%ﬁgggggg,ﬁgaéga%gesg%%i egg}sh&t tehe
subcel | ul ar phemctewica torpes8Bn- nhanedckwicab comuasitionisated ukafuli farubathi ng t hem
wi th the sub tratte DE%/%%E]\:?, uand%rr\:,\asuri ng the increase mfluorescence over
t he subsequ RENFUS ST P§eP BYERE™i s a useful substrate for all caspases
characteggzed to dat ephannbdiutidae eopgRBlibeN & tRASPRSA 2invbnilohalniMyl ae et al .,
1997; and data not shown). Wile nost of the ant cl eavage activity (-~
75% was i n admEigged ) 4 gienper APRIEPTahto e dispase dnbe Hratething prevsntedhelhel eavage
acti vity wagybaHPGnd Trehhics ¢ laBRnistBEGH Wil BERERRRnEN By 'sh e
fractions (FugurgSHZAregndc}éCf.a D|151{7D ant érgavgge Sg‘??%s’tg{]?‘"‘ﬁ SJUTE{:EIPI ul ar
fractions ofcos@ifiorced thepaticatnaridethe tyde mid severdy ofibmpatisint odisded. - Roseggsmey'si on
fectors v Sl LREhLANMAL AR08, GRTAEERS T Sy oS | o o
15 therapeutic effectiveness by appropriate technology, including signs of clinical

exacerbation, imaging and the like.

The following examples are offered by way of illustration, and not by

way of limitation.



PCTI USO0/ 05889 activity values in the histogramare normalized for constant
nuriber of cells (Figure 2A2B) or ng protein (Figure 2C 2D). The val ues
listed for each colum in A and B indicate the percent of total cleavage
activity prwogas21va each fraction. The error bars in Fi guPEI/USHN/OEEY ndi cat e
t he range of observed values for two i:}d,ependent 697 cell 5 preparations.
The maj or DEVD-ant cl eaving activity irf‘each fraction was i ndeed caspase
activity since it was potently bl ocked by specific caspase inhibitors
(Table I, colum 1 Exanple 13, and data not shown). 10 EXAMPLE 10 BCL-2
SUPPRESSI ON OF MEMBRANE- DERI VED CASEASMBIERS VI TY We next exani ned the
effect of Bcl-2 on the caspase activities in the 15 various subcel | ul ar
fractions. Wen subcellular fracti ogiﬂ?iggd from697-Bcl -2 cells were
prepared and i ncubated wi th DEVD ant”Su str te, substantially reduced
caspase activity was observedCen.-Lings ans Cearcandrbheavy nenbrane fractions
conpared with 697-neo cells (Figure 2B). This Bcl-2 effect was evi dent when
t he caspa%e activity was neasured on a per cell basis or per ng protein and
resulted in an 80- 90%6FdiiGhah ORmipRotAS AR SRAS St |ikfebida | With NESErdvi@Lt i ons
(Figures 2B and 2D). The effect of Bcl-2 expression on caspase activity in
t hese fract iesprsssiprscansest corfainigg fird-2| dONA €697 Bali2ycedlslppr & saitoh ne@sycseen in

(Fi gores. 2 S0y S Al el 001 WRACRTLE, Rise, |40 (FROREBPm REGME ot oo

caspase act iRdetlyBumbam dhstinitelpwate deed iretheder andies. SThe kelpewaenhdaeined in
apoptotic cells in the 697-ne | tures whose nunbers were suppressed in
the 697- B}| -Biddpg Phpsgsgroph frhkﬁaef‘g‘mt medipms drving, acigpficy SéP?oAﬁ%t\/EA)expect
to see maj orgughifhEfiENGAR 10™% FARRRT R GhV((FBSSHRAGINEED | @5 m

fractions desru?(’/eld f_tr om 697-neo vs. 697- B]cﬂ(- chs:ef)lﬁs‘. | n%lﬁ%tém’cont%rggrlm

experi nent s @éh®ri&ibcatr LehithershurgyhdP)6aRL Beo meshl penierllay/stregtomydint drdmder go

apopt osi s by, 0 i t . Or  kncrease spas.

ot vi Ty e TG e iAo o Rk WRTE A H R PEERES o,
PCT/ US00/ 0588 haagdhweere giowintiy DMERahedurh (irdhipSei agdichraipplcaitatcd s8mioas ed
caspase activity s.not.limted t he 6971 hohl astoid cells,  sjnce
simlar i? i e%‘%% %H\é]@eglﬁtﬁ?&e\fé’& Qﬂ "EF(L?FF‘LB?H’?R%"%&B@HH“FL@?&? tain| BGat a not
shown) . Si ncRlif MerdpRp@RE #H13, ofagesibh iR HAKDHuRMB! ahedomtisif(Bine have
denonstrated that Bcl-2 protein is found predomnantly in 5 nuclear

envel ope andSoaglg) withd a0 HEPES: i edispuci wasrbaiefly dissegiateds with 8t1 %airypsin 993;
Yang and washed thoroughly with MEM medium supplemented with 10% FBS and 0.4

mg/ml DNase I (Sigma, St. Louis, MO), gently triturated and flash frozen.

20
EXAMPLE 2
SUB-CELLULAR FRACTIONATION
25 Frozen cell pellets containing ~ 10° cells were thawed and resuspended

in cold hypotonic buffer (10 mM Na-HEPES, 5 mM MgCl,, 42 mM KC1, pH 7.4)
supplemented with 1 mM PMSF, 1 pg/ml leupeptin, 1 pg/ml pepstatin A, 5 pg/ml
aprotinin, 0.1 mM EDTA, 0.1 mM EGTA and 5 mM DTT (Sigma) to a density of ~1.5
x 10° cells/ml. The samples were incubated on 1ce for 30 min at which time the cells
30 were lysed using 30 - 40 strokes with a Dounce homogenizer. The sample was

centrifuged twice for 10 min at 500 x g, 4 °C to separate the nuclei. The nuclear pellets



et al., 1995), the present results were conpatible with the possibility
that Bcl-2 mght act locally to regulate this nenbrane-derived caspase
activity. In an effort to begin anal yzing such nechanisns) we fiu-ther

char act eri zZw@ 0082184 nenbr ane- deri ved, Bcl - 2suppressi bl e caBgHYS004888Pvity and
focused our efforts on the heavy rrenbrei e fraction. 10 EXAMPLE 11
SPONTANECQUS ACTI VATI ON AND MEMBRANE REEEASE OF MEMBRANE- DERI VED CASPASE
ACTIVITY 15 It was possible that the nenbrane associ ated caspase activity
was due either to an active nenbrane-bound enzyne, or alternatively) to the
spont aneous V&S thom waghed dwise i the pame gnffer sypplgpededawith UM sugyess, yigidiigef ore a
set of expery esi boSt |

possi bi |1 (1 o ep $ETofi  FhEndih W e OplealloREH 130k AT0E3 MR w4 ¢ om
697- neo cel I°€ tp ipelbet terheasp @smbrangp oTlonheavip ufefubranan o eiobvidhahs timebstithat e at

room t enper atur s, i nmmedi ately added, and t.he ener of , ant

f1 uor escencgi‘%ﬁf\g@ Bpo ﬂ“}fu‘?a‘bf%bé?’%%mémf&fmﬁ/i? s ﬁg‘igﬁﬁed&h“’rﬁé’f"ﬁévn ant
cl eavage MfCimhefitirihediverassusBaded iathypotorns Baffd s thaPthg t&hl froemitodceRiraivar ed
menbranes i nto hypotonic buffer containing 20 pM DEVD-ant (fi nal

concent r at i OYf.apiesingally 3t mginloyickimeatie hepyomembiaag fisptiosy tha oy oithe change
in fluoresc - = 8P; di o 260vA &NB - e data
denonstr at eqit} a%rg%ﬁeorre ?(21 I ttltﬁgeﬁlg%rt e2¥ ag}ceﬂhsl[}%?{e%%encg{lgﬁg%gé o@%r t he
first 15 m rl41068 xof supemataat wancenbifitgedfat 00,0001 55 glfaig3pmin atcy °Cheeldiag@ of ant

production increases r.kedl y. (Figure 3A).. These results indicajed that the
Preshiy pr edraR L ApranaT e iy o8, 4 ablet JIPT vaéraitne, Batitils Mg
activati om QofdehiraibndWesd HehmredOistlgyPrdtein Agsal M€t N GuMaBioRAd Wi B)ineTO
assess whether this newy activated WO 00/ 52194 36 PCT/1JS00/ 05889
caspase was S§umAbumigas figealibipionssatad. Heiepiesraaingis cslhralisis s Iyerd
different pekigew, ht witH@qt(aOfrE&in%Ostélp. Nh QSk seffeQh lop Wy IoGnedhNe Gl o ispaRMP! €S
were centrifuged for 10 mnutes at 14,000 x g at 10" C and the reésul ting
super nat ant scigiye saws aspavles overe drspigd ewitic t1D vikg/ml Wiovine Dhwmes ¢ UB@hmaat e.

These data nstr . hat, Ve little cC as act i vit S present in
t he super na;t:'%}t% lc?‘]l}’ii ?(It gl?c?u;i/shalgl(};f t%‘ %ggﬁoggltu%legﬁééaés‘égﬁgn apcf?‘fe\‘}}’%ymglﬂ)pé)g}eed

t hereaft e (ekpainients3BitocKondridliftafions evesapreysedfroh 1438 $67-ded anddeaTamd2r at ed
that for each_supernatant, fluore Ceﬂ%ﬁ i ncreased linearly, indicating that

once rel easéflly PHictH e myPeivadrial methods phMancipk angd pollahoraltrs (Mpugdnt. e

Fur t her mor e, gt pess hiNRed Rfthdhe&ingur ves (Figure 3B) approxinmate the

i nst ant aneous sl opes of the corresponding tinme points in 10 the progress
curve for the heavy nmenbrane slurry (Figure 3A). Therefore, all of the
caspase-3 activity can be accounted for in the supernatant fraction,
indicating that all active enzyne had been rel eased fromthe nenbranes. In
contrast 200 the neo- nenbranes, nmenbEXAdPLdEF i ved fi-omthe PB7-Bcl-2 cells
(Bcl -2-nmenbranes) failed to genera}te significant DEVD ant cleaving activity
(Figure 3A). 15 EXAMPLE 12 MMUNOBLOTIING

Subcellular fractions (50 ug protein per lane) were resolved by

SDS-PAGE on 12% or 16% gels (Novex, La Jolla, CA) and transferred to Immobilon

25 PVDF membranes (Millipore, Bedford, MA). Membranes were blocked in PBS/0.1%
Tween 20 (PBST) + 0.4 % casein (I-block, Tropix, Bedford, MA). Blots were
incubated in 1 pg/ml primary antibody diluted in PBST/casein for 1 hour. Following
three washes in PBST, blots were incubated for one hour in 1:15,000 dilutions of
alkaline phosphatase conjugated goat antirabbit IgG or goat anti-mouse IgG (Tropix) in

30 PBST/casein. Blots were then washed twice with PBST, twice in assay buffer (10 mM



PROCASPASE- 3 PRESENCE | N HEAVY MEMBRANES 20 The | ack of DEVD-ant cl eaving
activity'in the Bcl-2-nmenbranes could be due either to the absence of
activatabl e procaspase or suppression of procaspase activation.

di sti ngui shWOMPHREh t hese alternatives, first, Western bI@FT&ﬁﬂwngs was
performed on the nmenbrane and cytosolla fractions wi th anti bodi es specific
far caspase-3 (Exanple 3), since the negsured DEVD- ant cl eavage activity is
in fact due 25 to caspase-3 (see below). The results (Figure 4) denonstrate
t he presence of a caspase- 3 reactive band that is of simlar intensity in

both the nedistianplemines B d 180 - b- mdhbMekds a%d“%a’t“ﬁ‘@“&pﬁﬁo%?%@&l y the
si ze expect I t

el ectrophorgﬁ?rﬁmnn%g%erh%?%he rrekf rangn g%; vef%§%%d1nﬁlgxis/\%lstgeﬁ (lmé tff]y sl ower
t han t hat of(Koged(oBbdsmn;ngecmphtse 3. WD 001 52194 37 PCTNS00/ 05889 To

further dermnstrate t resenc cas e-3 .1.n . both 0- .an

Bcl - 2- menbr anes, P"t Pt 8E oll {r{)gvtg? Secgﬂ%%a‘?tfbggi’ |1%°Hg£}b°§'s’tt3%g{°#ent with
exogenouss ca&pewesh&d with nomM)rﬁs;@Hpas emM Mpde Betisahett thyn Peddaralfyit | C

cl eavage at aspartl c. acid resjdues between their large and snall subunits

(Srini vasul a0etminges inpf.de nadat PDAQ sphosphats: (Ameysheny 3Anlington. Heights, 1)gge;
Stenni cke ara%sé%yﬁxse@ Trid buﬁeplThecﬁletmwe?chaﬁéé ?r%?tﬁémb?% ﬂuﬁekeé &en and
Dxit, Cell - 443- 446, 19 we have s ove ranes er| ved
from Bel - 2 omhm (Maltmelar l@wrmmtts &mnmep@% dbe umubpglewﬂ@d weeasgamstBeli2der our

st andard co |t| n rrent

caspase- 1 c us ugtsornollb_‘% exm ltJO(r:ltl 0 °a§pa%e %m\:a(sﬁa N ‘fl ?%r)’(‘iyﬁodmog‘eé’)

this 10) ﬂ?(pG(Phdmhigen rmmuege,nbma,r@tdchﬁslmel Midasé, Cablinit rlvn@/é&gcu’r@dﬂreﬁea,l g
protein r mGQ? eo cells were re-suspended and treate

B ChC i ne Foimas BRY Paiblin dststiion mHb i DerRD AeLeB SIFT | GuPAEpeh
centrifugat iRppd ReschElYThdillke, AlCRYAJIEARGH] )sblwA]@ﬁ-nwe) peﬁ,meus@gpmg)er nat ant
v~~as neasured. The DEVD ant cl eavage acti vi caspase-1 tre sanpl es
was correct dBnfyore wremeldvemerspade- 1 activity by subtracting the 15

fl uorescence of control sanples containing only caspase-1 fromthe observed
fluorescence. The error bars in Figure 5 represent the standard devi ation
of the ob%erved values in 3 independent experinents. The neo-nenbranes were
al so activated by exogenous caspase: %MB%L érrportantly, fol |l owi ng
activation, the resulting caspase aF EY fromthe Bcl-2- and

neo- menbr anes were al ways sim | ar, Ay Aséavisact or of 20 two (Figure 5).
Toget her with the procaspase-3 inmunobl ot data, this supports the

concl usion that conparable | evels of procaspase-3 are present in neo- and
Bcl - 2- menbr anes. Casp t of a tiyated the
endogenous caspase acfé?\;?ia%ey 5%8%192’%8 re%glgg%d%?t n%n Igu(y ﬁgnbrfgn%s since
t he acti 20t yenpynatonganing) 2&a¢tfmﬂ supér nad@nt uivhenof t hes mamw anbEViedns: r emoved

b trifugati ‘ d t to th
D eont i) ot B 0 3 GBS S0 e S 0ch SR B RS s L0,1 B
conpl et el y BhOICKBTAPY.1 20 CHAVSA X YA Tc ke SyIED T, H 7i5p M Biglicate TyRpse: 1, but

not the menbrane caspase at this concentration (data not shown %Q These
resul ts i ndi%dise Praguet 15ERation &S mopdored py Shednqspase 41 fepresepnics (Fomdel Asi i | ar

anounts 30 a iRk Sogi i i %% t
activated b)c/glcaspase- ?)%Iag\l) %61/@%13%@43’62? 8@%3@%0 8 4@%@%?%%@[{ hout

exogenougs cdgpaqeiverbi@’syms Iimh'ylghmlrbﬂvhh)es Bar kingtic f stadies; hibe nbstextr essi ng
cells dermnstrat spont aneous.cas e tivation. .5 EXAVPLE 13
CHARACTER 2 APPESRTEHOM RS XAEES ARIBE SRR ANEUS 4V AR RIGiDiigs pRyTiey fhe enzyme

was pretreated with 150 pl inhibitor for 30 min at room temperature prior to the

1

addition of 50 pl of 50 pM substrate solution. Inhibitor IC,, values were determined

using the equation:
30



The menbrane-derived caspase activities were further characterized by
measuring the inhibition of DEVD ant cleavage by several peptide al dehyde’
inhibitors 10 (Table 1). The ICso values for the inhibition of DEVD ant
activity devoeesdiser om acti vated Bcl - 2- menbranes are qui t @CITUSPIEBE% 0 t hose
for the inhibition of the activity derjved from neo-nenbranes, suggesting

t hat caspase-1 activates the sane procﬁépase i n both nmenbrane preparations.
Furthernore, these 1CSo values are simlar to those for the spontaneously
activated DEVD-ant activity 1 ranes, 15 suggesting that
t he spont aneous and caspase- C1&r n%f%ﬁip&%?@ﬁgl%gyderi ve fromthe sane
caspase. In all cases, the inhibition data fit well to a sinple conpetitive
i nhi bition SEIMeis thelggesied itidl kat oPACdesN¢Bchdfige acinhibitby concafttids M a

singl e caspase rather than a m xture of enzymes. The_observed |ICS val ues
for the menBddAEL/AYsschengisl @%B’Q?é%e“&"r@avgrﬂ?r@‘FHP!“B‘P“F‘EC‘{ZW@% for purified
fully-prgcessed reconbi nant human caspase-3. 20 Kinetic neasurenents al so

i ndicate that K', values for hydrolysis of DEVD ant by the menbrane-derived
caspases ( 10 ~M are simlar to that observed with fully processed
caspase-3 (N cholson et al., Natur?éﬂ\ﬁ If:ig 43, 1995). N-term nal

m cr osequence anal ysis of activate ?I ni'ty purified heavy nenbrane
caspase confirns that this enzyneAcavindeagsdvgnan caspase- 3. WO 00/ 52194
39 PCT/ US00/ 05889 Table |I: Heavy nenbrane (HVM derived caspases from
various cell types and reconbi nant human caspase-3: Inhibition by peptide
a:wdﬁm/gﬁ?br 1 CgO (~) SGRAvyRRmEMES {anifiQ WA Afut he 2 VPt hiRltonkShtfeHIMVNID

( spont aneousy ma&bia%sthf@sastfhw MERS pamdd EDJats pdik @4 1Mapgispas el 3B vity) tre

3. 44, 55 o2, SoLRRL SN TP S F TSR d b rD oty b e dndeReBE00 o
det ern} ner |O ﬁdmﬂgalm?xeﬁn;ﬁg:aglnm@?ne?aemmw (ma?ggeg lasatd():;/zi %ghtnl si ﬁS a
eavy menbr SHetieR GG BN 5 Jerbine SIFiEBE Rt R G ouEer s
primary {3 ahfy @Halig@ihe GRhpISs ARG0 iR aTVISE ol OPe AGire abNHRof Blriiod| | NE
(Choi et al., Neurnhinlng~~ 89:8943-8947, 1992). Heavy nenbrane fractions

were prepar &% heayrmembrans peial Wisremevrdrieam ths samplsdy ssutiififsation foe 16g7n cel | s
and were acli vajsd Oé/"httzf“(? a?l?eaﬁﬁvﬂ)-am%@é@wﬁ%tﬁ%ﬁ%ﬁlh ?F@reﬁﬁm a@@xﬂat

menbr ane- assocr at ed” caspase actlvit sim eavag EIvit es per
Mg protein asrecogectubr the aﬁ@%twlhesex(watoas ﬂm/mshoﬁm)exaaﬂde thk aimewasrsb| ocked
by caspase iphibitors with.a ar potency to_t obsgrved w th

Y actt one. bt Foingp B iy odh B Sairdle RRREDCHahomcfien ot bE o heily o 1.
Accordi n y meinBgane Xhugl eomeiniifg TEITh rp@ﬁ&tﬁﬂﬁ’ote\dﬁﬂaﬁﬁ‘ﬂ@a%hmiMihfyyotblﬁc not
specific to (7 cells, but appears to be a npre 25 general phenonenon.

EXAVPLE 14 ExEsserpiesingyosMRRWED @msnisb WER?BM% R R WeRAGBRSE. 3

plates and fluorescence was measured over time. At selected time points, aliquots were
removed from some wells, centrifuged for 10 min at 14,000 x g to remove the heavy
membranes and the supernatant was added back into the 96 well plate to measure the
25 soluble DEVD-amc cleavage activity. In some experiments, subcellular fractions were
treated with 1 pg/ml bovine cytochrome ¢ (Sigma) and 50 pM dATP (New England
Biolabs, Beverly, MA) (final concentrations) for 40 min at 30 °C prior to measurement

of caspase activity.

30



30 Several recent reports have shown that the rel ease of cytochrome ¢ from
m tochondria can cause the activation of cytoplasm c caspase-3 (Liu et al.,
Cell 86:147 157, 1996; Li et nl., Cell 91:479-489, 1997). Qther reports
have demonsWOMEH% hat cytochrome ¢ is rel eased from mi t o®REAEPYLEEH01 | owi ng
apoptotic insults and that Bcl-2 WO 041 52194 PCT/ USCO 05889 40 can
inhibit that release (Kluck et al., Sci'ence 275:1132-1136, 1997; Yang et

al ., Science 275:1129-1132, 1997). Thus, it was possible that the

di fference observed between caspase %\}r[%fréées i n heavy nenbranes from

Bcl -2- and neo-expressing cells si nﬁ%y cted inhibition by Bcl-2 of
cytochrone c rel ease duri ng gHcemanaiir CAsiise PREptERMY S nenbrane fracti ons
or during subsequent incubation of these fractions. To investigate this
possibility, cell fractionation was perforned in the presence of exogenous
cytochronme ¢ and neasyy IS | . i ion. |If

t he Bcl - 2- menbr anes h?&ﬁfomgggﬁgs%%%ﬁg\% %’ iég'g@ﬁgoungag%ggqge %%Fl{%%[é#]?rgct on
cyt ochrong ccaspage:esADNA | (Baxnaidesirehei, adl dilt i 1904)o0{previdgk bpuBr. C.t Aklemane c
during menbrgne 1 ractionation shaul d, increase t aspase actiyity
derived fr onﬁ%ge{{@ﬁ‘ﬁ’r yﬁﬁ’?sf@ Wﬁ%ﬂg‘g%l“y §]éee§a’i“nﬂﬁ§ﬁﬁ§aﬂ'§§ O?rp?#h’
neo-cell's. ASGRigth MIhdisort W) g W€ gfo@Gh bRRES OB nRURGEEINLnihO0. 1 HSAMY
menbranes from neo- and Bcl - 2-expressing cells, follow ng Dounce

hormogeni zat i BwpicillineatSHnis- e Wiiea B pylturg density yigackadadioi oris IP tdSEmAL Madn was
processed w , L er fractiQn = of
bovine 1 S C%/cftag@f;%o?g%gﬂégn%fgkgogzexgwg%dgth%gcu%%/\%shﬁ %ubtaheg ttuz$ f eCr1 g)rlﬁlgé? to
suspend dnd hash THeechewsry hamwpdeddryesntrifilgation st g &irilémninfat 4 9€.oThe one ¢

was chosen since it, represents the estinmat tqt al .ampunt achrome ¢
bresent i n LIS St Wi SRR Pe Jereau piele tag g HnaiRgpufer (& miy TR
272: 30299- 308R5mMIRLT1) 5 niVNidayole, LITE SELHBNRI1B0LF IO 1EMEAT USPeREedcEn 1

~g/ M cytochrone c plus 50 pM dATP, incubated, and then assayed far
DEVD- ant 20 ¢qbesvantymered o jhe sapplg by centgfogpting 3t .80 gnfer 30 el heavy

menbr anes an ] i . i: t Wi iC
bt 1 e cont arty KO : EAGH WADGA0 SchRRabAP YRS NECKIhS DNdBOL BT |

whi | e t hdSnertinendsosind The aypeastnicwanfifdred trugh HadSnon shaee filkeandd wi t h

h i b ,onl i th buf .. Each I hen.
CYLOCTE O 1O RO e i 8t B BB

measur ed. ThepghalagSwedeh) SW Emdnii@ fbRS&B! The b616MnGeHd wahaNdt 18XPRI Wit S
(Figure 6A). This activity was @gngared to that from our usual nenbrane
ol

pr epar at i ons!pmBiding tuffenfillowe 3 Rinding Brider; coptaininecel WM Heidezole.

cytochronme ctRd (HAKE3 JbBRidRhadRATNM HRt S1lhabsihf Gl 1P Binlr F¥digehfome ¢
during nmenbrane fractionation and i ncubation has no effect on

menbr ane-2er invidatold8pad® mMi vity; the 30 activity in the nmenbranes derived
from Bel - 2-expressi ng geel | &, Lo MRLRe gasbﬁ\é\ZIWam%%rgged using BL21 (DE3) pLys S

cells harboring pET3ap30mICEFLAG plasmid (a generous gift of Drs. H.R. Horvitz
and Ding Xue, MIT) which contains the p30 caspase-1 ¢cDNA inserted into the Nde
I/BamH 1 sites of the pET3a expression vector (Novagen). A three liter culture was
25 grown at 37 °C in Induction medium (20 g/1 tryptone, 10 g/1 yeast extract, 6 g/1 NaCl,
3g/t Na,HPO,, 1 g/l KH,PO,, 1 mM MgCl,, 0.1 mM CaCl,, pH 7.4) containing 0.1
mg/m] ampicillin and 0.025 mg/ml chloramphenicol. When the culturc recached a
density of Ay, = 1.0, IPTG was added to 1 mM and the culture was shaken at 25 °C for
3 hours. The cells were collected by centrifugation at 2000 x g for 15 min at 4 °C and
30 resuspended in 100 ml cold buffer containing 25 mM TrisCl, pH 8.0, 25 mM KCl, 0.1



WO 00152194 41 PCTNS00/ 05889 to the activity in the neo-nenbranes, and
furthernore, there was al so no effect of cytochronme c on the caspase
activity derived fromthe neo-nenbranes (Figure 6A). Although the

cyt ochrone wotto/sss4rent s di d not activate the nenbrane- assBCT/ESHE58Aspase,
the enzyne could still be activated by subsequent treatnent w th exogenous
5 caspase-1 (data not shown). The | ack 38f a cytochrone c effect on the
activation of the nmenbrane caspase was not due to an inactive preparation
of cytochrome c, since the DEVD ant cl eavage activity of the cytoplasmc
fracti ons f remitboXhl emd{htimBanl-Igsogyh¢ dnavell echs Ablitgfoyd, & €i, Canasd). GThe

i ncl usi on of dur.i f tignation and ass (,Fi gur.e 6B

Ther ef or e, Iﬁgﬁ%/é'g%)? B‘%g‘s:uss ﬁlgn&g u%%%eétég‘gsc y@ &" éa? Sfu\?a»ﬁsocnarg?lc‘ittﬁ'ethgng %e)

menbr ane- as sampiat eith [@02C agmISPN3se hud.s trhiMs Mpl,e(Sigihs) Pt600wER Gadrehday
addi ti on of qug&pous 8§¢00hr05ﬁ c. Furthernore, Bcl-2 overexpression did
not affect toFRTEHENG A Y0890 £ & fF3AmIRRt 4G 19 remeyassildebtisspase-3 in cytopl asnic
fractionss 15 EXAVMPLE 15 RELEASE OF MEMBRANE- DERI VED CASPASE |S NOT VI A

SI MPLE LEAKAGE FROM ORGANELLES A recent report described the presence of
procaspase-3 in the 20 intennenbrane space within mtochondria (Mancini et
al., J. Cell Biol. 140:1485-1495, 1g§§$gqiﬁys, it was possible that this
mat erial could account for the activatabl'e caspase activity that was
measured in the mtochondri anNoombairaNsigTieedHCAseRdEsane fracti ons.
Furthernore, it was possible that the spontaneous activity that was
nmeasured in nenbrane fractions from697-neo cells was due to | eakage of
active cagpase from 28gmiveRaBapaie avild@Rse)aRabidihdddsNRPHo Binbig@dnah a from
697-Bcl -2 cells were_sinply less |leaky (Yang et al., Science 275:1129-1132,
1997) . Howeusgsenasetfc ramedyanie; Usimg: & calpipgetsanaelipting/transtasion systemtiy rabisur ed

was not due a r ' dp d the actjyij [,S.di stinct
fromthat der%@crulhqggig %;&/attﬁ/ag%%‘%} ﬁ\g{ihgﬁ. (#SI%B? 51 ?flilr%sahg \?\%e@ﬁeﬁn\% %cug%(fi tion of
1% NP- 40 t o memmandbiases af Fected the 30 | evel of either spontaneous
activity or the activity induced by caspase-1 or granzynme B WD 00l 52194
42 PCTNS00/ 05889 was tested. It was reasoned that if procaspase and/or
active caspase was sequestered within organelles, then enhanced activity
woul d be neasured in the presence of NP-40. Treatnment with 1% NP-40 was
sufficient to release alnost all of EXAMRME &chrome ¢ present in heavy

menbr ane preparations (dalaRetrSHRNYr SUBRELRERERE ondis Was shown 5 by

Manci ni and col | eagues that treatnent of thelr mtochondrial preparations
with 1 NP-40 allowed granzyne B to cl eave procaspase-3 whereas no cl eavage

TR vk ARG Lo L S
NP- 40 hadol ifetrbrabfcbmariictei ckpressimgneiteo BchDDNA atd viednyyoii résittanoctgend ty
REHRTAT I8, MTROI: EIY SN o RN G T AL
heavy membrane, light membrane, and cytosolic fractions were isolated from these
cells, and characterized by Western blot analysis with antibodies specific for proteins
with distinct known subcellular distributions, as in Example 3. Antibodies used were
25 directed against cytochrome oxidase, specific for mitochondrial inner membrane
(Tzagoloff, 1982), poly(ADP-ribose) polymerase (PARP), specific for nuclei (Berger,
1985), D4-GDP dissociation inhibitor (D4-GDI), specific for cytoplasm (Na, et al.,
1996) and Bcl-2. The immunoblots were visnalized on film by chemiluminescense,
except the cytochrome oxidase immunoblot which was visualized by

30 chemifluorescence.



hypotoni ¢ buffer and treated with 40 p.l 10 % NP-40 detergent or dH, O
(final vol = 380 ~I). The diluted nenbranes were activated by the addition
of 20 pl granzynme B or caspase-1 |ysate or buffer, and incubated for 60 mn
at 30 C. FOWP&&W&‘ activation, the heavy nmenbranes were r EfHVEYWHH?
centrifugation and the DEVD-ant cleaving activity 15 of each sanple was
nmeasured by adding 50 ~1 of each supernatant to 200 p.| of 25 pM DEVD- ant
substrate in ICE buffer (Figure 7A). Next, to anal yze whet her nmenbrane

preparations from697-Bcl-2 ce y have | ow spont aneous actjv due to

enhanced sequestrati oﬁsc#‘o‘éi“ d%skjb%fggq \Xg &H?ﬂ’é‘&f’"ﬁﬁ%ﬂr‘é t"@slsfg\“ JZ f"’éf%

neo- Menbr anexpLaPaAY 3 R Beavy W&@ra{ch@dﬂth@nﬁﬁ&{r%arﬁg SHIPRE tRrmRKhf er pl us
1 % NP-40, and neasured the appearance of fluorescence. In this experi nment,

the effect dfactigm, 20ddhe iopjssmisr maker glyeinf e aytplagmife fraetivie dhvsaltye ed
DEVD- h h
Bl -2 ety AusRlSn SRR I PU Bt Bactis b BN REPRARRHuREC" O

(cont ai ni sig dstriddtion bf mmlteh poteins timpoitantly Yoyhiplabthicledreangiaation ofhie mekat t s
indicate that ;.1 % 25 had I nor .effect on the magn e or rate
of fl uoresceifemfh f‘%%&@c“‘i-""rsewr‘gtngbﬁ% rq%eF eeean‘fr%‘m FYHIMBL | midoc h%’? n2l had | ow
activity regan@h@stioRbr Whgdad actlondouhIP 4@ ELL HERGO DA-CBMRASIVeHahdth t hat

this low level of activity was not due to sequestration of an active
caspase. Lagh¢ puclesr figetrardhowalin Freaes | srmpnfspesii @9 7Wasen anayg9 ot feqtions cel | s

mor & i r bot 17 R eebaed i RUEEL BER0 2 Bl Hed (UBE S oeBbndat A

bet ween obr mmuity 3n awmadeqrhaidr hqaublmsxhnmedﬁacaionﬂ nwdakess reastpetyi inethe | lighi I ut ed

menbr anes, w t el e ac ated b dditi on of
granzyme B dPB f“f fﬂa‘r%’P ébdl %e‘“{:"‘gﬁ‘:t f‘F‘P‘thd’Y °£ aé‘éég‘é)a‘? 8P BB e

cl eavage actgeMiltk YK agewtRE GF lape od3n Ylihgu;rz &l 74‘99%1:&%&%‘3;! 1., Rbgayr esiffilar
fractions fromboth 697-neo and 5 69 these nethods have
granzyme B- selysiaphfirctionslipm 87-Bekl wl@thwdtsw@‘f%@éﬁe@xmssm 40. However,

in the presence of 1 % NP-40, granzyne B treatnent yielded enhanced caspase
activity. Thus, under these conditions, granzyne B generates caspase
activitylpbn both NP-40 independent and dependent nanners. 10 Fromthe
foregoing it will be appreciated thﬁﬁygﬁﬁéggugh speci fic enbodi nents of the
i nventi on have been descri bed herei poses of illustration, various
modi fi cations may be msigcpiiviarDisirsuabNoBg CLEOAJENCTSRTY it and scope of
the invention. Accordingly, the invention is not limted except as by the
appended cl ai ns. WO 00/ 52194 44

Preliminary experiments indicated that caspase activity was associated

20 with membranes derived from unstimulated cells. To determine the subcellular
distribution of such caspases, caspase activity in the subcellular fractions from 697-neo
cells was quantitated by incubating them with the substrate DEVD-amc, and measuring
the increase in fluorescence over the subsequent 2 hours. DEVD-amc is a useful
substrate for all caspases characterized to date, with the exception of caspase-2

25 (Talanian et al., 1997; and data not shown). While most of the DEVD-amc cleavage
activity (~ 75%) was 1n the cytoplasmic fraction, a substantial amount of the cleavage
activity was found in the nuclear, heavy membrane and light membranc fractions
(Figures 2A and 2C). DEVD-amc cleavage activity in subcellular fractions of 697 cells
transfected with neo control or Bcl-2 expression vectors were fractionated and the

30 caspase activity of each subcellular fraction was assayed. The observed cleavage



CLAI M5 PCTNS00/ 05889 1. A nethod for identifying nenbrane derived caspase
activity, conprising incubating a nenbrane fraction conprising heavy or

nucl ear menbranes under conditions and for a tine sufficient to allow for

t he evol ut i ¥R ¥F21¥aspase activity, and subsequently det ecP¢HYSIEASEEhse
activity. 2. The method of claiml, whgﬁel n caspase activity is detected by
nmeasuri ng caspase substrate turnover The nmethod of claim2, wherein
substrate turnover is nmeasured by tine course analysis. 4. The net hod of
claim2, wherein substrate turnover is_neasured by endpqint anal ysis.

The met hod SV ArkEpIn theusteeram eranarpalized focppstast nvmabeyof eellsdHiepsy 24- net hod
sel ected frof) top?négﬁngéﬁl GIRGE ?zb'zfm Ofnel Vil GREAY6E e%ﬂe&tltn?x?ﬁi)%yandnﬁss
spectronetry, " HPL col ofinctry, fluorography, radiography, ge

el ect r ophor asiiete thépayermt o@ﬂoatptiyavamadtivmepmanain qelpfradions dheemeribag.in6.  The

met hod of c pase I Vi Y cte t i ng
caspase pr oi:igsllgeisjng‘?@ laglpé1t SSain 9°p ch‘fl nvdiﬁeﬁr}%regﬁonﬂgg?%‘fi?n?céz pcﬁg
subuni ts.5 7 preplatiofst hod of cl aim 6 vvherel n large and snall caspase
subunits arc detected by a nethod selected fromthe group consisting of
f1 uorescence spect r osESpPaorREYLY 6%"Et°|l"éﬁ'|§8r*\}“‘”HPL‘Cea"gofr%ﬁnPPré’t’%symdeed

fl uor ography,g E&ddcﬁﬁiﬁﬁﬂée it 9@k p@t‘e@\g 6188&9 Sép&nﬁ@ bis ?K@xﬂﬁiﬁﬁ&ggu%’ﬂad
N-t er m nal peptl de sequenci ng. 00l 521 4°45 PCT/ US00/ 0588 The

met hod of awmylumnd Eampledi3pandidata noikheme).n t he menbrane fraction is derived
from non-apoptotic cells. 9. The nethod of any one of clains 1-7, wherein
the nenbrane fraction is derived fromcells treated with a stinulator of
apoptosi 80 10. The nethod of claim9, wherein the stinulator of apoptosis
is selected fromthe group consisti r;(gﬂg ]ge rivation of a gromh factor,
staurosporine, anti-fas antibody, & PHol®t irradiati on, gamma
irradiation, and Tusgr2 &l@@h@@mmﬁh@mnibmﬁaﬁmﬁ%ﬁﬁnxhﬁentI fying an

i nhi bi tor of the activity of a nenbrane derived caspase, conprising
contacting a nenbrane fraction with a caspase substrate in the presence and
absence of ot Least ong £andlufild OBl bPIs: 3k GRTRALLIRLRE, LEWE! * O
caspase substrate turnover rom i dent 1 an 1 nhi of the
activitylof variemsnsbbatiaadfadtioed Wherpa&eellular fractions derived from 697- Bcl 2 cells

were prepared and incubated with DEVD-amc substrate, substantially reduced caspase
activity was observed in the nuclear and heavy mcmbranc fractions compared with
697-neo cells (Figure 2B). This Bcl-2 effect was evident when the caspase activity was
measured on a per cell basis or per mg protein and resulted in an 80-90% reduction in
20 caspase activity in these fractions (Figures 2B and 2D). The effect of Bcl-2 expression
on caspase activity in these fractions was specific, since little if any suppression was
seen in the activities observed in the cytoplasmic or light membrane fractions (Figures
2A-2D). These observations suggested that the membrane-associated caspase activity
was not simply derived from a small percentage of apoptotic cells in the 697-neo
25 cultures whose numbers were suppressed in the 697-Bcl-2 cultures. If that were the
case, one would also have expect to see major differences in caspase activities between
cytoplasmic fractions derived from 697-neo vs. 697-Bcl-2 cells. Indeed, control
experiments demonstrated that when 697-neo cells were induced to undergo apoptosis
by staurosporine trcatment, thc major increase in caspase activity was found in the

30 cytoplasm (data not shown).



12. The method of claim 11, wherein the caspase substrate conprises a site
cl eaved by a caspase selected fromthe group consisting of a protein, a

pol ypepti de, an oligopeptide, a peptide minetic and a peptide. 13. The

met hod of cwaioeis21894 wherein the substrate conprises the pacUHiUSer/BEsID. 14.
The met hod of claim 11, wherein the nenfgrane fraction is prepared from
un-stinul ated tissue culture cells sel€cted fromthe group consi sting of
697 | ynphobl astoid cells, E15 primary brain cortical cells, M\9D cells,
Jurkat T cells, and FL5.12 cells. 15. The nmethod of claim 11, wherein the
menbrane fraction conphs slitynefnBrl@niessupprcsscmenbringasediatedy camppsecashivityst i ng of

heavy nenbr . I . . 52194 P 889 16.
The et hod o deG iR R bo TRIBhARRs cold MoK iR wifbs welc SRR RE)
menbr anes. JdrkailfeeleibELH12 edlri(datd hot sttoampi Sireelbisd preient daa@vesl] as

detected by tine course analysis. 18. e nethod of claim1l, wherein
substrate t lﬁ%?@?l’sﬂgésﬁ‘éﬁgc{‘%'ﬂ dsvwﬁa}s@rﬂ Beliaprpteinsis fqupd Pff‘ﬁé’"ﬁ‘éat“ﬁb&‘ of
claim17 or l8lcaAGEISpe bnd RERFTRenHRRFaRE Shs (BERIMEKr AL KE b4 AN 1993, Rk or med

by a method selected fromthé group consisting of fluorescence
spect r oscopye! ahakP95k thechressite resylts wRE Compdibdy Witk theypossibilitr bat Bgltymight

r adi ogr aphy, I C eS| r I term | de
sequenci ng. afgfocqlﬁje%n%%ﬁg%q%lg ﬁ%%r%}f%mvﬁ%rs éa?%%ftﬁneglhe'\kr?b%aér?g&?lroag%?{)n i's
derived fromnagking sestpmedmhinms,pwe faepichdracerjzed yiie pidntieame-dtivedl Bzl-2€t hod of
claim11, further conpri si nig. I nc ati‘gg te\?ﬂe rrenﬁlré%ne fraction wi.th a
caspase act iSYBRIGISIBE aspase aetyhy anchiofysed Agr shiorthon the beayyimpembransrirachen. caspase
substratgg 22. The method of claim 11, wherein the nenbrane fraction is

derived from non-apoptotic cells. 23. The nmethod of claim 11l) wherein the
nmenbrane fraction is derived fromcells treated with a stinul ator of

apopt osi s. EXAMPLE 11
SPONTANEOUS ACTIVATION AND MEMBRANE RELEASE OF MEMBRANE-DERIVED
CASPASE ACTIVITY

15
It was possible that the membrane associated caspase activity was due
either to an active membrane-bound enzyme, or altcrnatively, to the spontaneous
activation and release of a soluble active enzyme. Therefore a set of experiments was
designed to distinguish between these two possibilities. First, to freshly prepared heavy
20 membranes derived from 697-neo cells (neo-membranes), hypotonic buffer and
DEVD-amc substrate at room temperature was immediately added, and the emergence
of amc fluorescence over a 90 minute period (Fig. 3A) was measured. The DEVD-amc
cleavage activity of was measured by adding 20 pg of freshly prepared membranes into
hypotonic buffer containing 20 pM DEVD-amc (final concentration). The evolution of
25 amc product was measured by the change in fluorescence (ex = 360 nm, em = 460 nm)
at room temperature. The data demonstrate that there is little detectable fluorescence
change over the first 15 minutes of incubation, but after this lag period, the rate of amc
production increases markedly (Figure 3A). These results indicated that the freshly
prepared membranes did not contain active caspase, but that activation occurred

30 spontaneously during the incubation period. To assess whether this newly activated



24. The nethod of claim 23, wherein the stinmulator of apoptosis is selected
fromthe group consisting of deprivation of a growth factor, staurosporine,
anti-fas antibody, ultraviolet irradiation, gamua irradiati on and Tunor
Necr osi s FawiD®p/52194 WO 001 52194 PCTNS00/ 05889 47 25. A net RET/UB(H/05889
identifying an enhancer of the activity of a nmenbrane derived caspase,
conprising contacting a nenbrane fract i8n with a caspase substrate in the
presence and absence of at | east one candi date enhancer; and conparing the
| evel s of caspase substrate turnover, and therefromidentifying an enhancer
of the acti aippseofvag sphublsr anacmirans, bennda sisadsaney gverel ircubgiechdf dfferentaj m 25,
wherein the . i 54 :

sel cot od fr GuPR el SERmGRTINGATE Bnh it BB St GRRRATD

ol i gopept i daninatepetpld,0d xng aetOl €, andnitk @syhiyy supernatadnts wehecassayed dwt cadpasd ai m 26,

wherein the suhstr rises the peptide DEVD. 28. The thod of claim
25, wherein ?ﬂ@tynﬂﬁ%wpééfﬂ?sgﬁtei S'H’ﬁ?eeﬂ%{? g&“??sgmeg fhat t‘ﬁeﬁh”ﬁ"gf &EBSPR%s sue
culture cel I3inBl Qak Rleskbhiom ma_es@é@m&ncm&%bmuﬁt sBiKle! dHIpRL Rkavtyoi d
cells, EI S primary brain cortical cells, Dcells, Jurkat T cell's and

FL5. 12 cel | sappeaeed thiyeafies (FigereSB).c Qapntitative applpsie phiheseedatredamangicatéd hek i on
conpri ses netgp . i ranes
and nucl ear m%ﬁ%@?@@%%ﬁ%i&%ﬁ%n&sg R%HQE{?’%H%@&%Q%F g}lflcneh.tg ﬁé%(rlre% rane
fracti on conpe msmbrahesany furthebactiveion o8duredh Eurtledrinoet, the sobesd ofitRSe cues ei n
substrate mnove i s detected .b% time c%g{ese g{%al sis. ..32.. The, net hod of

cl ai m 25, FRre ST APRE P uRae Sy Ipdvcpys senes of By S9Ureunndias ey B s, wo
00/ 52194 1 PCTNSPRIARS BB veé forIBe hebh nmvalbRed stfrryClFaduie 34). OThetefora)MaBIoEitE caspase
substrate turnover detection is perforned by a nethod selected fromthe

group consi stFREE-HRCYVIYFRR PE aprounieh &t ip dBe Bipgmatens Badisacindisaing hat aljp C,

colorinmetry,, bl danL00han%: biadi-g Wom 98k horesi hy 0o ogr aphy
and N-term ndacFllléjpeBt%e sequencirn%.rsgdg4.m'll'h§l nﬁeﬁggf&gsg cFlgidr??ggs,? {/(\)hgj?etdei n the
menbr ane fr acpinmambirancslanémigahes derived from the 697-Bcl-2 cells (Bcl-2-membranes) failed

to generate significant DEVD-amc cleaving activity (Figure 3A).

15
EXAMPLE 12
PROCASPASE-3 PRESENCE IN HEAVY MEMBRANES
20 The lack of DEVD-amc cleaving activity in the Bcl-2-membranes could

be due either to the absence of activatable procaspase or suppression of procaspase
activation. To distinguish between these alternatives, first, Western blot analysis was
performed on the membrane and cytosolic fractions with antibodies specific for
caspase-3 (Example 3), since the measured DEVD-amc cleavage activity is in fact due
25 to caspase-3 (see below). The results (Figure 4) demonstrate the presence of a
caspase-3 rcactive band that is of similar intensity in both the neo-membranes and
Bcl-2-membranes, and that is approximately the size expected for the procaspase
zymogen. Interestingly, the electrophoretic mobility of the membrane-derived bands

was slightly slower than that of cytoplasmic procaspase-3.



fromcells expressing an anti-apoptotic polypeptide. 35. The net hod of
claim34;, wherein the anti-apoptotic polypeptide is Bcl-2. 3G The nethod
of claim34, further conprising incubating the nenbrane fraction with a
caspase act P8P ior to or concurrent with the additi oPHUPHERspase
substrate. 37. The nethod of claim 25, erein the nmenbrane fraction is
derived from non-apoptotic cells. 38. e nethod of claim25, wherein the
menbrane fraction is derived fromcells treated with a stinul ator of
apoptosis. 39. The neth of claim 38, wherein_the stimylator of apoptosis
is selected fromthe 3??&@%&9@9@?’?%&%@%%?ioéﬂ?CBFPaB?qyén éPG‘V\Eeﬁ‘ f’g‘gt or,

st aur ospor i ngyl-2aféhbrades, WO htdAPHA, to détivaRMhak Bhctlon B¢ kddtmeft wi nous

i rradiation and Tunmor Necrosis Factor. 40. The nethod of claim25, wherein
an exogenouscagiiss-1.apRnstRIPGaEPasts| GAp dstacivatgdsbyspratealypicicdravags asmspagircenid ent | y
with the addelingh ilwdelmnehABRRSEA SRR LRSS (SruivaBulRh DRI LAY Naflellbdd Vi ng an
I nhi bitor or enhancer of the "evolution of caspase processing wmthin a
menbr ane $r akt.i Gy 98:044R6i KA 1006t Stenrickg and rBahvioseand. BivAoThean 272:9971001 52194

PCT/ US00/ 058 49 with at |east. on |.dat e Qi bjtor. or candi date
enhancer ; an%%a%tlgg%’i %Vefﬂ’ea’%ﬁé’%ghgﬂfgpg%aﬁfelél% s“rFan hRves§hgwR BWuni t s,
and t her ef r ofedbrhfdsMeiVdadrdnl Bl Byl skfwcdanheis fo PAsPARSEING wideh&kited
decrease in processing indicates the presence of a caspase processing

i nhi bitor, a¥denRer sppiagh congditionss eHpWeysE oe@iBent opfi thel| BAt2agembrangsrwidlence of
a caspase pr Sk N han JThe of gLl ergi n.the
menbr ane f ra(%ft; l?%illi gaugéraegaﬁ)ggmfégﬁnﬁﬂ-%fyigﬁn% a%;tlgcf c'? Jlﬂ sggé%ﬁl }(ﬁ’gr eﬁlce l% S

sel ect ed 19r osxperireenyy wayy wombiage fragjions (ce@tFiningrfidh.ototed poitain)cfednh §97-B&Is2 pri mary

brain cortical || D cells). Jurkat T,cells,.and FL5, 12 cells. 43. The
e ehad of oy i g e cotlf e feluthactishl Yead SBhRpigoRmrtL bR s hrd st e
sel ect ed fr obinhem@ératufe. CRibiwiig degtrifigakies ile DEVID-aA6 $lcavige RUGIEAST the

nenbranes. 44. The nethod of claim4l, wherein the nenbrane fraction
conpri ses he”&Wt“beW’é]ﬁ@gt. was measured. The DEVD-amc cleavage activity of caspase-1

treated samples was corrected for cxogenous caspase-1 activity by subtracting the

15 fluorescence of control samples containing only caspase-1 from the observed

fluorescence. The error bars in Figure 5 represent the standard deviation of the

observed values in 3 independent expcriments. The neo-membranes were also activated

by exogenous caspase-1. But importantly, following activation, the resulting caspase

activities from the Bcl-2- and neo-membranes were always similar, within a factor of

20 two (Figure 5). Together with the procaspase-3 immunoblot data, this supports the

conclusion that comparable levels of procaspase-3 are present in neo- and
Bcl-2-membranes.

Caspase-1 treatment of membranes not only activated the endogenous

caspase activity, but also released it from the membranes, since the activity remained in

25 the supernatant when the membranes were removed by centrifugation (Figure 5). This

induction and release were due to the proteolytic activity of caspase-1, since the

caspase-1 activation could be completely blocked by 200 nM acYVAD-aldehyde which

inhibits caspase-1, but not the membrane caspase, at this concentration (data not shown).

These results indicate that both neo- and Bcl-2-expressing cells contain similar amounts

30 of a membrane-associated inactive procaspase that can be activated by caspase-1.



45. The nethod of claim4l, wherein |arge and snmall caspase subunits are
detected by a method sel ected fromthe group consisting of fluorescence
spectroscopy, nass spectronetry, HPLC, colorinetry, fluorography,

r adi ogr aphywo g¥$21% ect r ophoresi s, chromat ography and N-t ePGEVSP/0I$8Dt i de
sequenci ng. 46. The nmethod of claim41,_wherein the nenbrane fraction is
derived fromcells expressing anti - apoa§ otic polypeptides. 47. The net hod
of claim 46, wherein the anti-apoptotic polypeptide is Bcl-2. 48. The

met hod of claim4l, wherein the nmenbrane fraction is derived from

non- apopt ot HeWewr| ¥ithoutygsogmouy sappassdreatmyntserdy oweduaney denived femndg of

claimi4l, Wﬂg% %jppesgigg8@;&3&&;&&%&%&9&@5%&%3 a\éﬁ@zﬁ& omcells treated with

a stinulator apop e met claim49, wherein the

stinmul ator of apoptosis is selected fromthe group consisting of
deprivation of a growh factor, staurosporine, anti-fas anti body,
ultraviolet irradiation, gama irradiati on and Tunor Necrosis Factor. 51. A
met hod ofs i dentifying a conpound t IExaAmMPdElat es nenbrane fraction derived
caspase activity, conprising incubating a nmenbrane fraction, an inhibitor

of apopt osi s, angHt *H%Tég%ﬁ’b‘%‘f)%ft’% RONEANROVS EASRASEAS THEEB ce of at

| east one candi date conpound under conditions and for a tinme sufficient to
allow for the evolution of caspase activity; and conparing the |evels of
caspase substrate turPevmembrahedesiygd caboaseiakipvines were dmlem chiaradterizedbplul at es

menbr ane derived. caspase. act Mt 52, The et hod of .cl ai 1).wherein the
caspase sub&tFaes @6‘%3&?%18’31 ogﬁisaib e %%%%e li}'yseéerg] seBté(geeaq%ﬁ?Hg? %’h'\sglg?réct ed
from t hel@r @ugble ONSTHE i10g vatues f@r Bk ahliibition PO| YPEDian@eactiaity delig@pphi de, a
peptide mnetic amii a éoe tide. 53. The method of claim52, wherein the
substrate caftbaleddiclRaemuanes gie QoI to Hipse fardhginhiitionoef the astinity 1

wherei n t he JaE/HIr@HE ntd-AchbAles, SugREBRANIRH cdshRB URTS Lk ME RhRd plobspase cul ture
cells selected fromthe group consisting of 697 |ynphoblastoid cells, E 15

primary br aiimbetbmambganepeparationgNdrtbamores thepq daralups @ed dimilantd tRssor2 cel | s.
the spontaneously activated DEVD-amc activity derived from neo-membranes,
15 suggesting that the spontaneous and caspase-1-induced activities derive from the same
caspase. In all cases, the inhibition data fit well to a simple competitive inhibition
curve, suggesting that each DEVD-amc activity arose from a single caspase rather than
a mixture of enzymes. The observed IC,, values for the membrane associated caspases
are very similar to those for purified fully-processed recombinant human caspase-3.
20 Kinetic measurements also indicate that K, values for hydrolysis of DEVD-anic by the
membrane-derived caspases (10 uM) are similar to that observed with fully processed
caspase-3 (Nicholson et al, Nature 376:37-43, 1995). N-terminal microsequence
analysis of activated, affinity purified heavy mcmbrane caspase confirms that this

enzyme is indeed human caspase-3.



55. The nethod of claim51, wherein the menbrane fraction conprises

menbr anes selected fromthe group consisting of heavy nmenbranes and nucl ear
menbr anes. WD 00/ 52194 S1 PCTNS00/ 05889 S6. The nmethod of claims$S 1,

wher ei n t heWQM5#8he fraction conprises heavy menbranes. SCFUSEM88pt hod of
claimS 1, wherein substrate turnover ixg detected by tinme course analysis.
S8. The nethod of claimb51, wherein subStrate turnover is detected by
endpoi nt anal ysis. S9. The nethod of claimS7 or 58, wherein caspase

substrate turnover detegtion.is perforne a.net hod selected fromthe
group consisting of fltrglgF ésgléﬁa_é’§ ‘Eﬁ’@l??‘?eog'ﬁ%ﬁm\’r}gs?s%%scfr_f”ﬁ'n’é"t“roi}? “BbLC,

col ori metry, typdsla@d RG6MBINYNt himeh GpARBIY Jnﬂﬁkio@bﬁﬁégﬁi@@@l@éiﬁ,@bs& chr omat ogr aphy
and N-term nal peptide sequencing. 60. The nethod of claimS 1, wherein the
menbrane fr ' ' T 11 S : of

cl aim 60, gwherein the nmenbrane fraction is Yerived fromcells expressing

Bcl -2. 62. The megdndl v Cdodil 6O VBER G JontRal Al poptosis is a
Bcl -2 pol ypepiibithe (Hontnebtd dal20 f%mmt theg gse-163-(caﬁs@ reLhgd.of claim

S1, further conprigiyig) i NCURALHNG t REdiRNDr ane dfart | ontre\gch)?{ aggggpase
activator prior to or concurrent wth the addition of the caspase

gubstrgtgo VDR N5E N0 Oz.fla'm 3 1 . homis
erived frommngn gpopyotic cells. 44 23 2.5 15
YVAD-ald >10,000 >10,000 >10,000 >10,000 >10,000 >10,000

To determinc if the presence of membrane-associated caspase activity 1s

15 a general property of mammalian cells, the DEVD-amc cleavage activity in heavy
membranes from two other cell sources was measured: mouse E 15 primary brain
cortical cclls and the mousc dopaminergic MN9D cell line (Choi et al., Neurohbiology
89:8943-8947, 1992). Heavy membrane fractions were prepared using identical
procedures to those used for the 697 cells and were activated with caspase-1. These

20 fractions contained a membrane-associated caspase activity with similar cleavage
activities per mg protein as observed in 697 cells (data not shown) and that was blocked

by caspase inhibitors with a similar potency to that observed with fractions derived
from 697 cells or with recombinant caspase-3 (Table I). Accordingly, the existence of
membrane-derived caspase activity is not specific to 697 cells, but appears to be a more

25 general phenomenon.

EXAMPLE 14
ExoGENOUS CYTOCHROME C AND MEMBRANE ASSOCIATED PROCASPASE-3
30
Several recent reports have shown that the release of cytochrome ¢ from
mitochondria can cause the activation of cytoplasmic caspase-3 (Liu et al., Cell 86:147-
157, 1996; Li et al., Cell 91:479-489, 1997). Other reports have demonstrated that

cytochrome c is released from mitochondria following apoptotic insults and that Bcl-2



WO 001 52194 52 PCTN500/ 05889 65. The net hod of claim 51, wherein the
menbrane fraction is derived fromcells treated with a stinmulator of
apoptosis. 66. The nethod of claim 65, wherein the stinulator of apoptosis
I s sel ect edwDrom191e group consi sting of deprivation of aPgrUstolesssact or,
staurosporine, anti-fas antibody, ultraviolet irradiation, gama
irradiation and Tunmor Necrosis Factor. 47. An inhibitor of the activi ty of
a nmenbrane derived caspase identified by any one of nethods 11 and 41. 68.
An enhancer of the activity of a nmenbrane derived caspase identified by any
one of net hods inkitthat raigase (BRLk Alal YScighge 2281132-1136,1 199 Yang et alA\ Scighce. Au

A% A LA '6279 :1Y29—‘1A1- 32, '%‘997%‘ lThu'g‘,gitAvgas' &gssibrg‘gthéat‘\ the difference observed between
caspase activities in heavy membranes from Bcl-2- and neo-expressing cells simply
reflected inhibition by Bcl-2 of cytochrome c release during preparation of the heavy

5 membrane fractions or during subsequent incubation of these fractions. To investigate
this possibility, cell fractionation was performed in the presence of exogenous
cytochrome ¢ and measured whether this influenced caspase activation. If the
Bcl-2-membranes had low caspase activity because of a Bcl-2 effect on cytochrome ¢
sequestration, then the addition of exogenous cytochrome ¢ during membrane

10  fractionation should increase the caspase activity derived from those membranes to the

levels seen in membranes from neo-cells. Accordingly, during the fractionation

procedure for heavy membranes from neo- and Bcl-2-expressing cells, following

Dounce homogenization, the sample was split into two fractions. One fraction was

processed with standard buffers, while to the other fraction 10 pg/ml of bovine

15 cytochrome ¢ was added, and 10 pg/ml to the buffers used to suspend and wash the

heavy membranes. This concentration of cytochrome ¢ was chosen since it represents

the estimated total amount of cytochrome c present in the starting cell pellets (Li et al.,

J. Biol. Chem. 272:30299-30305, 1997). Finally, these membranes were resuspended in

1 pg/ml cytochrome ¢ plus 50 uM dATP, incubated, and then assayed for DEVD-amc

20 cleaving activity. Aliquots of the cytochrome c-treated heavy membranes and

cytoplasmic fractions were then incubated with hypotonic buffer containing 50 uM

dATP/1 pg/ml cytochrome c for 40 min at 30 °C, while the membranes and cytoplasmic

samples that had not been treated with cytochrome ¢ were incubated only with buffer.

Each samplc was then centrifuged, and DEVD-amc cleavage activity in the supernatant

25 was measured. The data in Figure 6 represents three equivalent experiments (Figure

6A). This activity was compared to that from our usual membrane preparations
prepared without cytochrome c, and incubatcd without cytochrome ¢ or dATP.

The data demonstrate that inclusion of cytochrome ¢ during membrane

fractionation and incubation has no effect on membrane-derived caspase activity; the

30 activity in the membranes decrived from Bcl-2-expressing cells remained low compared
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&@0%& (9 - By M&aand cobb@&ia) treatment of their mitochondrial preparations with 1%

y10%& () - N(.});V O&;llgoweg ga%?n%e fg to cleg\)/ee;rzza?;acsieE }(I\vlvcl:]ei'e)és no cleavage was observed

in the absence of detergent (Mancini et al, J Cell Biol. 140:1485-1495, 1998).

However, the present results demonstrate that 1% NP-40 had little effect either on

spontaneous activity or the activity induced by treatment with caspase-1 or granzyme B

10 (Figure G6A). In this experiment, 160 pl of neo-membranes were diluted with 180 pl

hypotonic buffer and treated with 40 pl 10 % NP-40 detergent or dH,O (final vol = 380

ul). The diluted membranes were activated by the addition of 20 pl granzyme B or

caspase-1 lysate or buffer, and incubated for 60 min at 30 °C. Following activation, the

heavy membranes were removed by centrifugation and the DEVD-amc cleaving activity

15 of each sample was measured by adding 50 pl of each supematant to 200 pl of 25 pM
DEVD-amc substrate in ICE buffer (Figure 7A).

Next, to analyzc whether membrane preparations from 697-Bcel-2 cells
may have low spontaneous activity due to enhanced sequestration of a caspase, we
added DEVD-amc to Bcl-2- and neo-membrane preparations, incubated them in buffer

20 alone or buffer plus 1% NP-40, and measured the appearance of fluorescence. In this
experiment, the effect of NP-40 on the progress curve for heavy membrane catalyzed
DEVD-amc hydrolysis was measured by adding 50 ul freshly prepared neo- or
Bcl-2-membranes to 200 pl 25 uM DEVD-amc in hypotonic buffer pH 7.5 (containing
4 mM DTT) with or without 1% NP-40 detergent. The resuits indicate that 1% NP-40

25 had only a minor effect on the magnitude or rate of [luorescence increase. Preparations
derived from 697-Bcl-2 cells had low activity regardless of whether 1% NP-40 was
present, demonstrating that this low level of activity was not due to sequestration of an
active caspase.

Lastly, mitochondrial fractions from 697-neo and 697-Bcl-2 cells were

30 prepared using the methods described by Mancini et al (1998) to more directly assess
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described in Figure 7A. As shown in Figure 7C, fractions from both 697-neo and

dESH: !
D-amc cleavage actw:ty as

5 697-Bcl-2 made by these methods have granzyme B-activatable caspase activity in the
absence of NP-40. However, in the presence of 1% NP-40, granzyme B treatment
yielded cnhanced caspase activity. Thus, under these conditions, granzyme B generates

caspase activity in both NP-40 independent and dependent manners.

10 From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described hercin for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
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1. A method for identifying membrane derived caspase activity,
comprising incubating a membrane fraction comprising heavy or nuclear membranes under
conditions and for a time sufficient to allow for the evolution of caspase activity, and

subsequently detecting caspase activity.

2. The method of claim 1, wherein caspase activity is detected by

measuring caspase substrate turnover.

3. The method of claim 2, wherein substrate turnover is measured by time

course analysis.

4. The method of claim 2, wherein substrate turnover is measured by

endpoint analysis.

5. The method of claim 2, wherein substrate turnover is detected by a
method selected from the group consisting of fluorescence spectroscopy, mass spectrometry,
HPLC, colorimctry, fluorography, radiography, gel electrophoresis, chromatography and N-

terminal peptide sequencing.

6. The method of claim 1, wherein caspase activity is detectcd by

determining caspase processing said processing providing large and small caspase subunits.

7. The method of claim 6, wherein large and small caspase subunits arc
detected by a method selected from the group consisting of fluorescence spectroscopy, mass
spectrometry, HPLC, colorimetry, fluorography, radiography, gel electrophoresis,

chromatography and N-terminal peptide sequencing.
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ultraviolet irradiation, gamma rradiation, and Tumor Necrosis Factor.

11. A method for identifying an inhibitor of the activity of a membrane
derived caspase, comprising contacting a membrane fraction with a caspase substrate in the
presence and absence of at least one candidate inhibitor; and comparing the levels of caspase
substrate turnover, and therefrom identifying an inhibitor of the activity of a membrane

derived caspase.

12.  The method of claim 11, wherein the caspase substrate comprises a site
cleaved by a caspase selected from the group consisting of a protein, a polypeptide, an

oligopeptide, a peptide mimetic and a peptide.

13.  The method of claim 12, wherein the substrate comprises the peptide
DEVD.

14.  The method of claim 11, wherein the membrane fraction is prepared
from un-stimulated tissue culture cells selected from the group consisting of 697
lymphoblastoid cells, E15 primary brain cortical cells, MN9D cells, Jurkat T cells, and
FL5.12 cells.

15.  The method of claim 11, wherein the membrane fraction comprises

membranes selected from the group consisting of heavy membranes and nuclear membranes.
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from non-apoptotic cells.

23. The method of claim 11, wherein the membrane fraction is derived

from cells treated with a stimulator of apoptosis.

24.  The method of claim 23, wherein the stimulator of apoptosis is selected
from the group consisting of deprivation of a growth factor, staurosporine, anti-fas antibody,

ultraviolet irradiation, gamma 1rradiation and Tumor Necrosis Factor.
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29.  The method of claim 25, wherein the membrane fraction comprises

membranes selected from the group consisting of heavy membranes and nuclear membranes.

30.  The method of claim 25, wherein the membrane fraction comprises

heavy membranes.

31. The method of claim 25, wherein substrate turnover is detected by time

course analysis.

32. The method of claim 25, wherein substrate turnover is detected by

endpoint analysis.
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polypcptldc is added prior to or concurrently with the addition of the caspase substrate.

41. A method for 1dentifying an inhibitor or enhancer of the evolution of

caspase processing within a membrane fraction, comprising contacting a membrane fraction
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47.  The method of claim 46, wherein the anti-apoptotic polypeptide is
Bel-2.

48. The method of claim 41, wherein the membrane fraction is derived

from non-apoptotic cells.
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53.  The method of claim 52, wherein the substrate comprises the peptide

DEVD-amc.

54, The method of claim 51, wherein the membrane fraction is prepared
from un-stimulated tissue culture cells selected from the group consisting of 697
lymphoblastoid cells, E15 primary brain cortical cells, MN9D cells, Jurkat T cells and FL5.12

cells,

55. The mcthod of claim 51, wherein the membrane fraction comprises

membranes selected from the group consisting of heavy membranes and nuclear membranes.
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58.  The method of claim 51, wherein substrate turnover is detected by

endpoint analysis.

59.  The method of claim 57 or 58, wherein caspase substrate turnover
detection is performed by a method selected from the group consisting of fluorescence
spectroscopy, mass spectrometry, HPLC, colorimetry, fluorography, radiography, gel

electrophoresis, chromatography and N-terminal peptide sequencing.

60. The method of claim 51, wherein the membrane fraction contains the

inhibitor of apoptosis.

61. The method of claim 60, wherein the membrane fraction is derived

from cells expressing Bcl-2.

62.  The method of claim 51, wherein the inhibitor of apoptosis is a Bcl-2

polypeptide or a functional fragment thereof.

63.  The method of claim 51, further comprising incubating the membranc
fraction with a caspase activator prior to or concurrent with the addition of the caspase

substrate.

64. The method of claim 51, wherein the membrane fraction is derived

from non-apoptotic cells.



WO 00/52194 PCT/US00/05889
52

65. The method of claim 51, wherein the membrane fraction is derived

from cells treated with a stimulator of apoptosis.

66. The method of claim 65, wherein the stimulator of apoptosis is selected
from the group consisting of deprivation of a growth factor, staurosporine, anti-fas antibody,

ultraviolet irradiation, gamma irradiation and Tumor Necrosis Factor.

67.  An inhibitor of the activity of a membrane derived caspase identified

by any one of methods 11 and 41.

68.  An enhancer of the activity of a membrane derived caspase identified

by any one of methods 25 and 41.



