0 It DEC 2004 WD 01/98455 PCTIUSO /18%04 METHOD FOR PREPARI NG A
PHYSI OLOG CALLY ACTIVE |L-18 POLYPEPTIDE 5 BACKGROUND OF THE INVEMT@@E %W@
present invention relates to a process for producing a physiologically
active polypeptide, nore particularly, to a process for producing active
human 1L-1S. M 18, also known as interferon-y-inducing factor, is a
recently dlaﬁhqg&gg novel cytokine. Active |L-1S cont aicsisdingsoan no aci d
resi dues. as potent biological 10 activities, including induction of
interferon-y-production by T ceIIs and spl enocytes, enhancenent of the
killing activity of NK cells an ronotion of the differentiation of naive
C4+ T cells int oI\IEfTBlODc@R%REH @ i RENGROLPGHEMLMACTEVE s tfent s the
production of GW CSF and decr easegiipeppmeducti on of IL-10. I1L-19 has been
shown to have greater interferon-T inducing capabilities than IL-12 and
signals through a different receptor and 15 utilizes a distinct signal
transducti §n BRAKGRGIYND OETHBINVENGI@hcodi ng nucl eoti de sequence, and certain

physi COChem cal %U}?ngg% mv%%%ﬁt&ét@&pr@éesstf& roB&é[nlgfxblgﬁtolﬁgxallﬁcﬂvd s known
(Ushio, S., et al I nmunol 4274- %1? Dinarello, C A,

et al. 1998, BOIYPEEGRWWIEiﬂBY &w“’“isgg’f%fe °18%%f e I'ki Kai sha
Hayashi bara Sei butglys, K@y@]@un&&n&mup@-uﬂuoﬁngIﬂa;oaﬁhwé:cmﬂaa&covdsds 20 5, 192, 324,

uh oh cor esponds, (g F 842830, PR LASH ORI Yo ydP, O 5ol o5es 2

mouse pr ot ei n"WAl anra product i on munoconpet ent cel | s,
the proteabn bmmﬂg, fhmdudgmduu@haqfa@tfew-terddva@ﬂhﬁP‘?’figaﬂééﬂ?“a‘iyﬁs’phys| cocheni cal

properties and e diRabdilitd of RRIAR a@GhrhoBRQE@N G SerenfhtnA oftiafe] 0sed is a
protein havi n gncirg%tcgg] g% genclgyjo V\clo ?r%ngnts t hereof, DNA (471 bp)

encodi ng t he pDe‘t'ébdﬁsmh)thedDﬁa@dmm s B Dhngorents e podpct of8Vhods, and

net hods f or d%&ﬁﬁh'd%a&?ﬁe%d&hﬁhGfmh@mslbh@%eﬂshoﬁnHh&eg&a@14 584, whi ch
corresponds to

P 0712931 publlshed on M 22, 1 di scl oses a 157 as
human pr ot ei n ingsEror iFBIcHE FrEdtiEyha dl-12 Wg%ﬁ&hﬁ‘ﬁ‘%"dig'%ﬁé‘t PR e?n
transf or neyst Snnhzedlhrdikﬁﬁ:‘ﬁﬁgﬁlhfaﬁkﬂucﬁcﬁnﬁﬁtﬁmyng t he protein, rmnocl onal anti bodi es
agai nst the pr ot;e%_ E&ngﬂﬁr@?cﬁegé&&%‘aﬂd Ruglhgﬂygg,ggeggalrgg&@gﬂs met hods for

detecting the pro treat nent. and/ or vention of
mal i gnant tunmrosemﬂap‘itbﬁp“dﬁeé@@?é‘ssmb‘&‘b@é@?’éi’e‘“f Af écrt}“lﬁ’ﬂ‘gc’lﬁﬁys]é; 'ses, and i nmune
di seases. | NCYoR-4273) BLABICLOAI, Gﬁf3998|D(I:»eu'kscyte‘malo@57/1§94m¢1§531§@bl i shed on Jul y

eceroar o enoRitRiE FhARAE Ll Rk S BREppAaf 0] L 15
expr essi 012001 SErRY, whish chrssigndy @eﬂf@é@ss@wbbayef RIBHEL ) PR AT oS (o bo
partially di gex{&Groiilhtid iiBSEIN GuriiORbcueoRby BmuRolppepbiltate 1
protein being further characterized as having certain physicochemical properties and a
defined partial amino acid sequence. Also disclosed is a protein having a 137 aa sequence,
two fragnients fhereof, DNA (471 bp) encoding the protein, hybridomas, protein purification
25  methods, and methods for detecting the protein.
Hayashibara's U.S. 6,214,584, which corresponds to EP 0712931, published on May
22, 1996, discloses a 157 aa human protein and homologues thereof, DNA encoding the
protein, trausfor:ﬁants, processes for preparing the protein, monoclonal antibodies against
the protein, hybridomas, protein purification methods, methods for detecting the protein,
30 and methods of treatment and/or prevention of malignant tumors, viral diseases, bacterial
infectious diseases, and immune diseases.
Incyte Pharmaceuticals, Inc.'s, WO 97/24441, published on July 10, 1997, discloses
a 193 amino acid protein corresponding to IL-18 precursor and encoding DNA.
Tnn human cells, polypeptides formed by the expression of genes may be processed

35 by intracellular enzymes to be partially digested and to receive sugar chains. Polypeptides




0 4 DEC 2004 WO 01/98455 PCTJUSO /18804 to be satisfactorily incorporated

i nto pharmaceuticals may be those which were processed simlarly dsh DEE 2004
human cells. It is known that npst cytokines are usually produced as
precursors with no biological activity, and then processed by intracellular
enzynmes to be converted into active polypeptides. 5 The IL-18 pol ypeptide
usual l'y em%%)g uman cells in the formof a precursaoicrafsork®3 am no aci ds
and no biol ogica activity The precursor 1L-18 is also referred to as Pro-
I L-18. One nethod beiiBst WBcHeRGIc80dd | S taught by
Hayashi bar am§ Delja'gﬁdg&é%g&@ %ﬁu\?\‘/ﬁ?ﬂg}t@?gﬁaﬁesga{( nds tq. EP 0?%9757 publ i shed on
January 21, 0Bl Friehunsaeenil igkoowp pataosteyto ?ﬁﬁsugq'y PEYEBei n whi ch
converts a prﬁ&%&%tﬂfo b{ole)'gﬂ;ﬁ adtiRityQ ard Gleh procebskd byliftradlulavanzytubetp baret hod of
produci ng active IL-1S f Wpé’é‘% precursor is taught by Hayashibara' s U S
Patent No. 5,%88Fted% *HHK ‘Tp(? Tesponds to EP 0821005, published on January
28, 1998. SThe pat &h¢ ILelis goiymatals uwailytesists inhumascells i Bofern of 2 PRCUFROT 4

interl eukin- 1i§§amﬁ9£!:¥c§'§ﬁd'n@9w%@i§a\f%vx(y hﬁfprécurs&lﬂﬁlﬂleﬂﬂl‘bf&gﬂtﬁsﬂohe pat ents and
references areée | ncorpora a nedi at or

of apoptosi s % P’Fﬁql%"t?ﬁﬁftﬂ‘?ﬁ’ﬂél%“"ﬁg'é# Qﬂlgﬁg’f“{rlsé’f ls{augh?%ﬂ&aéﬁ I'n the
literature. |t.5iss7abeowikichoimespdndsto EEDEB197M, Pp‘PlEI@QQSJW@&f@?ﬁ ghef bot h

I nt erl euki n- ngd | nt Wik  fedciiSor 6ATNAR BRALEN IL-NA, et al .
1992, Nature ‘?ﬁg‘ S°‘??§§“f‘/’§%é}a'%‘§?wma§%ﬁa %997 Nature 386, 619-623). 20
SUMVARY OF0 THEE. | NVENTI ON The present invention provides nethods for the in
vitro activation anotﬁér%ﬂlb:ﬁﬁ'fpro&icmghmm IBlfroth@®s predussor iktagbrbyas Pro-1L-18) with
an activating,enzyne, n lIL-18 with
an activat i ngﬂﬁ'ﬁ% ﬁ% e“ s g’ggs'}%gge 31{éoggsgcé@pggfgwﬁwssﬁglmg%%pem fically,
the present |hnnamﬁsoW%r@vpmsdlalomtﬁ@ﬁmﬁrew% 18 witpigtedeuindfy caspase 5 act
on a precurso on@e]crt ,a—g}ﬁ E"ﬁ_‘: G RV Eaclings ReGd [fateﬁts &idtrﬁ'er&ﬁesﬁfemuﬁﬁat&rbyactl ve

pol ypepti de that N-y production in i munoconpetent cells. The

pr esent |rl§entef°&4°°F urther pr ovi des nmethods for the in vivo activation of
precursor of hunmanmhk kolelddICRRyp mediatorgf apoptesispndisanmgtiqnthes hsprowtensivelyi t h an

activating pratgas mem@’erJé/bft%aﬁQB{athhmtﬂsym kb&sﬁ&a@&mfbbmventl on provi des
met hods for tfé in vivo activation of § gftgl(’q%e% 35%uch as,

caspase 4, al btprirykivang bterlpukinei8 tq aetive f°f@5@ﬁ%t§t€f% "ICE , I,
and ubi qui ti n76g0Ee; dhagr, [ITe04l © 98, Nainfei386) 688423 on a precursor of the I L- 18
pol ypepti %(3 to convert it into an active pol ypepti de that induces |IFNvy
producti o

SUMMARY OF THE INVENTION
The present invention provides methods for the in vitro activation of precursor of
human IL-18 (also known as Pro-IL-18) with an activating enzyme comptising, contacting
the precursor human TL-18 with an activating enzyme, such as caspase 4 or cagpase 5. More
25  specifically, the present invention provideé a method by which caspase 4 and caspase 5 act
' on a precursor of IL-18 to cleave a specific site to produce an active polypeptide that
induces IFN-y production in immunocompetent cells.
The present invention further provides methods for the in vive activation of
precursor of human IL-18 comprising_co-exptessing the protein with an activating protease.
30 More specifically, the present invention provides methods for the in vivo activation of [L-18

using proteasese such as, caspase 4, also known as ICER gy I, caspase 5, also known as
ICERE1 I, and ubiquitin-specific protease, which act on a precursor of the TL-18

polypeptide to convert it into an active polypeptide that induces YFN-y production.




0 4 DEC 2004 WO 01/98455 PCT/ USOL /18804 BRI EF DESCRI PTI ON OF THE}QI' DEC 2004
ACCOMPANYI NG DRAW NGS FI G 1 shows the am no acid sequence of hunén
precursor IL-18 (SEQID NO 1) FIG 2 shows the nucleic acid sequence
encoding full-length human IL-18 (SEQID NO2). 5 FIG 3 shows the am no
aci d sequence of active human IL-1S (SEQID NGO 3). FIG 4 shows the am no
acid sequeng?(,q,&s"ggte 6-his tagged N-termnally truncatedrusaspase 4 (SEQ ID
NG 4). FIG ows the nucl ei c aC| d sequence encoding the am no acid

sequence of the 6- his ta &g@% ed caspase 4 (SEQID
NO 5). 10 FI @R%Fngﬂg%i LiiTo) gg% Wt he 6-his tagged
N-terminal |y trun@s. ¢ehows as paisewcE sqBEQ of DuOp@yursoHl-¢3 (SFQIRHRE) t he nucl ei ¢
aci d sequence enc AR Ui RGeS SRUENGRI-EH HiRaOT -1 B{SEQIIRgged
N-termnally trunggff'e oggglﬁasee 501( !IIEQD IDNO7). FIG 8 is a schematic

di agram of a WP@lstronic expression cassette contained within 15
PET28-Prol k-1 8/ Cagp 34hdwe the finecjdisessiag acife Hmes LIS (SEQ IBAP: 8 uncat ed caspase

4inE tali. Fl & o‘ﬁh E’hfat 4 NherBhnGiBSRARRI 4 €Xxpression
cassette within gﬁgﬁow?ﬁﬁgfﬁﬁﬁ%ﬂ%e j agéeshows t he annot at ed sequence
of Pro-1L- | @eeddsEIMN@pressi on cassette Nunbering corresponds to the
position wi t hi nt hﬁ%@gﬂ_&gﬁlen%&&hﬂﬂseq&&eﬁc@mgﬂ& miowsd Byeadelf th8§-Caspase 4

i nducti on. he g c_di icistronic expression
cassette cont E‘Fﬁﬁﬁﬂd t"t"’ﬁ]inﬁF %Ca'f-*}r oaﬁ 5g;trufﬁcat ed caspase-5 for

co- expr essibon of Wd@ﬂﬁ@%ﬂdﬂ@h@p@%%ﬂfﬁwémséﬁﬁd prEalneiEis o sequence
of Pro-1L-18/ 8e® m@- 2ssion cassette wwthin pET28 (SEQ TD NO 9). 25
- FI G 14 ShOVVS the (SHOE ?‘glmtlc u%ngeﬁv]xegéeae%oﬁm tﬁJaﬂEl{OQlc}.h Isque§éetf6 Mglg:at ed

caspase-5 expressF ing re atory seduence features and
transl ati on ohis Bgesd NiterthBallriincated wspessts €¥EQIRINNHBe- 5. Nunbering corresponds to

the positioning Wﬁl@'s%éﬁﬁ&ﬁ@% oV £Hidis@bnic dxpréssior &usBiead@aiken @ithih - 18/ Caspase 5

i nduction. FIG 16 s m no .aci SEQ | D NO
10). 30 FI¥& ﬁ@ﬁ%le\t’,\%@pgte?f:?"eef‘?fesg?ﬁ°5grngggaﬁg%m§%%do§$u%gnhe aim no acid
sequence of Ub- | LEIGS shBEQ 4Bt Prod)- 18/@51&58 41%%4%‘9%@“%%“‘?1’88?@ c acid

sequence of U%EH{E}E 1pr -1 expression cassette wthin the pET28 vect or

\(NIS'ILE hQI :.]Dt ES éETZ 8 Clpél?ow% g\gzz\smotgtpdesecﬁlgnrég :g oeI(Ii 1%% %E?SQ gxp?e];smlﬁjtgas.l;e‘le 81lbp -1

Nurabering corresponds to the position within the pET28a vector.

20 FIG. 11 shows Pro-IL-18/Caspase 4 induction.
FIG. 12 is a Schematic diagram of bicistronic expression cassette contained within
pET28-Pro-1L18/truncated caspase-5 for co-expression of Pro-IL8 and Caspase-5 in E. coli.
* FIG 13 showsa sequence of Pro-IL-18/Caspase 5 expression cassette within pET28
(SEQ IDNO:9).

25 FIG. 14 shows the annotated sequence dlagram of Pro-IL-18/truncated caspase-5
expression cassette detailing regulatory sequence features and translation of Pro-IL-18 and
truncated caspase-5. Numbering corresponds to the positioning within the pET28a vector

FIG. 15 shows Pro-IL-18/Caspase 5 induction.
FIG. 16 shows the amino acid sequence of Ub-IL-18(SEQ ID NO: 10).

30 FIG. 17 shows the nucleic acid sequence encoding the amino acid sequence of Ub-
IL-18 (SEQ ID NO:11).

FIG. 18 shows the nucleic acid sequence of Ub-IL-18/Ubp-1 expression cassette
within the pET28 vector (SEQ ID NO:12).
FIG. 19 shows the annotated sequence of Ub-IL-18/Ubp-1 within the pET28 vector.
35  Numbering corresponds to the position within pET23.
FIG, 20 shows Ub-TL-18 expression and processing by Ubp-1.




35 Nunbering corresponds to the position within pET28. FIG 20 shﬁvyg cC 2004
Ub- 1 L-18 expression and processing by Uop-1. 3 0 4 DEC 2004 WO 01/9 Q@g
PCT/ US01118804 FIG 21 shows |L-18 activity assay using KG 1 (human

nyel ononocytic cell line) cells and to nonitor IFN-y production (IL-1S
expressed in various ways as indicated). FIG 22 shows IL-18 activity assay
usi ng puri f igegloddgiggn PBMCs to nonitor | FN-y producti onpiuselssexpr essed in
vari ous ways as indicated). 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON Caspase

4 and 5 are menberg; of s}ﬁwf;ﬁmiilaycw@}asﬁyﬁiu@ml @ﬁﬂn&@ﬁﬁﬁoﬂoh@tcdlmﬁé)ude
Interleukin-1 R convertin enz%i’gtng g{eCE V\A‘IS‘#] refer entl Jy cl eave
substrat es co?ﬂlhﬁnﬁfwné*’r[%fbl’r@ P GREPEHT oL VA D TR SI ¥ the amino acid
sequences XEYD, V\/Q@d;Q’Qghozgsu$1sjaa1v&¢$s§hejh§1cgphﬁﬁbﬂhan@rPBMpsmmemﬁ’N-}aci ds

consi sting of V\d/ s glutamc acid; Y is selected

froma group HPdusifeQy lﬁfi‘ﬂﬂ%gsegﬁln‘g‘i“’é‘f?’ﬁé“l?dlﬁ%ecll)l A T, S Por E-and Dis
aspartic a¢eid (Munday, N. A, at a!., 1995, J. Biol. Chem stry, 270,

15870- 15876; oPfuE W98dTon. Biol. Chemistry 272, 9677-82;
Thor nberry, hﬁ%ﬁﬁbﬁﬁscﬁggoﬁ

Bi ol Oq%ms r 272 %L q0d7 11). The
substrate recogni tqaﬁﬂﬁs“d‘fmﬁégb%’%b% of & farpi °t6"éesf? Bg¢entially the sane
for I CE and cmmﬁg a;n,dmﬁlg QICEf mmm&thenlaummmsbsmestJWSpase
(Tal anian, R V. at @&ﬁg Thor nberry,

a
NA at al. 19@‘?asﬁa°t“'§'i°?)f'l°t‘ffﬁ%pﬁ’isl§%t3 mﬂ”ffmmf%e@%e pase 4 is disclosed
in EP-B-0 1@54sezeatedﬁ@spawfann@amd@lpmshesew iLaf. (o, B % 0552 S53emitd U. S.

> 760, 180, DLl ica0efd d otﬁ%@é&&%@iﬁse@ﬁsﬁtu@goﬁ‘ﬁmkﬁ off ofERud Ddbependent
enzynmes t hat can dO(_g{rem se eave I%Pkln oI UEJJO I}d 15¥7dcﬁnserved 76 am no
aci d ubi quiti ASPEEPL “anbm‘%h"é“’rxl-mtsﬁr | ns At are fused to
it. These pr ou{eas&:a 18976 Bfol. cadrrhspye‘ne%ﬁmsz,W@npnermNePeetabéﬁ‘?afl%#ween t he

car boxyl -t ermpal lsn%%f'%‘ 9%9'1 FRSpSNE. Ol 1ddlafélkfnla5615ﬁstﬂc§ugﬁtﬁ:lﬁa and the a- anino

group of any non- rotein to C itin is.join
Ubi qui ti n- @pe@#sﬁﬁt'euﬂkﬁrsé‘t“bﬁg E apd cayppsss eﬂ#ﬁ%ﬁ% &« @Pmbrrs ot g‘%"as‘lﬁf) Ubp- 2,
and Uop-3, f Qral@xaAmV.etalape, 2Biok optistg T, AANSDH Fhangenmyiidn etrat: ll%97éxpr essed to

t al d tinat t S i t e
bot h 11 vi vo i GHEOR VS (HERC O b HahalR HEh s 08 S bl o o P67

23364-23375; Biaklesed infrS. 6555336 andibH 5,760,188 ol . Chem 269: 25381- 25386). The
specificity of SaCQBI 1@%&% pﬁﬁa@yér&ﬂmmydfb;qu-wdépeﬁueﬁtpﬂgméslﬂ@t@not eases all ows

for the precise ubi |t| n A0 exception of
t hose t hat%0st a?F"P‘S?}\X qove‘b?%' ]l“trluo E‘HG ﬁ%%@cﬁ%g%hyo{%%a%gef rom ot her

speci es such asminpuserotims thataek frsedsto Muﬁmp HW QPQ"EJ@“”U‘F[SYF thepetide apabl e of
efficient cleqyane.eues dadbolyi-Riin®fmifl RdirdiRud dBh biifiitinploteAnebe @l . 1997, J.
amino group of any non-ubiquitin protein to which ubiquitin is joined. Ubiquitin-specific
proteases from Saccharomyces cerevisiae, Ubpl, Ubp-2, and Ubp-3, for example, are
25 knoWn and can be recombinantly expressed to catalyze deubiquitination reactions that target
ubiquitin fusion proteins both iz vivo and in vitro (Baker, RT et al., 1992, J. Biol. Chem.
267 23364-23375; Baker, RT et al., 1994 J. Biol. Chem. 269: 25381-25386). The
specificity of Saccharomyces cerevisiae ubiquitin-specific proteases allows for the precise
removal of ubiquitin from any peptide with the exception of those that start with proline.
30 Ubiquitin-specific protease from other species such as mouse Unp and its human homologue
Unph, are capable of efficient cleavage even in front of proline (Gilchrist CA etal. 1997, J.
Biol. Chem. 272-32280-32285. Thus, virtually any desired N-terminus can be geperated
through the removal of a precisely fused ubiquitin peptide when combined irn vitro or co-
expressed with ubiquitin-specific proteases. Ubiquitin specific proteases are disclosed in
35 U.S.5212,058; U.S. 5,683,904; U.S. 5,391,490; and U.5. 5,494,818.




Bi ol . Chem 272:32280-32285. Thus, virtually any desired N—terninUﬁ iu 2
generated through the.renoval of a precisely fused ubiquitin pep in Clen €004
conbined in vitro or co- expressed with ubiquitin -specific proteases.

Ubi quitin specific proteases are disclosed in 35 U. S. 5,212,058; U S
5,683,904; U. S 5,391,490; and U. S. 5,494,818. 4 0 4 DEC 2004 WD 01198455
PCTI USO1118804,, /400y natural and artificially produced cpspaseiskos Caspase 5,
or ubiquitin protease can be used in the present invention as |long as they
produce active pol ti.de 4 punoconpet ent
cel I s i ndependent I%P?#“?lﬁrélm lcﬁﬁytﬁc{hﬂ%ggmaggﬁ%%g Sgﬁlﬁggqigfr%?pé?t%; 5 I'n hunan
cel I's, pol ypelpseianthé preseas chvengion 3 dong ssihes gierushactie RgBPRRtdeRtsr ey ocessed by
intracel | ul arFﬁll@l LbnRlel| EINE YIRS bRRY Smichi®s, Béuakidng OF  pr ot ei ns,
such as Pro- |ﬁ%%m%ﬁg§§%%ctlve form ﬁglypeptldes to be
satlsfactorlI9ﬁ¥Hcorporated i nto pharmaceuticals should receive processing
simlar tosthe pragestah s pollppeipd focedbyrtecaprsion of gertremmbe pwbdssed  The

pol ypepti des suaII exi st I ursor and 10
o b ol 0! cal Bab Pt RrglRilafi deabdld it @RLEL stnBnBE S0t BN, 79
pol ypepti de, Hrid, inigsheahdtiye formo dobpaptides tofsp %ﬁ@?ﬂh@%ﬁ%‘ﬁmbl ol ogi cal

activity, and ﬁaﬁ%@eaﬁéaﬂ%@dﬁﬁ%mbé/préc%ﬁx ek télﬂﬁrprdeﬁaygm@pépedebﬁec@mwer ted into

active polype tides precurs he present
i nvention exi “?““#ErIERQWﬁW§b“Fﬁ&Y?¥ FP mﬁﬁl eren?Pécpro %ce t he
pol ypepti de, hndbistegioaibdoiidy. hemom@iatmqstm&msnm&udbla@l{e&i%ﬂolyp%das%t em such as

E. coli, tra”@%& gﬁl%aspFLE&r&%ﬁlfagb@o&}hmﬁtygnm@n;messmph the nucl eot i de

sequence of S containing are |ontgh|ch encodes the pol ypepti de.

Uzlng such nuﬁﬂﬁmﬁﬁﬁmwﬁﬁ“H&éﬁ@ﬁ?éFmﬁﬁg?PﬂﬁFP precursor |L-18 can be
expressed with negkweﬁmmumedammmwmvdnhed@m 2@ exampld inr 0 Cl eavage

T et BB TP i TR R ahife] it A kgl on of

precursor ecur sor conpri si ng,

cont act i ng5t h@yspmquelrasércofr pohsfooaedby insodipiegr BA-&&s ¢ DNATHE e Av¥rAEde | n a
preferred enbgg hé{@éUfsE(?hﬁN@fzeo%aﬁmlngmgmxwh@ﬂemvmd@aypapmetmqsmr the in

vitro 25 act|vat|on u QP ontacting.the
h u I’Tﬁﬁm{nﬁ 13_118:1 ﬁ](? % recu So%jﬂ:alrg caane Cg' 99 I@EPV(I 'g‘lsp;r)m? ﬁ)

pr ecur sor caspase erred

enbodi nent, t heepredive Bek8. of | L- I8 is actlvated invitro by cleaving wth
the activating enzynme which recognizes a specific protease activation notif
conprising the amno acid sequence X%EP wherein X is selected froma group
of anino & ds 30 consisting of winpirgeleagage; /- por E: and Y is sel ected
froma group of anTha@resi iflention provides methods for the irf vitro activation of a precursor

polypeptide, such as the precursor of [L-18 comptising, contacting the precursor
polypeptide with an activating enzyme.
Ina preferred embodiment, the present invention provides a method for the in vitro
25  activation of 'precufsor-of human IL-18 comprising, contacting the precursor human iL-18
with caspase 4 or caspase 3. |
In a preferred embodiment, the precursor of IL-18 is activated in vitro by cleaving
with the activating enzyme which recognizes a specific protease activation motif comprising
the amino acid sequence XE¥D, wherein X is selected from a group of amino acids
30  consisting of W.L.FY.1,V,DorE; and Yis selected from a group of amino acids
consisting of of H, I, A, T, S, Por E.
Tn a further preferred embodiment, the precursor of IL-18 is activated in vitro by
cleaving the peptide linkage between the aspartic acid 36 and tyrosine 37 in SEQ ID NO:1
with caspase 4 or caspase 5 to produce an active polypeptide that induces IFN-y production

35  in immunocompetent cells.



consisting of of H I, A T, S, Por E In a further preferred enbﬁ)g EEEtZU!]'i
the precursor of IL-18 is activated in vitro by cleaving the pept

| i nkage between the aspartic acid 36 and tyrosine 37 in SEQID NGO | wth
caspase 4 or caspase 5 to produce an active polypeptide that induces ENy
production 35 in imunoconpetent cells. 5 0 4 DEC 2604 WD 01/98455 PCTI USCL
/18804 Cener b %gg Jsaspase 4 or caspase 5 can be obtai negdctigingst | s, which

i nherently ‘g SuiieR it, and transformants obtai ned by applyi ng reconbi nant

DNA technology. - Exaqp lgéci%fp%e (B0 e Bald10RCURR MBERYES! aDI | Shed

from mammal and hufran helial cells, endot helial cell s,
interstitial prefucsit apdiraniforments Q?E?IDF%"YWWQE‘”“S %‘?Efﬁtli‘PIB@’yt es, |ynphocyt es,

and efst abl 'dShE&m%E& bf shdh QIR a&ﬂ%Ee@ﬂichE%@%bﬁﬁedﬁuﬂxﬁﬁmﬂzfndhlﬁiiaolcﬂhnt S i ncl ude
transforne mcroor anisgs a cel obt |ne oducing a DNA
encodi ng casp&sBasHP; 1(“%“1’11? c?‘i“@g‘Flﬂgﬁ‘?{{af‘h‘smg\tﬁhml?ﬁwrrg B & %néc%asg ase 4 or
caspase 5 S gRiSRAESTuphocyes] andestah@thMS@etnhawéowtoétth conventlonal

cul ture media tracafs a!n{s' f{lhestraﬁéfcﬁlngdmxcx%&rgiﬂﬁﬁlsz{nﬁﬁ%ﬂeﬂsmﬁmwmod%ﬁg asonics in

the formof in f‘[{cures or after Separated fro the 10 cul %ures or
soaki ng the tn@h@femoﬁﬁa'e‘@a?er? Lﬁ‘?&&f‘@?ﬁ"&“ﬁ"d’l“\ﬁém“s“ s ? PSP AG PEFRE resul ting
cell debris gfepm@bp&ﬂﬁﬁngaﬁuaéﬁnﬂbrﬁ@a&ﬂb&nﬁn&onsuplewmdameg irthsifidd| | debris the

following conventional ues. e B¥hr SPAMIB R the this fiel d;
salting out, &usfye emfw‘@ E’Sf nlgsnm%ggoﬁgéﬁ%t?ogw%%yr gg?at orym edi ment ati on,

i on- excharﬂge chinmatsogﬂmphyransgmmﬂﬁnﬂYPQ’@MSB‘h"'“@mPHHﬁ%‘B é"ﬁ‘i‘{?“g“ sor ption

chr omat ogr aphy;e, 4 58k &GEt ohGinah Etﬂﬁi@%@%ﬁﬁ&)énd ci@ddﬂuﬂﬁﬁﬁllmuhngc chr omat ogr aphy,
reverse-phase c romato r aphy chro [AR ogtedm Jectrophore5| S
eon

and el ect r of GeayeytiaRg! te “"(ﬁr“seF'rﬁ’Fé i eﬂ’é{%“buh ca net hods can be used
i h conbi nat i ownuaﬁmecdabéﬂnemwmﬁtgwsa&memmmr( FiclgngeShropapprphipec NO 5) and
caspase 5 (Fi %ltrah chﬁo%ﬁ@grn&y,’ﬂ%o@wn%g&ﬁﬁﬂ?fisgslmrcﬁoﬂﬂdgﬁalﬂhypr oduce caspase 4

and caspase 5 are : exgggI en;ﬁg % be
produced i adwirogholtfipehmmaroetaphy, reysise-Piigse cRimpt %ﬁfﬁ?@’c TRPFE naI ly
truncated peptelledﬁﬁhdréﬁlﬁhcmgacﬁckf&uwgo Tm@mofaesedmﬁ‘cmobedh(dvméaysem at al .,

1996, J. Biol m 26: 76, aﬁd'b%s R @ ¢rtig. SOr

pol ypept i de, s‘Eu&‘?‘P%%“ﬂBr .}gq%b%iﬁmw)nﬁh tw ﬁ%éqlﬁgﬂge:ﬁ h We?[ggt ransf or ned

to produce then(REQIDNEYD aa#@nsf@mq}r%hlpwd‘ﬁ&ﬁ%%m%ﬁfﬂaﬁ em KNGS, Preferred

cul ture nedia Sk xiphd HE i dudéDiRMRivé ok RE. @iiby epmeivnas Luria 25
thdlird. BEGx el ME ErzyiRA indy Bephd

D prone o el el RS Okl 08 B SONREL 0100
above net hod, 1996, alBid\Rhem 61 B3RSt in  the r esul ti ng cultures or added to
the resul ting m Xt WLRS,th pﬁ)@llcle thel El@(fu.ks%r p%fyf)é%fidegd.u&rabl Pl g8, lirtherently or
' thc')se which were transformed to produce the precursor are cultured in nutrient culture
media. Preferred culture media include culture media well known in the art, such as Luria-
75  Bertani medium or other rich medium for culturing E. coli comprising tryptone and yeast
extract.
Caspase 4 or caspzise 5, obtained using the above method, is allowed to coexist in
the resulting cultures or added to the resulting mixtures or cell debris after disrupting the
proliferated cells separatod or unscparated from the cultures. The amount of cazpase 4 or
30  caspase 5 required is less than the equimolar of the precursor. The caspase 4 or caspase 5 is
contacted with the precursor at temperatures and pHs, which allow the caspase 4 or caspase
5 to act on the precursor, usually, the caspase 4 or caspase 5 is allowed to react with the
precursor until the desired amount of astive polypeptide is formed from the material

precursor at temperatures of about 4°-40° C and pHs of about 6-G. The preferred

35  temperature is about 259C and the preferred pH is about 7.2. Thus, reaction mixtures

coutaining the active polypeptide can be obtained.




proliferated cell's separated or unseparated fromthe cul tures. Thﬁ ‘IaEEEngUU‘I
of easpase 4 or 30 caspas e 5 required is less than the equinolal o h
precursor. The caspase 4 or caspase 5 is contacted with the precursor at
tenperatures and pHs, which allow the caspase 4 or caspase 5 to act on the
precursor, usually, the caspase 4 or oaspase 5 is allowed to react with the
precursor ungi e desired anount of active pol ypepti dgcigsiQdsged fromthe
mat eri al pB{é"J():hlr’Jg%ra at tenperatures of about 4-40 C and pHs of about 6-9.
The preferred 35 eratyure is about 25C and t £ &flispdd 1S about 7. 2.
Thus, reaction ni ﬁ%@‘é‘w°g?ﬁﬂas§i%r?f%aépafeﬁemaﬁg‘?ﬁsvﬁedggq%eﬁﬁ%e can be obt ai ned.
6 0 4 DEC 2004t abebidRg dhke [RETe4sS0 pdiBBEd prodibed peratgicaspesy 4 eifcaspessPase 4 or
caspase 5 nmay et:?x%i %t%sayed and expressed by units for activity according to
the jig pr oce%S5 &Y pol ypepti de produced per dug caspase 4 or caspase-5 per
mnute. 5 In Vivo Co- Expression The present invention further provides
met hods fog the in vivo activati pivfcoExppess@ur sor pol ypeptide, such as a
precursor of 1L-18_ conprisin, - expr.essi h r kbaMAN an activating
protease. Mre spedfPf %tl‘ﬁvﬁrf“glfﬁgheb?'g‘ggeﬁ?ﬁ?%?/%ﬁ ?%HB%D%%%“ Lf met hods for the
in vivo acti vpbdusr pfypdptide] @ches apredussornd - Heohprising ¢a-aspieing e aieisitessi on of
pol ypetides, gue Leadk 8Mods fe i e 3R QR e R pBRdes GREARTRE 4, al SO
known as | CEREL ?‘,‘a&gg_tg%ﬁlsoea%) gﬁéa;%, lkn%\_/\lnggs ICEQLI,?I . allnd.ubi %kui tin. In a
preferred enb8dinvenectviigneiil-¢heopattnaibe DEfsUpioeAERTsiL T PYEENEL 1 i s co-
expressed 1Bi ChSt 1103 Bloledsesdisich ad) thsgaee Bii@-khdwn ad ER @ Mlchspase f.@lsot he in vivo
processing of Pro- IL-18 into active IL-18. 15 In another preferred
embodi ment , . t kepiteat EERBUHet! 4B BEse 4 (SEQ ID NO. 4), is co-expressed
bi ci stroni cal |y Wi RHEBN B ndal nikfin bpadd 4, QWY 16 os FeBRiAIME 860 pr OCeSSi NG Of
Pio-1L-18 (SEQ I D NOF 1) into active IL-18 (SEQ ID NO 3). In another
preferred enmbexiavebisistiaials wishbyseas BrogL- 1810 gbpwdpralerin ¥ arocesiRepife- i s
co-expressed B ¢dSshhqpigalgly with human Pro-1L-18 to allow for the in vivo
processing of 20 Pro-IL-1S into active |L-18 %SE | )~ :l N yet anot her
preferr edglé mbodi meftenolsHRTEeet F’Hb"ﬂ’f“m“'e%‘é’te& bR ”ﬁgﬁ@% %éﬁp 'essed
bi ci stroni cal leyexpwhsedbitibioafeally ivith Himad Bro-IL-{8b pllowifer H8)in fherprackseing of vi vo
processi ng of Ubs I L~ ' ACEl8e hdskSmLHayet another preferred
enbodi nent , . 35‘1%&##?%%%@% 1 %(Ut%-% IS )c/ - ex resg: d 5,
bi ci stronical ly wi @Hﬂ%FE{EfFrﬁdﬁm#’qglﬁTB*f‘(“Bﬁ‘bqafpﬁs-efeaj)s"fe‘ﬂ’lgmtaﬁ EFFIL t¥o processing
of UB-1L-18  (SEQ ks NRedhicatly MePmidah Lo LB if FWrdcesBhg of
20  Pro-IL-18 into active IL-18 (SEQ ID NO:3).
In yet another preferred embodiment, ubiquitin protease 1 (Ubp-1) is co-expressed
bicistronically with Ubiquitin-[L-18 (Ubp-IL-18) for the in vive processing of Ub-IL-18 into
active IL-18.
In yet another preferred embodiment, ubiquitin protease 1 (Ubp-1) is co-expressed
25  bicistronically with Ubiquitin-IL-18 (Ubp-IL-18) for the in vivo processing of UB-IL-18
(SEQ ID NO:9) into active IL-18 (SEQ ID NO. 3).
In the most preferred embodiment, truncated human caspase 5 (SEQID NO. 3), is

co-expressed bicistronically with human Pro-IL-18 to allow for the in vivo processing of
Pro-IL-18 (SEQ ID NO:1) into active IL-18 (SEQ ID NO:3).

30 A DNA encoding caspase 4 or caspase 5 and a DNA encoding a precursor of the
polypeptide are both introduced into an appropriate bacterial or mammalian host cell to
transform it. In this case, caspase 4 or caspase 5, formed by the DNA expression, acts on a
precursor of the polypeptide, formed by the DNA expression in the same transformant, to
form an active polypeptide (Figures 11 and 15). Preferred host celis are epidermal-,

35  interstitial-, neuroblast-, hematopoietic-cell lines, which are derived from humans, monkeys,
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pol ypeptide into manmal i an host cells jnclude g nvent or;a ad, DEAE- dextr an
met hod, phos pAéFIRects; Bd KRS e BFEEty EB‘F“&H oS Spo?1 ecti on,
m croi nj ecti Oﬂacmmaﬂdlsvﬂnﬁtb&aieﬂfe&ﬁh $uCHas pEId, pernl-§RsA, iKY 4; ﬂ@DM&IpCW Adenow rus,

hér pesvirus a ac r.u Veckal.s; §b@ﬂ: as pCD, pcDL-
SRa, pKY4, n[%}\% dcpsgé‘@f mcmdwgi%’gpmuryd&n %@2‘&)&“ & Irel:Rncloudl ngS appropriate
pronot ers, enhamcf@ptssttesr @}B‘ELFE:S&‘!“F@PF E?#YP‘BPH‘%“’“ sc‘l“é?‘:ﬁ‘i *‘ﬁ‘g?‘ SgFFties BBETS spl i ci ng
sequences, 15p0%%@ﬁ£ﬂfoﬁ$wlﬁﬁlta§&w&liﬁ RRHYANn SRLRTIM el me%lceret 15 can be used

foll ow ng standar d t., 1994 Current
Protocols in I’\)/{S’F"é‘gﬁf‘&% "‘ggt?g%w ﬁsﬁﬁ\"xf"g enenpé' ésglﬁggﬁucb%ng{%h g Assoc. and W ey
| nt er sci ence. Inte@c@uuesclowsL|V(hhhwapebsgtpsléY insndingicklidptertien t gictuss 2det ect i on to
produce an aq&ﬂvmltp%f}pdgf?de}’@&&teie% by Mlﬁss&g%ﬁld@ﬁéd%n@youﬁ&hﬁﬁ&mms dilee desi r ed

clone fromtransformant s af ted '% | tur ,g én c‘trerlglJe [fulture nedi a.

Cul tures cont SRIRTIREGN EymentiuRyTsBedly @B&fb'f"f‘ta ing the 8chYe PORPRIE S be d by cul turing
t he cl oned0 t pwuisddoy omndngwhetclne dransntantorith conmentionalawirient gilprgpeed sl in thi s
field. As for qcgl éif%ﬂs%éh%@é:ﬂ? dodscd dﬂéiﬁ&&ﬁoﬁhe%@ﬁdﬂﬁ&@ﬁd d@fer &2 pol ypept i de

and other cells wer e trans or e roduc Qle 0ol ypent | de, they may
produce the prdishres ransPd to pdycs thy pel W%rt‘fi‘? H‘@y BHZ \Rﬁu ué% AcCkivate the
pol ypepti de, swg hctidfiing ens@mies,avhith actiayizeselyfeptide sakh au@quwitqawase Reodnbi nant DNA
technol ogi es lilxgllqlggx %c%irxkn@ﬁNﬂ?e%ﬁmﬁﬁleu&ngang&ngha%%l)s‘?&ﬁgaré dlsclosed in
25  detail in Glutzman, Cell, 23:175 (1981) Mullingan, PNAS78:2072 (1981). Recombinant
DNA technologies using becterial host cells are described in Protein Expression:A Practical
Approach, S.J. Higgins and B.D, Hames eds. 1999, New York, Oxford University Press.
While the resulting reaction mixtures and cultures containing an active IL-18
polypeptide can be used intact as an IFN-y inducer, in 2 preferred embodiment, cells in the
30  cultures are disrupted by ultrasonics, cell lysis enzymes and/or surfactants, followed by
separating the polypeptide from the resulting cells and cell debris by filtration,
centrifugation, etc., following standard industry procedures described in Protein
Purification:Principles and Practice, Cantor, C.R. ed. 1993, New York, Spinger-Verlag. The
polypeptide free of cells and cell debris may be purified by conventional purification
35  methods used to purify biologically active substances in this field, for example, salting out,

dialysis, filtration, concentration, separatory sedimentation, ion-exchange chromatography,
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caspase-4 sequence (Figures 10, and 14). Other regulatory regions include a 25 basepair lac

operator sequence located immediately downstream of the 17 basepair promoter region
which is bound by lac repressor encoded by a copy of the lac-/ gene located on the plasmid,
thereby suppressing basal transcription in the absence of T7 RNA polymerase. The

30 resultant plasmids designated Proll.18/Casp4 and ProlL18/Casp3 were then separately
transfected into E. coli BL21 (DE3) strain that contains an inducible chromosomal copy of
the T7 polymerase gene.

The transcription of the bicistronic cassette is under the direction of the T7

promoter, which is controtled by the phage T7 RNA polymerase protein, encoded from a

35  lysogenic copy of the T7 RNA polymerase gene. This chromosomal copy of T7 polymerase
is itself under lacUV'S promoter control, inducible by the addition of isopropyl-1-thio-b-D-
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N-t er m nal 2ubi bkietved76hrbsiduBprbteis fodil in fuoargeiciceliothgt funftios tp niagk marmedort ed to acti ve
I L-18 by the URFT%{M(?M& k& M%}&ﬁ rPBiBS@ndSel] 1964 ¥(5): pA41(§. ami no acid

ubiquitin protern al i ng entic N-termnal . tyrosine is fused to
the mature NWMCQﬁcﬂHGHﬁ’ﬁd frqm pratgins by the actiay pfuRgutingpggiic protpases

ubi qui tin- spechitie e%@u@ﬁﬁ@xﬂnﬁseﬁn eucﬁ@btic cf1i9 but @ksialipt ghsasinSdvevin Tha SEQ | DNO: 10
and SEQ 1D NO cjé-lcxprelgsmlgé{'l ugu:lurlltmI t%segl prg'tlel% WIM ubiquitin-specific proteaese in E .coli also
25  leads to the efficient removal of ubiquitin (Baker, R.T. ¢t al,, Journal of Biclogical
Chemistry, 1992. 267(32): p. 23364-75) (Figure 20). In addition, most of these
deubiquitinating enzymes are capable of cleaving in front of virtually any amino acid with

the exception of proline. Thus, cleavage of ubiquitin from mature IL.-18 is possible despite
the presence of the large aromatic tyrosine residue in the P1' position.

30 The co-expression of Ubiquitin-IL-18 (Ub-IL-18) and Ubiquitin protease-1{Ubp-1)
(Tobias, J.W. et al., Journal of Biological Chemistry, 1991. 266(18): p.12021.12028) is
accomplished through the bicistronic expression of the two genes under inducible T7
promoter control. Mature I1.-18 is expressed as an N-terminal fusion with the evolutionarily
conserved 76 amino acid ubiquitin peptide. The Ub-IL-18 ¢cDNA is subcloned under the

35  control of the T7 RNA polymerase promoter within pET28a vector. Subsequently, the
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20 conserved 76-residue protein found in eucaryotic cells that fulfiti'gn i(ﬁ
mark proteins for degradation (Baker, R T., Current Qpinion in DEC 2004
Bi ot echnol ogy, 1996. 7(5): p. 541-6). UWoiquitin is specifically cleaved
fromproteins by the action of ubiquitin-specific proteases that are
endogenously expressed in eucaryotic cells but which are absent in

bacteria. ThggogRaexpressi on of ubiquitin fused protei ngcwidolvissos

ubi quitin-specific proteaese in E soli also 25 |leads to the efficient

removal of ubisigi deshuggaakﬁﬁ gth dBiqlitin-Gecif® proteash G b bRInedfowitr 'c&faig Chemi stry,
1992. 267(32) 23364

Q5
deubi qui ti nat #’ﬁé}’ BIZYARE &9y fée(Eé%ﬁi?ﬁegg%m"ﬂ[‘ggﬁ%nq‘g’quhmﬁeggf p’%toswt szgl ly any

am no aci d wi thNA' hetraxcibgtistonsingle PR franeeript Feagvhich Uedhdtpad Bbiquti-qui tin from

mature |IL-18 § clﬁpﬁ‘ocﬂbagéﬁotgﬁssa@sgﬁratefy%sﬁfet@sence of the large aromatic
terSl ne residue In e si.on of

' co- e
Ubi qui tin-PL-18 (U delE“‘ieg)aboé{ﬁH“’ E’ﬁﬁ‘l“'ﬁ*&‘l“i“ﬂi BP&'F’@ BLEPreseproni as, J. W
et al., Jour na;leth&fs h&3iam hotigityCd Indchag Ei Sroduytion bOIBH -y as?ﬁﬁéﬁ]l&)alogpall&za&a 12028) is

acconpl i shed t r.ough,. t. ici stronles ion of the t nes under
i nduci bl e T7 SEP&i °9 E%?)?\'f?m‘fm { ﬁ‘(%_ﬁﬁg 'S exp eﬁoglggoe §§ﬁa Nt erninal .

fusion with thféIS’éu@fh%lhﬂénlalﬁeM}ummem@W% am no acid ubiquitin peptide.
The Ub-1L-18 eDNAj subfiddfsnk %%Qﬂd&ﬂﬂ%Emﬁy%oét&atgﬁ}tréf&EanfThE RRowidg RNA

pol ymer ase,_pr onot er t hi ctor. sequently, the 10, 0 4 DEC
2004 WO 061?982’%5191"1»%% [E‘@@‘ffg‘gﬁﬂ"‘?% O % §full-1ength

ubi quitin-specific protease is subcloned downstream preceding the T7

t erm nat or se@ﬁm@EﬁFwMa@OJ&%m@gﬁﬂhg@kbihgﬁS and Ubi quitin-specific
protease CcDNA's are transc i

ed into transcript from which
h21 Lo28 and. Ubi quiaes oo Rl s beeed de iyl Sraph e sy SRR BEPAL ol y
transl at ed 5 ﬁA&n OhefSs el [heckxprbssivieplastilePrelhillvi@, was datived froml:Sephay] ypept i de,

obt ai ned @%}@F&b%l"eéﬁ}?&é&% Mg% T?c(i)trdrﬁ&e; %d@Jch'fE}dﬁ&%ﬁQ the production

of IFN-y as a use iologically active 'substance, stimlates the

Pt 0UCE | on of SHERERTTBHRE V- HA B AET SO o B SHH18Y Secel | s Fi gur o
21 and puri fi edodwumBlbxfREMGS velthi, JINE fZe@knt coitdinifpuln ehfxatdsanss peagtsgpat ent s ar e
B hCo PO RNRE Yl S BRGSOl QUL LS X Rl U L e

explain but d not sent 1 hvi Preparati on of
precursor | LI@#QSF@DP@@?GS)“ ﬁ#mﬂlﬁ?@&ﬂ%ms sphclong bfeendigss ¥y sed as an

N-t er m nal 20hexgnidtich tsited lirnﬁRbaggﬁd; gerdetifilg@R inl FAMEN-t&Rinkl fusichheth @X RIx@S S| oN

pl asm d, ProEﬁggch%ecodm Seqﬂf{ﬁgpﬂfsem g”egu())rm a vector, 15 pPROEX- 1 (Life

Technol ogi es) al ni pronot er and Iacl for inducible
expression with i s’é@?ﬁ@p‘?ﬁtﬂlﬁmﬂﬂt|W§%3ﬁ®dg@@@5éﬁﬁy?@3ﬁ%§qw indogtipq@gth . | n order

Lo construct b g ERERTBMIAN »PPESARAN ER Alpacfl BN LREUIENT cOntal ni g
the entire caslﬁgg rsor was i'ed froma cDNA cl one,
tailing 5 tOhtamchellolwm ndltrgﬂgawntotﬁthe iBhpRd fjpltures.
25
EXAMPLE 2- Purification of pro-IL-18
1.5 kg of E coli cells expressing pro-IL-18 as described in EXAMPLE 1 was
suspended in 3.6 L lysis Buffer C (50 mM Tris HCI, 10 mM BME, 0.5 M NaCl, 5 % glycerol,
1 ug/ml pepstatin A, 1 ug/m! leupepsin, 0.4 mM AEBSF), lysed by two passes through
30  Microfluidics at 12,000 psi, centrifuged at 28,000 xg, and 3.7 L supernatant were collected.
600 ml of NINTA agarose preequilibrated with Buffer C containing 5 mM imidazole (Buffer
D) was added to the supernatant and imcubated the slurry for one hour to capture pro-IL-13.
The slury was centrifuged at low speed (3,000 rpm), the supemnatant was decanted, and the
slucry was packed in a column. The column was washed with Buffer D and pro-IL-18 was
35  eluted with 300 mM imidazole in Buffer C. The pool was dialyzed in Buffer E (25 mM
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restriction endonucl ease sites. The. anplified product was subcl oned

bet ween these two 20 restriction sites in pPROEX-, thus generatind] anGED 2004
frame N-ternminal fusion with the hexa- histidine codi ng sequence present iIn
the vector. The resultant plasm d was expressed in DHL OB host cells
followi ng induction with 1nMIPTG for 5 hours at 37C. Reconbi nant protein
was harvest gglphdamscel | pellets obtained follow ng cenpetfighaadshon of the

i nduced cultures. 25 EXAMPLE 2- Purification of pro IL-18 1.5 kg of E coli
celI's expr esstrﬁ&slomnmhwpmﬂﬁﬁ&%meb%ﬂ N1 i@ eqiliseRENded in 3.6 L
lysis Buffer C (50 nM %g):ycerol 1

ug/ m pepstaﬂﬂhthﬁsamib“ffig/w°q1%d‘@b'§?t?ﬁimﬁahnw3&€§§§?t°q % two passes

t hrough 30 M giifek BEUTIdip68 contelined 50 HI0OL 96 1% pussprtllilBuged at 28, 000 Xxg, and 3.7 L
supernatant were collected. 600 m of NNNTA agarose preequilibrated with
Buffer C containing 5 nM irnidazole (Buffer D) was added to the

super nat ant aR¥AMBGEbalremdratitneof S4spass4/ f or one hour to capture pro-1L-18. The

slurry was centri feggde asé%awﬁ&&es@éﬁ,a%@q-&ﬂma;H;xbmlsﬁda&efaggaaant was

decant ed, and_t he sli g) (falﬁlt“g E\[’]\H% col ugn % um was washed with

Buf fer 1D and®sPeinfce 8'r Pr%‘%“& P HBHH™ “’Fh" P81PE* " n Buffer C.

The pool was pEEIGY@ReghD) cdbttining the phaz@ 7 mivhotter. The dec@rt@aRi0Sdorwd 01/ 98455

PCT/ US01/ 18804, hﬁgﬁpdﬁgmggﬁcﬁwﬁnfmagamaa;aadoaaalcm&@sm o ToyoPear | 650M
rat

colum equili samne The colunn was eluted with a
| i near gr ddi eAsnddd) ingorpesatipe s hawp-histicine pqding pgyepes et the 'ﬁ?@“ﬁd‘ﬁ%‘f‘ i ned 650 ny
of >90 % pur e ¥ 1Qmd kA1 &striction ERibiMRledse skes: THY reaRaneP FOprodnét waak@ase 4 Human
caspase-4 was also ressed as. a t i nal e tagged
fusion in E é%ﬁlaﬂﬁ%%” %ﬁ%"%"ﬁ%‘ﬁ% tes(? ,em%pﬁéﬁ%%gggygﬂ%pms deri ved
ftom a vect or Cagp#EF48ision YeRloyagen) cont ai ning the phage 77 pronoter. The
recombi nant VeCtOrTHé@eiultaﬁ'fc(ﬂB.%ﬁlﬂHﬁstneﬂfoﬁiledmal@%hénfdmal DBNEQb/ db@ caspase-4

active do am.no acids Ile rating a

hexa- hi st i |né°“<?(‘}b‘}gﬁ§g %?fﬁ‘@?’l&%’yﬁ{ %N—Wéﬁasm %)sla% on%erc‘m&(\;}\llth Nco | and
Xho | restri eﬁabhngmmﬂmdeeasefcssptsesfolla'mln@ls@hwhﬂlmmcprwuet was t hen
subcl oned between these tri site r e N-term nal
Hexa Histi di ante&"éaﬁﬁ‘ggedﬂfé‘fmucs‘eﬁ eﬁllet\”/lesccgzi%temlmf{ﬁlg r%‘écrgﬁ %gﬁ? f%%a?llguﬁlpd was
transfornmed into the |ysogenic BL21 DE3 E. cols strain 15 containing a

chronmosonal  cepynei e}/ piiAuRPbnaBEegse under lactJV5  pronoter control
0 i nduct

enabl i ng induci bl e_expre Sion of .C 4 f W n
| PTG Actide prot ¥Pf FWEIS%%{‘S'@W%@T% ﬁﬁgﬁegptgﬂaflgaé?aﬁi ‘(Pfscf%\%dl OWI ng
i nducti on at 3vEMamplop ard lykdiagpase 4 activity can be detected in the lysate supernatant. When the

protein is captured on NiNTA agarose beads from the supernatant, both p10 and p20 are

recovered, This indicates that caspase 4 protease domain is activated during ceil culture
through autocleavage at the junction of p10 and p20 and remains as a soluble noncovalent
25  heterodimer. With this information, hexa-His tagged p20/p10 heterodimer can be purified.

The entire process is carried out at 4°C to avoid any further breakdown of the molecule.
Approximately 400 g of wet E. coli cell peliet was suspended in 1.6 L of lysis buffer

containing 25 mM HEPES, 0.1% CHAPS, 500 mM NaCl, 10 mM beta mercaptoethanol
(BME) at pH 7.4, and 10% glycerol (Buffer A) and lysed by two passes through

30 Microfluidics at 12,000 psi. The lysate was centrifuged at 30,000xg for one hour and lysate
supernatant, 1.7 L, was recovered. NiNTA agarose, 150 ml, which was preequilibrated with
lysis buffer containing 5 mM imidazole, was added to the lysate supematant, the suspension
was adjusted to pFL 8.0 with 2 N NaOH, and caspase 4 was batch-absorbed for one hour.
NiNTA agarose was packed in the column, washed with 5 mM and 25 mM imidazole in

35  Buffer A sequentially to remove impurities, and caspase 5 was eluted with 300 mM imidazole
in Buffer A. The protein was dialyzed against Buffer B (25 mM HEPES, 0.1% CHAPS, 10%



EXAMPLE 4 - Purification of Caspase 4 20 Wien E. coil cells expreznsi n&_h -
N-term nal hexa-H s tagged human caspase 4 described in Exanple 4riii 2604
| ysed, caspase 4 activity can be detected in the |ysate supernatant. Wen
the protein is captured on Ni NTA agarose beads fromthe supernatant, both p
10 and p20 are recovered. This indicates that caspase 4 protease domain is
activated dydngs&el | culture through autocl eavage at gchaispiuesii on of plO
and. p20 and remains as a sol ubl e noncoval ent 25 heterodinmer. Wth this

entire procestret TPl LR B SRk T AR LR Bl UL | TOF
nmol ecul e.  Appitioké samt tiffpr. maswmswﬁﬁnthemhﬂﬂwthlmfb@w@@i Msse@lﬂspended in

1.6 L of lysi g dliFEfenEasl t SpcifiMetiktiERESpase @ uskiorhibbs: pep@@ MM NaCl, 10
mM beta mer capt oet ﬁaEgg %%‘%ﬁ%g"gﬁ 7. Zl and ?Bt%lglycer ol (Buffer A and

| ysed by two crofluidics at 12,000 psi. The |ysate was
centrifugesl at 30 000xg for one hour and |ysate supernat ant, 1.7 L, was

recovered. N MARRI2I 056, ot Aol plfi 6l HERBEALAUI | | Dr at ed with Iysis

buffer containing mVv i m dazol e, was added to the | ysate supernatant, the
suspension was adrutléauiisd pdesgritsd WERPE Ay eIl (eaB4de 4 was
bat ch- absor beds5§0a#w aiie foh ®iurs at DbniNEAperaAGa IThS cleaviks repaiak@ giroflamatnlves col umm,

washed wi th SCOHMe%d%OzfsaCC%MV\%tB %?@K@é &abﬁa%gtt@gaxu%ﬁ m&nﬁee%%pgf ally to renmove

impurities, mM I mdazole in Buffer A

The prot eilh BT aavgﬁz@cﬁuggéa g pddeg fnpubptedfor ape hqypypndepured o gintersdglisps 1096 12
WO 01/ 98455 Plihatlo0skdvkB86ekind ghtyHaRiothining:Oanty MurBNES. PiklBan)ntesid appl i ed t o

DEAE ToyoPear i 650M m, preequj | i ffer. Caspase 4
was el uted from therc I %rwvﬁaﬁc%bseﬁ%%pw%%&@ﬁ%ﬂ uffer. Fractions
di spl ayi ng h| eaeose: Toqpebound eolugion yay pystet o 26 mdifaleinanbeied fpof btoPescent  pept i de
substrate, LERpAMeedutBh Radiehditted fe EKAMRIsSHthn to dlobyididga MiCt | vati on and

preparati qR of %gnycmgt &ngotelgk’o“\?\}? uwlbqu‘m?gﬁd?e%&g@&ed n Exanpl e 2 was

i ncubat ed Wi t R Spase 4 Fat1 0 10 ours at_room

t enperat ure. Pneleclaraplied & Suessdex P Hielugh epilbnisith OpaENaFbgagtleetidd >00 %
accordi ng to SRGRAGHEMANEL W&t fradind Raifed a6t ol miztwetmm®, 140 nl of 10 Ni NTA
agarose in Buffer D was added, incubated for one hour, and poured to
sintered glass funnel to recover unbound materi al cont aining mainly mature
| L-18. Snal | EFHMALES of vive wtivatien gPrestianof aopegifodonai n,  caspase 4, and

ot her inmpypities vekittbind1gan Mow&me&gwm&uoume m@wﬂ sol ution was
adjusted to 25 nM h | ncubaﬁlg_q an? one, hlp E‘Bh m_cx e&te reduction
reaction, adj GEFEIP CHRMBRPETSE GFPen t9° by ng 2 M 15 phosphoric
acid, and conbieitaniztlizdn £ go!@urd sigls [t 2p e hﬂwmﬁﬁé Wlttﬂh@e BPNEEAt r at ed
plasmid, pET28-Pro-IL-18/Casp4 (Figures 5 and 6). The human pro-IL-18 gene is
subcloned into pET28a (Novagen) under the control of the T7 promoter including an
25  efficient Shine-Dalgarno sequence for optimal translation initiation from the Pro-IL.-13
sequence (Figure 8). The caspase 4 gene (Ile146 to Asn418) was subcloned immediately
after the Pro-IL-18 sequence including a defective Shine-Dalgarno sequence, permitting
minimal translation initiation from the caspase 4 sequence., A T7 terminator sequence was
included for transiational termination following the bicistronic transcription unit. The
30  resultant construct was then tragsfected into a BL21(DE3) host containing an inducible
chromosomal copy of the T7 polymerase gene. Induction of this construct in this host with
1mM IPTG resulted in the coordinate transcription and translation of pro-IL-18 and pro-
caspase 4. Nascently translated pro-caspase 4 is autoprocessed to an active species which
initiates the proteolytic activation of pro-IL-18. Figure 8 shows a time course of IL-18
35  activation over 18 hours at 29°C following 1mM IPTG induction (0-18 hours).
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sanple was applied to Superdex 75 colum equilibrated with I OrM
NaPhosphate pH 6.0 containing 0.1M NaCl. Pool ed fractions cont ai nddg Kl rﬁgm‘
of mature IL-18. EXAMPLE 6 - In vivo activation and preparation of

pol ypeptide 20 Activation of IL-18 can also be achieved in vivo through the
si nmul t aneous expression of human precursor |L-18 and caspase-4. Pro-I1L- 18

is co- expresss wgRkcistronically in E col i froma singtgydeigascript with
human caspase-4 wthin the expression plasmd, pET28-Pro-IL-18/ Casp4

(Figures 5 an The RBhPsrldnakSq 0€NE IS subcloned into pET28a
(Novagen) under t %Eﬂoﬁpgg%&éf tohe T7

r 1 pronoter_including an 25 efficient
Shi ne- Dal gar no sedbeiteéo F@Fa‘%‘b?fi%ﬁe‘f‘r‘%ﬁﬁ%{“&fiW“?W'&q‘gatﬁgﬂln1$9§01m t he
Pro-1L-18 sefidebrisdiogunss78)ss7d)h Exeasfas etvhcgeifen of daimdedt to Asn4l8) was
subel oned i djately after the Pro-lL-1 ce: | ' a defective
Shi ne- Dal gg]r‘rFFé'“’g“éﬁﬁéj‘rlf‘ :‘a‘%%‘ﬁ Frf"lcﬁl{énm#icﬁ?’r%%ﬁsq?r%gﬁgvg{bﬁgﬁglé&gl Ci ation from
the caspass 4ingeqtied®e subuifywhichrassemie iblo 28 ejreneyae pgedinsic Fhedelay eor

transl ational . LerdnsnatiR istehsl.QMni difin bie Cleshgs QR BtivalicttE RIDAE @N UNi t. The

30 resultant construct was then transfected.into a 1 3). .host

cont ai ni ng an™rHAFc] HFEgre &h8F e -°“5'B]6§/°"8ft'h'f RE® W%%Té/‘%rpégrem 1gsene.

| nducti on of tikivage &OfSiré LCl wihikh tshdssstdhledtcell th  1mM | PTG resulted in the
coordinate transcription and translation of pro-IL-1S and pro- caspase 4.
Nascently transl ated pro-caspase 4 is autoprocessed to an active species
which inilfiates the proteolytic activation of pro-1L-18. Figure 8 shows a
time course okxAMpilBs SBuri@bdibyEhiA IOVEIoexbRssBOMhCagise29C f ol | owi ng 1nM | PT
i nduction (0-18 ho %E_ sPisell eg(grgsg%ﬂﬁ_‘%ﬁsgas HrBenw BidRpe BTl WifehsdikB804 EXAVPLE

7.- In vivo activati A VIvo activation o Caspase-4 is
described in (Mmida§) MEIBRES pB{.5 géntainingd g8V EDTA argdil § mM IFeptisg argpess2 70,

15870-15876) . Expr.essi f.atrunc S +dnaiRegi Nning at Al a
59, |acking tﬁ'&s‘%‘r{%r?lé&g?tg%@mfirl{l%pms%ng%(?,%ﬁg{;lg_s tcép@%I %p%gt??}gti on by cl eavage
5 into PLO5andredBID and iimathittl 5000mbidH twppasseriyries NigoBuidiss Balysse (BA%Hne

het er odi mer. Theceptahad at 14,006 BB Srin. AheGipdrabihi (200 nilpwas Biamalat Beith nt o a del ay
in the cleavage and actijvati of Pro-11-18 to tures |z Figure 9).
Thi s enabl es éempﬁii’%ﬁ%&?dof?%’é %F@“‘g aofe fﬁrtaon@aﬁilofgfeért F%?S%%é) its

cl eavage to nakdTogoPledrt DIBABMFOMH Mush df & dmputitieh Hesividrromd] fadi cellsgreRaiBLE 8 -

Purification Mo -th06X a8 R Miulidl (Sasnaasn 2 B bigiof E. col! cells
expr essi n%OI L?Jl%nggﬁ]g%sceri bed i s athubcd 6412 us ngl minbi 130 M of 0.1

. n anpl e 6 were .
M HEPES pHY7. Bropsdilpte ‘ﬂ@)LfndrﬁP/PIEf)g}O‘g’RﬂdS?GdW BHPTERT ?g DI OCess  was
performed at 4fepaECl pH ¢ heThpresenes clokd Wit ativkDFddieaxd 8 0.1 Mallst step to
maintain 15 free é‘iplffa%c'a@g tating 10§90 BSifQYisih N dRASSESHMS A
M crof | ui di cs.” The ysat e 0 ) .
pooled (250'ml). The pool was concentrated to 50 m! using YM10 membrane and applied

to Superdex 75 column which was preequilibrated with 10 mM NaPO4 pH 6.0 containing 1
25 mM EDTA and 0.15 M NaCl (no DTT for in vivo use).

EXAMPLE 9 - Preparation of truncated caspase 5
Human truncated caspase 5 was also cxpressed as an N-terminal Hexa-histindine

tagged fusion in E. coli. The expression plasmid, pET16b- truncated caspase 5, was derived
30 from a vector pET16b (Novagen) containing the phage T7 promoter. The recombinant

vector was constructed by PCR amplification of the truncated caspase 5 active domain

(amino acids Tle146 to Asn418) incorporating a hexa-histidine coding sequence at the N-

terminus and tailing with Neo I and X#o I restriction endonuclease sites. The resultant PCR

product was then subcloned between these two restriction sites to generate the N-terminal

35  Hexa Histidine- truncated caspase 5 fusion vector.
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was centrifuged at 34,000 xg for 30 mn. The supernatant (200 m) .
diluted to 1 L wwth 25 mM HEPES pH, 7.0 and fl owed through two com 3034
tandem ToyoPearl SP 650M and ToyoPear| DEAE 650M Mich of the inpurities
derived fromE. coli cells were bound to the colums. The flowthrough
material was adjusted to pH 9.5 with 25 nM bistris 20 propane, diluted to 2
L and appl i togg,,%gurce 15Q colum equilibrated with 25pmMytyi188s64 S propane
HCI R um was eluted with a linear gradient of 0 to 0.5 M NaCl

in the Sams buf f efy, el lagmwmrmdrﬁgodhwagemm beenthf&ad using Vydac
C4 RP-HPLC and pol1ed 250 m) 0 on trated to 50 m wusing
YMLO nmenbr ane Wﬂﬁwgﬁ°m¥6°%ﬁﬁyrwp%e%ﬁl“ﬁcﬁ?ﬁ W@W“\Rﬁi‘émﬁm dequi | i br at ed
with 10 nmM NaR&8liglhdbeifle &@Risdh of tgeattd caa;ﬁserﬂ%lﬁﬁiﬁé\mawdommﬂnm IREGEI (no DTT for
in vivo use). EXAMPLE 9 - Preparati cate Human truncat ed
caspase 5 was Agiearolsngyes peifigd "ﬁHP‘RUf E?l‘?ﬁdrfé" “m?ﬂﬂg?‘%ﬁé?% t agged
fusion in B aald. The expression plasm d, pETI6b - truncated caspase 5,
was derived 30 from a vector pET16b (Novagen) containing the phage T7

pronoter. The reconbi nant vector was const ructed by PCR anplification of
t he truncat ed EXAFAE&0 SPusifieationeof HensisdFaspfsafi no aci ds 11e146 to Asn4d 18)

|nc;)r por at i Rg a hexg@eny. %ﬂcals@ﬁx&ﬁdimenﬁ@muem[@tagge?hm bhnchterdaspmes and I
tailing wit Q . | res cti,on endonucl eas resul t ant
PCR product “‘Fﬁg‘%ﬁ%&géﬁ dt) FEA S PResE Y careg'?mle;1 %g&JEE?t es to
generate tHe NugesntaitnWhen3E: prétounis tdpwieil o WMATA agarosrheeds &epn g $yper8¥205 f usi on
vector. 14 0 4.khte 48 a.{eréége%/McanﬂtMédje&é%ipr-g{aﬁeﬂcﬁﬁ!-hhi ant plasmd
was transfornmed |nto XSO enic BL21 Bt@OStdr%b) containing a
chromosomal cSpret d‘“F’?E‘RNﬂ‘““ﬁ PoelEveRs g J““l"'éé‘ FADEEFTEER ¢ 1 of

enabl i ng i nduas biotibRxpceaktaererodimér ma:isédoxmas:pa@eﬂist&gzbd ninHJg i nducti on

wth InMIPTG Active protein_ was urlftedfro i sol ated
fol I owi ng i nddegiedfeggn @?Ef‘q%grﬂ?eg“ UfFE au"gﬁurl I'cation of
truncat ed tsaspaskiobn Viltemdieculeoi | cel | s expr essi ng N-ter m nal hexa-Hi s tagged

human t runcat ed caspasRudy AE36Hidhedok 1 FXAVELFsdosdd @ 116y et buruncat ed
caspase 5 activity can detected in {% 0 su'gP *gll"‘ﬁ‘ﬁ When t he
protein is ca&%@rﬁ“%ﬁ%ﬁ’?ﬁ? AR B%Qdﬁlg o &t both p 10
and p20 are re{Bpmpa&@H74Tkﬁd30%gﬂcmmﬁmmbaidlgsedhym;aﬂeﬂla@{gase 5 pr ot ease
domain is acty Vagll? &i:cs B{iﬂﬂgps?elth lygaw&ay&ﬁmhlggﬁpg;'bﬂﬂétfﬁgﬁem ﬁie the

junction of plhé remai'ns as a ‘e noncoval ent ~ het er odi ner.
Wth this Zhf @pnmatam 7 lhapureqqvesed: Ydepeposey 190 0l whith was paspiibetet ¥ pe
purified. The igyuf@ cWRERSIN Snidadld, Warhd@d to thdlysdEsipamnaditn thel slageysidnur t her

was adjusted to pH 8.0 with 2 N NaOH, and caspase 5 was batch-absorbed for one hour.

NiNTA agarose was packed in the column, washed with 5 mM and 25 mM imidazole in
Buffer A sequentially to remove impurities, and caspase 5 was eluted with 300 mM imidazole

25  inBuffer A. The protein was dialyzed against Buffer B (25 mM HEPES, 0.1% CHAPS, 10%
glycerol, 10mM BME, pH 8.0) and applied to DEAE ToyoPearl 650M column preequilibrated
with the same buffer. The truncated caspase 5 was eluted from the column with 100 mM NaCl
in the same buffer. Fractions displaying highest specific activity of truncated caspase 5 using
fluorescent peptide substrate, LEED-AMC, were pooled.

30
EXAMPLE 11 - In vitro activation and preparation of polypeptide

Pro-IL-18 prepared and purified as described in Examples 1 and 2 was incubated

with truncated caspase 5 at 1:500 w/w ratio for 3 hours at room temperature. The cleavage
reaction of prodomain was completed >90 % according to SDS-PAGE analysis. To the

35  reaction mixture, 140 ml of NiNTA agarose in Buffer D was added, incubated for one hour,

and poured to sintered glass funnel to recover unbound material containing mainly mature
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15 breakdown of the nol ecule. Approximtely 400 g of wet E. coil cell

pel l et was suspended in 1.6 L of lysis buffer containing 25 M HEPESEC 2[}[]#
0.1% CHAPS, 500 mM NaCl, 10 mM beta nercapt oet hanol (BME ) at pH 7.4, an
10% gl ycerol (Buffer A) and |ysed by two passes through M crofluidics at
12,000 psi. The lysate was centrifuged at 30,000xg for one hour and |ysate
20 super nat £ L, was recovered. N NTA agarose, 15 h was
preequili brg‘?égugﬁt h lysis buffer containing 5 mMMim dgtz:g}ugm)’i%\‘i;g&; added to

the Iysate SURSHNRLANoulOS SHARERSIENS MBS AllishadubRe Bibfoflevi th 2 N

NaOH, and caspase or one hour Ni NTA agar ose was
packed in theumh@ﬁwerem%tﬁmfkFﬂa‘BS"nﬂ“‘dﬁkP%Oh‘ﬂﬂqWEF&E*B?'@ ZRMByffer A

squent: al I2y beT, r&]gn]gvea fdrB&lHohrtté &ﬁlple@FHducﬁ@ﬁE\ﬁﬁtfh ﬁjum@c&heedHﬂfﬁd sdfb:crt;oh 300( r2nn

i mdazole 25 in er r of,el z utfer B 5 nM
HEPES, 0.1 % M@‘F‘W’?& °o“r""“f‘ E?E%‘% ?“%"g Eppﬁ ied to DEAE
ToyoPear | GSOMmhmtepsmqmak apbhe@ltoei‘slperw 7heotuma ecsdmtebmﬂfl EmM The truncat ed
caspase: 5 Wag,#l, éﬁéﬁ?ﬁé QEQnEal?l 6 PMNTBL. Whdidd th3Bns AN G0 md & nahiee SaMe
buffer. Fractions ayl ng ghest specific activity of truncated caspase
5 using fluoPeteent peptide substrate, LEED-AMC, were pool ed. 30 EXAMPLE

11 - In vitro activation and preparatlon of pol ypeptide Pro-1L-18 prepared
and purified Exa §. i Nncubated with truncated
caspase 5 at %iég’gﬁ%i%vfi ac“ 267 r%é%mdm%%c’%g?p&(%% tenperature. The cleavage

reaction dfo pr odomtlmtmsffbéﬁwhelsw astrmedois weocpesh thy SimBltageoss PAGE anal ysi s.
To the 35 reagiﬂrﬁﬁnmfmslecu%mﬂh mﬂmeaMcaﬁaﬁgar%E 1i8 ﬂraﬂéfefcﬁéssa was added,

i ncubat ed for one hour, our ed to SI ered S fun recover
unbound mat er PEITCSAYAR fic Pg‘ﬁg g% Eﬁtﬁ%a"”%b Wf'tgi/ 98455
PCCl U501118804xprdshen]p&smwm8 mm@mﬁmmmm@m@mmm is prodomai n,
truncat ed casRased ARtz \lsger] G biESl NGE E7 ROUAA ik ATA agar ose. The

unbound sol ution was adj usted T, mcuﬂ&t &e hour to
conpl et e ridducticiss SP‘E%I’B%IF&? Se‘ﬁﬂf%@‘t‘@ﬂmil H@Slﬁtﬁ“é"fmf‘ %P‘?.Ft‘? Bl to 6.0 by
adding 2 M ph@@qmear(ngmaqo)dmmdca@mm;asetsrgadeenmm&enma) wasdubigpnedyMLO nmenbr ane.

with Tom NAPROSHTAE Gl oRBusErinh dur LA b iR Rl | | 0T 31 ©C
cont ai ned 560 prrpittisg nnmmeir*@nslarltm&lsaﬂomgﬂﬂ_ﬂ?dﬂswe ViequsnogctiVat i on and
prepar at ion 0ftenﬂﬁh&ﬁ@c{ﬂ&dcgﬁasmluﬁ‘&itfbr\ﬁ&ﬁslaﬁdlal@rminhtroﬁ&HS\ﬂxﬂgtﬂ&ﬁﬂstlbﬁlc achieved in

{r uncat o Bas Aeesos it et ABRE o0 BoustiToll BERMRRRexs 1 T cor
froma singl e containisgen indbcibié mmqmlwomyrqﬁwem podymerserparee Iuagipn ¢fitiks t he

construct in this host with 1mM IPTG resulted in the coordinate transcription and translation

of pro-IL-18 and pro-caspase 5. Nascently translated pro-caspase 5 is autoprocessed to an

active species which initiates the proteolytic activation of pro-IL-18.

25
EXAMPLE 13 - Purification of human IL-18 coexpressed with truncated caspase 5
66 g of E. coli cells expressing IL-18 as described in Example 12 were suspended in
130 ml of 0.1 M HEPES pH 7.5 containing 1 mM EDTA and 10 mM DTT (entire process

was performed at 49C and in the presence of 10 mM DTT except the last step to maintain

30  free SH) and lysed at 15,000 psi by two passes using Microfluidics. The lysate (230 ml)
was centrifuged at 34,000 xg for 30 min. The supernatant (200 ml) was diluted to 1 L with
25 mM HEPES pH 7.0 and flowed through two columns in tandem, ToyoPearl SP 650M
and ToyoPearl DEAE 650M. Much of the impurities derived from E. cofi cells were bound
to the columns. The flow-through material was adjusted to pH 9.5 with 25 mM bistris

35  propane, diluted to 2 L and applied to Source 15Q column equilibrated with 25 mM bistris
propane HCL pH 9.5. The column was eluted with a linear gradient of 0 to 0.5 M NaCl in

16



expression plasmd, pET28-ProlL18/ Casp5 (Figure 9). The human pro-1L-18
gene is subcloned into pET28a (Novagen) under the control of the ]j?:lmy:c 7004
pronoter including an 15 efficient Shine-Dal garno sequence for optinal™
translation initiation fromthe Pro-1L- 18 sequence (Figure 10). The
truncated caspase 5 gene (lle 146 to Asn418) was subcloned imediately
after the Proulle. 8 sequence including a defective Shi perbahgaso

sequence, permtting mninmal translation initiation fromthe truncated

e P oo HE B8 by Haea b LR AL 011638 AUBAGR ¥AR VB G AP drl Ol

transl ational "Termnation he bicistronic transcription unit.
The resul t ant peotsd €359 mbt Theepsolwabiongenteaied 18 pbping YME 0 gnempaneiquppplied o gt

cont ai ni ng anJ ek B4 S1ERAWARR S PRleq BRI ofh tohev FP@gRamsoasigingene.

| nducti on of thilgl? c&gtgmcm hﬂ% host Se'th ImM PTG resulted in the
coor di nat e t r SYSERTHES 8 | t 8% ™8t pro-1L-18 and pro-caspase 5.
Nascent|y ®ransl ated pro-caspase 5 is autoprocessed to an active species
which initiat @Pﬁ; [ i U‘g&,gtjn;ﬁ;' pro-1L-18. 25 EXAMPLE 13 -
Purification g u%%{ %t;&’ggi‘%otng_oexpr e_sseﬂcLiQwit 1 truncat eg caspase 5 66 g of
E. coil cells exprBgdf aping seidphiagun dugsequprsssitedsy S 8 f?s%gf’e suspended in
130 M of 0. 1 MuERESR 0 bhfoufh ttandna iigiitnguch b &R Ayrasinel calibn ofmetuBTT (entire
process was or at .4C and in,th : . T except the

| ast step to ﬁgitign‘f"g}le i 6¥°1ll?‘“éset%§—¥)°me 7é§ﬁ%np§@§gﬂgﬁh %Een%g%lgﬁgﬁl%y two passes
usi ng M cllof Isbicldited énto aTHE vesjas arder thexgurohgffhe Ty gremeteripsiudipg gierdfiiciknt 34, 000 xg for
§Oom na lehe sg@ﬁ%ﬂﬁgﬁﬁtse@a{apfof dptimal h{i&ﬂﬁﬁdﬂiidiﬁtﬁ@(’fr_lgtnﬁhe];biqumﬁ-m;ls ngng’d\/I HEPES pH
.0 an owed thro ums in tandem. To . an
ToyoPear | m@%@wﬁﬁﬂ&%ﬁ%%g&f‘%% ?s?lgcgoge d_'é“rnf%{/%ec’f@%wrﬁ%&??al i cells were
bound to t he icblingmdfeciiadhiné-Dalgatroswuete formtivipplaiansistien AHpmsEwdllt o pH 9.5
with 25 mM bi %Ed’iétsst%%@q@%cgQm-lgﬂlﬂpl—'iteﬁﬁesﬁ&l Bsshite Wtin SPRRI Big. 18 @epBUr ce 15Q
columm equilibrated wth 25 nmM bistri ng% pH 9.53). The col umm
was el ut ed!wi i agnofafed seqpengsab Hplkrif/UBg- Bt “5 RPREEF Y cpc, 200# WO
01/ 98455 PCTI Ysdion WitBBPHETBhe sane buffer. Fractions containing IL-1 S were
identified using VWdac C4 RP-HPLC and pooled (250 m ). The pool was
concentrated to 50 ml using YM O nenbrane and applied to Superdex 75

col urm whi ch REAMESEL S offivivp ptisatietrad peaeraie ki i3NaPo4 pH 6.0 containing 1 M
EDTA and 0.15 M NaGhe cost@udddf Exisfile l4Rvaythanaransfed in a BX2NPEFh&Y - Pr epar ati on of

Ubi QU ti LBy 041 Lo d, (B 10 rhrcl6ud, A0S ACL Sl uiaring sequence i s
fused in f d;mém}v_‘hct_fﬁwf g&gtﬁlaj?rcfmso{‘t& ntgl{%)r e_mﬂﬁ&nasﬁ: f 18 t hrough bl unt end
| i gation such Wbkmaitindixs 4 Uap-1.t The engyprsic ageront Ubt! Isitoliesiciept PIOSesibiedi at el y
follows the gkysimnes idBakRdaRre DL18AIcH thntheibe dibely geified fausk. 0l lyatet hen
by conventional methods. Figure 16 illustrates the time course of IL-18 expression and
_processing at 30°C and 37°C foliowing induction with 1 mM IPTG. The top arrow
25  indicates the portion of unprocessed-UB-IL-IS in Lane . Boftom arrow indicates the

portion of processed TL-18 in Lane 3. (Western blot detection using anti-[L.-18 antisera.)

EXAMPLE 16 - Purification of human IL-18 coexpressed with Ubiquitin
66 g of E. coli cells expressing 0L-18 as described in Example 15 were suspended in
30 130 mlof 0.1 M HEPES pH 7.5 containing 1 mM EDTA and 10 mM DTT (entire process

was performed at 4°C and in the presence of 10 mM DTT except the last step to maintain
free SH) and lysed at 15,000 psi by two passes using Microfluidics. The lysate (230 ml)
was centrifiged at 34,000 xg for 30 min. The supernatant (200 ml} was diluted to 1 L with
25 mM HEPES pH 7.0 and flowed through two columns in tandem, ToyoPearl SP 650M

35  and ToyoPearl DEAE 650M. Much of the impurities derived from E. coli cells were bound
to the columns. The flow-through material was adjusted to pH 9.5 with 25 mM bistris
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10 subcloned into a pET vector under the control of the T7 pronoter

i ncluding an efficient Shine-Dal garno sequence for optiml transl ptq e zgm
initiation fromthe wubiquitin IL-18 gene sequence. The fall-length @gﬁ
gene is then subcloned i mediately followng IL-18 including a defective

Shi ne- Dal garno sequence for mnimal translation of Ubp-1. Fig. 11 depicts

t he sequenc kL-18/Ubp-1 expression cassette w thig. Fig. 13
ﬁh@ﬁxmyﬁ @%04

depicts 15 e annot at ed sequence of UblL-18/ Ubp-1 W|th| n p Nunberi ng
corresponds to the position within pET28. EXAMPLE 15 - In vivo activation
and prepar at i BrAPags, difuted 12 Frand appliprkte Payece 135k colmpa pRyfligrated withgiamM BighHs ¢ r ansf ect ed
into a BL21 (ke BOSHL9.5. 38 dolfhll Ghd eBifkd With Klink i 6F U5 8M Mt inn t he

coordinate tr nscr n _and trans i on. of q and Ubp-1. The
enzymati c act #’E%bgmi“ﬂ“s‘iﬂ’“t?%mgﬁ“al%gfrfi‘dg‘?“ mcHsm gﬁesa ngm@q b- 1L- 18 to
mat ure acti vepdoLed(meil)hil‘I@rpo@ms dohpeniratydto §9 mbusiog YMlemefﬂble@ afidappliief. col i
lysates by Cwse?&ek%lummam& meduginrat@d wifh 0 kbWSIPOA LAY OlbididgT® cour se of
| L- 18 expression and roceSS| n%wgé > and 37C followi ng induction with 1
MM | PTG The Y4 é%MII\HG‘(& f°’t’ﬁ¥!"ﬁd‘6 tion of unprocessed UB-IL-18
in.Lane 1. Bott om Wikifethateihaxchieenalbsesbet ikt is prprebdntmnsilereprode the grefidrrddL - 18 i n Lane

3. (Western b %@oﬁ&%&t@&tﬂt %}%}Hlﬁﬁ, rlgvﬂmtl.‘hdeﬁ!nod]tﬁeh%%lk ﬁlgc[lﬂca%on Imgdel 6 -

Purification coexpr esse itin 66 gof E. colt
cell's expr essrhﬁ@waedliam@d@é%@wqrwékfwn@%{%@S&@ﬂwé&ﬁéah%%fé%ded in 30 130
m of 0.1 1Y ARiESthe Rdd sfirifan€ QB e Agentlon™ EDTA and 10 MM DTT (entire
process was perforned at 40C and in the presence of 10 nmM DTT except the

| ast step to naintain free SH) and |ysed at 15,000 psi by two passes using
M crofluidics. The lysate (230 in[) was centrifuged at 34,000 xg for 30
mn. The supernatant (200 m) was diluted to | L with 25 mMHEPES pH 7.0
and fl owed through two colums in tandem ToyoPearl SP 650M 35 and
ToyoPear| DEAE 650M Much of the inpurities derived fromE. coli cells
were bound to the colums. The flowthrough material was adjusted to pH
9.5 with 25 mMbistris 17 WO 01/98455 PCT/LJS01118804 propane, diluted to
2 L and applied to Source 15Q columm equilibrated with 25 nmMbistris
propane HCl pH 9.5. The colum was eluted with a linear gradient of 0 to
0.5 MNad in the sane buffer. Fractions containing IL-1 S were identified
using Wdac C4 RP- HPLC and pooled (250 m ). The pool was concentrated to
50 m using YM O nenbrane and applied 5 to Superdex 75 colum which was
preequilibrated with 10 MM NaPO4 pH 6.0 containing | nM EDTA and 0.15 M
NaCl " (no DIT for in vivo use). Wile there has been described what is at
present considered to be the preferred enbodinents of the invention, it

w Il be understood the various nodifications nay be made therein, and it
is intended to cover in the appended clainms all such nodifications as fall
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10 within the true spirit and scope of the invention. 18 04 dec 2004 W
claim |. A nethod for producing an active IL-18 pol ypeptide fromd & [EC 7004
precursor |L-18 polypeptide, conprising: (i) containing caspase 4 with a
precursor |L-18 pol ypeptide; and (ii) purifying the active IL-18

pol ypepti@gclaﬁ%. A nmethod for producing an active |L-18 pol ypeptide froma
precursor |L- pol ypeptide, conprising: (i) containing caspase 5 with the
precursor |L-18 pol ypeptide; and (ii) purifying the active IL-18

pol ypeptide. 3, T h f. . cl ai m. 1ef €] p - 18

pol ypepti ge i sAam%E?‘rd;E rl%%f cmgpgﬁy%lé%et :ﬁgzé %Xﬁp‘fﬁgen&ﬁ%%g%w%haﬁnlg wherein

t he precugdgeptide; cbthppieihy:peptide is a human 11-18 pol ypeptide. 5. A nethod

for producing an active.human |]- ol ypept i de .co i.sing: (i) contacting
caspase 4 wit h(%a hucr?ﬁﬁlnﬁfgecéﬁﬁﬁ%eo‘i_“'ﬁ?ﬁ@c%gr%ég??lé%e%%é’g%dﬂlnvert sai d
precursor pol y@gpt i gleifyind Be bitke ACH B pelypuptidn | L- 18 pol ypeptide, said
precursor |L-18 pol ypeptide conprising the am no acid sequence of SEQ ID
NO 1, or a portion thereof, which mintains the aspartic acid 36 and
tyrosine 87 regi gegsd iffe bRAuais B8 samienge miypShQel FomNO ptecasoanLNgt er mi nal
sequence; and (ii) purifying the active human IL-18 polypeptide. 6. A nmethod
for produrdlypgptads. epmprigi@sshuman | L- 18 pol ypeptide conprising: (i) contacting
caspase 5 W thya hugRBREEGHS08 wltk S ri@kyRERBIdEpéRideapyert  said
precursor pol y(peptl e 1nto the active human IL- f8 pol ypeptide, said
precursor |L-18) pobyifeps thdectegiorl P 8peertife anmi no aci d sequence of SEQ I D
NGO 1, or a portion thereof, which naintains the aspartic acid 36 and
tyrosine 37 residues in the am no sequence of SEQID NGO 1 as an Nterm nal
sequence; 3.and The nethos of ylaimy 1 twhereie thevpsecuison H-- o pyligptifed s, & umamB-1et hod f or
pr oduci ng (gne %ei ve human |L-18 pol ypeptide of claimb5, wherein the active
human 1 L-7 ypp ypeptide is a pol ypeptide having the am no acid sequence of
SEQID NO3. 19 0 4 GEC, ZOCk 8. The nmethod for producing an active human

IL-18 pol Xpept jl"ﬁieemgtfhoc? lofa iclg.?rr? 2 W%?(En[‘? ithré ;}r&%rsor IL-18 polypeptide is a human II-18

polypeptide.
5. A method for producing an active human IL-18 polypeptide comprising:
(1) contacting caspase 4 with a human precursor IL-18 polypeptide to convert

said precursor polypeptide into the active human IL-18 polypeptide, said precursor 1L-18
polypeptide comprising the amino acid sequence of SEQ ID NO:1, or a portion thereof, which
maintains the aspartic acid 36 and tyrosine 37 residues in the amino sequence of SEQ ID
NO:1 as an N-terminal sequence; and

(ii) purifying the active human IL-18 polypeptide.

6. A method for producing an active human IL-18 polypeptide comprising:

(i) contacting caspase 5 with a human precursor IL-18 polypeptide to convert
said precursor polypeptide into the active human IL-18 polypeptide, said precursor IL-18
polypeptide comprising the amino acid sequence of SEQ ID NO:1, or a portion thereof, which
maintains the aspartic acid 36 and tyrosine 37 residues in the amino sequence of SEQ ID
NO:1 as an N-terminal sequence; and

() purifying the active IL-18 polypeptide.

7. The method for producing an active human IL-18 polypeptide of claim 5, wherein the
active human IL-18 polypeptide is a polypeptide having the amino acid sequence of SEQ ID
NO:3.
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active human |L-18 pol ypeptide is a pol ypeptide having the am no ' oo 004
sequence of SEQID NO 3. 9. A nethod for producing an active poﬁ@% &@
froma precursor polypeptide, conprising: (i) co-expressing bicistronically
caspase 4 with the precursor polypeptide; and (ii) purifying the active

pol ypeptide. 10. A nethod for producing an active polypeptide froma

pr ecur sor polygﬁptlde conprising: (i) co-expressing bicistronically
caspase 58wi t h htyaethpdior prodisingys| agibvadimae IL-4h Bolyepiide of ghaim i Whereingheact i ve

pol ypepti 1 roma
precursorgﬁveﬂmgmg%ngéﬁﬂf@g%lpégﬂg&#g?%ﬁ&h%¥ﬁa%%n%%ﬁ?égéﬁﬁgggFgﬁsPronlcaIIy
ubi quitinl®3.with a ubiquitin/lIL- 18 fusion; and (ii) purifying the active
| L- 18 pol ypeptide. 12. A nmethod for producing an active IL-18 pol ypeptide
froma precursor pol ypeptide, conprising: (i) co-expressing bicistronically
caspase 49w t hAt hethpd efotirpsatucihg - ¢h8 aqivk ypdypeptitie ; frormand piecugsop polypyptidg, t he
active |L- 18 polypeptide. 13. A nethod for producing an active |L-18
polypeptlﬁﬁn @ﬁla precursor |L-18 polypeptide, conprising: (1)

coI expr esz ing Qj g [ ?Ed eﬂire&ﬁh% Mcﬁ@&ﬁ@ﬂ? cﬁp&@bﬂhvnﬂnhl&gﬁécﬁfddf p&ypeghdeland ]

pol ypept 1 de; n 1), purifylng ctive IL-18 pol ypeptide. 14. The

net hod of c|a|§011 p Wéﬂﬁapﬁﬁﬂﬁbgﬁﬁagor | L- 18 pol ypeptide is a human
precursor |IL- 18 polypeptide. 15. The nethod of claim 12, wherein the
precursor |L-18 polypeptide is a human precursor |L-18 pol ypeptide. 20 0 4
DEC 2004 1%. ThemMsiiefoldr Produrige mn1 activineaapeptiden&omgy @mw IPelypeptidsl ypept i de
I's a humapymfismgur sor 1L-18 polypeptide. 17. The method claim 14, wherein
the active human |L-18 pol ypeptide is a polypeptide having the ami no acid
sequence of SEM | D rEexpressgg bisisisonieally 6espase 4ivth 15 progswsesnehpprtidgcanidve human

I L-18 pol ypept ;e | SudyRgneReie jdfpefti N the amino acid sequence of SEQ ID
NO: 3.

Il A method for producing active IL-18 polypeptide from a precursor IL-18 polypeptide,
comprising:
(i) co-expressing bicistronically ubiquitinase with a ubiquitin/IL-18 fusion; and

(i) purifying the active IL-18 polypeptide.

12. A method for producing an active IL-18 polypeptide from a precursor polypeptide,
comprising:
(1) co-expressing bicistronically caspase 4 with the precursor IL-18 polypeptide;
and

(i1) purifying the active [L-18 polypeptide.

13. A method for producing an active IL-18 polypeptide from a precursor IL-18
polypeptide, comprising:
(i) co-expressing bicistronically caspase 5 with the precursor IL-18 polypeptide;
and

(i) purifying the active [L-18 polypeptide.

14. The method of claim 11, wherein the precursor [L-18 polypeptide is a human
precursor IL-18 polypeptide.

15. The method of claim 12, wherein the precursor IL-18 polypeptide is a human
precursor IL-18 polypeptide.
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19. The method claim 16, wherein the active human |L-18 polypeptide is a
havi ng the am no acid sequence of SEQ ID NO 3. 20. A @e“ﬁ(ﬁ: 2504

for producing active human |L-18 pol ypeptide from precursor human |L-

conprising: (i) co-expressing bicistronically ubiquitinase

pol ypepti de
pol ypepti de,

with a ubiquitin/lL-18 having the

(i) purifying the active human |L-18 pol ypeptide. 21. A method for
produci ngitan abei methpdiwhelaim - 131 gvhsesing thepereenssof rlbrhfaptiyneatidepset U8B |

poIypepth%&uﬁgpﬁpﬁﬁﬁﬁﬁg}k&j) co-expressing bicistronically caspase 4,
o S

havi ng t

e amno a

| L- 18 pol ypeptide; and (ii) purifying the active IL- 18 pol ypepti de.

met hod fo
pr ecur sor

lr_, pr
“IL
caspase SaviigenghiidwidsequenceafiSBQION@Ace of

S R PP e M b AL AR SR LR BIRE

precursor |L-18 polypeptide; and (ii) purifying the active IL- 18

pol ypepti de.
18.

19.

20.

21,

22.

21
The method claim 15, wherein the active human IL-18 polypeptide is a polypeptide

having the amino acid sequence of SEQ ID NO:3.

The method claim 16, wherein the active human IL-18 polypeptide is a polypeptide

having the amino acid sequence of SEQ ID NO:3.

A method for producing active human IL-18 polypeptide from precursor human IL-

18 polypeptide, comprising:

() co-expressing bicistronically ubiquitinase with a ubiquitin/IL-18 having the
amino acid sequence of SEQ ID NO:10; and
(1) purifying the active human IL-18 polypeptide.

A method for producing an active human IL-18 polypeptide from a human precursor

IL-18 polypeptide, comprising:

(i) co-expressing bicistronically caspase 4, having the amino acid sequence of

SEQ ID NO:4, with the human precursor IL-18 polypeptide; and

(ii) purifying the active [L-18 polypeptide.

A method for producing an active human I1L-18 polypeptide from a human precursor

1L-18 polypeptide, comprising:

(i) co-expressing bicistronically caspase 5, having the amino acid sequence of

SEQ ID NO:6, with the human precursor IL-18 polypeptide; and

(1) purifying the active [L-18 polypeptide.

21

am no aci d sequence of SEQ ID NO 10; and

gquence of SEQ ID NO 4, with the human precursor

L- 18
22. A
cally

SEQ ID NGO 6, with the human




