
;e3epd\6TpdW'O U1/98-~;; PCT/USIl1/188U.t METHOD FOR PREPARING A
PHYSIOLOGICALLY ACTI`~TE IL-I8 POLYPEPTIDE 5 BACKGROUND OF THE INVENTION
The present invention relates to a process for producing a physiologically
active polypeptide more particularly, to a process for producing active
human IL,-18. IL-18, also known as interferon-y-isiducing factor, is a
recently discovered novel cytokine Active IL-18 contains 157 amino acid
residues. It has potent biological 10 activities, including induction of
interon=,~-production by T cells and splenocytes enhancement of the killing
activity of NIL cells and promotion of the differentiation of nacre CD4+ T
cells into Th1 cells. In addition, human IL-18 augments the production of
GMCSF and decreases the production of IL-10. IL-18 has been shown to have
greater interferon-y inducing capabilities than II,-12 and signals through
a different receptor and 15 utilizes a distinct signal transductiion
pathway. IL-18, the encoding nucleotide sequence, and certain
physicochemical chemical properties of the purified protein is known
(U.sbio, S., et al., l996, J. Immunology, 15G, 4274-1279; Dinarello C.A.,
et al. l998, J. Leukocyte Biology, 1998. 63, 658-664). Kabushiki Kaisha
Hayashibara Seibutsu Kayaku Kenkyujo's ("Hayashibara"}, U.S. 20 6,192,324,
which corresponds to EP 0692636, published on January 17, 1996, discloses a
mouse protein which induces IFN-gamma production by immunnocompetent cells,
the protein being further characterized as having certain physicochemical
properties and a defined partial amino acid sequence. Also disclosed is a
protein having a 157 as sequence., two fragments thereof, DNA (471 bp)
encoding the protein, hybridomas, protein purification 25 methods, and
methods for detecting the protein. Hayashibara's U.S. 6,214,684, which
corresponds to EP 0712931, published on May 22, 1996, discloses a l67 as
human protein and homologues thereof, DNA encoding the protein,
transformants, 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 turnors viral diseases, bacterial infectious diseases, and
inumune diseases. Incyte Pharmaceuticals, Inc's WO 97/24441, published on
July I0, 1997, discloses a l93 amino acid protein corresponding to IL-18
precursor and encoding DNA. In human cells, polypeptides formed by the
expression of genes may be processed 3 5 by intracellular enzymes to be
partially digested and to receive sugar chains. Polypeptides  1   V1'O
(11/98-4S; PCT/USIIl/18811-t to be satisfactorily incozporated into
pharmaceuticals may be those which were processed similarly as in lmnan
cells. It is known that most cytokiies are usually produced as precursoz s
with no biological activity, and then processed by intracellular enzymes to
be convened into active polypeptides. 5 The 1L-18 polypeptide usually
exists in human cells in the form of a precursor of 193 amino acids and no
biological activity. The precursor 1L-18 is also referred to as Pro '
IL-18. One method of producing active IL-18 from ifs precursor is taught by
Hayashibara's U.S. 5,879,942, which corresponds to EP 08i9757, published on
Januazy 21, I998. The patent discloses au enzyme or a protein which
convez-ts a precursor of IL-18 into active IL to ls. Another method of
producing active IL,-I 8 from its precursor is taught by Hayashibara's U.S.
Patent No. 5,891,663, which coz~z~esponds to EP 0821005, published on 



Januazy 28, 1998. The patent discloses contacting precursor IL,-1 S with
itzterleukin-1 (3 converting enzyme ("ICE"). The teachiigs of the patents
and references are incozporated by 15 reference. The role of ICE as a
mediator of apoptosis and inflammation has been extensively stlzdie.d in
the literature. It is also laiovm that ICE can process precursors of both
Izzterleukin-1 and Interleukin-18 to active forms (Thoz-nberry, NA, et al.,
1992, Nature. 356, 768-774; Glzay~, T et al., 1997, Nah~re 386, 6l9-623).
20 SUIvIlt'IARY OF THE INVEI~rTION The present invention provides methods
for the in vit~~o activation of precursor of human IL-18 (also known as
Pro-IL-I8) with an activating enzyme comprising, contacting the precursor
human IL-18 with an activating enzyme, such as caspase 4 or caspase 5. More
25 specifically, the present invention provides a method by which caspase 4
and caspase ~ act on a precursor of IL-18 to cleave a specific site to
produce an active polypeptide that induces IFN-^r production in
immunocompetent cells. Tl~e present invention fuz~ther provides methods for
the rJZ vrvo activation of precursor of human IL-18 comprising
co-expressing the protein with au activating protease. 3 0 More
specifically, the present invention provides methods for the m vivo
activation of IL,-18 using protease.se such as, caspase 4, also known as
ICE~L,II, caspase 5, also known as ICE~L,III, and ubiquitin-specific
protease, which act on a precursor of the IL-18 polypeptide to convez-t it
into an active polypeptide that v~duces IFN-y production.   V10 (1l/98-t;;
PCT/LiSlll/188U.1 BRIEF DESCRIPTIOIS OF THE ACCOMIPAUIYING DRAWINGS FIG. 1
shows the amino acid sequence of human precursor IL-I 8 (SEQ ID NO:1 ) FIG.
2 shows the nucleic acid sequence encoding full-length human IL-18 (SEQ 117
N0:2). 5 FIG. 3 shows the amino acid sequence of active human TL-18 (SEQ
117 NO; 3). FIG. 4 shows the amino acid sequence of the. 6-his tagged
I~,T-terminally truncated caspase 4 (SEQ LD N0:4). FIG. 5 shows the nucleic
acid sequence encoding the amino acid sequence of the. C his tagged
N-tel-Ininally truncated caspase 4 (SEQ ID NO:S). 10 FIG. 6 shows the amino
acid sequence of the 6-his tagged N-terminally tlwncated caspase 5 (SEQ ID
N0:6). FIG. 7 shows the nucleic acid sequence encodin the amino acid
sequence fo the 6his tagged N-terminally truncated caspase 5 (SEQ )D N0;7).
FIG. 8 is a schematic diagram of a bicistronic expression cassette
contained within 15 pET28-ProLL-1 BiCasp 4 for co-expressing of Pro-IL-18
and truncated caspase 4 in E coli. FIG. 9 shows a sequence of
Pro-IL-18/Caspase 4 expression cassette within pET28 {SEQ 1D N0:8). FIG. 10
shows the annotated sequence of Pro-IL-18/Caspase 4 expression cassette.
Numbering corresponds to the position within the pET28a vector. 20 FIG. I I
shows Pro-IL,-18/Caspase 4 induction. FIG. 12 is a Schematic diagram of
6icistronic expression cassette contained wlthnl 



pET28-Pro-IL18/truncated caspase-5 for co-expression of Pro-I1,8 and
Caspase-5 i1i E coli FIG 13 shows a sequence of Pro-IL-18/Caspase 5
expression cassette tvithin pET28 (SEQ ~ N0:9). 25 FIG. 14 shows the.
annotated sequence diaglatn of Pro-IL-18/truncated caspase-5 expression
cassette detailing regulatory sequence feaW res and translation of
Pro-IL-18 and truncated caspase-5. Numbering col~l~e.sponds to the
positioning within the pET28a vector FIG. 1 ~ shows Pro-lL,-18/Ca.spase 5
induction. FIG. I6 sho~.vs the amino acid sequence of Ub-IL-18 (SEQ ID N0:
I0). 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/C.`bp-1 expression cassette within the pET28 vector
(SEQ ID NO: I2) FIG. 19 shows the annotated sequence of Ub-IL-18/LJbp-1
v~~iihin the pET28 vector. 35 Numbering corresponds to the position within
pET28. FIG. 20 shows Ub-IL-18 expression and processing by Ubp-1. 3   ~'~'O
01/9S~~s PCT/US(fI/1S8(1~ FIG. 21 shows IL-18 activity assay using HG-1
(human myelomonocytic cell line) cells and to monitor IFN-y production
(IL-1 S expressed in various ways as indicated). FIG. 22 shows IL-I8
activiy assay using purified human PBMCs to monitor IFN-y production
(IL,-I8 expressed in various ways as indicated). 5 DETAILED DESCRIPTION OF
THE INVENTION Caspase 4 and ~ are members of a family of cysteine proteases
that include Interleukin-1 (3 converting enzyme (ICE), which preferentially
cleave substrates containing a protease activation motif comprising the
amino acid sequences XEYD, wherein ~ is 10 selected fi~om a group of amino
acids consisting of W, L, F, Y, I, V, D, or E ; E is glutamic acid; Y is
selected fi~om a group of amino acids consisting of H, I, A, T, S, P or E;
and D is aspartic acid (Munday, N.A., et al., I995, J. Biol, Chemistry,
27Q, 15S70-I 5876; Talanian, R.V. et al, l997, J. Biol. Chen~ishy 272,
9677-82; Thornbet7y, N.A. et al. 1997 J. Biol. Chemistry 272, 17907-1 I ).
The substrate recognition of caspase-5 is thought to be 15 essentially the
same for ICE and caspase-4 and distinct from other members of the caspase
(Talanian, R.V. et al, 1997, J. Biol. Chemistry 272; 9677-82; Thot~tibewy.
N.A. et al. 1997 J. Biol. Chemistry 272, 17907-11), Caspase 4 is disclosed
in EP-B-0 7~4 234. Caspase 5 is disclosed in U.S. 5,552,536 and U.S.
5,760,I80. Ubiquititt-specific proteases are a family of ATP-independent
enymes that czn 20 precisely cleave the evolutionarily conserved 76 amino
acid ubiquitin peptide from the N terminus of proteins that are fused to
it. These proteases specifically cleave the peptide bond befiveen the
carboxyl-terminal amino acid residue of a ubiquitin protein and the a,amino
group of any non-ubiquitin protein to which ubiquitin is joined.
Ubiquitin-specific proteases from Saccharomyces cerevisiae, U6pl, Ubp-2,
and L'bp-3, for example, are. 25 known and can be recombinantly expressed
to catalyze deubiquitination reactions that target ubiquitin fission
proteins both in vivo and iii Vit~'O (Baker, RT et al., 1992, J. Biol.
Chem. 267: 23364-23375; Baker, RT et al., I994 J. Biol. Chem. 269:
2538I-25386). The specificity of Saccharomyces cerevisiae
ubiquitili-specific proteases allov~s 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 fi~ont of proline
(Gilclwist CA et al. 1997, J. Biol. Chem. 272:32280-322S5. Thus, virhtally
any desired N-terminus can be generated through the removal of a precisely
fused ubiquitin peptide when combined in vila~o or coexpressed with
ubiquitin-specific proteases. Ubiquitin specific proteases are disclosed in
35 U,S. 5,2l2,058; U.S. 5,683,904; U.S. 5,391,490; and U.S. 5,494,8I8. 4
VI'O (11/985; PCT/US(11 /188(l-4 Any nattu~al and artificially produced
caspase 4, ca.spase ~, or ubiquitin protease can be used in the present
invention as long as they produce active polypeptides that induce IFN-y
production in iminunocompetent cells independently of their sri~uctures,
sources and origins. In human cells, polypeptides forced by the expression
of genes may be processed by intracellular enzymes. Inh~acellular enzymes
cleave the precursor proteins, such as Pro IL-18, into their active form.
Polypeptides to be satisfactorily incorporated into pharmaceuticals should
i eceive processing similar to the processing polypeptides receive in human
cells. The polypeptides usually exist in human cells tit the form of a
precursor and 10 no biological activity. It is known that most cyokines,
including the IL-18 polypeptide, are usually produced as precursors with no
biological activity, and then processed by intracellular enzymes to be
converted into active polypeptides. The precursor of IL,-18 as referred to
in the present invention exists, for example, in cells which inherently
produce the pol~~peptide, in mammalian host cells, and in a bacterial 15
system, such as E. colt, transformed by introducing a DNA, e..g., a DNA
with the nucleotide sequence of SEQ ID N0:2, containing a region which
encodes the polypeptide. Using such mammalian and bacterial host cells,
precu i sor IL-18 can be co-expressed with proteases to generate active
1L-18. 20 Itr f 11l'0 Cleavage The present 111VeI1tloIt provides methods
for the in vih~o activation of a precursor polypeptide, such as the
precursor of IL-18 comprising, contacting the. precursor polypeptide with
au activating enzyme. lit a preferred embodiment, the present invention
provides a method for the in vitro 2~ activation of precursor of human
IL-18 comprising, contacting the precursor human IL-18 with caspase 4 or
caspase ~. In a preferred embodiment. the precursor of IL-1 S is activated
l17 t~ltr'O by cleaving with the activating enzyme which recognizes a
specific protease activation motif comprising the amino acid sequence
~I~YD, wherein l~ is selected from a gn oup of amino acids 30 consisting of
~rJ, L, F, Y, I, V, D or E ; and Y is selected fi~om a group of amino acids
consisting of of H, I, A, T, S, P or E. lit a further preferred embodiment,
the precursor of IL,-18 is activated irr t~itr'O by cleaving the peptide
linkage bet<veen the aspartic acid 36 and tyrosine 37 in SEQ ID NO:l with
caspase 4 or caspase 5 to produce an active polypeptide that induces IFN=r~
production 35 in intntunocompetent cells. 5   



W~O 111/98-4;; PCT/USII l/1R8(1~ Generally, caspase 4 or caspase 5 can be
obtained from cells, which inherently produce it, and tl~ansformants
obtained by applying recombinant DNA technology. Examples of such cells ale
those which were established fi~om mammal and human cells such as
epithelial cells, endothelial cells, interstitial cells, cal-tilage cells,
monocytes, 5 gnanuloc5~tes, lymphocytes, and established cell lines
thereof. Examples of the transformants include transfol7ned microorganisms
and animal cells obtained by llltl'OdLlClllg a DNA encoding caspase ~ into
microorganisms and animal cells. Caspase 4 or caspase. ~ Is prepared by
culturilig these tnansformants in conventional culture media used in this
field, either tneatiug them tvith ultrasonics v~ the form of intact
cultures or after separated from the 10 cultures or soaking the
transformants in hypotonic solvents, applying to the resulting cell debris
or mixtures containing culttn~e supernatants and cell debris the following
conventional teclu iques used for puriying enzymes in this field; salting
out, dialysis, filtration, concentration. separatory sedimentation,
ion-exchange chromatoguaphy, gel filtration ctwomatoa ~aphy, adsorption
clwomatognaphy, isoele.ct<~ic clwomatogl-aphy, 15 hydrophobic
chromatography, reverse-phase chromatogaaphy, affinity clwomatography gel
electrophoresis and electrofocusing, Two or more of these purification
methods can be used in combination. The DhIA encoding caspase. 4 (Fig. 5)
(SEQ )D NO:S) and caspase 5 (Fig. 7) (SEQ ID N0:7) and h-ansformants which
produce caspase 4 and caspase 5 are known in the al-t. For example, the
enzymes may be produced in active. f01'111 Ill E. colt by expression 20 of
N-terminally t<~uncated peptides lacking the pro region, as descl ibed
(Monday NA et al., 1996, J. Biol. Chem 26:15870-7b,) Cells which produce
the pl ecursor polype.ptide, such as Pro-IL-1 S, iWerently or those which
were transformed to produce the precursor are cultured in nutrient culture
media. Prefelz-ed culture media include cultlu~e media well laiown in the
al-t, such as Luria 25 Bertani medium or other rich medium for cultlu~ing
E, colt comps ising ilyptone and yeast extract. Caspase 4 or caspase 5,
obtained using the above method, is allowed to coexist in the resulting
cultures or added to the resulting mixtlwes of cell debris after disrupting
the proliferated cells separated or unseparated fi-om the cultlres. The
amount of caspase 4 or 30 caspase 5 required is less than the equimolar of
the precursor. The caspase 4 or caspase 5 is contacted lvlth 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 S is allowed to react with
the precursor until the desired amount of active polypeptide is formed from
the material precursor at temperatures of about 4-40 C and pHs of about
6-9. The prefel-ued 35 temperature is about 25C and the preferred pH is
about 7.2. Thus, reaction mixtures containing the active polypeptide can
be. obtained.   ~'VO (11/9S-1;; PCT/C1S01/18811-4 The activity of caspase 4
or caspase 5 may be assayed and expressed by units for activity according
to the p.g processed polypeptide produced per p.g caspase 4 or caspase-5
per minute. 5 In VIt~O Co-Expression The presenf irtvetttion further
provides methods for the i~a oivo activation of a precursor polypeptide,
such as a precursor of IL-18 comprising co-expressing the protein with an
activating protease. More specifically, the present invention provides
methods for t118 l77 V1V0 aCtIVatIOIt Of IL-I ~' comprising the bicistronic
co-expression of polypetides, such 10 as IL-I8, with proteasese such as,
caspase 4, also knom as ICE~LII, caspase 5, also known as ICE~LIII, and
ubiquitin. In a pI efetred embodiment, human caspase 4, also latown as
ICE~LII, is co expressed bicistronically with human Pro-LL-18 to allow for
the in vioo processiltg of Pro IL-18 into active IL-I8. 15 In another
prefet~I~ed embodiment, truncated Innnan caspase 4 (SEQ ID NO. 4}. is 



co-expressed bicistronically with human Pro-IL-I8 to allow for the ira vioo
processing of Pro-IL-18 (SEQ ll~ NO:I) into active IL-18 (SEQ ID N0:3). In
another prefel~I~ed embodiment, human caspase 5, also latown as ICERELEI,
is co-expressed bicistronically with human Pro-IL-I8 to allow for the iJa
vivo processing of 20 Pro-IL-18 into active II:-I8 (SEQ ID N0:3). In yet
another prefel~I~ed embodiment, ubiquitin protease I (LJbp-1) is
co-expressed bicistronically with Ubiquitin-IL-18 (Ubp-IL-18) for the in
vivo processing of Ub-IL,-18 into active IL-18. In yet another prefelz~ed
e111bOdIlIlellt, Llblqltltllt protease 1 (Ubp-1) is co-expressed 25
bicish~onically v~~ith Ubiquitin-IL-18 (Llbp-IL-I 8) for the in nivo
processing of UB-IL-18 (SEQ I17 N0:9} into active IL-18 (SEQ ID NO. 3). In
the most preferred embodiment, truncated human caspase 5 (SEQ ID NO. 5), is
co-expressed bicistronically with human Pro-IL-18 to allow for the i~z vino
processing of Pro-lI,-18 (SEQ ID I~TO:1) into active IL-18 (SEQ )I? N0:3).
30 A DNA encoding caspase. ~l or caspase 5 and a DNA encoding a precursor
of the polypeptide at a 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 transforrnant, to foI-m an active
polypeptide (Figures 11 and 15). Preferred host cells are epidermal-, 35
interstitial-, neuroblast-, hematopoietic-cell lines, which are derived
from humans, monkeys, 7   V1'O (1I/98-1s5 PCT/USII1 /1!181i.1 mice and
hamsters and used conventionally a.s hosts, such as 3T3 cells ittcludittg
3T3-Swiss albino cells {ATCC CCL 92), C1271 cells (ATCC CRL 1616), CHO
cells including CHOI~l cells (ATCC CCL 61), CV-1 cells (ATCC CCL 70), COS
cells including COS-1 cells (_ATCC CCL 16S0), HeLa cells (_ATCC CCL 2), MOP
cells includiltg MOP-8 cells (ATCC 5 CRL 1709) and mutants thereof. Most
preferred host cells are E. coli. The most preferred method is of
introducing DNA encoding ca.spase 4 or 5 and a DNA encoding a precursor of
the polypeptide into E. coli is chemical transformation with rubidium
chloride, which is well latown in the art. Methods to introduce a DNA
encoding caspase 4 or caspase 5 and a DNA encoding a precursor of the
polypeptide into mammalian host cells include conventional 10 DEAF-dextran
method, phosphoric acid-calcium method, elect<~opoiation, lipofection,
microinjection, and vit us-infection method using retrovirus; Adenovirus,
hetpesvirus and vaccinia virus. In this case, vectors such as pCD,
peDL-SRa, pKY4, pCDMB, pCEV4, pMElBS and pSV2-gpt, including appropriate
promoters, etlhancers, replication origins, termination sites, splicing
sequences, polyadenylation sequences and/or selection markers I5 can be
used following standard teclntiques described in Ausubel FM et al., 1994
Current Protocols in Molecular Biology. New York: Greene Publishing Assoc.
and Wiley Interscience. Clones, which wee a observed by inununological
detection to produce an activated polypeptide, were selected by choosing
the desired clone from transformants after Cllltlll'lng in nutrient culture
media. Culh~res containittg the active polypeptide cart be 20 obtained by
Cllltlll'ttlg the- cloned transformant with conventional nutrient culW re
used in this field. As for cells which inherently produce a precursor of
the polypeptide and other cells which were t~ansforrned to produce the
polypeptide, they may produce the precursor along with activating enzymes,
Svhich activate the polypeptide., such as caspase 4, caspase 5, and
ubiquitin. Recombinant DNA tecltttologies using manunalian host cells are
disclosed in 25 detail in Glutzman, Cell, 23:1 p {1981) A~Iullingan,
PIvTAS78:2072 {1981 ). Recombinant DNA technologies using bacterial host
cells are described in Protein E;cpression:A Practical Approach, S.J.
Higgins and B.D. Hames eds. l999, New York, Oxford University Press.
VL'hile the resulting reaction mixhires and cultures containing an active
IL,-1 S polypeptide can be used intact as an IFN-y inducer, >lt a preferred
embodiment, cells in the 30 cultures are dismpted by ultrasonics, cell
Iysis enzymes and/or surfactants, follo~~~e.d by separating the polypeptide
fi~om the resulting cells and cell debris by filtration, ceni~~ifiigation,
etc., following standard indushy procedures described in Protein
Purification:Principles and Practice, Cantor, C.R, ed, l993, 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, filiration, concenh~ation, separatoty sedimentation, ion-exchange
cltrontatography,   V4'O (I1/985; PCT/UStl1/1R8f1~ gel filtration
clwomatography, adsorption chromatography, isoelectric chromatoa ~aphy,
hydrophobic chromatogt~aphy, reverse-phase chromatoc ~aphy, affinity
chromatogt aphy, gel electrophoresis and elech~ofocusing. If necessary,
rivo or more of these. purification methods can be used in combination. The
resulting purified polypeptide can be concentrated and lyophilized into a
liquid or solid product to meet their final uses. The bicistronic
expression cassettes of the present invention are versatile vectors which
can be used for the irt vivo processing of virtually any peptide containing
the. appropriate caspase 4/caspase 5 or ubiquitinase cleavage recognition
sites as have been previously described (Tobias, J.W. et al., Journal of
Biological Chemistry, l991. 266(l8): 10 p.12021.12028; Talanian, R.V. et
al., Jotrrrtal of Biological Chemistry, 1997. 272(15): p.9677-9682).
Bicistronic expression offers advantages over other co-expression
strategies because both genes are tied to the same transcription unit,
ensuring consistent expre.s.sion of both genes over time. This is in
contrast to dual plasmid systems where one plasmid can be lost over time.,
or single plasmid dual promoter systems where expression may vary fi~om 15
each promoter fiom one experunent to the next. In particular, the
bicistronic expression systems described here are ideally suited for the in
vivo activation of enzymes, cytokines, growrth factors, and other
proteolytically activatable proteins, thereby enabling large-scale
production of such proteins from cells in a single step and eliminating the
need for a separate irt vit~~o activation step. 20 Activating proteases,
caspase 4 (Ala 105 to Asn377) or caspase 5 (Ile 146 to Asn418), were.
subcloned as N-terminal 6-His fitsions itntnediately follov~ing the
Pro-IL-18 sequence in order to generate a transcriptional fusion of the hvo
genes. A T7 terminator sequence is located downstream of the caspase-4
sequence for translational termination of the bicistronic transci iption
unit. A small intergenic region including a defective Shine. 25 Dalgarno
sequence was also added to permit only minimal translation initiation fi~om
the ca.spase-4 sequence (Figures 10, and 14). Other regulatory regions
include a 25 basepair lac operator sequence located immediately downsh~eam
of the 17 basepair promoter region which is bound by lac repressor encoded
by a copy of the lac-I gene located on the plasmid, thereby suppressing
basal transcription in the absence of T7 RNA polytnerase. The 30 resultant
plasmids designated ProILlB/Casp4 and ProILlB/CaspS were then separately
iransfected into E. colt BL21 (DE3) strain that contains an inducible
clwomosomal copy of the T7 polytnetase gene. The transcription of the
bicisttonic cassette is under the direction of the T7 promoter, which is
controlled by the phage T7 RNA polymerise protein, encoded from a 3 5
Iysogenic copy of the T7 RI~1A polymerise gene. Tlus chromosomal copy of T7
polymerise is itself under lacTJVS promoter control, iliducible by the
addition of isopropyl-1-thio-b-D 9   V'O (I1/9855 PCTIUSU 11188(1t
galactopyranoside. Induction leads to the coordinate transcription and
translation of Pro-R18 and His-caspase-4 or His-caspase-5. Nascently
translated caspase-4 or caspase-5 is autoprocessed to an active species,
which initiates the proteoly~tic activation ProR-18. Both the translated
precursor R-18 as well as the post-translationally activated R-18 are
mainly 5 soluble inside E, colt. Mature active R-18 containing an
N-terminal tfrosine is purified directly from bacterial cell lysates
following induction by conventional chromatography methods. Cleavage to
mat<me R-18 with caspase-4 is complete by 4 hours at 37oC or by 18 hours at
29oC (Figure I 1) and cleavage to mahlre R-I8 with caspase-5 is complete by
18 hours at 29oC (Figure 15). 10 In the most preferred embodiment, the
present invention uses a truncated caspase 4, as shown in FTG. 4 (SEQ ID
N0:4 and SEQ ID N0:5), of truncated caspase 5 as shown in FIG. 5 (SEQ ID
NO: 6 and SEQ I17 NO; 7). Truncation of caspase 4 and caspase 5 is
disclosed in Monday, I~T.A., et al., I995, J. Biol: Chemistry, 270,
l5870-15876. The pl esent invention further provides a method for creating
an active polypeptide 1 > by co-expression of a ubiquitin-specific protease
with au N-terminal ubiquitin R-18 fusion (precursor) which is converted to
active R-18 by the ubiquitin c-terminal hydrolase activiy. 



A 76 amino acid ubiquitin protein containing an authentic N-terminal
tyrosine is fused to the mature N-terminus of human R-18 and coexpressed
with a ubiquitui-specific protease in E. colt for example as shown in SEQ
ID NO:10 and SEQ 1D NO:1 I . Ubiquitin is a highly 20 conserved 76-residue
protein found in eucalyotic cells that function to mark proteins for deb
~adation (Baker, R.T., Cul-rent Opinion in Bioteclmology, 1996. 7(5): p.
541-6). Ubiquitin is specifically cleaved from plotems by the action of
ubiquitin-specific proteases that ale endogenously expressed in eucalyotic
cells but which are absent in bacteria, The co-expression of ubiquitin
fused proteins with ubiquitin-specific proteaese in E .colt also 25 leads
to the efficient removal of ubiquitin (Baker, R.T. et al., Journal of
Biological Chemistry, 1992. 267(32): p. 23364-75) (Figure 20). In addition,
most of these deubiquitinating enz~~mes are. capable of cleaving in front
of virtually any amino acid with the exception of proline. Thus, cleavage
of ubiquitin from mature R-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-R-I 8) and Ubiquitin protease-I (Ubp-I ) (Tobias,
J.~.'. et ai., Joural of Biological Chemistry, 199l . 266(l8):
p.12021.12028) is accomplished tlwough the bicistuonic expression of the
two genes under inducible T7 promoter control. Mature R-I8 is expressed as
an N-terminal fusion with the evolutionarily conserved 76 amino acid
ubiquitm peptide. The Ub-R-18 cDl~TA is subcloned under the 35 control of
the T7 R'sA polymerase promoter within pET28a vector. Subsequently, the 10
W'O I11/98-155 PCT/C1S01/18811-t eDNA encoding full-length
ubiquitin-specific pr otease is subcloned downstream preceding the T7
terminator sequence (Figure 19). Both Ub-TL-18 and Ubiquitin-specifrc
protease cDNA's are t~~anscribed into a single mRI~lA transcript fi~om
which Ub-IL-18 and Ubiquitirrspecific protease proteins are separately
translated. As described above, the active. human IL,-18 polypeptide,
obtained by the present methods has an activiy of inducing the production
of IFN-~~ as a useful biologically active substance, stimilates the
production of IFNg from KG-1 (liuman myelomonoc5~tic cell line) cells
Figure 21 and purified human PBWCs (Figure 22). All publications and
patents are hereby incorporated by reference. The following 10 examples
further explain but do not limit the present invention; EXAMPLE I -
Preparation of precursor II:-18 (pro-IL,-18) Human-precursor IL-18 ryas
expressed as au N-terminal hexa-histidine tagged fusion irr E. colt. Tlre
expression plasrnid, ProEx-h11,18, was derived fi~orn a vector, 15
pPROE~i-1 {Life Technologies) containing the Trc promoter and Iaclq for
inducible. expression with isopropyl-1-thin-(3-D-galactopyranoside (IPTG).
In order to conshwct the recombinant expression vector, a DNA fragment
containing the entire caspase S precursor gene was PCR amplified from a
cDI~TA clone, tailing 5' with 11331e I and 3' with 13a371 HI resh~iction
endonuclease sites. Tlre amplified product was subcloned bet~veen these
tvvo 20 restriction sites in pPROE~-, thus generating an in frame
N-terrninal fusion with the hexa histidine coding sequence present in the
vector. The resultant plasmid was expressed 11 DHI OB host cells following
induction tvith lrnrl~I IPTG for 5 hours at 37cC. Recombinant protein was
harvested from cell pellets obtained following centrifugation of the
induced cultlu~es. 25 EXAMPLE 2- Purification of pro-IL-1 S 1.5 Icg of E
colt cells expressing pro-IL-1 S as described in EXArI~IPLE 1 was suspended
in 3.6 L lysis Buffer C {SO mM Tris HCI, 10 nrM BI~iE, 0.5 IvI NaCI, 5 %
gi5~cerol, 1 ug/ml pepstatin A, I ug/ml leupepsin, 0.4 n~I AEBSF), lysed by
hvo passes tlwough 30 Microfluidics at I2,000 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 incubated the slurry for one hour to capture
pro-IL,-18. The slurry vas centriftrged at low speed (3,000 rprn), the
super~rratant was decanted, and the Shll'I'y was packed 1I1 a COhlIllll.
The colunur was washed Gvith Buffer D and pro-IL-18 was 35 eluted with 300
nrM imidazole in Buffer C. The pool was dialyzad in Buffer E (25 nrlM 



11   W'O O1/98-4;; PCT/USlll/188(l~ HEPES, 10 niM BME, pH 8.0) and applied
to DEAE ToyoPearl 650M column equilibrated with the same buffer. The column
was eluted with a Iine.ar gradient of 0 to 0.~ M NaCI in Buffet E. The pool
contained 650 mg of >90 % pure pro-IL-I 8. E~LE 3 - Preparation of Caspase.
4 Human caspase-4 was also expressed as an N-terminal Hexa-histindine
tagged fission in E, colt. The expression plasmid, pETl6b-caspase 4, was
derived fi~om a vector pETl6b (Novagen) containing the phage T7 promoter.
The recombinant vector was constructed by PCR amplification of the
caspase-4 active domain (amino acids IIe146 to 10 Asn418) incorporating a
hexa-histidme coding sequence at the N-terminus and tailing with uco I and
~r7ro I restriction endonuclease sites. The resultant PCR product was then
subcloned behveen these rivo restriction sites to generate the N-terminal
Hexa Histidilie Caspase 4 fusion vector. The resultant plasmid ~as
transfoi-ined into the lysogenic BL21 DE3 E. colt strain 15 containing a
chromosomal copy of T7 RNA polymerise under laoU~.TS promoter control
enabling inducible expression of caspase 4 following induction with linM
IPTG. Active protein was purified fi~om cell pellets isolated following
induction at 37oC for 3 hours. E~AR'IPLE 4 - Purification of Caspase 4 20
When L'. colt cells expressing N-teuninal hexa-His tagged human caspase 4
described in Example 2 are lysed, caspase 4 activity can be detected in the
lysate. supernatant. When the protein is captured on NiNTA agarose beads
fi~om the supernatant, both p10 and p20 are recovered. This indicates that
caspase 4 protease domain is activated during cull culture through
autocleavage at the junction of p 10 and p20 and remains as a soluble
noncovalent 25 heterodimer. Vvith this information, hexa-His tagged p20/p
10 heterodiiner can be purified. The entire process is cawied out at 4oC to
avoid any fuuher breakdown of the molecule. Approximately 400 g of as~et E,
colt cell pellet was suspended in 1.6 L of lysis buffer containing 25 mM
HEPES, 0.1% CHAPS, Q00 n M NaCI, 10 mM beta mercaptoethanol (BIvIE) at pH
7.4, and 10% glycerol (Buffer A} and lysed by hvo passes tlwough 30
Microfluidics at 12,000 psi. The Iysate vas centrifuged at 30,OOOxg for one
hour and lysate supernatant, 1.7 L, was recovered. NiNTA agarose, 150 ml,
which was preequilibrated with lysis buffer containing 5 nul~I imidazole,
was added to the lysate supernatant, the suspension was adjusted to pH S.0
with 2 N NaOII, and caspase 4 was batch-absorbed for one hour. NiNTA
agarose was packed in the colurm~, washed with 5 mI~T and 25 mll~I
imidazole in 3~ Buffer A sequentially to remove impurities, and caspase ~
was eluted with 3001uM imidazole iii Buffer A. The protests was dialyzed
against Buffer B (25 inM HEPES, 0.1 % CHAPS, 10% I2   1'~'O U1/98-4ss
PCT/USU1/188U.1 glycerol, l OzrziVl BI\dE, pH 8.0) and applied to DEAR
ToyoPearl 650M column preequilibrated rvith the same buffer. Caspase 4 was
eluted fi~om the column with I00 n u'VI NaCI isi the same buffer. Fractions
displaying highest specific activity of caspase 4 using fluoz escent
peptide substrate, LEED-AMC, were pooled. EXAMPLE 5 - In nib~o activation
and preparation of polypeptide 



Pro-IL-18 purified as described in Example 2 was incubated with Caspase 4
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
reaction mixture, 140 ml of 10 NiNTA agarose in Buffer D was added,
incubated for one hour, and poured to sintered glass fznmel to recover
unbound material containing mainly mature IL-18. Small amounts of remain
iiig pro-IL-18, prodoznain, caspase. 4, and other impurities were bound to
NIIvTTA agarose. The unbound solution was adjusted to 2~ nzM DTT, incubated
for one hour to complete reduction reaction, adjusted the pH of the
solution to 6.0 by adding 2 M 15 phosphoric acid, and concentrated to 86 ml
using YI\~110 membrane. The concenri~ated sample was applied to Superdex 75
colunm equilibrated with 1 OmM NaPhosphate pH 6.0 containing 0,1M NaCI.
Pooled fi~actions contained 560 mg of znat<u~e IL,-I8. EXAMPLE 6 - In vivo
activation and preparation of polypeptide 20 Activation of IL-I8 can also
be achieved 1f7 V1V0 thuough the simultaneous expression of human precursor
IL-18 and caspase-4. Pro-IL,-18 is co-expressed bicish~onically in E. coli
from a single ti~avscript with human caspase-4 within the expression
plasmid, pET2S-Pro-IL-1S/Casp4 (Figures 5 and 6). The human pro-IL,-18 gene
is subcloned into pET28a (Novagen) under the cont<~ol of the T7 promoter
including an 25 efficient Shine-Dalgarno sequence for optimal translation
initiation fi~om the Pro-IL-18 sequence (Figure 8). The caspase 4 gene
(I1e146 to Asn418) was subcloned immediately after the Pro-LL-I 8 sequence
including a defective Shine-Dalgazno sequence, pezmitting minimal
translation initiation fi~om the caspase 4 sequence. A T7 terminator
sequence was included for translational termination following the
bicish~onc h~anscription unit. The 30 resultant construct was then
transfected into a BL21(DE3) host containing an inducible chromosomal copy
of the T7 polymerase. gene. Induction of this construct in this host with 1
znIVI IPTG resulted in the coordinate transcription and h~anslation of
pro-1L-18 and procaspase 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 29C following Inu'vI IPTG induction (0-18
hours). i3   f4~ 0 I11 J98-45 5 E~iAMPLE 7 - In oioo activation of caspase
4 PCT/US01 J1 R8(1.1 The in nivo activation of Caspase-4 is described in
(~!Lunday, N.A., et al., l995, J. Biol. Chemistry, 270, 15870-15876).
Expression of a tl~.lncated form of caspase-4 beg111Illllg at Ala 59,
lacking the proregion in E. colt, leads to self activation by cleavage 5
into P10 and P20 subunits wl>ich assemble into an active enz5~lne
heterodimer. The delay In caspase -4 activation is translated into a delay
in the cleavage and activation of Pro-IL-18 to matlu~e IL-18 (Figure 9).
This enables accumulation of the more stable Pro-IL,-18 lnior to its
cleavage to matlue IL..-18 which is less stable in cells. 10 E,~~AMPLE 8 -
Purification of human IL-18 coexpressed with Caspase 4 66 g of E, colt
cells expressing IL:-18 as described in Example 6 were suspended in l30 ml
of 0.1 M HEPES pH 7.5 containing I mM EDTA and 10 n~llvl DTT {entire
process was performed at 4oC and in the presence of 10 nuM DTT except the
last step to maintain 1 ~ free SH) and lysed at l5,000 psi by two passes
using Microfluidics. The lysate (230 ml) was centrifilge.d at 34,000 xg for
30 min. The supernatant (200111l) was diluted to 1 L with 25 1nM HEPES pH
7.0 and flowed tlwough tsvo colunms in tandem, ToyoPe.arl SP 650M and
ToyoPearl DEAE 650M. Much of the impurities derived fi~om E. colt cells
tvere bound to the cohlmrls. Tlle t7ow-tlwough material was adjusted to pH
9.5 with 25 mM bistl is 20 propane, diluted to 2 L and applied to Source
15Q colulml equilibrated ~~~ith 25 mIvl bistris propane HCl pH 9.5. The
column was eluted with a linear gradient of 0 to 0.5 M NaCI in the same
buffer. Fractions containing IL-I8 were identified using Vydac C4 RP-HPLC
and pooled (250 ml) The pool was concentrated to 50 ml using YM10 membrane
and applied to Superdex 75 COhllllIl wI11C11 V4'aS preequiIibrated with l O
1nM NaP04 pH 6.0 containing 1 2~ nW EDTA and 0.15 M NaCI (no DTT for in
vivo use), EXAMPLE 9 - Preparation of truncated caspase 5 



Human truncated caspasa ~ was also expressed as an N-terminal
Hexa-histindine tagged fusion in E. colt. The expression plasmid, pETl6b-
truncated caspase 5, vas derived 3 0 from a vector pETl6b (Novagen)
containing the phage T7 promoter. The recombinant vector was constructed by
PCR amplification of the truncated caspase 5 active domain (amino acids
Ilel46 to Asn418) incorporating a hexa-histidine coding sequence at the
Nterminus and tailing with u'co I and.I7ao I restriction endonuclease
sites. The resultant PCR product was then subcloned betlveen these two
restriction sites to generate the N-tel7ninal 35 Hexa Histidine- truncated
caspase 5 fusion vector. 14   W'O 111/98-4;; PCT/US01/188U.1 The resultant
plasmid was transformed into the lysogenic BL21 DE3 E. colr strain
containing a clwomosomal copy of T7 ItNA polymerase under IacLlVS promoter
conh~ol enabling isiducible expression of truncated caspase 5 follozvitlg
induction with In -tM Il'TG. Active protein was purified from cell pellets
isolated following induction at 37oC for 3 5 hours. E~~AMPLE 10 -
Purification of it uncated caspase ~ Vt~hen E. colt cells expressing
1`,T-terminal hexa-His tagged human truncated ca.spase 5 described in
E~iAR~IPLE 9 are lysed, truncated caspase 5 activity can be detected in the
lysate 10 supernatant. Vi~hen the protein is capttu~e.d on NiNTA agarose
beads fi~om the. supernatant, both p10 and p20 are recovered. This
indicates that truncated caspase > protease domain is activated during cell
culture tlwough autocleavage at the junction of p 10 and p20 and remains as
a soluble noncovalent heterodimer. ~4~~ith this infotrnation, hexa-His
tagged p20/p10 heterodimer can be purified. The entu~e process is carried
out at 4oC to avoid any further 15 bt eakdown of the molecule.
Approximately 400 g of wet E. colt cell pellet was suspended ui 1.6 L of
lysis buffer containing 25 nll'vI HEPES, 0.1 % CHAPS, 500 mIVI NaCI, 10 tnM
beta mercaptoethanol (BME) at pH 7.4, and 10% glycerol (Buffer A) and lysed
by tv~o passes through Microfluidics at l2,000 psi. The lysate was
centrifuged at 30,OOOxg for one hour and lysate 20 supernatant, 1.7 L, was
recovered. ~;iI~tTA agarose, 150 ml, which was preequilibrated with lysis
buffer containing 5 mM imidazole, was added to the. lysate supernatant, the
suspension was adjusted to pH 8.0 with 2 N NaOH, and caspase 5 was
batch-absorbed for one hour. N1NTA agarose was packed in the colunm, washed
with ~ mM and 2~ mlVl imidazole in Buffer A sequentially to remove
impurities, and caspase ~ was eluted with 300 n W imidazole 25 in Buffer A.
The protein was dialyzed against Buffer B (2~ mIv~i HEPES, 0.1% CHAPS, 10%
glycerol, I On~~i BME, pH 8.0) and applied to DEAF ToyoPearl 6~OM colunul
preequilibrated with the same buffer. The truncated caspase 5 was eluted
fi~om the column with 100 mM NTaCI in the same buffer. Fractions displaying
highest specific activity of hwncate.d caspase. ~ using fluorescent peptide
substrate, LEED-AMC, were pooled. 30 EXAMPLE 11 - In oih~o activation and
preparation of polypeptide Pro-IL-18 prepared and purified a.s described in
Examples 1 and 2 was incubated with truncated caspase 5 at 1:500 why 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 15   W O Il l /9855 PCTIL!SOl/1880-! IL-18. Small amounts of
remaining pro-IL-18, prodomain, hwncated caspase 5, and other impurities
were bound to NINTA agarose. The unbound solution was adjusted to 25 mM 



DTT, incubated for one hour to complete reduction reaction, adjusted the pH
of the solution to 6.0 b3~ adding 2 M phosphoric acid, and concentrated to
86 ml using YM10 membrane. The concentrated sample was applied to Superdex
75 colulrm equilibrated with 101nM NaPhosphate pH 6.0 containing O.1M NaCI.
Pooled fractions contained 560 mg of mature IL-18. EXAItTPLE 12 - In >>ivo
activation and preparation of polypeptide I 0 Activation of IL,-18 can also
be achieved in oioo tiwough the simultaneous expression of human precursor
IL,-18 and truncated caspase 5. Pro-IL-18 was co-expressed bicistronically
in E. colt fi~om a single h~anscript with human truncated caspase 5 wlthm
the expression plasmid, pET28-ProILl8/CaspS (Figure 9). The human pro-IL-18
gene is subcloned into pET28a (IvTOVagen) under the control of the T7
promoter includuig an 15 efficient Shire-Dalgarno sequence for optimal
translation initiation from the Pro-IL-18 sequence (Figure 10}. The
truncated caspase 5 gene (I1e146 to Asn418} was subcloned immediately after
the Pro-IL-18 sequence including a defective Shine-Dalgarno .sequence,
permitting minimal translation initiation fi~om the truncated caspase 5
sequence. A T7 terminator sequence was vicluded for h~anslational
termination folloivilg the bicistronic 20 transcription unit. The resultant
construct was then trausfected into a BL21 (DE3) host containing an
inducible clwomosomal copy of the T7 polymerase gene. hduction of this
construct in this host with lnu'VI IPTG resulted in the coordinate
tl'aIlSCI'lptI0I1 alld translation of pro-IL-18 and pro-caspa.se 5.
Nascently translated pro-caspase 5 is autoprocessed to an active species
which initiates the proteolytic activation of pro-lI,-18. 25 E~iAMPLE 13 -
Purification of human IL-18 coexpressed with truncated caspase 5 66 g of E
colt cells expressing lL,-18 as described in Example 12 were suspended in
130 m1 of 0.1 M HEPES pH 7.5 containing 1 mIVI EDTA and 10 n nM DTT (entire
process was performed at 4oC and in the presence of 10 mM DTT except the
last step to maintain 30 free SH) and lysed at 15,000 psi by hvo passes
using Microfluidics. The lysate (230 ml} was centriW ged at 34,000 xg for
30 min. The supernatant (200 ml) was diluted to I L with 25 mM HEPES pH 7.0
and frowed through hvo columns in tandem, ToyoPearl SP 650M and ToyoPearl
DEAF 650M. Much of the impurities derived fi our E. colt cells were bound
to the colunms. The flow-through material was adjusted to pH 9.5 with ? 5
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 g~~adient of 0 to 0.5 M NaCI in I6   V4'O 111198-lay
PCTIL1S01/1880~ the same buffer. Fractions containing IL-18 were identified
using Vydac C4 RP-HPLC and pooled (250 ml). The pool was concentrated to 50
m1 using YiVIlO membrane and applied to Superdex 75 colunm which was
preequilibrated with 10 tnlvl NaP04 pH 6.0 contauiing 1 m11'I EDTA and 0.15
M NaCI (no DTT for in oioo use). 5 E~~AMPLE 14 - Preparation of
Ubiquitin/Pro-IL-I8/Ubpl The 76 amino acid ubiquitin coding sequence is
fused in frame with the start of mature human IL-18 through blunt end
ligation such that the fn~st tyrosine codon of mature IL-18 immediately
follows the glycine 76 codon of ubiquitin. The gene fusion is then 10
subcloned into a pET vector under the control of the T7 promoter including
an efficient Shine-Dalgarno sequence for optimal translation initiation
from the ubiquitin-IL-18 gene sequence. The fall-length Ubp-1 gene is then
subcloned immediately following LL-18 including a defective Shine-Dalgatmo
sequence for minimal h~ansiation of Ubp-1. Fig. 11 depicts the sequence of
UbIL-1 S/Ubp-1 expression cassette within pET28. Fig. 13 depicts 15 the
annotated sequence of UbIL-18/LTbp-1 wfithin pET28. Numbering cot~t~esponds
to the position within pET28. EXAI\'IPLE 1 S - In vivo activation and
preparation of IL.-18 The constt uct of Example 14 was then transfected
into a BL21 (DE3) host. 20 Induction with 1mM IPTG resulted in the
coordinate transcription and translation of 



Ubiquitin-TL-18 and Ubp-1. The enzymatic action of Ubp-1 led to the
efficient processing of Ub-IL-18 to mature active IL-18 which can then be
directly purified from E. colt lysates by conventional methods. Figure 16
illustrates the time course of IL-18 expression and processing at 30C and
37C following induction with 1 tnM IPTG. The top arrow 25 indicates the
pot~tion of unprocessed UB-IL,-18 in Lane 1. Bottom arrow indicates the
portion of processed IL,-18 in Lane 3. {V~'estern blot detection using
anti-IL,-I8 antisera.) E~Al\~l'LE 16 - Purification of human IL,-18 coexpt
essed with Ubiquitin 66 g of E. colt cells expressing IL,-18 as described
in Example 15 were suspended in 30 130 ml of 0.1 M HEPES pII 7.5 containing
1 ntlM EDTA and 10 mM DTT (entire process was performed at 4C and in the
presence of 10 mM DTT except the last step to maintain free SH) and lysed
at l5,000 psi by t<vo 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 tnM HEPES pH 7.0 and flowed through t<vo colutrms in tandem,
ToyoPearl SP 650M 3 ~ and ToyoPearl DEAF 650M. Much of the impur ities
derived from E colt cells were bound to the columns. The flow-through
material was adjusted to pH 9.5 with 25 mM bistris 17   V1'O 01/98-1S;
PCT/US(11I1S80~ propane., diluted to ? L and applied to Source 1 SQ 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 NaCI in the same buffer. Fractions
containing IL-18 were identified using Vydac C4 RP-HPLC and pooled (2~0
ml). The pool rues concentrated to 50 tnl using 1'M10 membrane and applied
to Superdex 75 colunm which teas preequilibrated with 10 znM NaP04 pH 6.0
containing 1 n M EDTA and 0.15 M NaCI (no DTT for rn vivo use). VJhiie
there has been described what is at present considered to be the prefet7~ed
embodiments of the invention, it will be understood the various
modifications may be made therein, and it is intended t0 COVBI' in the
appended claims all such modifications as fall 10 within the true spirit
and scope of the. invention. 18   VI~O f)1/98;; VJe claim:
PCT/LSlll/188(1-t 1. A method for producisig an active polypeptide fi-om a
precursor polypeptide polypeptide havitzg a protease activation motif
comprisisig the amino acid sequence llB~~, wherein iI' is selected fi-om a
group of amino acids consisting of ~~f, L, F, Y, I, V, D, or E, 5 and I' is
selected fi-om a b ~oup of amino acids consisting of H, I, A. T, S, P or E,
comprising: (i} contacting caspase 4 with the precursor polypeptide and
(ii) purifying the active polypeptide. 2. A method for producing an active
polypeptide fi~om a precursor polypeptide I O polypeptide having a protease
activation motif comprising the amino acid sequence _XEID, wherein X is
selected fi-om a gl'Ollp of amino acids consisting of ~~~, L, F, Y, I, V,
D, or E; and Y is selected fi~om a group of amino acids consisting of H, I,
A, T, S, P or E, comprising: (i) contacting caspase 5 with the. precursor
polypeptide and (ii) plll'Ifylllg the active polypeptide. 15 3. A method
for producing an active IL-18 polypeptide from a precursor IL-18
polypeptide., COIllpl'lSlllg; (i) contacting caspase 4 with a precursor
IL-18 polypeptide; and (ii) purifying the active IL,-18 polypeptide. 20 4.
A method for producing an active IL:-18 polypeptide from a precursor IL-18
polypeptide, comps ising: (i) contacting caspase. ~ with the precursor IL-I
8 polypeptide; and (ii) purifying the active lL,-I 8 polypeptide. 25 5. The
method of claim 3 wherein the precursor IL-1 S polypeptide is a human I1-1
S 



polypeptide. 6. The method of claim 4 wherein the precursor IL-18
polypeptide is a human II-1 S 30 polypeptide. 7. A method for producing an
active. human IL-18 polypeptide comprising: (i) contacting caspase 4 with a
human precursor 1L-18 polypeptide to convert said precursor polypeptide
into the active human IL,-I 8 polypeptide., said precursor 1L-18 3 5
polypeptide comps ising the amino acid sequence of SEQ 117 ?~IO:1, or a
portion thereof, I9   V1'O (11/98.1" PCT/USIII/188U-4 which maintains the
aspartic acid 36 and tyrosine 37 residues in the amino sequence of SEQ m
NO:l as an N-terminal sequence; and (ii) purifying the active human IL-18
polypeptide. 5 8. A method for producing an active human IL,-18 polypeptide
comprising; (i) contacting caspase 5 with a human precursor 1L-18
polypeptide to convert said precursor polypeptide oto the active. human
IL-18 polypeptide, said precursor TL-18 polypeptide comprising the amino
acid sequence of SEQ ID NO:1, or a portion tlyereof, which maintains the
aspat-tic acid 36 and tyrosine 3? residues in the amino sequence of SEQ 10
ID I~IO:1 as au N-temninal sequence; and (ii) purifying the. active 1L-18
polype.ptide. 9. The method for producing an active human IL,-18
polypeptide of claim 7, wherein the active human 1L-18 polypeptide is a
polypeptide having the amino acid sequence of 1 ~ SEQ lD N0:3. 10. The
method for pl'Odllclllg au active 1lLIIllall IL-18 polypeptide of claim 8,
wherein the active human IL,-18 polypeptide is a polypeptide having the
amino acid sequence of SEQ lD N0:3. 20 11. A method for producing an active
polypeptide fi~om a precursor polypeptide, comprising: (i) co-expressing
bicistronically caspase 4 with the precursor polypeptide; and {ii)
purifying the active polypeptide. 25 12. A method for producing an active
polypeptide fi~om a precursor polypeptide, comprising: (i) co-expressing
bicistronically caspase 5 with the precursor polypeptide; and (ii)
purifying the active polypeptide. 30 13. A method for producing active
IL-18 polypeptide from a precursor IL-18 polypeptide, comprising: (i)
co-expressisig bicistronically ubiquitinase with a ubiquitin/1Z-18 fusion;
and (ii) purifying the active IL,-18 polypeptide. 35 20   V'O lII/98~ss 



PCT/llSil l /188f1 14. A method for producilig an active IL-18 polypeptide
fi~om a precursor polypeptide, comprising: (i) co-expressing
bicistronically caspase 4 with the precursor IL-1 S polypeptide; and (ii)
purifying the active IL-18 polypeptide. 5 15. A method for producing an
active IL-18 pol;~peptide fi~om a precursor IL-1 S polypeptide, comprising:
{i) co-expressing bicistronically caspase 5 with the. precursor IL-18
polypeptide; and (ii) purifying the active IL-18 polypeptide. 10 16. The
method of claim 13, wherein the precursor IL-18 polypeptide is a human
precursor IL,-18 polypeptide, l 7. The method of claim 14, wherein the
precursor II,-1 S polypeptide is a lnunan 15 precursor IL-18 pol5~peptide.
18. The method of claim 15, wherevi the precursor IL-18 polypeptide is a
human precursor IL-18 polypeptide. 20 19. The method claim 16, wherein the
active Izuman lL,-18 polypeptide is a polypeptide having the amino acid
sequence of SEQ TD N0:3. 20. The method claim 17, wherein the active human
IL-18 polypeptide is a polypeptide having the amino acid sequence of SEQ LD
N0:3. 25 2I. The method claim 18, wherein the active human II,-18
polypeptide is a polypeptide having the amino acid sequence of SEQ ID N0:3.
22. A method for producing active lnmian 1L-18 polypeptide fi~om precursor
human TL30 18 polypeptide, comprising: (i) co-expressing bicistronically
ubiquitinase with a ubiquitiW-18 having the amino acid sequence of SEQ m
NO:10; and {ii) purifying the active human iI,-18 polypeptide. 35 23. A
method for producing an active human LL-18 polypeptide fi~om a lnnnan
precursor IL-I8 polypeptide, comprising: 21   1'1'O OI198-4S; i'CT/tI~()
111 RRtI.I (i) co-expressing bicistranically easpase <l, ha~~in~ the alnino
acid sequence of SEQ ID N0:4, with the human precursor IL,-1 S polypepiide;
and (ii} purifying the active );L-18 polypeptide. ?4. A method for
prodllelila an active hulllan II_,-18 polypel5tide from a htz~nan pxecnrsor
l~ -I S polypeptide, comprising: (i) eo-expressing bicistronicalty easpase
S, having the amino acid sequence of ShQ ID NO:f~, v~~ith the 1111n1aI1
precursor 1L.-18 polypeptide; and (ii} pu~~i~>il~g the active IZ..-18
pol}'peptide. as .AL.A3`.A3L.A@uL.A`.A,u`.A@uL.A@`.A9.A@L.A@;L%.A,;
L%.ASL.A,L.A@`.A@u`.A,a9%.Afu`.A uL.AfaL.A,`%.A sl!n{3?YtSV4  b
zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!   ( : 
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