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Preparation of Biologically Active Molecules

Field of the invention o

The present invention in general relates to the production of biologically active
molecules which occur as inactive precursors and which are cleaved in vivo by proteases
into mature, biologically active molecules. |

More specifically, the invention relates to the production of caspases and cytokines,
which are produced in vivo from their corresponding precursors by antocleavage, cleavage
by other caspases or by cleavage, e.g. with the protease caspase-1, also known as
interleukin-1 converting enzyme (ICE). Examples of cytokines produced in such a manner
are interleukin-1p and interleukin-18.

Background of the invention |
Caspases are a family of cystéine proteases that cleave their target protein
following an Asp residue. Of the eleven published known caspases, caspase-1, and
probably caspases -4, -5, and -11 seem primarily involved in the processihg of
proinflammatory cytokines, whereas others play crucial roles in the initiation and
execution of apoptosis or programmed cell death. Caspases share several common
features among them that they are synthesized as catalytically inactive zymogens that

- are generally activated by cleavage after specific internal Asp residues present in

interdomain linkers and the ability to cleave their substrates after Asp residues. As a
result certain mature active caspases, in particular those that are derived from the long
prodomain caspaées can process and activate their own and other inactive caspase
zymogens. On the basis of primary structure, proapoptotic caspases can be divided into
two classes, class I including caspase-2, -8, -9, and -10 that contain a long

amino-terminal prodomain, and class II such as caspase-3, -6, and -7 with a short or
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absent prodomain. In vitro 'cle'avage experiments suggest that class II caspases require
actlvated class I caspases for their proteolytic processing ( 12)

Another cla551ﬁcatxon of caspases is by the spec1ﬁc1ty of the cleavage site (l 3).
Here Group I caspases have the concensus sequence WEHD (caspases ~1, -4, and -5),
Group II caspases the concensus sequence DExD (caspases -2 -3 and -7), and Group
T1I caspases the concensus sequence (AVL)ExD (caspases -—6 -8 and —9). The caspase-8 .
optimal site is LETD (14)

* Interleukin 18 (IL-18), initially described as an mterferon-y (IFN-'y)-mducmg _
factor is a recently charactenzed cytokine that shares structural features with the IL-1
family of proteins (1-4). IL-18 was initially purified and subsequently cloned from the |
liver of mice treated with heat-inactivated Proplonbactenum acnes (P. acnes) followed ..
by lipopolysaccharide (LPS) {2, 5) Cloning ‘of human IL-18 has also been recently
described (3). B : _ o -

* Like IL-12, IL-18 is produced by activated macrophages such as hver Kupﬂ‘er
cells and other resident macrophages (3). IL-18 is an early inducer of the Thl r_espo_nse,.
co-stimulating the produetion of IFN-y, as well as TNFJy;: granulocyte-macrophage
colony-stimulating factor and IL-2 (6). In addition, it potentiates anti-CD3-induced
T-cell proliferation and 'iuereases natural killer cell cytot_okicity by augmeuting the
expression of Fas Ligand (6 7). o - .

" Unlike most other cytokmes, which exhibit a four-hehx bundle structure IL-l 8
and IL-1B have an all" B-pleated sheet structure (7). Snmlarly to IL-1B, IL-18 is
synthesized as a b:o]og:_cally inactive precursor (proIL-18), lacking a signal peptide
(3). The IL-1p and IL-18 precursors are cleaved by caspase 1 __(IL-}_B-conyert_.ing
enzyme, or ICE), that cl.eaves after an aspartic acid._resitiue_ in the P1 position. The .
resulting mature cytokines are readily released from the cell (8, 9). Studies with
caspase-1-deficient  mice demonstrated the important role of mature IL-18 as an
inducer of IFN-y and Thl responses. InJectlon of such mlce with P. acnes and LPS
resulted in low levels of circulating IFN-y compared wnh wﬂd-_type mice (8.9).
Injection of IL-18 restored the LPS-induced IFN-y 1ev_e1 in the caspase-1-deficient
mice (9), further supportihg the concept that caspase-1 'is_invfo_lved in the production of
active IL-18. Other caspases and particularly those cleaving intracellular proteins
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associated with apoptosis wéré at least 100-fold less active than caspase-1 (9). Similar
studies with IL-18-deficient mice revealed its role in NK cell activity and cytokine
induction (10). | | |

Recombinant IL-]B and mouse IL-18 expressed in E. coli may be refolded to
produce a fully active cytokine. Attempts to express the mature form of human IL-18
in E. coli or other hosts did not provide a fully active cytokine. Because of its potential
therapeutic uses, e.g. in malignancies, or in any condition in which induction of
interferon-y production is wanted, it is desired to establish an efficient expression
system for the production of mature biologically active human IL-18. .

Summary of the invention

" The present invention allows the production of molecules which, in their natural
process of formation are produced in a biologically inactive precursor form, and become
active after cleavage of their precursor. This cannot be easily accomplished in vitro.

The present invention thus provides a method for the production of a biologically
active molecule from its biologically inactive precursor by mutation of its natural cleavage
site to a site susceptible to cleavage by a common protease, and cleavi_ng the mutated
molecule to yield a biologically active molecule. o

Preferably, the biologically active molecule is a caspase or a cytokine, more
preferably selected from IL-1P and IL-18.

In such cytokines the natural cleavage site preferred is a caspase-1 cleavage
site. -

The common protease employed for cleavage may be selected from thrombin,
enterokinase, subtilisin, genenase™ (New England Biolabs, Beverly MA, USA), the
human rhinovirus 3C protease and Factor Xa protease. When a caspase is employed for
cleavage, caspase-8 is preferred. _ _

In a preferred embodiment of the present invention, the method comprises
transfecting a host with a vector comprising a cDNA encoding a precursor of a
biologically active molecule mutated at its cleavage site, culturing the transfected host,
expressing the precursor and isolating the biologically active molecule after treatment
with a protease.
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Optlonally this may be accomplished in that the cDNA is fused in frame pasta
glutathione- S-transferase. (GST) coding sequence and the expressed fusion molecule is :
captured on glutat_hmne agarose beads prior to treatment with the protease_. -

~ The preselit inver'i'tiou also provides a cDNA encoding a mutated precursor ofa -
bxologlcally actwe mbolecule, optxonally fused to a GST codmg sequence _ |

" In one embodunent ‘of the present invention there 1s prov1ded a process of
producing and/or pur_lfymg-a_ recombinant hybrid polypep_ug_e or fusion protein. More
specifically, a DNA fragment coding for a protein mdl_eeu]e is fused to a DNA
fragment coding for a -biuding. protein using, as linking.seQuenee, the DNA coding for
a peptide sequence which is recognized and cut by a caspase The fused DNA is _

inserted into a cloning vector which is used to transform an appropriate host. Upon

' expression, the hybrid polypeptide is purified by contacting 1tw1th a ligand or substrate .

to which the binding protein has specific affinity, e.g. by affimty chromatography. _
In a preferred embddiment of the present invenﬁon,'tj;e binding piotein is GST
and the cleavage site is the caspase-8 cleavage site - - _
The invention also relates to bxologxcally active molecules prepared wﬁh the..
above method. - - .
Expression of mature IL-18 in E.coli results in a protem lackmg blologlcal
activity, Attempts to correctly refold the IL-18 polypeptl_de backbone of IL-18

expressed in E. coli were 5o far unsuccessful. Human IL-18 and human IL-1B. are

expressed in vivo as proII,Fi;S and proIL-1P precursors,_whici_x are cleaved by caspase-1-
to yield biologically active mature IL-18 and IL-18, respec'ﬁvely. However, caspase-1
is not available commercially.’ The present invention pmi/it_ies a simple procedure for |
production in E.coli of a biologically active molecule, in ‘particular a cytokine and
more particular, human IL-18. For this purpose, a cDNA"encoding human prolL-18
was constructed in which the caspase-1 cleavage site was 'fhutated into the cleavage
site of a eommwaliy available protease, e.g., factor Xa. Fof ease of manipulation, the
mutated proIL-18 cDNA was fused to a glutatluone-S-transferase (GST) coding
sequence The resulting GST-proIL-l 8 fusion protein, havmg a factor Xa cleavage site
was expressed in E. coli and captured on glutathione agarpse beads. Mature human
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IL-18, exhibiting high biological activity was released from th’queads by cleavage with
Factor Xa. _ | _ |

Similarly, the DNA sequence coding for the caspase-1 cl'eavage' site of hum_é.n
IL-1P is mutated into a cleavage site of factor Xa. For ease of manipulation, the mutated
prolL-1p cDNA is fused in frame to a glutathione-S-transferase (GST) co_ding sequence.
The resulting GST-prolL-1p fusion protein, having a factor Xa cleavage site is-expressed
in E. coli and captured on glutathione agarose beads. Maturé human IL-1p is released from
the beads by cleavage with Factor Xa. |

When caspase-8 is employed for cleavage, a similar procedure is carried out, the
difference being that the caspase-1 cleavage site of either human IL-18 or humah IL-1B is
mutated into a cleavage site of caspase-8. Thereafter fusion to a GST coding sequence and

further method steps are carried out as described above.

Brief Description of the Figures

Flgure 1 describes the clonihg of cDNA encoding human prolL-18 mutant
(prolL-18gGr). This cDNA was cloned by three steps of PCR using an overlapping
primer method. The lanes are: M, DNA size markers, indicated on the left side; 1, 2
498 bp DNA produced by the first PCR; 2, a 551 bp DNA produced by the second
PCR; 3, a 600 bp DNA produced by the third PCR, encoding human prolL-18cr.

Figure 2 shows the structure of the expression plasmid pGEX-prolL-18cr. (a)
Flanking nucleic acid sequences of the 600 bp BamH I/EcoR I cDNA encoding human
prolL-1 8|';'.;GR. Restriction sites for BamH I and EcoR I and the target site for Factor Xa -
are indicated by brackets. An open arrow indicates the Factor Xa cleavage site. (b)
Schematic representation of pGEX—ZTK. The restriction sites are also shown. The
filled arrow indicates the BamH EcoR 1 ligation site of the insert. |

‘Figure 3 shows SDS-PAGE of crude protein extracts of E. coli expressing the
GST-proIL—l 8:ecr fusion protein. The lanes are: 1. Cells transformed with the parental
plasmid pGEX-2TK without induction. 2. Cells transformed with the parental plasmid
pGEX-2TK and induced with 0.1 mM isopropylthio galactoside (IPTG). The expected
26 kD band of glutathione thioreductase (GST) is indicated by an arrow on the left
side. Lanes 3-7 show cells transformed with plasmid pGEX-prolL-18ggr and either
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not induced (lane 3) or mduced with IPTG for the mdxcated times. The 43 kD band
indicated by an arrow on the nght side corresponds in sxze to the GST-prolL-18z6r
fusion protein. : _

Fxgure 4 shows SDS-PAGE (10% acrylamide) of the GST—proIL-lsugGR fusion
protem followmg punﬁcanon on glutatlnone-agarose Supematant of bacterial sonicate
(see Fig. 3 lane’ 7) was affimty-punﬁed on glutathione" agarose The lanes are: 1. -
Molecular mass markers (mdlcated by kD on the left s1de), 2. Affinity-purified
GST—proIL-lS;EGR The gel was stained with Coomassie blue,’

| Figure S shows SDS-PAGE (12% acrylam:de) of the purified human IL-18.
GST—proIL-lSmcR fusion protem captured on glutathione agarose beads and incubated

~ with Factor Xa at a protease to substrate ratio 1:50 (w/w) and the supernatant was

analyzed after 6 h. Lane 1,_ molecular weight markers, lndjcated in kD on the left side;
lane 2. Human IL-18 in the supernatant of the glutaﬂlione-egarose beads. The gel was

stained with Coomassie blue.
Fig. 6 shows a bioassay of the human IL-18. Human IL-18 at 1he mdlcated |
doses was added to the cultures - of murine plastle-nonadherent spleen cells

(le()6 cells/well) in the presence of Concanavahn A (0. 125 ug/ml) and polymyxm B
(1 pg/ml). The supernatant was assayed for murine 1nteder9n—gma by ELISA. The
level of interferon-gamma induced by IL-18 (100 ng/ml) in fhe absence of Con A was
160 p g/ml . o :

Figure 7 shows the bas:c procedure for the punficatlon of hIL-18 usmg Caspase-s
in schematic form. _ : _ o

Figure 8 shows the sequence of the GST—pro-hIL-lngm The box mdlcates the
Caspase-8 cleavage site. The underlined sequence is the mature hiL-18.

Figure 9 shows a Coomassie blue stained SDS-PAGE (10% acrylamlde gel) of
the GST-prolL-18.erp fusion protein purification on glutathxone-agarose Cell break
supematant of recombinant E.coli JM109 expressmg GST—proIL—lngm was
affinity-purified on glutathlone agarose and digested by Caspase-s on solid phase. The
post-digest supernatant was concentrated and applied to molecular smng on
Superdex-75. The lanes are : 1. Molecular mass markers _(ihdipat_e_d by kD on the left
side); 2. Cell break supernatant; 3. Affinity purified GST-prolL-18.em; 4.
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- Glutathione-agarose resin - post Caspase-8 solid phase 4 “hr. digest; 5. Céspase-8

concentrated 4 hr digest ; 6. Superdex-75 pool of pure hIL-18.

Detailed description of the invention |
According to the present invention, a cDNA encoding human prolL-18 in which
the Caspase-1 cleavage site was mutated into a Factor Xa site, was prepared. Other

mutations, generating cleavage sites suitable for other proteases may be used.
Examples of possible cleavage sites and suitable proteases include:

Leu-Val-Pro-Arg-Gly-Ser (SEQ ID NO:1), a sequence cleaved between the amino
acids Arg and Gly by the protease Thrombin.

lle-Glu-Gly-Arg- (SEQ ID NO:2), a sequence cleaved after the Arg residue by the
protease Factor Xa. - '

Asp-Asp-Asp-Lys- (SEQ ID NO:3), a sequence cleaved after the Lys residue by the

protease Enterokinase.

His-Tyr- (SEQ ID NO:4), a sequence cleaved after the Tyr residue by the protease
subtilisin or by its variant Genenase™ (New England Biolabs).

Tyr-His (SEQ ID-NO:5), a sequence cleaved after the Tyr residue by the prbtease
subtilisin or by its variant Genenase™ (New England Biolabs). '

Leu-Glu-Val-Leu-Phe-Gin-Gly-Pro (SEQ ID NO:6), a sequénce_ cleaved after the
Gln residue by the human rhinovirus 3C protease.

Similarly, a cDNA encoding human prolL-18 in which the Caspase-1 cleavage site
is mutated into a Factor Xa site is prepared. Other mutations, generating cleavage sites
suitable for other proteases may be used.
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Examples of possible cleavage sites and suitable p;@teases include:
Ile—Glu-Gly—Arg— (SBQ ID NO: 2), a sequence cleaved after the Arg residue by the

protease Factor Xa - ‘ ' '

Asp-Asp-Asp-Lys— (SEQ ID NO:3), a sequence cleaved after the Lys residue by the

protease Enterokinase.

Leu-Glu-Val-Leu-Phe-Gln-Gly-Pro (SEQ ID NO: 6), a sequence cleaved after the

GIn residue by the human rhinovirus 3C protease.

The choice of mutation depends on the following parameters: the cleavage, site
generated by the mutation must be very specific to avoid undesired cleavages at other sites

within the polypeptide backbone of the prolL-18 or prolL-1B; the protease must exhibit a

high level of specificity for the engineered cleavage site; the protease must be conveniently .

available, e.g., from commercial sources; and the mutation pi'eferably should not introduce
a major alteration in the secondary or tertiary structure of the prolL-18 or prolL-1P. The
use of Factor Xa or Enterokinase or subtilisin is preferable over the other proteases
because the resulting IL-18 or IL-18 has no mutated amino acid. The use of Factor Xa is.
most favorable Bec'ause'it'requires the most conservative mutations, thereby reducing the -
risk of altered secondary or tertiary structure of the proII..-18 or prolL-1p and the risk that

cleavage will not take place. The use of Factor Xa or Enterokinase is preferable over the

~ other proteases because the resulting IL-18 or IL-1p have no.mutated amino-acids.

In order to construct a cDNA encoding a human prolL-18 mutant (prolL-1 8;500 in
which the Caspase-1 cleavage site is mutated into a Factor Xa cleavage site, the following . -
mutations were introduced in the human prolL-18 cDNA: L33L; S35G and D36R. These
mutations yielded the Factor Xa recognition sequence IEGR. -

A vector expressing human prolL-18;ggr was constructed in the following manner.

" Peripheral blood mononuclear cells (PBMC) of a healthy donor were stimulated by
 bacterial lipopolysaccharide (LPS). Total RNA was extracted from the cells. The RNA was
" reverse-transcribed and the resulting cDNA served as a template for polymerase chain
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reaction (PCR). The mutatlon in the sequence was introduced usmg overlapping primers in
three steps of PCR (Fig. 1). The resulting 600 bp PCR product codmg for mutated human
prolL-18 was cloned mto a TA cloning vector (pGEM-T easy, Promega) and its DNA
sequence was verified by DNA sequence analysis. The resulting pGEM-T-proIL-l 8ieGr
plasmid was cut by EcoRI and BamHI and the 600 bp fragment encoding human
prolL-18;z6r Was subcloned into the prokaryotic expression vector pGEX-ZTK containing
the GST gene sequence (Pharmacia). The resulting expression vector contained the
sequence of the human prolL-18;cr gene fused in frame to the 3' end of the GST gene
(Fig. 2).

- Expression and purification of GST-prolL-18zGr was then performed A fresh |
single colony of E. coli JM109 transformed with plasmid pGEX-prolL-18cr was grown
with shaking at 37°C, until reaching a density of 0.6 ODg((. Protein expression was then
induced by isopropyl-thiogalactoside (IPTG) and further culturing at 37°C for 3 h..
SDS-PAGE of total bacterial proteins revealed the induction of a 43 kD protein, .
corresponding in size to GST-prolL-18;eer (Fig. 3). All downstream steps for isolation of
the GST-proIL-18;s6r were carried out at 4°C. Bacteria were harvested by cenu'ifugation,
resuspended in phosphate buffered saline (PBS), containing protease inhibitors. The
bacteria were lysed by sonication, Triton X-100 was added to a final concentration of 1%
and the clarified lysate was mixed with glutathione-agarose beads (Pharmacia). The beads
were washed and an aliquot of the beads was analyzed by SDS-PAGE. A single 43 kD -
band, corresponding to the GST-prolL-18gr fusion protein was found = (Fig. 4). The
beads were then digested with Factor Xa and the supernatant was collected. SDS-PAGE of
the supernatant gave a major band of approximately 18 kD, in agreement with the expected
mass of mature human IL-18. An additional weaker band of 1§.5 kD was seen as well (Fig.
5). Protein sequence analysis of the 18 kD and the 19.5 kD bands gave in both cases the

~ expected N-terminal sequence of mature human IL-18. A 43 kD band, corresponding to the

GST-prolL-18gcr fusion protein was still present in the glutathione-agarose beads
following digestion, indicating an incomplete cleavage (not shown).
The recombinant human IL-18 was assayed for biological activity in murine

splenocytes, based on its ability to induce the expression of interferon-gamma. Incubation

~ of mouse non-adherent spleen cells with human IL-18 alone showed little [FN-gamma
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production, suggesting a requirement for a co-stimulant. Con A alone at 0.125 pg/ml failed
to induce significant levels of IFN-y. When the non-adherent splenocytes were incubated
with Con A and IL-18 of the present invention, a dose-dependent induction of IFN-y was
obtamed (Fig. 6). - ' o o _
" In order to construct a cDNA encoding a human proIL-1p mutant (proIL—an.;GR) in
which the Caspase-1 cleavage site is mutated into a Factor Xa cleavage site, the following
mutations are introduced in the human prolL-1§ c¢cDNA: Y1131, V114E, :HIISG and
D116R. These mutations yield the Factor Xa recognition sequence IEGR. | S
~ The following steps are taken in order to construct a vector expressing human
prolL-1Biecr. Peripheral blood mononuclear cells (PBMC) of a healthy donor are
stimulated by bacterial lipopolysaccharide (LPS). Total RNA is extracted from the cells.
The RNA is reverse-transcribed and the resulting cDNA serves as a template for
polymerase chain reaction (PCR) with primers corresponding to the coding sequence of
human prolL-18. The fesuiting PCR product is cloned into a TA cloning vector, e. g.,
pGEM-T easy from Promega, and then subjected to site-directed. mutagene51s thh a

"sultable ohgonucleotlde ‘The sequence of the resulting vector, coding for mutated human

prolL-~1B, is verified by sequence analysns The resulting pGEM-T-proIL—lB[p_GR plasmid is
cut by proper restriction enzymes and the ~820 bp fragment encoding human proIL-1BEcr
is subcloned into the prokaryotic expression vector pGEX-2TK (Pharmacia). The resulting
expfesSion vector contains the =sequencé of the human proIL;l Bmcn gene,fuéed,in frame to
the 3' end of the GST gene. | . : | |
Expression and purification of GST-proIL-IBmGR is snmlarly performed A fresh
single colony of E. coli IM109 transformed with. plasmid pGEX-proIL-1fcr is grown
with shaking at 37°C, until reaching a density of 0.6 ODg0Q. Protein expression is then

" induced by isopropyl-thiogalactoside (IPTG) and further - culturing at 37°C for 3 h.

SDS-PAGE of total bacterial proteins reveals the induction of a ~52 kD protein,
corresponding in size to GST-prolL-1BEgr. .All downstream steps for isolation of the

'GST-proIL-l Biegr are carried out at 4°C. Bacteria are harvested by .centrifugation,

resuspended in phosphate buffered saline (PBS), containing protease inhibitors. The
bacteria are lysed by sonication, Triton X-100 is added to a final concentration of 1% and
the clarified lysate is mixed with glutathione-agarose beads (Pharmacia). The beads are

10
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washed and an aliquot of the bcads is analyzed by SDS-PAGE for the presence of the ~52
kD GST-IL-18 fusion protem The beads are then dlgested with Factor Xa and the
supernatant containing mature human IL-1f is collected. . o

In another embodiment of the present invention, the expression and p\;riﬁcation of
a polypeptide is obtained by producing a fusion protein having the cleavage site for a
caspase. A plasmid expressing a binding peptide fused to a protein of interest can be
mutated so that a Caspase cleavage site is introduced in a position convenient for the
purification of an active polypeptide.

Caspase recognition sites are composed of 4 amino aclds the last one being an
aspartic acid. Generally, caspases show an higher and different specificity for the cleavage
sites than commonly used proteases, offering significant advantages towards proteases
previously described as useful for cutting fusion peptides. The purification procedure is
examplified in fig. 7. |

- Preferred cleavage sites for each caspase are described in literature (Ann Rev.
Bioch 1999). All of them have the residue Asp in common in the P1 position.

The plasmid described above, pGEX-prolL-18;zcr, was modified to obtain a
different human prolL-18 mutant (prolL-18;g1p, see figure 8) in 'which_ the Factor Xa
cleavage site is mutated into a caspase-8 cleavage site. This allows the use of caspase-8 for
cleavage. |

Another advantage of using a caspase is thelr hlgh efficiency, in terms of d:gestxon
yield and digestion time. As shown in table I, when comparing the IL-18 protein obtained
from pGEX-prolL-18;scr and pGEX-proIL-18.g1p, the amount of enzyme and the time
needed to obtain 1 mg of hIL-18 is reduced. The proceduré lead to the production of a
protein of the expected size (Fig.9) and bioactivity . | '

‘Caspase-8 is not the only suitable caspase and, according to the presence or absence
of a specific caspase cleavage site in a protein of interest to purify or any other criteria, the
mutations corresponding to the cleavage site of any other caspase can be used.

The caspase can be removed from the protein of i interest using standard punﬁcatlon
methods, such as e.g. gel filtration or ion-exchange chromatography.

In conclusion, the method described here provides purified, biologically active
human proteins, such as IL-IS and IL-1B from E. coli. It appears that correct fo‘ldixig of

11
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these cytokirles requirés expression ‘as a precursor first, and then cleavage to its mature
form. - - :
Human IL-18 d:ffers in this respect from murine IL-1 8 -which may be expressed in

"host cells asa mature, blologxcally active cytokine.

"l’he'inv'e‘nticn will now be illustrated by the following non-limiting examples:

EXAMPLE 1: Constructnon of a plasmld codmg for human pro IL-18 with a factor

. Xa site slte

PBMC were obtained from peripheral blood of a healthy volunteer by Ficoll-Paque
PLUS (Pharmacia) '.dens_ity gradient separation. The PBMC were washed twice with

“jce-cold PBS containing 2% FBS and resuspended at 2.5 x 10° cells/ml in RPMI-1640

medium, sup‘plemented with fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml
pemc1llm and 100 U/ml streptomycm (RPMI-10). The culture was stimulated with LPS -
(1 pg/m), 3 h 37°C) Total RNA was extracted from the cells with the TriPure™ Isolation
Reagent (Boehringer Mannheim). One pg total RNA was use_d for RT-PCR with the Titan

- _ one tube RT-PCR kit (Boehringer Mannheim) according to the manufacturer's instructions.

.20

25

30

ProlL-18iscr cDNA was constructed by a three-step PCR, using the overlapping

~ primer method. The various primers were designed on the basis of the human prolL-18

cDNA (GenBank accession no. D49950, (3)).
. For the first PCR, the forward primer was:

5'-AACATCGAAGGTCGTTACTTTGGCAAGCTTGAATC-3' (SEQ ID NO:7) and the

reverse ' primer was 5'-CGCGAATTCCTAGTC’I"I‘CG’ITITGAACAGT-3' (SEQ ID
NO:8). An Eco RI site was included in the reverse primer. The template was a
reverse-transcnbed total cellular RNA isolated from the LPS-stlmulated PBMC. The
thermocycle conditions were: 10 cycles of 94°C, 30 sec, 55°C, 30 sec and 68°C, 2 min

. followed by 25 cycles of _94°C, 30 sec; 55°C, 30 sec and 68°C, 125 sec/cycle_. The resulting

498 bp PCR product was ax_npliﬁe_d in the second PCR :siep using' the overlapping forward

primer:

© 5-TGGCAATGAAATTTATTGACAATACGCTTTACTTTATAGCTGAAGATGATGA

AAACATCGAAGGTCGTTACTTTG-3' (SEQ ID NO:9), and the reverse primer of the

12
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previous step. The thermocychng conditions were: 30 cycles | of 94°C 30 sec; 56°C, 30 sec
and 72°C, 1 min. The resultmg 551 bp product was amphﬁed in the third step using the
overlappmg forward primer:
'-CGTGGATCCATGGCTGCTGAACCAGTAGAAGACAATTGCATCAACTTTGTGG
CAATGAAATTTATTGAC-3' (SEQ ID NO:10) and the reverse primer of the previous
steps. A BamH 1 site was included in the forward primer. The thermocycling conditions
were the same as those of the previous step. The resulting 0.6 kb PCR product (Fig. 1) was
purified by a High Pure™ PCR product purification kit (Boehringer Mannheim) and
ligated into the pGEM-T Easy vector to yield plasmid pGEM-prolL-1 &EGR.. Ligation
products were transformed into JM109 competent cells (Promega Corporation). Standard

cloning protocols were used throughout (11), o

Plasmid pGEM-prolL-18;ecr from a single colony was verified for the presence of
a correct insert by restriction enzyme digestion and DNA sequencing. The plasmid was
digested with BamH I and EcoR I. The resulting BamH I/EcoR I DNA encoding human
prolL-18;gGr Was resolved by electrophoresis. in 1.0% agarose and the 0.6 kb band was
isolated from the gel by a QIAquick Gel Extraction Kit (DIAGEN, Germany). This DNA
was ligated into the pGEX-2TK expressmn vector (Pharmacia) which was hneanzed with

'BamH1

and EcoR I. The resulting recombinant plasmid pGEX-prolL-18gsr (Fig. ,2) ‘was
transformed into E. coli JM109 strain and the resulting vector was confirmed by restriction

enzyme digestion and nucleic acid sequencing.

Example 2: Expression and purification of GST-proIl-18zcg fusion protein |
A 50 ml overnight culture from a fresh single colony of E. coli JM109 transformed

with plasmid pGEX-prolL-18;ecr was diluted in 450 ml LB medium containing 100 U/ml
ampicillin and grown with shaking at 37°C, until reaching a density of 0.6 ODg((. Protein
expression was then induced by adding IPTG to a final concentration of 0.1 mM and

* further culturing at 37°C for 3 h. Bacteria were harvested by centrifugation (5,000 x g, 5

min, 4°C) and rapidly resuspended in a 1:100 startirig volume of ice-cold phosphate
buffered saline (PBS; 150 mM NaCl, 16 mM Na2HPO4, 4 mM NaH2PO4, pH 7.3),

~ containing the protease- inhibitors (leupeptin 1 pug/ml, pepstatin A 1 pg/ml, aprotinin 2
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ug/mi, PMSF 0.2 mM and EDTA 5'mM). Cells were lysed on ice by mild sonication (4 x
15 sec bursts). Triton X-100: was added to a final concentyation of 1-% and the mixture
kept on ice for  min. The larified Iysate (14,000 x g, 15 min, 4°C) was mixed with a 50%
suspension of glutathlone-agarose beads (2 ml, Pharmacia) and the mixture was incubated
with mild shaking at 4°C for' 3 h. The beads were pelleted by centrifugation (500 x g,
5 min), washed twice with- l() volumes of lysis buffer-(l% Tnton X-100 in PBS), twice
with 10 volumes of 20 mM Tris-HCI, pH 8.0, twice with 10. volumes of 20 mM Tris-HCI,
pH 8.0, 150 mM NaCl, and twice with 10 volumes of 20 mM Tris-HC, pH 8.0, 150 mM
NaCl, 2.0 mM CaCl2 (Cle‘ava?ge Buffer). All steps were carried out at 4°C.

Example 3: Cleavage of the fusion protem and purifi catxon of mature human IL-18
. The glutatluone-agarose beads with bound GST—meL-lSIEGR fusion protem were

"incubated (6 h, 23°C) with Factor Xa (New England Biolabs) in 1 ml Cleavage Buffer,

using a protease to substrate ratio of 1:50 (w/w), with constant mixing on a rotating wheel.

- This step releases the mature human IL-18. The beads were pelleted by cenu'iﬁlgatlon_at
© 500 x g for 5 minutes at 4°C and washed 5 times with 2 ml ice-cold PBS . The supernatant
- and all the washing volum‘es were combined, clarified by: eentrifugati_on (14,000 x g, 15

min., 4°C) and concentrated by ultrafiltration (Centricon-10, Amicon). Aliquots of the
protein, as well as beads before and' after digestion were resolved by 0.1% SDS-12%
polyacrylamide gel electrophoresis followed by Coomassie blue staining. A major band of

_ approxiinately 18 kD, in agreement with the expected mass of mature human IL-18, was

obtained in the supernatant. A minor band of 19.5 kD was seen as well (Fig. 5). N-terminal
protein sequence analysis of the two bands gave the seqllenee YFGK....; in accordance
with that of mature human IL-18. The purified protein was sterilized through a 0.2 u filter
and stored at -70°C.

Example 4: Bioassay of human IL-18 _ _ )
Human IL-18 acnvuy was assessed as. described (2) Bneﬂy, spleens of normal
C3H/HeJ mice were excised, minced and exposed to Gey buﬁ‘er (0.144 M NH4Cl in 0.017
M Tris-HCI pH 7.2) 10 d:srupt erythrocytes. The white - cells were washed twice with
RPMI-5 and then resuspended in RPMI-10. For the preparatlon of plastic-non-adherent
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cells, cell suspensions Were"::i:i;cubated (60 min., 37°C) in 100 mm plastic plates (Becton
Dickinson ' Ltd.,” UK). -Noﬁ-adherent cells were gently gethered, centrifuged . and
resuspende'd'in RPMI-10. Viable cells were counted by the trypan blue dye exclusion test
and the cell concentration was adjusted to 5x10° cells/ml. Most of the non-specific
esterase-positive cells were removed by these procedures. Suspensions of

plastic-non-adherent cells (0.15 ml) were placed in 96-well flat-bottom microtiter culture

piate (NUNCLONTM, Denmark). Various concentrations of IL-18, polymyxin (1 pg/ml)
and Con A (0.125 ug/rhl) were added to the wells in 50 pl RPMI-10. The plates were
incubated for 24 or 48 h at 37°C in 5% CO2. Following incubation, supernatants were
collected and murine IFN-y titers were determined by ELISA. Incubation of mouse
non-adherent spleen cells with human IL-18 alone showed little IFN-y production,
euggestihg a requirement for a co-stimulant. Con A alone at 0.125 pg/ml failed to induce
significant levels of IFN-y. When the non-adherent splenocytes were incubated with Con A
émd_ the human IL-18 of the present invention, a dose-dependent induction of IFN-'y was
obtained (Fig. 6). |

EXAMPLE 5; Construction of 2 plasmid coding for hliman pro IL-1B with a_factor
Xa site | _ ; — |

PBMC are obtained from peripheral blood of a healthy volunteer by Ficoll-Paque
PLUS (Pharmacia) density gradient sebaratidii. The PBMC are washed twice with ice-cold
PBS cdntaining 2% FBS and resuspended at 2.5 x 10° cells/m! in RPMI-1640 medium,
supplemented with fetal bovme serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin and
100 U/ml streptomycin (RPMI1-10). The culture is stlmulated with LPS (1 pg/ml, 3 h,
37°C). Total RNA is extracted from the cells with the TriPure™ Isolation Reagent
(Bochringer Mannheim). One pg total RNA is used for RT-PCR with the Titan one tube
RT-PCR k1t (Boehnnger Mannhexm) accordmg to the manufacturer’s procedure.

ProIL-lB cDNA is cloned by PCR with sense and reverse primers designed on the

 basis of the human prolL-1B ¢cDNA (GenBank accession no. M15330). The sense primer

corresponds to nucleotides 87-107 of the sequence M15330, preceded by a BamH I

cleavage site. The reverse primer corresponds to nucleotides 896-876 of the sequence
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“M15330, preceeded by an Eco RI site. The template is a reverse-transcribed total cellular

RNA; isolated from the LPS-stimulated PBMC. The .thenndcifcle conditions are: 10 cycles
of 94C, 30-sec; 55°C, 30 sec and 68°C, 2 min followed by.25 cycles of 94°C, 30 sec; 55°C,
30 sec and 68°C, 125 séc/cy¢le. The resulting 830 bp PCR product is purified by a High

‘Pure™ PCR product purification kit (Boehringei Mannheim) and ligated into the pGEM-T

EaSy'vectOr to yield plasmid pGEM-proIL-1B. The plasmid is subjected to site-directed
mutagenesis : with the - oligonucleotide
ACATGGGATAACGAGGCTATTGAAGGCCGGGCACCTGTACGA (SEQ ID NO:11), .
corresponding to nucleotides 405-452 of human IL-1f mRNA and having thc mutations
Y1131, V114E, H115G and D116R. | S
The resulting plasmld pGEM-proIL-lBIEGR from a smgle colony is verified for the
presence of a correct insert by restnctlon enzyme :dxg_estmr__x_ and DNA sequencing. The
plasmid is digested with BamH Iand EcoR 1. The. resulting'Ba__n'xH I/EcoR I DNA encoding
human proIL-1Bigcr is resolved by electrophoresis in 1.0% éggrose and the 0.82 kb band is
isolated from the gel by a QIAquick Gel Extréctién Kit (DIAGEN-, Germany). This DN_A
is ligated into the pGEX-2TK expression vector (Pharmacia) which is linearized with |
BamH I and EcoR I. The resulting recombinant plasmid pGEX-prolL-1Prce is

': transformed into E. coli JM]O9 strain and the resultmg vector is confirmed by restriction

enzyme digestion and nuclelc acid sequencmg

A 50 ml ovemlght culture from a ﬁ'esh smgle colony of E. coh JMIO9 transformed )
w:th plasmid pGEX-prolL-1Piecr is dﬂuted in 450 ml LB medmm contammg 100 U/ml
ampicillin and grown with shakxng at 37°C, untll reachmg a densxty of 0.6 0D600 Protein

- expression is then induced by adding IPTGtoa ﬁnal concentration of 0.1 mM and further

culturing at 37°C for 3 h. Bacteria are harvested by centxiﬁigaﬁon (5,000 x g, 5 min, 4°C)
and rapidly resuspended irgi a 1:100 starting _ifolume of iceécﬁid phosphate buffered saline
(PBS; 150 mM NaCl, __1_6 mM Ng2H_P04, 4 mM NaH2POg4, pH 7.3), containing the
protease inhibitors (leupeptfn_ 1 pg/ml, pepstatin A 1 pg/ml, apfpﬁnin 2 pg/ml, PMSF 0.2
mM and EDTA 5 mM). Cells are lysed on ice by mild soni'gétion (4 x 15 sec bursts).
Triton X-100 is added to a final concentration of 1 % and the mixture kept on ice for
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5 min. The clarified lysate (14,000 x g, 15 min, 4°C) is mixed with a 50% suspension of
glutathione-agarose beads (2 ml, Pharmacia) and the m:xture is incubated with mild
shaking at 4°C for 3 h. The beads are pelleted by centnﬁtgatmn (500 x g, 5 min), washed
twice with 10 volumes of lysis buffer (1% Triton X-100 in PBS), twice with 10 volumes of
20 mM Tris-HCI, pH 8.0, twice with 10 volumes of 20 mM Tris-HCI, pH 8.0, 150 mM
NaCl, and twice with 10 volumes of 20 mM Tris-HCI, pH 8.0, 150 mM NaCl, 2.0 mM
CaCl2 (Cleavage Buffer). All steps are carried out at 4°C.

Example 7 Cleavage of the fusion protein and purification of mature human IL-18
The glutaﬂlione-agarose beads with bound GST-prolL-1PigGr fusion protein are

incubated (6 h, 23°C) with Factor Xa (New England Biolabs) in 1 ml Cleavage Buffer,
using a protease to substrate ratio of 1:50 (w/w), with constant mixing on a rotating wheel.
This step releases the mature human IL-1p. The beads are pelleted by centrifugation at 500
x g for 5 minutes at 4°C and washed 5 times with 2 ml ice-cold PBS . The supernatant and

-all the washes are combined, clarified by centrifugation (14,000 x g, 15 min., 4°C) and

concentrated by ultrafiltration (Centricon-10, Amicon). Aliquot of the protein, as well as
beads before and after digestion are_resolved by 0.1% SDS-12% polyacrylamide gel
electrophoresis followed by Coomassie blue staining. A major band of approximately 17
kD, in agreement with the expected mass of mature human IL-1B, is obtained in the
supernatant. The purified protein is sterilized through a 0.2 p filter and stored at -70°C.

EXAMPLE 8: Construction of a plasmid coding for human pro IL-18 with a
Caspase-8 cleavage site ' : _
The recombinant plasmid pGEX-proIL-18gr of example 1 was modified by

inserting a PCR amplified DNA fragment with the caspase-8 cleavage site (LETD). In
brief, pGEX-prolL-18;gcr was digested with the restriction enzymes BAM H1 at pos
951 and Hind 111 at pos 1074 cutting out the DNA portion containing the Pro-domain,
the factor Xa cleavage site' (IEGR) and three amino acids from the N-terminus of
hIL-18.
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" The same plasmid was used as template for the PCR: amplification, by
introducing the mutated site LETD on dowstream primer : atgcAAG CTT GCC AAA

' GTA GTC GGT TTC CAG GTT TTC ATC ATC TTC AGC TAT AA (SEQ ID

NO:'12)":. The PCR fragment was purified using the “ high pure ;product purification”
kit (Boehringer Mannheim) then similarly cut with BAM HI.and Hind 1II generating a
123 bp  insert. The open vector and the insert- were separated on Agarose gel and -
extracted using the commercial kit “Jet Sorb* (Genomed). Ligation. was done .
overnight using a T4 Ligase (New England BioLabs, Beverly MA, USA) and the
ligation products were transformed into E.coli DH50 competent cells. Several cblonies
were isolated, subcultured and miniprep prepared with the « Qiagen » kit. PCR
amplification (Perkin Elmer Gene Amp- AmpliTag DNA polymerase) was done on all
the minipreps in order to sequence the essential part of the recombinant plasmid. Final
transformation was done in competent bacteria E.Coli JM109 following the TSS

* Method (Chung, C.T. et al. (1989) Proc. Natl. Acad. Sci. U.S.A. 86,2172-2175)..
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Example 9: Expression and purification of GST-prolL-18; grp fusion protein
Using the plasmid constructed according to exampl_e 8 above, GST-Pro- 1emp
-hIL18 protein expression was achieved in shake flasks and 5 liter fermenters

essentially as described in example 2 above.

Example 10: Cleavage of fhe fusion protein using Caspase-8 and purification of

mature human IL.-18 - _ .

o Thé glutathione-agarose beads with bound .GST-pro-IL-lng-m. fusion-protein
were incubated (4 h, 23°C) with caspase-8 (Calbiochem) in CleaVag_e Buffer (deﬁhed
in example 6) using a protease : substrate ratio of 1 : 1200 (w/w) with constant mixing
on a rotating wheel or roller. The beads were pelleted by centrifugation at 500 x g for 5
minutes at 4°C and washed 5 times with 2 ml ice-cold PBS. The supernatant and all the
washing volumes were combined, clarified by -centr_ifugatiop (14,000 x g, 15 min,,
4°C) and concentrated by centrifugation (Centricon-10, Amicon). The concentrated
digest was then submitted to molecular sizing on Superdex-75 (Pharmacia) in order to
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separate the hIL-18 (18 kDa) from higher molecular weight cleavage products and
from the residual proteolytxc enzyme (Caspase-8 heteroduner, 29 kDa and
hetero-tetramers, 58 kDa). - .

Caspase-8 enzymatic activity was assayed in the various Sﬁperdex-75 fractions
using the Caspase-8 Assay kit and the Ac-IETD-AMC fluorogenic substrate
(BIOMOL) and was observed in fractions corresponding to a molecular mass of 55 kD
(corresponding to the Caspase-8 hetero-tetramer), showing therefore to be very well
separated from fractions containing hiL-18 (17 kD).

The highly pure 18 kDa hIL-18 gel filtration fractions were pooled,
concentrated on Centricon-lO (Amincon) and'fmally sterilized through a 0.22 pum filter -
and stored at -80°C. _ |

Aliquots of the protein, as well as the beads before and after digestion were
resolved by 0.1% SDS-12% polyacrylamide gel electrophoresis followed by |
Coomassie blue staining (Fig. 9). A band of 18 kD, in agreement with the expected
mass of mature human IL-18, was observed in the supernatant fraction. Analysis of the
bead fraction showed that the cleavage is not complete, since precureor protein.remains
bound to the beads. Furthermore, some IL-18 cleaved protein remains in the bead
fraction.

Example 11: Bioassay of human IL-18 g enerated by caspase- 8 cleavage
Human IL-18 activity was assessed as described (10). Briefly, KG-1 cells were

maintained in DMEM containing 20% FBS. For the IL-18 assay, KG-1 cells were
suspended at 1.2 x 10° cells / ml (250 pl / well, 48 well plate) and stimulated with
mTNFa (Innogenetics) together with various concentration of hIL-18 (serial dilutions,
starting from 80 ng/ml). The plate was incubated 24 h at 37°C in 5% CO,. Following
incubation, supematants were collected and murine IFN-y content was determined by
ELISA (rec. hIFN-y and anti-hIFN-y from R & D Systems).

Human IL-18 induced a dose dependent production of IFNJY with identical
activity to the hlIL-18 obtained from the Factor Xa cleavage site construct.
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N

CLAIMS

1. A method for the production of a biologically active molecule from its biologically
inactive precursor comprising mutating its natural cleavage site to a site which is
- capable of | being cleaved by a protease, and cleaving the mutated molecule to yield a

biologically active molecule.

2. A method according to claim 1, wherein the biologicallji act_ive molecule is a

caspase or a cytokine.

3. A method according to claim 2,__wherein the cytokine_' is selected from IL-1B and
- IL-18. | |

4. A method according to any oné_ of the preceding claims, wherein the natural cleavage

site is a caspase-1 cleavage site.

5. A method according to any one of the preceding claims, wherein the protease is
selected from thrombin, enterokinase, subtilisin, genenase™, the human rhinovirus 3C

protease, Factor Xa protease and a caspase, preferably caspase-8.

6. A method according to any one of the preceding claims, comprising transfecting a host
with a vector comprising a cDNA encoding a precursor of a biologically active
molecule mutated at its cleavage site, culturing the transfected host and isolating the
biologically active molecule after treatment with a protease.

7. A method according to claim 6, wherein the cDNA is fused in frame to a GST coding

sequence and the expressed fusion molecule is captured on glutathione agarose beads

prior to treatment with the protease.
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8. A cDNA encoding a mutated precursor of a biologically active molecule, optionally

fused to a GST coding sequence.

9. A cDNA according to claim 8, wherein the biologically active molecule is a

caspase or a cytokine.
10. A ¢cDNA according to claim 8, wherein the cytokine is selected from IL-1p and IL-18.

11. A biologically active molecule whenever prepared by the method according to any one
of the preceding claims.

l*.C L M - § : *
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