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Preparation of Biologically Active Molecules 

Field of the invention 

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 

10 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 autocleavage, cleavage 

by other caspases or by cleavage, e.g. with the protease caspase-1, also known as 

interleukin-I converting enzyme (ICE)~ Examples of cytokines produced in such a manner 

15 are interleukin-I f3 and interleukin-18. 

Background of the invention 

Caspases &re a family of cysteine proteases that cleave their target protein 

folJowing an Asp residue. Of the eleven published known caspases, caspase-1, and 

20 probably caspases -4, -5, and -11 seem primarily involved in the processing of 

proinftammatory 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 

25 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 caspases 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 

30 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 ·cleavage experiments suggest that class II caspases require 

activated class I caspases for their proteolytic processing (1~)~ 

Another classification of caspases is by the specificity of the cleavage site (13). 

Here Group 1· caspases h~v¢ ·the cencensus sequence WEijD; (caspases ,....J, -4, and -5), 

5 Group II caspases the conc.ensus sequence DExD {caspas~s:-2, -3 and-7), and-Group 

III caspases the concenstis s~quence (IVL)ExD ( caspases ~,; -8 and -9). The caspase-8 

optimal site is LETO (14)~ · 

Interleukin 18 (II~·18)~ initially described as an interferon-r. (IFN-y)-inducing 

factor is a recently characterized cytokine that shares struct1:Jra) features with the IL-1 

1i0 family of proteins (1-4). IL-18 was initially purified and $Ub.sequently cloned from the 

liver of mice treated withheat-inactivated Propionbacterium:acnes (P. acnes) followed 

by lipopolysaccharide (LPS) {2,5). Cloning ·of human IL-18 has· also been recently 

described (3 ). 

Like IL-12, IL-18 is produced by activated macrophages such as liver Kupffer 

15 cells and other resident macrophages (3). IL-18 is an early in~ucer.ofthe Thi ~sponse, 

co-stimulating the production of IFN-y, as well as TNF-y, granulocyte-~rophage 

colony-stimulating factor and IL-2 (6). In addition, it pot~tiates anti-CD3-induced 

T-cell proliferation and increases natural killer cell cytotoxicity by augme11ting the . 

expression of Fas Ligand {6, 7). 

~o · Unlike most othet'. cytokines, which exhibit a four-helix bundle structure, IL-18 

and IL-1 fl have an all p:pleated sheet structure (7). Shµilarly to IL-1 p, IL-18 is 

synthesized as a biologically inactive precursor (proIL-1~),. lacking a signal peptide 

(3). The IL-1 p and IL-18 precursors are cleaved by .cflSJ>ase _1 (IL-JP-converting 

enzyme, or ICE), that cleaves after an aspartic acid residue .in the Pl position. The . 

25 resulting mature cytokines are readily released_ from the cell _(8,9). Studies .. with 

caspase-1-deficient mice demonstrated the important rol~ of mature_ IL-18 8$ an 

inducer of IFN-y and Thl responses. Injection of such mice with P. acnes and LPS 

resulted in low·· levels of circulating IFN".'y compared • Wipi wild-type mice {8,9). 

htjection of IL-18 restored the LPS-induced IFN-y l.evel ,~pi the caspase-1-deficient 

30 mice· (9), further supporting the concept that caspase-1 is involved in the production of 

active IL-18. Other caspases and particularly those cleaving intracellular proteins 
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associated with apoptosis wire at least 100-fold less active ~ caspase-1 (9)~ Similar 

studies with IL-18-deticient mice revealed its role in NK. cell activity. and cytokine 

induction (10). 

Recombinant IL-1 P and mouse IL-18 expressed in E. coli may be refolded to 

5 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. 

10 

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. 

15 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 cleaving the mutated 

molecule tO yield a biologically active molecule. 

Preferably, the biologically ·active molecule is a caspase or a cytokine, more 

20 preferably selected from IL-IP and IL-18. 

25 

30 

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, genenaseTM (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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Optionally this may be accomplished i~ that the cDNA is fused in frame past a 

glutathione- S-transferase.(GST) coding sequence and the ~xP:i-essed fusion molecule is 

captured on glutathione agarose beads prior to treatment with the protease. 

The present inveiitiQn also provides a cDNA encoding a mutated precursor of a .· 

5 biologically active molecule~ optionally fused to a GST cocling sequence. 
' ' ' I 

· In· one embodiment of the present invention there. is. provided a process of 

producing and/or purifying-a recombinant hybrid polypepti4~ or fusion protein. More 

specifically, a DNA fragment. coding for a protein molecule is fused to a DNA 

fragment coding for a binding protein using, as linking sequence, the DNA coding for 
. ~ . 

10 a peptide sequence which 'is recognized and cut by a caspase. The fused DNA is 

inserted into a cloning vector which is used to transfomi ~ appropriate host. Upon 

expression, the hybrid polypeptide is purified by contacting ~~ with a ligand or substrate 

to which the binding protein has specific affinity, e.g. by afl;i~ty chromatograplly. 

In a preferred embodiment of the present invention, tpe binding protein is OST 

15 and the cleavage site is the caspase-8 cleavage site 

The invention also relates to biologically active lllOlecules prepared With the. 

above method. · 

Expression of mature IL-18 in E.coli results in a . protein lacking biological 

activity. Attempts to correctly refold the IL-18 polypeptide backbone of IL-18 

iO expressed in E. coli were so far unsuccessful. Human lL-18 and human IL-IP are, 

expressed in vivo as prolL-18 and prolL-l P precursors,_which are cleaved by caspase-1 

to yield biologically active mature IL-18 and IL-1 J3, respectively. However, caspase-1 . 

is not available commercially; The present invention provides a simple procedure for 

prodliction in E.coli of a biologically active molecule; in particular a cytokine and 

25 more particular, human IL-is. For this purpose, a cDNA encoding human prolL-18 

Was constructed in which the caspase-1 cleavage site was mutated into the cleavage. 

site of a commercially available protease, e.g., factor Xa. Fo, ease of manipulation, the 

mutated proIL-18 cDNA ··was fused to a glutathione-S•transferase (OST) coding 

sequence. The resulting GST-proIL-18 fusion protein, havii1g a factor Xa cleavage site 

30 was expressed in E. coli and captured on glutathione agarose beads. Mature human 
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IL-18,exhibiting high biolog!~_a1 activity was released from tli~,.peads by cleavage with 
.. ". .. . ., .· . 

FactorXa. 

Similarly, the DNA sequence coding for the caspase-1 cleavage site of human 

IL-1 f3 is mutated into a cleavage site of factor Xa. For ease of manipulation, the mutated 

5 proIL-1 p cDNA is fused in frame to a glutathione-S-transferase (OST) coding sequence. 

The.resulting GST-proIL-113 fusion protein, having a factor Xa cleavage site is expressed 

in E. coli and captured on glutathione agarose beads. Mature human IL-1 P is released from 

the beads by cleavage with Factor Xa. 

When caspase-8 is employed for cleavage, a similar procedure is carried out, the 

1 O difference being that the caspase-1 cleavage site of either human IL-18 or human IL-1 f3 is 

mutated into a cleavage site of caspase-8. Thereafter fusion to a OST coding sequence and 

further method steps are carried out as described above. 

Brief Description of the Figures 

15 Figure 1 describes the cloning of cDNA encoding human proIL-18 mutant 

(proIL-181EoR)· 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 ~ a 

498 bp DNA produced by the first. PCR; 2, a SS 1 bp DNA produced by the. second 

PCR; 3, a 600 bp DNA produced by the third PCR, encoding human prolL-l 8JEaR· 

20 Figure 2 shows the structure of the expression plasmid pGEX-proIL-l81EGR· (a) 

Flanking nucleic acid sequences of the 600 bp BamH I/EcoR I cDNA encoding human 

proIL-181EoR· 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-2TK. The restriction sites are also shown. The 

25 filled arrow indicates the BamH I/EcoR I ligation site of the insert. 

Figure 3 shows SOS-PAGE of crude protein extracts of E.coli expressing the 

GST-proIL-l 81EGR 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 OPTG). The expected 

30 26 kD band of glutathione thioreductase (OST) is indicated by an arrow on the left 

side. Lanes 3-7 show cells transformed with plasmid pGEX-proIL-l 8JEaR and either 
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not induced (lane 3) or inciuced with IPTG for the indicated times. The 43 kD band 
: . . 

indicated by an arrow on the right side corresponds in size to the OST ".'proIL-l8moR 

fusion protein. . .. 

Figure 4 shows SOS-PAGE (10% acrylamide )' of the,' GST-proIL-l 81EoR fusion 

$ protein follo~ng pUrificati~n on glutathione-agarose. Supe~tant of bacterial sonicate 

(see Fig. · 3 ·1ane · 7) wa5 affinity-purified on glutathione· ;~arose. The. lanes are: 1. 

Molecular mass markers :(indicated by kD on the left ·side); 2. Affinity".'purified 

GST-prolL-l 81eoR· The gel was stained with Coomassie blue.· 

Figure 5 shows SDS-PAGE (12% acrylamide) of\the purified human IL-18. 

1b GST-prolL-l81eoR fusion protein captured on glutathione a.gilrose 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, indicated in kD on the left side; 

lane 2. Human IL-18 in the supernatant of the glutathione-agarose beads. The gel was 

stained with Coomassie blue. 

~5 Fig. 6 shows a bioassay of the human IL-18. Human IL-18 at the indicated 

doses was added to the cultures . of murine plasti~nonadherent spleen . cells 

(SxJ06 cells/well) in the presence ofConcanavalin A (0.12~·µg/ml) and polymyxin B 

( 1 · µg/ml). The supernatant was assayed for murine interfer~n-gamma by E:[.ISA.· The 

level of interferon-gamma induced by IL-18 (100 ng/ml) in the absence of Con A was 

160pglml.· 

Figure 7 shows the basic procedure for the purification of hIL-18 using Caspase-8 

in schematic form. 

Figure 8 shows the sequence of the GST-pro-hIL-18LEm· The box -indicates the 

Caspase-8 cleavage site. The underlined sequence is the mature hIL-18. 

25 Figure 9 shows a Goomassie blue stained SDS-PAGE (10% ~rylamide gel) of 

the GST-proIL-181.ETD fusion protein purification on glutathione-agarose. Cell break 

supernatant of recombinant E.coli JM109 ·expressing GST-proIL-l8Lm> was 

affinity-purified on glutathione agarose and digested by Caspase-8 on solid phase. The 

post-digest supernatant \YBS concentrated and applied to molecular sizing on 

30 Superdex-75. The lanes are: 1. Molecular mass markers (indi<~ated by kD on the left 

side); 2. Cell break supernatant; 3. Affinity purified GST-proIL-18LETo; 4. 
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Glutathione-agarose resin.· pbst · Caspase-8 solid phase 4 ]ll":: digest; S. Caspase-8 

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

Detailed description of the invention 

5 According to the present invention, a cDNA encoding human prolL-18 in which 

10 

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:l), a sequence cleaved between the amino 

acids Arg and Gly by the protease Thrombin. 

Ile-Glu-Gly-Arg- (SEQ ID N0:2), a sequence cleaved after the Arg residue by the 

15 protease Factor Xa. 

20 

25 

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

protease Enterokinase. 

His-Tyr- (SEQ ID N0:4), a sequence cleaved after the Tyr residue by the protease 

subtilisin or by its variant Genenase™ (New England Biolabs). 

. Tyr-His (SEQ ID·NO:S), a sequence cleaved after the Tyr residue by the protease 

subtilisin or by its variant Genenase™ (New England Biolabs). 

Leu-Glu-Val-Leu-Phe-Gln-Gly-Pro (SEQ ID N0:6), a sequence cleaved after the 

Gln residue by the human rhinovirus 3C protease. 

Similarly, a cDNA encoding human proIL-lP in which the Caspase-1 cleavage site 

·30 is mutated into a Factor Xa site is prepared. Other mutations, gene~ting cleavage sites 

suitable for other proteases may be used. 
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Examples of possible cleavage sites and suitable pr()teases include: 

Ile-Glu-Gly-Arg.;. (SEQ ID N0:2), a sequence cleave<! after the Arg residue by the 

protease Factor Xa: · · 

Asp-Asp-Asp-Lys-·(SEQ ID N0:3), a sequence cleaved after the Lys residue by the 

protease Enterokinase. 

Leu-Glu-Vai-Leu-Phe-Gln-Gly-Pro (SEQ ID N0:6), a sequence cleaved after the 

10 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 proIL-18 or prolL-1 p; the protease must e~bit a 

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

available, e.g., from commercial sources; and the mutation preferably should not introduce 

a major alteration in the secondary or tertiary structure of the prolL-18 or prolL-1 p. The 

use of Factor Xa or Enterokinase <>r subtilisin is preferable over the other proteases 

because the resulting IL-18 or IL-Ip has no mutated amino acid. The. use of Factor Xa is. 

20 most favorable because it· requires the most conservative mutations, thereby reducing the 

risk of altered secondary or tertiary structure of the proIL-18 or proIL-1 P 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-1 ~ have no. mu~ted amino acids. 

In order to construct a cDNA encoding a human prolL-18 mutant (proIL-1 SmaR) in 

25 which the Caspase-1 cleavage site is mutated into a Factor Xa cleavage site, the following 

mutations were introduced in the_ human proIL-18 cDNA: L331; S3SG- and D36R. These 

mutations yielded the Factor Xa recognition sequence IEGR. 

A vector expressing human proIL-l 81EGR was constructed in the following manner. 

· Peripheral blood mononuclear cells (PBMC) of a healthy donor were stimulated by 

30 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 mutation in the sequence was introduced .using overlapping primers in 

three steps of PCR (Fig.·· 1 )~ thb resulting 600 bp PCR product~ :~ding for mutated human 

proIL.,;18 was cloned into a TA cloning vector (pGEM-T easy, Promega) and its DNA 

sequence was verified by DNA sequence analysis. The resulting pGEM-T-prolL-l 81mR 

5 plasmid was cut by EcoR I and BamH I and the 600 bp fragment encoding human 

prolL-181EoR was subcloned into the prokaryotic expression vector pGEX-2TK containing 

the OST gene sequence (Pharmacia). The resulting expression vector contained the 

sequence of the human prolL-181EoR gene fused in frame to the 3' end of the OST gene 

(Fig. 2). 

10 Expression and purification of GST-proIL-18moR was then perfonned. A fresh 

single colony of E.coli JM109 transformed with plasmid pGEX-prolL-18moR was grown 

With shaking at 37°C, until reaching a density of 0.6 00600· Protein expression was then 

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

SDS-P AGE of total bacterial proteins revealed the induction of a 43 kD protein, . 

15 correSponding in size ~o GST-prolL-l81EGR (Fig. 3). All downstream steps for isolation of 

the GST-prolL-181EoR were carried out at 4°C. Bacteria were harvested by centtjfugation, 

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 be.ads 

20 were washed and an aliquot of the beads was analyzed by SOS-PAGE. A single 43 kD 

band, corresponding to the GST-proIL-l81EGR 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 19.S kD was seen as well (Fig. 

25 S). Protein sequence·analysis of the 18 kD and the.19.S kD bands gave in both cases the 

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

GST-proIL-l 81eoR 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 

30 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 IFN-gamma 

9 



WO 00/61768 · 
PCT/IL00/00220 

production, suggesting a requirement for a co-stimulant. Con A alone. at 0.125 µg/ml failed 

to induce significant levels of IFNJy: 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. 

obtained (Fig; 6). · · · · 

5 · In order to conStnict a cDNA encoding a human proIL-1 p mutant (proIL-1 PmoR) in 

which the. Caspase-1 cleavage site is mutated into a Factor Xa cleavage site,. the following 

mutatfons ·are introduced in the bunian proIL...lP cDNA: Yl 131, Vl 14E, Hl 150 and 

D116R. These mutations yield the Factor Xa recognition sequence IEGR. 

The following steps are taken in order to construct a vector expressing human 

10 proIL~lf31EoR· Peripheral blood mononuclear cells (PBMC) of. a healthy donor are 

stimulated by bacterial lipopolysaccharide (LPS). Total RNA is extracted from the cells. 
t • . 

The RNA is reverse-transcribed and the resulting cDNA serves ·as a template for 

polymerase chain reaction (PCR) with primers corresponding to the .coqmg sequence of 

human prolL-1 p. The resulting PCR product is cloned into a . TA cloning vector, e.g., 

15 pGEM-T easy from Promega, and then subjected to site-directed mutagenesis with a 
. . 

suitable oligonucleotide.·The sequence of the.resulting vectQr, coding for mutated human 

prolL-1 p, is verified by seq1ience analysis~ The resulting pGEM-T-proIL-1 PmoR plasmid is 

cut by proper restriction enzymes and the -820 bp fragment encoding humm. proIL-1 f31EGR 

is subcloned into the prokaryotic expression vector pGEX-2TK (Pharmacia). The resulting 
. . 

20 · expression vector contains the.sequence of the human proIL-lPIEoR gene.fused.in frame to 

the 3' end of the OST gene. 

Expression and purification of GST-proIL-IPIEGR is similarly perfonnecl. A ~sh 

s1nglt~ colony of E. coli JM109 transformed with. plasmid pGEX-proIL-l_f3IEaR is grown 

with shaking at 37°C, until reaching a density of ·0.6 00600· Protein.expression is then 

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

SOS-PAGE of total bacterial proteins reveals the induction· pf a -52 kD proterul, 

corresponding in size to GST-proIL-lPmoR· All downstream st~ps for isolation of the 

GST-proIL-lf3IEoR are carried out at 4°C. Bacteria are harvested by centrifugation, 

resuspended in phosphate buffered saline (PBS), containing protease inhibitors. The 

· 30 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 ~ 
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washed and an aliquot ofthe.:~ads is analyzed by SDS-PAq~ .• {or the presence of the -52 

kD GST-IL•lf3 :fusion prot~i~. The beads are then digest~d with Factor Xa and the 

supernatant containing mature·human IL-lf3 is collected .. 

In another embodiment of the present invention, the expression and p~fication of 

5 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 acids, the last one being an 

10 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. 

15 Bioch 1999). All of them have the residue Asp in common in the Pl position. 

The plasmid described above, pGEX-proIL-18moa, was modified to obtain a 

different human proIL-18 mutant (proIL-18LETD, 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. 

20 Another advantage of using a caspase is their high efficiency, in tenns of digestion 

yield and digestion time. As shown in table I, when comparing the IL-18 protein obtained 

from pGEX-prolL-l 81EoR and pGEX-proIL-18Lem, the amount of enzyme and the time 

needed to obtain 1 mg of hlL-18 is reduced. The procedure lead to the production of a 

protein of the expected size (Fig.9) and bioactivity . 

25 . Caspase-8 is not the only suitable caspase and, according to the presence or absence 

30 

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 interest using standard purification 

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-18 and IL-1 f3 from E. coli. It appears that correct folding of 
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these cytokines requires expression as a precursor first, and. then. cleavage to its ·mature 

form. 

Human IL-18 differs in this respect from murine IL~l 8,-which may be expressed in 

.host cells as a mat~e,·bfologically active cytokine; . 

The invention will now be illustrated by the folloWing non-limiting examples: 

EXAMPLE 1: Construction of a plasmid coding for human pro IL-18 with ·a factor 

Xa site 

PBMC were obtained from peripheral blood of a healthy· volunteer by Ficoll-Paque 

10 PLUS (Pharmacia) density gradient separation. The PBMC were washed twice with 

ice-cold PBS containing 2% FBS and resuspended at 2.5 x 106 cells/ml in RPMI-1640 

medium, supplemented with fetal bovine serum (FBS), 2 mM L-glutamine, · l 00 U/ml 

penicillin and 100 U/ml streptomycin (RPMI-10). The culture was stimulated with LPS 

(1µg/mJ,3 h, 37°C). Total RNA was extracted :from the cells with the TriPure™ Isolation 

15 Reagent (Boehringer MaDnbeim). One µg total RNA was used for RT-PCR with the Titan 

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

ProIL-1 BmoR cDNA was constructed by a three-step PCR, using· the overlapping 

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

cDNA (GenBank accession no. 049950, (3)). 

20 For the first PCR, the forward primer was: 

5'-AACATCGAAGGTCGTTACTTTGGCAAGCTTGAATC-3' (SEQ ID N0:7) and the 

reverse· primer was S'-CGCGAATTCCTAGTCTTCGTTTTGAACAOT-3' (SEQ JD 

N0:8). An Eco RI site was included in the reverse primer. The template was a 
. . : ' 

reverse-transcribed total cellular RNA, isolated from the LPS-stimulated PBMC. The 

25 thermocycle conditions were: 10 cycles of 94°C, 30 sec; SS°C, 30 sec and 68°C, 2 min 

followed by 25 cycles of94°C, 30 sec; 55°C, 30 sec and 68°C~ 125 see/cycle. The resulting 

498 bp PCR product was amplified in the second PCR step using the· overlapping forward 

primer: 

5'-TGGCAATGAAATTTATTGACAATACGCTTTACTTTATAGCTGAAGATGATGA 

30 AAACATCGAAGGTCGTTACTTTG-3' (SEQ ID N0:9), and the reverse primer of the 
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previous step. The thennocyc,ling conditions were: 30 cycles of 94°C, 30 sec; 56°C, 30 sec 

and 72°C, J min. The resultiri~ 551 bp product was amplifi~ in the third step using the 

overlapping forward primer: 

5'-CGTGGATCCATGGCTGCTGAACCAGTAGAAGACAATTGCATCAACTTTGTGG 

5 CAATGAAATTTATTGAC-3' (SEQ ID NO:IO) and the reverse primer of the previous 

steps. A BamH I site was included in the forward primer. The thennocycling 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-proIL-l 81EoR· Ligation 

10 products were transformed into JMI 09 competent cells (Promega Corporation). Standard 

cloning protocols were used throughout (ll). 

Plasmid pGEM-proIL-l 81EGR from a single colony was verified for the presence of 

a correct insert by restriction enzyme digestion and DNA sequencing. Tb,e. plasmid . was 

digeSted with BamH I and EcoR I. The resulting BamH l/EcoR I DNA encoding human 

15 proIL-181EoR 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, Gennany). This DNA 

was ligated into the pGEX-2TK expression vector (Phannacia) which was linearized with 

. BamHl 

and EcoR I. The resulting recombinant plasmid pGEX-proIL-1 SIEoR (Fig .. 2) . was 

20 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-pro1L-l81EGR fusion protein 

A SO ml overnight culture from a fresh single· colony ofE. coli JM109 transformed 

25 with plasmid pGEX-prolL-181EoR was diluted in 450 tnl LB medium containing 100 U/ml 

ampicillin and grown with shaking at 37°C, until reaching a density of 0.6 OD600· 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, S 

min, 4°C) and rapidly resuspended in a I : 100 starting volume of ice-cold phosphate 

30 bUffered saline (PBS; ISO mM NaCl, 16 mM Na2HP04, 4 mM NaH2P04, pH 7.3), 

containing the protease inhibitors (leupeptin 1 µglml, pepstatin A 1 µg/ml, aprotinin 2 

13 
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µg/ml, PMSF 0.2 mM and EDTA S · mM). Cells. were lysed on ice by mild sonication ( 4 x 

15 se~ 'bursts). Triton X-l:QQ:~a8 added to a final c~ncenV:ation of·l % and the mixture 
' ' 

kept on ice forS min. The clarified lysate (14,000 x g, 15 min, 4°C)was.mixed with a 50% 

s~pension of glutathione-agarose ·beads (2 ml, Pharmacia) ,and. the mixture was incubated 

5 with inild shaking at 4°C for 3 h. The beads were pellete~ by centrifugation (500 x g, 

10 

' ' 

5 min), washed twice with·JO volumes oflysis buffer (1% Triton X-100 in PBS), ~ce 

with 10 volumes of20 mM Tris-HCI, pH 8.0, twice with IO: volumes of20 mM Tris"."HCI, 

pH 8.0, 1 SO mM NaCl, and twice with I 0 volumes of 20 niM Tris-HCI, pH 8.0, 150 mM 

NaCl, 2.0 mM CaC12 (Cleav~ge Buffer). All steps were carried out at 4°C .. 

Example 3: Cleavage .of the fusion protein and purification of mature human IL-18 

The glutathione-agarose beads with bound GST ,;pr~IL-18IEGR fusion protein were 

·incubated (6 h, 23°C) with Factor Xa (New England Biolabs) in l mJ Cleavage Buffer, 

using a protease to substrate ratio of 1 :SO (w/w}, with constant mixing on a ro~ w.heel. 

15 This step releases the mature human IL-18. The beads wer¢ pelleted by centrifugation.at 

500 x g for 5 minutes at 4°C 'and washed S times with 2 ml ic::e-cold PBS .•. The supernatant 

and all the washing volumes were combined, clarified by c~trifugation (14,000 x g, 15 

min., 4°C) and concentrated by ultrafiltration (Centricon-10, Amicon). Aliquots of the 

2~ 
protein, as well ·as beads .before and after digestion were resolved by 0.1% SDS-12% 

poJyacrylamide geJ electrophoresis followed by Coomassie blue staining. A major band of 

approximately 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 sequ,ence YFOK .... , in accordance 

with that ofmature human IL-18. The purified protein was $terilized through a 0.2 µ. filter 

25 and stored at-70°C. 

Example 4: Bioassay of human IL-18 

Human IL-18 activity was assessed as described (2). Briefly, spleens of normal 

CJH/HeJ mice were excised, minced and .exposed to Gey buffer (0.144 M NH4Cl in 0.017 

30 M Tris-HCI pH 7 .2) to disrupt erythrocytes. The white cells were washed twice with 

RPMl-5 and then resuspended in RPMI-10. For the preparation of plastic-non-adherent 

14 
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cells, cell suspensions wereH~cubated (60 min., 37°C) in IPCti;nm plastic plates (Becton 

Dickinson · Ltd., · UK). Non-adherent cells were gently gathered, centrifuged and 

resuspended in RPMI-10. Viable cells were counted by the trypan blue dye exclusion test 

and the cell concentration was adjusted to 5xl 06 cells/ml. Most of the non-specific 

5 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 

plate (NUNCLON TM, Denmark). Various concentrations of IL-18, polymyxin (1 µg/ml) 

and Con A (0.125 µg/ml) were added to the wells in 50 µl RPMI-10. The plates were 

incubated for 24 or 48 hat 37°C in 5% C02. Following incubation, supernatants were 

1 O colJected 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, 

suggesting a requirement for a co-stimulant. Con A alone at 0.125 µg/ml failed to induce 

significant levels ofIFN-y. When the non-adherent splenocytes were incubated with Con A 

and. the human IL-18 of the present invention, a dose-dependent induction of IFN-y was 

15 obtained (Fig. 6). 

EXAMPLE 5: Construction of a plasmid coding for human pro IL-18 with a factor 

Xa site 

PBMC are obtained from peripheral blood of a healthy volunteer by Ficoll-Paque 

20 PLUS (Pharmacia) density gradient separation. The PBMC are washed twice With ice-cold 

PBS containing 2% FBS and resuspended at 2.S x 106 cells/ml in RPMI-1640 medium, 

supplemented with fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin and 

100 U/ml streptomycin (RPMI-10). The culture is stimulated with LPS (1 µ.g/ml, 3 h, 

37°C). Total RNA is extracted from the cells with the TriPure™ Isolation Reagent 

25 (Boehringer Mannheim). One µ.g total RNA is used for RT-PCR with the Titan one tube 

RT-PCR kit (Boehringer Mannheim) according to the manufacturer's procedure. 

ProIL-1 p cDNA is cloned by PCR with sense and reverse primers designed on the 

basis of the hmnan prolL-lP cDNA (GenBank accession no. M15330). The sense primer 

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

30 cleavage site. The reverse primer corresponds to nucleotides 896-876 of the sequence 

15 
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· M15330, preceeded by an Eco RI site. The temp~ate is a reyerse-transcribed total cellul.ar 

RNA~ isolated from the LPS-stimulated PBMC. The thennocycle conditions are: 1 O cycles 

of94C, 30·sec; S5°C, 30 sec and 68°C, 2 min followed by.25 cycles of94°C, 30 sec; 55°C, 

:30 see and.68°C, "125 sec/cycle. The resulting 830 bp·PCR product is purified by a High 

$ Pure TM PCR product purification kit {Boehringer Mannheim) iµid ligated into the pGEM~T 

Easy vector to: yield plasmid pGEM-proIL-lp. The· plasmid is subjected to site-directed 

mutagenesis with" the oligonucleotide 

ACATGGGATAACGAGGCTATTGAAGGCCGGGCACCTGTACGA (SEQ ID NO:ll), 

corresponding to nucleotides 405-452 of human IL-1 P mRNA and having the mutations 

10 Yl 131, VI 14E, Hl 15G and Dl 16R. 

The resulting plasmid pGEM-proIL-1 P1EGR from a single colony is verified for the 

presence of a correct insert by restriction enzyme digestion and DNA sequencing. The 

plasmid is digested with BamH I and EcoR I. The resulting BamH 1/EcoR I DNA encoding 

human proIL-IP1EGR is resqlyed by electrophoresis in LO% agarose and the 0.82 kb band is 

15: isolated from the gel by a QIAquick Gel Extraction Kit (DIAGEN, Germany). This DNA 

is ligated into the ·pGEX-2TK expression vector {Pharmacia) which is linearized with 

BamH I and EcoR I. The resulting recombinant plasmid pGEX-proIL-lPIEoR is 

transformed into E.coli JM109 strain and the resulting vector is confirmed by restriction 

enzyme digestion and nucleic acid sequencing. 

20/ 
Exam.pie 6: Expression and purification of GST-prolL~l8•1GR fusion protein 

A 50 ml overnight culture ftom a ftesh single colony ofE. coli JM109 transformed 

with plasmid pGEX-proIL~lP1eoR is 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 OD600· Protein 

25 expression is then induced by adding IPTG to a final concentration of 0.1 mM and further 

culturing at 37°C for 3 h. Bacteria are harvested by centrifugation {5,000 x g, 5 min, 4°C) 
·' : 

and rapidly resuspended in a 1 : 100 starting volume of ice-cold phosphate buffered saline 

(PBS; 150 mM NaCl, .16 mM Na2HP04, 4 mM NaH2P04, pH 7.3), containing .the 

protease inhibitors (leupeptin 1 µg/ml, pepstatin A 1 µg/ml, aprotinin 2 µg/ml, PMSF. 0.2 

30: mM and EDTA 5 mM). Cells are lysed on ice by mild sonfoation (4 x 15 sec bursts). 

Triton X-100 is added to a final concentration of 1 % and the mixture kept on ice for 

16 
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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 mixture is incubated with mild 

shaking at 4°C for 3 h. The,.6~~ds are pelleted by centrifugatiah (500 x g, S min), washed 

twice with J 0 volumes oflysis buffer (I% Triton X-100 in PBS), twice with 10 volumes of 

5 20 mM Tris-HCI, pH 8.0, twice with 10 volumes of 20 mM Tris-HCI, pH 8.0, 150 mM 

Na:Cl, and twice with 10 volumes of20 mM Tris;,HCI, pH 8.0, 150 mM NaCl, 2.0 mM 

CaC12 (Cleavage Buffer). All steps are carried out at 4°C. 

10 Example 7: Cleavage ofthe fusion protein and purification of mature human IL-18 

The glutathione-agarose beads with bound GST-proIL-lPIEoR 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-1 p. The beads are pelleted by centrifugation at 500 

15 x g for 5 minutes at 4°C and washed S 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 

20 kD, in agreement with the expected mass of mature human IL-1 p, is obtained in the 

supernatant. The purified protein is sterilized through a 0.2 µfilter and stored at -70°C. 

EXAMPLE 8: Construction of a plasmid coding for human pro IL-18 with a 

Caspase-8 cleavage site 

25 The recombinant plasmid pGEX-proIL-18moR of example 1 was modified by 

inserting a PCR amplified DNA· fragment with the caspa8e-8 cleavage site· (LETO). In 

brie( pGEX-proJL.18moR was digested with the restriction enzymes BAM Hl . at pos 

951 and Hind Ill atpos 1074 cutting out the DNA portion containing the Pro-domain, 

the factor Xa cleavage site (IEGR) ~d three amino acids from the N-terminus of 

30 hlL-18. 

17 
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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 CIT GC~. AAA 

GTA GTC GGT TTC CAG OTT ITC ATC ATC TIC AGC .TAT AA (SEQ. ID 

N0:12). The ·pcR fragment' wu purified using the" high pure ·product purification" 

5 kit (Boehringer Mannheim) then similarly cut with.BAM Hland Hind Ill generating a 

123 bp insert.· The open· ·vector and the insert· were separated on Agarose gel and 

extracted using the commercial kit "Jet Sorb" (Genoiped). ligation. was done. 

overnight using a T4 Ligase (New England BioLabs, Beverly MA, USA) and the 

ligation products were transformed into E.coli· DHSa competent cells. Several colonies 

1 o were isolated, ·subcultured and miniprep prepared with . the « Qiagen » kit. PCR 

amplification (Perkin Elmer Gene Amp- AmpliTaq 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 bacterja E.Coli ·1M109 following the TSS 

Method (Chung, C.T. et al. (1989) Proc. Natl. Acad Sci. U.S.A. 86, 2172-2175) .. : 

15 

Example 9: Expression,and purifi.cation ofGST•proIL-18LEID fusion protein 

Using the plasmid constructed according to example 8 above, GST-P~ LETO 

-hIL18 protein expression was achieved in shake flasks and S liter fermenters 

20 essentially as described in example 2 above. 

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

mature human IL-18 

The glutathione-agarose beads with bound GST-pro-IL-18LETD fusion protein 

25 were incubated (4 h, 23°C) with caspase-8 (Calbiochem) in Cleavage Buffer (defined 

in example 6) using a protease : substrate ratio of I . : 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 S times with 2 ml ice-cold PBS. The supernatant and all the 

washing volumes were combined, clarified by centrifugation (14,000 x g, IS min., 

30 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 

18 
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separate the hIL-18 (18 kDa) from higher molecular weight cleavage products and 

from the residual proteolytic enzyme (Caspase-8 heterodimer, 29 k.Da and 

hetero-tetramers, 58 kDa). 
.;":":·:·.;:.~f .· ·; : 

Caspase-8 enzymatic activity was assayed in the various Superdex-75 fractions 

5 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 SS 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, 

10 concentrated on Centricon-10 (Amincon) and fmally sterilized through a 0.22 µm filter 

and stored at -80°C. 

15 

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 precursor protein .remains 

bound to ·the· beads. Furthermore, some IL-18. cleaved protein remains in the. bead 

fraction. 

20 Example 11: Bioassay of human IL-18 generated 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 106 cells I ml (250 µl /well, 48 well plate) and stimulated with 

mTNFa (lnnogenetics)together with various concentration of hlL-18 (serial dilutions, 

25 starting from 80 ng/ml). The plate was incubated 24 h at 37°C in 5% C~. Following 

incubation, supematants were collected and murine IFN-y content was determined by 

ELISA (rec. hlFN-t and anti-hlFN-y from R & D Systems). 

30 

Human IL-18 induced a dose dependent production of IFN-y with identical 

activity to the hIL-18 obtained from the Factor Xa cleavage site construct. 

19 
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CLAIMS 
I If llllJ 1111~ 11~111~1 ~ If II 

1. A method for the production of a biologically active molecule ·from its biologically 

5 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. biologically active molecule is a 

10 caspase or a cytokine. 

3. A method according to claim 2, .wherein the cytokine is selected from IL-lfi and 

IL-18. 

15 4. A method according to any one 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 

select~d from thrombin, enterokinase, subtilisin, genenaseTM, the human rhinovirus 3C 

20 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 

25 biologically active molecule after treatment with a protease. 

30 

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

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

prior to treatment with the protease. 

22 
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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 

5 caspase or a cytokine. 

10. A cDNA according to claim 8, wherein the cytokine is selected from IL-Ip and IL-18. 

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

1 O of the preceding claims. 

15 
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