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PLASMIDS, THEIR CONSTRUCTION AND THEIR USE IN THE MANU-

FACTURE OF INTERLEUKIN-4 AND INTERLEUKIN-4 MUTEINS

Abstract

The present invention relates to the construction and use of expression plasmids in

the manufacture of recombinant interleukin-4 (IL-4) and interleukin-4 muteins.
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PLASMIDS, THEIR CONSTRUCTION AND THEIR USE IN THE MANU-
FACTURE OF INTERLEUKIN-4 AND INTERLEUKIN-4 MUTEINS

Field of the Invention
The present invention relates to the construction and use of expression plasmids in

the manufacture of recombinant interleukin-4 (IL-4) and interleukin-4 muteins.

Background of the Invention
Mature human interleukin-4 (IL-4) 1s composed of 129 amino acids with 50%
homology to mouse IL-4. IL-4 1s the only cytokine known to direct the
differentiation of T helper cells to a Ty, phenotype (Mosmann and Sad, Immunol. ‘
Today 17, 138 - 146, 1996). IL-4 signals on lymphocytes and other cells through a

heterodimeric complex of two cytokine receptors, the IL-4Ra and the common Y-

~ chain (Yc). Antagonistic 1L-4 mutants have been described (Kruse et al., EMBO J. 11,

3237 - 3244, 1992). Three amino acids close to the C-terminus (R121, Y124 and
S125) are important for binding to the yc-chain. The introduction of Asp (D) into

these positions blocks receptor dimerization and transmembrane signaling.

The interleukin-4 double mutein (IL-4 DM) is an IL-4 variant with 2 amino acid
changes in position 121 and 124 termed IL-4 R121D Y124D. IL-4 DM is able to
block both IL-4 and IL-13 activities. In contrast to all single site mutants no residual
agonistic activity has ever been found for this mutein. It is believed that these
antagonistic properties of IL-4 DM are useful for the treatment of diseases which

involve T,;, development and/or IgE production (Ryan, J. Allergy Clin. Immunol. 99,
1 -5,1997).

As described in various publications, procaryotic organisms can be used to produce
recombinant [L-4 and IL-4 muteins. Unfortunately, the described systems have a
number of drawbacks (low expression level, low stability of the expression vector)
which make large scale production of IL-4 and IL-4 muteins impossible or

economically unfeasible.
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The main criteria for an efficient and safe expression system are:

. high product yield

* regulatable stable expression

» stability of the expression vector

Several features of an expression plasmid are important for the criteria listed above
(Hannig et al., TIBTECH. 16, 54 - 60, 1998). These are:

* Promoter

» Ribosomal binding site (rbs)

* Codon usage of the corresponding gene

* Transcriptional terminator

* Resistance gene

* Regulation of expression

* Origin of replication (ori)

Summary of the Invention
Expression plasmids for I1L-4 and IL-4 muteins with modifications in all of the
relevant elements for an efficient and safe expression system were generated. The
quality and suitability of the corresponding expression system was ranked mainly
according to the following criteria:
* Yield of IL-4 and IL-4 muteins
* Plasmid stability

* Maintenance of induction capability

The object of the present invention is, therefore, to make available a process for the
construction and use of expression plasmids in the large scale manufacture of
recombinant interleukin-4 (IL-4) and interleukin-4 muteins. In addition the newly
developed host/vector system should be well suited for the expression of other

proteins (cytokines, growth factors, soluble receptors, antibodies etc.).
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Surprisingly, 1t has been found that bacteria transformed with plasmids according to
the present invention give expression rates, plasmid and expression stability values
many times higher than those observed after transforming the identical hosts with
plasmids known in the art. Therefore, the plasmids of this invention are far more

useful for the preparation of recombinant interleukin-4 and interleukin-4 muteins

than all plasmids previously known.

The newly developed vector system contains the following elements:

TS promoter

The E. coli phage TS5 promoter together with two lac operator sequences is derived
from the pQE30 plasmid (Qiagen) belonging to the pDS family of plasmids (Bujard
et al., Methods Enzymol. 155, 416 - 433, 1987 and Stiiber et al., Immunological

Methods, I. Letkovits and B. Pernis, eds., Academic Press, Inc., Vol. IV, 121 - 152,
1990).

T7 g10 ribosomal binding site

The ribosomal binding site (rbs) is derived from the region upstream from gene 10 of
the phage T7 (T7 g 10 leader). Gene 10 of phage T7 codes for the coat protein, which
1s the major protein expressed after T7 infection. The T7 g10 rbs was obtained from
the vector pET-9a (Studier et al., Methods Enzymol. 185, 60 - 89, 1990). The T7 g10
leader spans a region of about 100 bp (Olins et al., Gene 227 - 235, 1988). In the
final expression construct the region upstream of the Xbal site is deleted. The T7
g10 leader sequence now spans 42 bp and harbours one base exchange from G to A

in position 3638 of the preferred plasmid.

Codon usage of the natural IL-4 sequence

As an effective measure of synonymous codon usage bias, the codon adaptation
index (CAI) can be useful for predicting the level of expression of a given gene
(Sharp et al., Nucleic Acids Res. 15, 1281 - 1295, 1987 and Apeler et al., Eur. J.
Biochem. 247, 890 - 895, 1997). The CAl is calculated as the geometric mean of
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relative synonymous codon usage (RSCU) values corresponding to each of the
codons used 1n a gene, divided by the maximum possible CAI for a gene of the same
amino acid composition. RSCU values for each codon are calculated from very
highly expressed genes of a particular organism, e.g. E. coli, and represent the
observed frequency of a codon divided by the frequency expected under the
assumption of equal usage of the synonymous codons for an amino acid. Highly
expressed genes, e.g. genes encoding ribosomal proteins, have generally high CAI
values > (.46. Poorly expressed genes like lacl and trpR in E. coli have low CAI

values < 0.3.

The calculated E. coli CAI value for the natural IL-4 sequence i1s 0.733. This means
that the natural gene should be well-suited for high level expression in E. coli.
Nevetheless a synthetic gene with optimal E. coli codon usage (CAI value = 1) has
the potential to further increase the expression level. Therefore synthetic IL-4 and IL-

4 mutein genes were designed and cloned.

Transcriptional terminator

A T7 DNA fragment containing the transcription terminator T¢ is derived from the
vector pET-%a (Studier et al., Methods Enzymol. 185, 60 - 89, 1990). Transcriptional
terminators determine the points where the mRNA-RNA polymerase- DNA complex
dissociates, thereby ending transcription. The presence of a transcriptional terminator
at the end of a highly expressed gene has several advantages: they minimize
sequestering of RNA polymerase that might be engaged in unnecessary transcription,
they restrict the mRNA length to the minimal, thus limiting energy expense,

as strong transcription may interfere with the origin of replication, a transcriptional

terminator increases plasmid stability due to copy number maintenance (Balbas and

Bolivar, Methods Enzymol. 185, 14 -37, 1990).

Resistance gene

The kan resistance gene is derived from the vector pET-9a (Studier et al., Methods

Enzymol. 185, 60 -89, 1990). Originally, this 1s the kan gene of Tn903 from the
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vector pUC4KISS (Barany, Gene 37, 111 - 123, 1985). In the preferred plasmid the
kan gene and the IL-4 and IL-4 mutein gene have opposite orientations, so there
should not be an increase in kan gene product after induction due to read-through
transcription from the TS promoter. Kanamycin was chosen as selective marker
because it 1s the preferred antibiotic for GMP-purposes. In addition, kan gene based
vectors are more stable than ampicillin resistant (bla) plasmids. Ampicillin selection
tends to be lost in cultures as the drug is degraded by the secreted P-lactamase
enzyme. The mode of bacterial resistance to kanamycin relies upon an aminogly-

coside phosphotransferase that inactivates the antibiotic.

Regulation of expression

Controlled gene expression is absolutely necessary for the set-up of a stable plasmid
system, particularly if the protein of interest is deleterious to the host cell. The
preferred plasmid uses a lac-based inducible system consisting of a lac repressor gene
(lacl) and two synthetic lac operator sequences fused downstream to the E. coli phage
T5 promoter. The lacl® promoter and the lacl structural gene were isolated from the
vector pITcI99A (Amann et al., Gene 69, 301 - 315, 1988). 19 is a promoter mutation
which leads to overproduction of the lacl repressor. The wild-type lac repressor is a
tetrameric molecule comprising four identical subunits of 360 amino acids each. The
lac repressor tetramer is a dimer of two functional dimers. The four subunits are held
together by a four-helix bundle formed from residues 340 - 360. Due to the isolation
of the lacl gene from the vector pTrc99A by a Narl cut the residues beyond amino
acid 331 are deleted and 10 amino acids not normally encoded in the lacl gene are
added. It 1s known that mutations or deletions that occur in the C-terminal part of
lacl, beyond amino acid 329, result in functional dimers that appear phenotypically

similar to the wild-type repressor (Pace et al., TIBS 22, 334 - 339, 1997).

Origin of replication (ori)
The origin of replication (or1) of the preferred plasmid is derived from the vector
pET-9a, the ori of which originates from pBR322. The preferred plasmid therefore

carries the pMB1 (ColEl) replicon. Plasmids with this replicon are multicopy
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plasmids that replicate in a relaxed’ fashion. A minimum of 15 - 20 copies of
plasmid are maintained in each bacterial cell under normal growth conditions. The
actual number for the preferred plasmid is within this range. Replication of the
ColEl-type or1 1s initiated by a 555-nucleotide RNA transcript, RNA II, which forms
a persistent hybrid with its template DNA near the ori. The RNA II-DNA hybrid is
then cleaved by RNase H at the ori to yield a free 3'OH that serves as a primer for
DNA polymerase 1. This priming of DNA synthesis is negatively regulated by RNA
I, a 108-nucleotide RNA molecule complementary to the 5'end of RNA II.
Interaction of the antisense RNA I with RNA II causes a conformational change in
RNA 1I that ihibits binding of RNA II to the template DNA and consequently
prevents the initiation of plasmid DNA synthesis. The binding between RNAs I and
Il 1s enhanced by a small protein of 63 amino acids (the Rop protein, Repressor of
primer), which is encoded by a gene located 400 nucleotides downstream from the
origin of replication (Sambrook et al., Molecular Cloning, Cold Spring Harbor,
1989). Deletion of the rop gene leads to an increase in copy number and due to a
gene dosage effect to enhanced expression levels of the plasmid encoded
heterologous gene. This observation was also made for the IL-4 expression vectors
tested. But 1t turned out that rop-plasmids are instable and lost very rapidly during
fermentation under non-selective conditions. Therefore the replicon of the preferred
plasmid contains the rop gene to ensure high plasmid stability. The preferred plasmid

lacks the mob gene that is required for mobilization and is therefore incapable of

directing its own conjugal transfer from one bacterium to another.

In the preterred plasmid all elements not necessary for plasmid replication, resistance

and regulatable expression were deleted.

To tall within the scope of the present invention, not all of the above features have to
be incorporated in the construction of the preferred expression plasmid. For example,
a natural interleukin-4 or interleukin-4 mutein gene can be used instead of a synthetic
one with optimized E. coli codon usage. The preferred transcription terminator is T9,

but other terminators like rrnB T2 or aspA can also be used. Likewise, it is possible
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to take the elements for the construction of the preferred plasmid from other than the

herein described commercially available vectors.

The methods employed in the course of the establishment of the expression system

are given below.

MATERIALS AND METHODS

Enzymes

Restriction endoculeases, calf intestinal alkaline phosphatase, T4 polynucleotide
kinase and T4 DNA ligase were purchased from Boehringer Mannheim and GIBCO-
BRL and used as recommended by the supplier.

Recombinant DNA methods

Standard cloning procedures have been described in Sambrook et al. (Molecular
Cloning, Cold Spring Harbor, 1989). Transformations were performed according to
M. Scott (Seed and Aruffo, Proc. Natl. Acad. Sci. USA 84, 3365 - 3369, 1987). As
hosts for transformations the E. coli strains DHS5a (GIBCO BRL) and W3110
(ATCC 27325) were primarily used. The genotype of W3110 is K12, F, [N(rrnD-
mnE) A"

Large scale 1solations of plasmid DNA were carried out with Qiagen-tips (Qiagen).
Extraction of DNA fragments from agarose gels was performed using Jetsorb

(Genomed) as recommended by the supplier.

Oligonucleotides for site directed mutagenesis, PCR reactions and sequencing were

obtained from MWG Biotech, Pharmacia Biotech or GIBCO BRL.

The mutagenesis experiments were carried out by the method of Deng and Nickolott

(Deng and Nickoloft, Anal. Biochem. 200, 81 - 88, 1992) using the 'Unique Site
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Elimination Mutagenesis' system from Pharmacia Biotech. The primer used for the

recreation of the T7 g10 rbs has the following sequence:
5TCAATTGTGAGCGGATAACAATTTCACACATCTAGAAATAATTTTGTTT
AACTTTAAGAA3 (Seq.l).

All constructs and DNA sequences were confirmed using Dye Terminator Cycle

Sequencing with AmpliTaqg DNA Polymerase, FS on an ABI 373A sequencer

(Applied Biosystems).

The 1nvention 1s explained in more detail by the following examples, figures and

sequences information:

FIG.1 to FIG. 4:

FIG. 5:

FIG. 6;

Construction of the preferred expression plasmid.
(Abbreviations: 1L-4 TM, IL-4 triple mutein; 1L-4 DM, 1L-4

double mutein).

Plasmid stability of the IL-4 mutein expression vectors
pRO21.1.0 and pRO2.1.0. The vector pRO2.1.0 remains fully
stable over 78 generations without antibiotic selection. In
contrast the expression vector pRO21.1.0, which is based on
the commercially available plasmid pET-30a (Novagen), is lost
very rapidly. Only 16% of the colonies contain the plasmid

after 78 generations without kanamycin selection.

Maintenance of induction and expression capability of the

preferred IL-4 and 1L-4 mutein expression vector.
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EXAMPLES

Example 1

Plasmid stability test

The plasmid stability tests were always started with a culture frozen in liquid
nitrogen. The OD,,, of the thawed culture was determined, the culture diluted up to
10" in PBS buffer and plated on LB agar plates without antibiotic.

1 ml of the thawed culture was inoculated into 100 ml of peptone medium (30 g Soya
peptone, 20 g Yeast extract, 5 g KH,PO,, 20 g Glycerol, 1 g MgSO, x 7H,O per liter,
pH 7,0) and incubated at 37°C with 280 rpm for 24 hours.

The ODy,, of the grown culture was determined, the culture diluted up to 10° in
PBS bufter and plated on LB agar plates without antibiotic to get well separated

colonies.

100 pl from the grown culture were inoculated into 100 ml peptone medium and
incubated at 37°C with 280 rpm for 24 hours. This procedure was repeated eight

times.

100 well separated colonies from the LB plates were gridded onto LB plates with
kanamycin (25 pg/ml) and LB plates without kanamycin and incubated at 37°C

overnight. The percentage of resistant colonies was determined on every day.

The number of generations per day were calculated according to the following

formula: log [ODgoo enp / ODgoo Begl / 10g 2.

For the expression studies 1 ml of a grown culture was diluted 100 fold into LB

medium and handled as described (see Example 2).
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Example 2

Expression

For small scale expression of interleukin-4 and interleukin-4 muteins cells were
grown in LB medium (10 g Bacto tryptone, 5 g Yeast extract, 10 g NaCl per liter, pH
7,5) until OD600 reached 0.8 - 1.0. Expression was induced by addition of IPTG to a
final concentration of 0,5 mM and incubation continued for 5 hours. Cells were

harvested by centrifugation.

For SDS-PAGE analysis cell pellets were resuspended in SDS-PAGE loading buffer
to a concentration of 1 OD600 unit/100 pl.
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SEQUENCE LISTING
(1) GENERAL INFORMATION:
(1) APPLICANT: BAYER AKTIENGESELLSCHAFT
(11) TITLE OF INVENTION: PLASMIDS, THEIR CONSTRUCTION AND THEIR USE IN
THE MANUFACTURE OF INTERLEUKIN-4 AND
INTERLEUKIN-4 MUTEINS
(1ii) NUMBER OF SEQUENCES: 2

(1v) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: FETHERSTONHAUGH & CO.
(B) STREET: P.0O. BOX 2999, STATION D
(C) CITY: OTTAWA
(D) STATE: ONT
(E) COUNTRY: CANADA
(F') ZIP: K1P 5Y6

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS~-DOS
(D) SOFTWARE: ASCII (text)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 2,294,575
(B) FILING DATE: 17-JAN-2000
(C) CLASSIFICATION:

(vili) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(viii) ATTORNEY/AGENT INEFORMATION:

(A) NAME: FETHERSTONHAUGH & CO.

(B) REGISTRATION NUMBER:
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(C) REFERENCE/DOCKET NUMBER: 23189-8499
(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (613)-235-4373

(B) TELEFAX: (613)-232-8440

(2) INFORMATION FOR SEQ ID NO.: 1:
(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 60

(B)
(C)
(D)
(ii)
(V1)
(A)
(1x)

(C)

TYPE: nucleilic acid

STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE: DNA
CRIGINAL SOURCE:
ORGANISM: Unknown
FEATURE

OTHER INFORMATION:

Description of Unknown Organism: primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO.: 1:

TCAATTGTGA GCGGATAACA ATTTCACACA TCTAGAAATA ATTTTGTTTA ACTTTAAGAA 60

(2) INFORMATION FOR SEQ ID NO.: 2:
(1) SEQUENCE CHARACTERISTICS

(A) LENGTH: 4202

(B) TYPE: nucleic acid

(C) STRANDEDNESS:

(D) TOPOLOGY:

(11) MOLECULE TYPE: DNA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Unknown




(ix) FEATURE

(C)
(X1)
TTAGAAAAAC
ACCATATTTT
TAGGATGGCA
TATTAATTTC
TGAATCCGGT
GCCATTACGC
CGCCTGAGCG
ATGCAACCGG
TTCTTCTAAT
ATCAGGAGTA
TAGTCTGACC
CAACTCTGGC
ATTATCGCGA
CCTCGAGCAA
GTAAGCAGAC
GAGCGTCAGA
TAATCTGCTG
AAGAGCTACC
CTGTCCTTCT
CATACCTCGC
TTACCGGGTT
GGGGTTCGTG
AGCGTGAGCT
TAAGCGGCAG
ATCTTTATAG

CGTCAGGGGG

OTHER INFORMATION:

CA

13

SEQUENCE DESCRIPTION: SEQ ID NO.: 2:

TCATCGAGCA TCAAATGAAA CTGCAATTTA

TGAAAAAGCC
AGATCCTGGT
CCCTCGTCAA
GAGAATGGCA
TCGTCATCAA
AGACGAAATA
CGCAGGAACA
ACCTGGAATG
CGGATAAAAT
ATCTCATCTG
GCATCGGGCT
GCCCATTTAT
GACGTTTCCC
AGTTTTATTG
CCCCGTAGAA
CTTGCAAACA
AACTCTTTTT
AGTGTAGCCG
TCTGCTAATC
GGACTCAAGA
CACACAGCCC
ATGAGAAAGC
GGTCGGAACA
TCCTGTCGGG

GCGGAGCCTA

GTTTCTGTAA

ATCGGTCTGC

AAATAAGGTT

AAAGCTTATG

AATCACTCGC

CGCGATCGCT

CTGCCAGCGC

CTGTTTTCCC

GCTTGATGGT

TAACATCATT

TCCCATACAA

ACCCATATAA

GTTGAATATG

TTCATGACCA

AAGATCAAAG

AAAAAACCAC

CCGAAGGTAA

TAGTTAGGCC

CTGTTACCAG

CGATAGTTAC

AGCTTGGAGC

GCCACGCTTC

GGAGAGCGCA

TTTCGCCACC

TGGAAARACG

TGAAGGAGAA

GATTCCGACT

ATCAAGTGAG

CATTTCTTTC

ATCAACCAAA

GTTAAAAGGA

ATCAACAATA

GGGGATCGCA

CGGAAGAGGC

GGCAACGCTA

TCGATAGATT

ATCAGCATCC

GCTCATAACA

AAATCCCTTA

GATCTTCTTG

CGCTACCAGC

CTGGCTTCAG

ACCACTTCAA

TGGCTGCTGC

CGGATAAGGC

GAACGACCTA

CCGAAGGGAG

CGAGGGAGCT

TCTGACTTGA

CCAGCAACGC

02294575 2000-04-20"

TTCATATCAG
AACTCACCGA
CGTCCAACAT
AAATCACCAT
CAGACTTGTT
CCGTTATTCA
CAATTACAARA
TTTTCACCTG
GTGGTGAGTA
ATAAATTCCG
CCTTTGCCAT
GTCGCACCTG
ATGTTGGAAT
CCCCTTGTAT
ACGTGAGTTT
AGATCCTTTT
GGTGGTTTGT
CAGAGCGCAG
GAACTCTGTA
CAGTGGCGAT
GCAGCGGTCG
CACCGAACTG
AAAGQCGGAC
TCCAGGGGGA
GCGTCGATTT

GGCCTTTTTA

Description of Unknown Organism: Human

GATTATCAAT

60

GGCAGTTCCA 120

CAATACAACC
GAGTGACGAC
CAACAGGCCA
TTCGTGATTG
CAGGAATCGA
AATCAGGATA
ACCATGCATC
TCAGCCAGTT
GTTTCAGAAA
ATTGCCCGAC
TTAATCGCGG
TACTGTTTAT
TCGTTCCACT
TTTCTGCGCG
TTGCCGGATC
ATACCAAATA
GCACCGCCTA
AAGTCGTGTC
GGCTGAACGG
AGATACCTAC
AGGTATCCGG
AACGCCTGGT
TTGTGATGCT

CGGTTCCTGG

180

240

300

360

420

480

540

600

660

120

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560




CCTTTTGCTG

ACCGTATTAC

GCGAGTCAGT

TGTGCGGTAT

GTTAAGCCAG

CCGCCAACAC

CAAGCTGTGA

CGCGCGAGGL

GCCTGTTCAT

ATAAAGCGGG

GGGGGATTTC

CGGGTTACTG

GTATGGATGC

CGAAGTGGCG

CACCTGTGGC

TACGTTGACA

GAGAGTCAAT

GCCGGTGTCT

AAAACGCGGEG

GCACAACAAC

CTGCACGCGC

AGCGTGGETGG

AATCTTCTCG

GCCATTGCTG

CAGACACCCA

CATCTGGTCG

TCGGCGCGTC

ATAGCGGAAC

CTGAATGAGG

GCCTTTTGCT

CGCCTTTGAG

GAGCGAGGAA

TTCACACCGC

TATACACTCC

CCGCTGACGC

CCGTCTCCGG

AGCTGCGGTA

CCGCGTCCAG

CCATGTTAAG

TGTTCATGGG

ATGATGAACA

GGCGGGACCA

AGCCCGATCT

GCCGGTGATG

CCATCGAATG

TCAGGGTGGET

CTTATCAGAC

AAAAAGTGGA

TGGCGGGCAA

CGTCGCAAAT

TGTCGATGGT

CGCAACGCGT

TGGAAGCTGC

TCAACAGTAT

CA

CACATGTTCT
TGAGCTGATA
GCGGAAGAGC
AATGGTGCAC
GCTATCGCTA
GéCCTGACGG
GAGCTGCATG
AAGCTCATCA
CTCGTTGAGT
GGCGGTTTTT
GGTAATGATA
TGCCCGGTTA
GAGAAAAATC
TCCCCATCGG
CCGGCCACGA
GTGCAAAACC
GAATGTGAAA
CGTTTCCCGC
AGCGGCGATG
ACAGTCGTTG
TGTCGCGGCG
AGAACGAAGC
CAGTGGGCTG

CTGCACTAAT

TATTTTCTCC

CATTGGGTCA CCAGCAAATC

TGCGTCTGGC

TGGCTGGCAT

GGGAAGGCGA CTGGAGTGCC

GCATCGTTCC

CACTGCGATG

14

TTCCTGCGTT

CCGCTCGCCG

GCCTGATGCG

TCTCAGTACA

CGTGACTGGG

GCTTGTCTGC

TGTCAGAGGT

GCGTGGTCGT

TTCTCCAGAA

TCCTGTTTGG

CCGATGAAAC

CTGGAACGTT

ACTCAGGGTC

TGATGTCGGC

TGCGTCCGGC

TTTCGCGGTA

CCAGTAACGT

GTGGTGAACC

GCGGAGCTGA

CTGATTGGCG

ATTAAATCTC

GGCGTCGAAG

ATCATTAACT

GTTCCGGCGT

CATGAAGACG

GCGCTGTTAG

AAATATCTCA

ATGTCCGGTT

CTGGTTGCCA

02294575 2000-04-20"

ATCCCCTGAT
CAGCCGAACG
GTATTTTCTC
ATCTGCTCTG
TCATGGCTGC
TCCCéGCATC
TTTCACCGTC
GAAGCGATTC
GCGTTAATGT
TCACTGATGC
GAGAGAGGAT
GTGAGGGTAA
AATGCCAGCG
GATATAGGCG
GTAGAGGATC
TGGCATGATA
TATACGATGT
AGGC&AGCCA
ATTACATTCC
TTGCCACCTC
GCGCCGATCA
CCTGTAAAGC
ATCCGCTGGA
TATTTCTTGA
GTACGCGACT
CGGGCCCATT
CTCGCAATCA

TTCAACAAAC

ACGATCAGAT

TCTGTGGATA
ACCGAGCGCA
CTTACGCATC
ATGCCGCATA
GCCCCGACAC
CGCTTACAGA
ATCACCGAAA
ACAGATGTCT
CTGGCTTCTG
CTCCGTGTAA
GCTCACGATA
ACAACTGGCG
CTCATGAGCC
CCAGCAACCG
GAGATCCATT
GCGCCCGGAA
CGCAGAGTAT
CGTTTCTGCG
CAACCGCGTG
CAGTCTGGCC
ACTGGGTGCC
GGCGGTGCAC
TGACCAGGAT
TGTCTCTGAC
GGGCGTGGAG
AAGTTCTGTC
AATTCAGCCG
CATGCAAATG

GGCGCTGGGC

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

27760

2820

2880

2940

3000

3060

3120

3180

3240

3300




GCAATGCGCG
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CCATTACCGA GTCCGGGCTG CGCGTTGGTG CGGATATCTC

CCGAAGACAG

TGGGGCAAAC

ATCAGCTGTT

ARAATTTATT

CAATTTCACA

AAATGCGATA

ACCCTGTGCA

AAAGAARACCT
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Claims
1. An operon for the manufacture of IL-4 and IL-4 muteins in a strain of

Escherichia coli, comprising in 5° to 3" order the following operatively linked
5 elements: a regulatable promoter consisting of the E. coli phage TS promoter
and two lac operator sequences, a ribosome binding site from the E. coli
phage T7 g10, a translational start codon, a structural gene for IL-4 or an IL-4

mutein and downstream of that structural gene one transcription terminator.

10 2. E.coli/pR02.1.0

3. Escherichia coli transformed with one or more of the plasmids of claims 1 or
2.
15 4, Use of the plasmids according to claims 1 or 2 in a method of preparation of

[L-4 and IL-4 muteins.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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