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E . COLIBL21 STRAIN LACKING A FUNCTIONAL GROUP Il CAPSULAR GENE CLUSTER

FIELD OF THE INVENTION
The present invention relates to the manipulation of Escherichia coli (E. coli) ge-
nome, to an improved non-pathogenic E. coli B strain, and its use thereof for the production

of peptides and proteins.

BACKGROUND OF THE INVENTION

Bacteria have been used to produce a wide range of commercial products. The use
of genetically engineered bacteria like E. coli as host cells for the production of biological re-
agents such as peptides and nucleic acids in the laboratory and industry, is well-known in the
art. Bacteria in their natural environment are exposed to many conditions that are not nor-
mally experienced in standard industrial or laboratory growth, and thus their genomes carry a
large number of condition-dependent, stress-induced genes or otherwise non-essential
genes which may not be needed in industrial or laboratory use of the organisms, or may
even be unwanted.

Bacterial pathogens contain virulence factors such as capsular polysaccharides at
the cell surface, which mediate the interactions between the bacterium and its immediate en-
vironment and have a number of functions directly related to their pathogenicity. More than
80 serologically and chemically distinct types of polysaccharide capsules have been de-
scribed in E. coli and termed K antigens. The polysaccharide capsules have been classified
into 4 groups, of which the group Il capsular polysaccharides are similar to those of Haemo-
philus influenzae and Neisseria meningitides. The group Il capsular gene clusters contain
most of the capsular types associated with invasive disease and have a conserved genetic
organisation consisting of three functional regions. Regions 1 and 3 are conserved among
group Il gene clusters and encode peptides necessary for the transport of the polysaccharide
from its site of synthesis to the cell surface, while region 2 is serotype specific and encodes
the enzymes responsible for biosynthesis and polymerization of the individual monosaccha-
rides that comprise the particular polysaccharide. Region 1 comprises 6 genes kpsFEDUCS,
organised in a single transcriptional unit. Region 2 is serotype specific and differs among
group 2 antigens. Region 3 contains 2 genes kpsM and kpsT organised in a single transcrip-
tional unit [Andreishcheva et al. Gene (2006) 384: 113-119].

The E. coli strains K-12 and B are not encapsulated and are commonly used strains
for the production of peptides. The E. coli K-12 genome has been fully sequenced and does

not contain any capsular genes. It has been found that E. coli B BL21(DE3), which is a pre-
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ferred strain for high-yield expression of recombinant peptides, contains a cluster of genes
coding for group Il capsular polysaccharides and it is thought that an ancestor of E. coli B
must have acquired these capsular genes by horizontal transfer. The K antigens located in
the capsule of E. coli are often associated with a pathogenic phenotype in strains harbouring
the functional form of the genes. It has been shown that in E. coli B BL21, the region 2 of
group Il capsular gene cluster has become inactive by an insertion element (1S1), preventing
the production of the antigen, while region 1 and 3 supporting export and presentation of
wildtype capsular antigen, are still intact [Andreishcheva et al. Gene (2006) 384: 113-119].
However, there is a theoretical possibility of re-establishing a functional group |l capsular
gene cluster, e.g. if the IS1 in region 2 is lost and thereby the group Il cluster may be re-
established. Alternatively, if the IS1 mutated region is exchanged by an exogenous wildtype
region 2, the group Il cluster may also be re-established.

The present invention provides an E. coli B BL21 (DE3) strain with permanent knock
out (KO) of the group Il capsular gene cluster, bringing this strain into the same safety class

as other commercially important strains such as E. coli K-12.

SUMMARY OF THE INVENTION

The present invention relates to an E. coli B BL21 strain having an irreversibility in-
activated group Il capsular gene cluster.

In one embodiment E. coli B BL21 strain is characterised by having a total or partial
deletion of the group Il capsular gene cluster.

In one embodiment E. coli B BL21 strain is characterised by having total deletion of
the group Il capsular gene cluster.

In one embodiment E. coli B BL21 strain is characterised by having a partial deletion
of the group Il capsular gene cluster.

In a further embodiment, the E. coli B BL21 strain is characterised by having one or
more point mutations in the group Il capsular gene cluster.

In another embodiment, the E. coli strain is characterised by having at least 5% of
group Il capsular gene cluster permanently inactivated by deletion.

In another embodiment, the E. coli strain is characterised by having at least 25% of
group Il capsular gene cluster permanently inactivated by deletion.

In another embodiment, the E. coli strain is characterised by having at least 40% of
group Il capsular gene cluster permanently inactivated by deletion.

In another embodiment, the E. coli strain is characterised by having at least 55% of

group Il capsular gene cluster permanently inactivated by deletion.
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In another embodiment, the E. coli strain is characterised by having from 75% to
100% of the group Il capsular gene cluster permanently inactivated by deletion.

In another embodiment, the E. coli strain is characterised by having at least 85% of
group |l capsular gene cluster permanently inactivated by deletion.

In another embodiment, the E. coli strain is characterised by having at least 95% of
group |l capsular gene cluster permanently inactivated by deletion.

In one embodiment, 30% of the group Il capsular gene cluster is deleted.

In another embodiment, 50% of the group Il capsular gene cluster is deleted.

In another embodiment, 70% of the group Il capsular gene cluster is deleted.

In another embodiment, 80% of the group Il capsular gene cluster is deleted.

In another embodiment, 90% of the group Il capsular gene cluster is deleted.

In one embodiment, the E. coli strain is E. coli B BL21(DE3) and in a further em-
bodiment the E. coli strain is E. coli B BL21(DE3)AdadX Aalr.

The present invention also contemplates a method for producing an E. coli B strain
wherein the group Il capsular gene cluster is deleted by a method comprising the steps of:

a. replacing of group Il capsular gene cluster by a selection marker,
b. eliminating the selection marker and
c. confirming the deletion by PCR analysis.

In one embodiment, the selection marker is an antibiotic resistance gene.

In another embodiment, the antibiotic resistance gene is selected from the group
consisting of chloramphenicol, tetracyclin, ampicillin, kanamycin, vancomycin and erythromy-
cin.

In yet another embodiment, the antibiotic resistance gene is chloramphenicol.

The invention is also related to a method for producing a peptide by introducing an
expression vector comprising a DNA sequence encoding a peptide in the E. coli strain of the
present invention.

In one embodiment the present invention also contemplates a method for the pro-
duction of a peptide comprising culturing an E. coli B strain according to the present inven-
tion, in a suitable culture medium under condition for the expression of DNA encoding the
said peptide. The peptide to be expressed by the expression vector may be any peptide
which can be expressed in E. coli. Representative examples of such peptides are hGH, glu-
cagon-like peptides, interleukins, insulin analogues, wildtype adiponectin, FGF-21, trypsin,
aprotinin, amylin and leptin and analogs thereof, as well as enzymes such as sialidase,
transglutaminase (tGase), HRV (Human Rhino Virus) 3C protease, Tobacco Etch Virus

(TEV) protease and variants thereof.
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In one embodiment, the E. coli strain of the present invention comprises an expres-
sion vector comprising a DNA sequence encoding a peptide.

In one embodiment, the peptide to be produced is hGH.

In another embodiment, the peptide to be produced is FGF-21.

In another embodiment, the peptide to be produced is amylin.

In another embodiment, the peptide to be produced is leptin.

In another embodiment, the peptide to be produced is sialidase.

DESCRIPTION OF THE DRAWINGS

Fig.1. shows the genetic organisation of the E. coli B BL21(DES3) capsular gene
cluster with non-coding flanking regions. Open reading frames (ORFs) of the B BL21(DE3)
capsular gene cluster (large arrows); direction of transcription (arrowheads): region 1 genes
(grey arrows); region 2 ORFs (black arrows); region 3 genes (white arrows); IS1 element
(white box). [Andreishcheva et al. Gene (2006) 384: 113-119]. Small arrows indicate the po-
sition of the non-coding left arm (LA) and the right arm (RA).

Fig.2. is a schematic representation of the workflow of the group Il capsular gene
cluster knock out method: a) replacement of group Il capsular gene cluster by an antibiotic
resistance gene and b) elimination of the antibiotic resistance gene.

Fig.3. shows PCR screening of knock out candidates. The right size of 1686bp
(LA+part of cat, A1-A3 in upper panel, B1-B3 in lower panel) and 1578bp (RA+part of cat,
A1-A3 in upper panel, B1-B3 in lower panel) amplified from knockout candidates (but not its
parental strain) (BL or D) indicate a successful knock out of group Il gene cluster. For the
negative control, only the parental strain has a band with size around 3kb but not group Il
knock out strain. BL standard for BL21(DE3), D standard for BL21(DE3)AdadXAalr strain.
A1-A3 are different colony numbers of BL21(DE3) knock out candidates and B1-B3 are
knock out candidates of BL21(DE3)AdadXAalr strain.

Fig.4. is a comparison of the growth of host E. coli B strains in shake flask. The
symbols used refer to the following strains: e, BL21(DE3); o, BL21(DE3)A(kpsSM-kpSF);, ==,
BL21(DE3) AdadX Aalr; A, BL21(DE3)AdadX AalrA(kpsM-kpsF).

Fig.5. shows the fermentation growth curve for the different E. coli B strains. The
symbols used refer to the following strains: ¢, BL21(DE3); o, BL21(DE3)A(KpSM-KDSF); mum
BL21(DE3)/pNNC1-g; o, ,BL21(DE3)A(kpsM-kpsF)/[pNNC1-g.

Fig.6. shows a SDS-polyacrylamide gel electrophoresis (PAGE) of hGH expression
at different induction times: a) expression in E. coli B BL21(DE3)/pNNC-1g and b) expression
in E. coli B BL21(DE3)A(kpsM-kpsF)IpNNC1-g. In both a) and b), lanes 1-3 show different
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concentrations of hGH: 5ug, 2.5ug and 1.25ug, respectively. Lane 4 shows expression of
hGH before induction and lanes 5-14 show the expression of hGH at different induction times
from 1-10 hours, every hour. All the samples were normalized to the same loading OD.

Fig.7. shows the growth of the different E. coli B strains before and after induction of
hGH expression. The symbols used refer to the following strains: ¢:
BL21(DE3)AdadXAalrlpNNC1-1h; o: BL21AdadXAalrA(kpsM-kpsF)I[pNNC1-1h; A,
BL21(DE3)AdadX Aalr/oNNC1-1h induced; ==, BL21(DE3)AdadXAalrA(kpsM-kpsF)/ pNNC1-
1h induced.

Fig.8. shows the expression of hGH analyzed by SDS-PAGE at different induction
times: a) E. coli B BL21(DE3)AdadXAalr [pNNC1-1h; b) E. coli B
BL21(DE3)AdadXAalrA(kpsM-kpsF) [IpDNNC1-1h. In both a) and b), lanes 1-3 show expres-
sion of hGH at different concentrations, 5ug, 2.5ug and 1.25g, respectively. Lane 4 shows
expression of hGH before induction and lanes 5-13 show the expression of hGH at induction
times from 1-9 hours, every hour. All samples were normalized to the same loading OD.

Fig.9. shows the growth curve of E. coli B BL21(DE3)AdadXAalrA(kpsM-kpsF)
/PNNC1a.23 in a high cell-density fermentation in FDM1-2 medium. Expression of hGH mu-
tant, MEAE-hGH(L101C), was induced by adding IPTG to a final concentration of 0.2mM
when the cell density reached 70 ODgg and continued to cultivate at 25°C. The final cell
density reached approximately 100 ODgqq after 8 hours’ induction.

Fig.10. shows expression of MEAE-hGH(L101C) during high-cell density fermenta-
tion. Lane 1: marker; lanes 2-4: purified hGH as the standard at concentrations of 5, 2.5,
1.25u9, respectively; lanes 5-13: samples taken at different time intervals after being induced
for 0,1,2,3,4,5,6,7 and 8 hours, respectively. Arrow indicates the target protein, MEAE-
hGH(L101C).

Fig.11. shows SDS-PAGE analysis of fermentation samples from expression of Ar-
throbacter ureafaciens sialidase in E. coli B BL21(DE3)A(kpsM-kpsF). Lane 1: marker; lane
2: pre-induction, homogenate; lane 3: post-induction, homogenate; lane 4: final sample, ho-
mogenate; lane 5: pre-induction, insoluble fraction; lane 6: post-induction, insoluble fraction;
lane 7: final sample, insoluble fraction; lane 8: pre-induction, soluble fraction; lane 9: post-
induction, soluble fraction; lane 10: final sample, soluble fraction; lanes 11-12: sialidase
standard (150 and 300 mg/l). All samples were 10x diluted.

Fig.12. shows expression of FGF21, amylin and leptin all from H.sapiens in E. coli B
BL21 DES3 and in E. coli B BL21 DE3A(kpsM-kpsF). Lane 1: marker; lanes 3-8: expression in
BL21 DES; lanes 9-14: expression in BL21 DE3 A(kpsM-kpsF); lanes 3 and 9: uninduced;

Lanes 4 and 10: induced FGF21; lanes 5 and 11: uninduced; lanes 6 and 12: induced
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amylin; lanes 7 and 13: uninduced; lanes 8 and 14: induced leptin.

DESCRIPTION OF THE INVENTION

The present invention relates to an E. coli B BL21 strain with an irreversibly inacti-
vated group Il cluster providing a permanently safe strain for the production of peptides.

The impairment or inactivation of the group Il capsular gene cluster of the wildtype
or any other strain of E. coli B BL21(DE3) may be accomplished by any suitable technique
including deletion of the whole cluster or a part thereof or by one or more point mutations in
the gene cluster.

The E. coli strain of the present invention has the advantage of providing a more ro-
bust and high yielding process for production of peptides, compared to commonly industrially
used strains, such as E. coli K-12.

The E. coli B BL21(DE3) used in the present invention may be a double knockout
(2xKO) as described in WO2008/025744. This E. coli B BL21(DE3) strain has a deletion of 2
genes alr and dadX which both code for D,L-alanine racemase. This double knock out strain
cannot grow without either the addition to the growth medium of D-alanine or without the
presence of one of the racemase genes on a plasmid, which can supply the necessary D-
alanine. This 2xKO D-alanine auxotrophic E. coli strain, referred to herein as E. coli B
BL21(DE3)AalrAdadX, enables a non-antibiotic selection procedure for maintenance of
plasmids in the cells.

In one embodiment of the present invention, one or more genes within the group Il
capsular gene cluster of the wildtype E. coli B BL21(DE3) or E. coli B BL21(DE3)AalrAdadX
strain are deleted. The E. coli strain B BL21 (DE3) is described by Studier and Moffat,
[J.Mol.Biol. (1986) 189:113-130] and Studier et al. [Methods in Enzymology (1990) 185:60-
89] and is available from Stratagene and Novagen.

In one embodiment of the present invention, one or more genes within the group |l
capsular gene cluster of the wildtype E. coli B BL21(DE3) are deleted. In another embodi-
ment of the present invention, one or more genes within the group Il capsular gene cluster of
E. coli B BL21(DE3)AalrAdadX are deleted.

In another embodiment, the gene or genes of choice for deletion within the group I
capsular gene cluster are those responsible for potential pathogenecity. Deletion of the entire
16kb group Il capsular gene cluster provides the prevention of the potential re-establishment
of the pathogenic capsular phenotype. Figure 1 shows the genes involved in group Il capsu-

lar gene cluster of capsular strains including region 1 genes kpsFEDUCS, region 2 ORF1-4
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and region 3 kpsM and kpsT. Any one of these genes or combinations thereof may be de-
leted.

The total deletion of the group Il capsular gene cluster, means deletion of the 3 re-
gions, ie., A(kpsM-kpsF). The E. coli B strains obtained are E. coli B BL21(DE3) A(kpsM-
kpsF) and E. coli B BL21(DE3)AalrAdadX A(kpsM-kpsF).

In one embodiment, the present invention contemplates any modification sufficient
to inactivate the group Il gene cluster, apart from the insertion element (1S1).

Bacteria are haploid organisms, i.e. they have only one chromosome, so recombina-
tion usually occurs only when new DNA is picked up from the environment, for example,
through transformation. Furthermore, bacteria are not readily transformable with linear DNA,
e.g., because of intracellular exonucleases that degrade linear DNA. However, recombina-
tion-proficient mutants lacking exonucleases of the recombination complex, are transform-
able with linear DNA. Recombinases are enzymes that catalyze natural recombination
reactions and it has been shown that the A Red shows an enhanced recombination rate
when compared with other recombination systems. The method for deletion of the group Il
capsular gene cluster of the strain of the present invention may be based on the Red-
mediated recombination technology developed by Datsenko and Wanner [(2000) PNAS
97(12). 6640-6645] or other conventional methodologies.

Figure 2 shows a schematic view of how to delete the 16kb group Il capsular gene
cluster of a strain of the present invention. In one embodiment, the first step in the method is
the replacement of the 16 kb group Il capsular gene cluster with a selection marker that is
generated by PCR by using primers with nucleotide homology extensions or regions, RA and
LA (see Fig. 1). This is accomplished by Red-mediated recombination in these flanking ho-
mology extensions. After selection, the second step in this method is the elimination of the
selection marker by using a helper plasmid expressing the FLP recombinase, which acts on
the directly repeated FRT (FLP recognition target) sites flanking the selection marker. The
Red and FLP helper plasmids are cured by growth at 37°C, since they are temperature sen-
sitive replicons. The third step includes the confirmation of the deletion by PCR analysis.

Bacterial transformation may be referred to as a stable genetic change brought
about by taking up DNA and competence refers to the state of being able to take up
exogenous DNA. Some bacteria are naturally capable of taking up DNA under laboratory
conditions and such species carry sets of genes specifying machinery for bringing DNA
across the cell's membrane or membranes, while others have to be induced by laboratory
procedures in which cells are passively made permeable to DNA, using conditions that do

not normally occur in nature. Chilling cells in the presence of divalent cations such as Ca**
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(in CaCl,) prepares the cell walls to become permeable to plasmid DNA. Cells are incubated
on ice with the DNA and then briefly heat shocked (e.g. 42 °C for 30—120 seconds), which
causes the DNA to enter the cell and is a well-known method in the art [Sambrook et al., A
Laboratory Manual (1989) CSH]. Electroporation is another way to make holes in bacterial
(and other) cells, by briefly shocking them with an electric field in the kV range. Plasmid DNA
can enter the cell through these holes. This method is amenable to use with large plasmid
DNA. Natural membrane-repair mechanisms will rapidly close these holes after the shock. In
order to persist and be stably maintained in the cell, a plasmid DNA molecule must contain
an origin of replication, which allows it to be replicated in the cell independently of the
chromosome.

When employing any of the gene inactivation methodologies described herein, any
targeted inactivation of part or the whole group Il gene cluster is detected by a selection
marker so that the modified E. coli B BL21 strain clone can be identified and isolated.

The selection marker may be any suitable marker gene such as an antibiotic resis-
tance gene or an auxotrophic marker.

Suitable antibiotic resistance genes are chloramphenicol, tetracyclin, ampicillin,
kanamycin, vancomycin and erythromycin or any other representatives of the B-lactams, the
aminoglycosides, the glycopeptides or the macrolide antibiotics.

The term “cloning” as used herein entails making multiple identical copies of a
sequence of DNA. The target DNA sequence is then inserted into a cloning vector. Because
this vector originates from a self-replicating virus, plasmid, or higher organism cell when the
appropriate size DNA is inserted the “target and vector DNA fragments are then ligated” and
create a recombinant DNA molecule. The recombinant DNA molecules are then put into a
bacteria strain (usually E. coliy which produces several identical copies after transformation.
Transformation is the DNA uptake mechanism possessed by bacteria. However, only one
recombinant DNA molecule with a given replication origin can be established within a single
bacteria cell, so each clone harbors just one DNA insert.

The terms "genome" or "genetic composition" as used herein refer to the entire ge-
netic matter, both structural and functional, which is inheritable and/or otherwise transferable,
and is contained within an identified cell or microorganism. The genome (genetic composi-
tion) of a microorganism is thus understood to include both chromosomal DNA and ex-
trachromosomal DNA (e.g. plasmids, R factors and the like).

The term “about” as used herein means in reasonable vicinity of the stated

numerical value, such as plus or minus 10%.
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The term “*knockout” as used herein, means a genetically engineered bacteria strain
in which one or more genes have been deleted or inactivated (have been “knocked out" of
the organism). Knockout organisms are normally used as models for studying the role of
genes which have been sequenced but have unknown functions. Knockout techniques may

be used to remove undesired and/or potentially pathogenic genes from organisms of interest.

The term “gene cluster” as used herein means a set of two or more genes which are
genetically and functionally coupled. Because populations from a common ancestor tend to
possess varieties of the same gene clusters, they are useful for tracing back recent evolu-

tionary history.

The term “parental strain” may be any bacterial strain from which the reduced ge-
nome strain is derived. Representative examples of parent strains according to the present
invention include, but are not limited to, E. coli strains such as B or C, or a strain with a ge-
nome sequence substantially identical thereto.

The terms "level" or "amount" of peptide produced in a given bacterial host cell, as
used herein may refer to a quantitative measure of peptide present or detectable, in accor-
dance with the method of production selected, in the cell culture. For example, if the method
of peptide production chosen results in an accumulation of peptide within the cell itself, then
the level or amount of peptide produced will be that quantitative measure of peptide present
with the cells themselves. If the method of peptide production involves secretion of the pep-
tide, then the level of peptide production will be that quantitative measure of peptide present
in the growth medium.

The term "yield" of peptide, as used herein refers to a quantitative amount of an es-
sentially pure peptide, which peptide is retrieved and/or purified essentially free from pep-
tides naturally associated with the host strain. In ascertaining a quantitative "yield" or
"amount" of peptide produced by a bacterial host cell, such as E. coli B BL21 strains, conven-
tional peptide-specific methods such as immunoassay, high performance liquid chromatog-
raphy (HPLC), enzymatic activity, spectrophotometric techniques, SDS-PAGE and the like
can be employed.

The term “expression control sequence" used herein means a promoter or array of
transcription factor binding sites that direct transcription of a nucleic acid operatively linked
thereto.

The term "free end" used in reference to a double-stranded nucleic acid may mean

a linear nucleic acid with blunt free ends or sticky free ends, or a combination thereof.
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The term "gene" used herein refers to a nucleic acid (e.g., DNA or RNA) that com-
prises a nucleic acid sequence encoding a polypeptide or precursor thereto. The polypeptide
can be encoded by a full length coding sequence or by any portion of the coding sequence
so long as the desired activity or functional properties (e.g., enzymatic activity, ligand bind-
ing, signal transduction, antigenicity etc.) of the full-length or fragment are retained. The term
also encompasses the sequences located adjacent to the coding region on both the 5' and 3'
ends that contribute to the gene being transcribed into a full-length mRNA. The term "gene"
encompasses both cDNA and genomic forms of a gene. A genomic form or clone of a gene
may contain the coding region interrupted with non-coding sequences termed (e.g., introns).

The terms "introduce" or "introduced", when used in reference to adding a nucleic
acid to a strain, means that the nucleic acid may be integrated into the chromosome of the
strain or contained on a vector, such as a plasmid, in the strain.

The terms “open reading frame” or “ORF” as used herein refers to a genetic se-
guence that does not contain stop codons.

The terms "peptide", “polypeptide” or “protein” are used interchangeably herein and
mean a peptide, polypeptide and protein, whether native or recombinant, as well as frag-
ments, derivatives, homologues, variants and fusions thereof.

The growth of group Il knock out strains was evaluated in shake flasks and in high
density fermentors and compared with their parental strains. The experiments showed that
group |l knock out does not affect the growth of the cells in either strain background. Expres-
sion vector harbouring several peptides were transformed into group Il deleted strains for ex-
pression tests in a high density fermentor.

In one embodiment, the peptides for production in the E. coli B strains of the present
invention may be selected from the group consisting of, but not limited to hGH, glucagon-like
peptides, interleukins, insulin analogs, wildtype adiponectin, FGF-21, trypsin, aprotinin,
amylin and leptin and analogs thereof. Enzymes such as sialidase, transglutaminase
(tGase), HRV (Human Rhino Virus) 3C protease, Tobacco Etch Virus (TEV) protease and
variants thereof, and any other peptide or peptide for which an expression system is oper-
able in E. coli.

The present invention also relates to a method of preparing human peptides as
mentioned above. In general, a cloned wildtype peptide nucleic acid sequence is modified to
encode the desired protein. This modified sequence is then inserted into an expression vec-
tor, which is in turn transformed or transfected into host cells. Operable expression systems

typically include the conventional gene expression components set forth by Studier and Mof-
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fat [J.Mol.Biol. (1986) 189:113-130] and Studier et al. [Methods in Enzymology (1990)
185:60-89].

The peptides to be produced in the host cells can be synthesized as fusion peptides,
secreted into the media or into the periplasmic space, produced in free form in the cyto-
plasm, or accumulated in intracellular bodies such as in inclusion bodies. Purification of the
peptides similarly involves the use of aforementioned conventional, publicly available meth-
odologies which are adapted, again by conventional techniques, to the peptide of interest.

The present invention is suitable for the production of any type of peptide.

In one embodiment, the peptide selected for production in the group Il knock out E.
coli B BL21 host cells is human growth hormone (hGH) and in one embodiment the human
growth hormone (hGH) is produced from a precursor peptide as described in EP217814,
which describes how to make hGH from an hGH precursor.

In a further embodiment the growth hormone is MEAE(SEQ ID 16)-hGH(L101C),
which is a precursor of an hGH analogue, wherein the leucine at position 101 in the hGH
molecule is substituted by cysteine.

In another embodiment the glucagon-like peptide is GLP-1, GLP-1 and/or deriva-
tives thereof.

The term "glucagon-like peptide" as used herein means the glucagon family of
peptides, exendins and analogues thereof. The glucagon family of peptides are encoded by
the preproglucagon gene and encompasses three small peptides with a high degree of
homology, i.e. glucagon (1-29), GLP-1 (1-37) and GLP-2 (1-33). Exendins are peptides
expressed in lizards and like GLP-1, are insulinotropic. Examples of exendins are exendin-3
and exendin-4.

The term "glucagon-like peptide analogue" as used herein refers to a modified glu-
cagon-like peptide wherein one or more amino acid residues of the glucagon-like peptide
have been substituted by other amino acid residues and/or wherein one or more amino acid
residues have been deleted from the glucagon-like peptide and/or wherein one or more
amino acid residues have been added to the glucagon-like peptide. Such addition or deletion

of amino acid residues can take place at any position of the peptide.

EXPERIMENTAL PART

For the preparation of glycerol stocks of the strains, a single colony was transferred
into a 12ml test tube containing 2ml of LB medium with the appropriate antibiotics and grown
at 37°C, with shaking at 220rpm for 2 hours.

For the preparation of fermentation inoculae, the cells from a glycerol stock were
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streaked on LB plates with and without addition of ampicilin. The overnight cells were
washed with LB medium and inoculated into 500ml shake flasks containing 100ml each of
fermentation complex medium with appropriate antibiotic concentration and grown at 37°C
with shaking at 220rpm for 3-4 hours. The cells were then inoculated into the reactor to a
concentration of approximately 0.5 ODgg.

Fermentations were conducted under aerobic conditions in a 5l bioreactor with an
initial volume of fermentation complex medium of 2.5l, with appropriate antibiotics. At time

zero, the reactor was inoculated to an ODgy, of approximately 0.5. The pH was maintained at
7.0 with 5N NH3; g3nd H2SO4 and a constant air flow rate of 6ml/min. was sparged through the

culture during the fermentation period. The temperature was maintained at 37°C. The agita-
tion was cascade-controlled by maintaining dissolved oxygen level up to 20% of saturated
O..

A fed-batch experiment was performed to compare the growth and peptide expres-
sion of group Il deleted strain with its parental strain in a high density fermentor. The fermen-
tor was charged with complex medium supplemented with 279/l of glycerol. At time zero, the
fermentor was inoculated to an ODgg of 0.5. Glycerol and yeast extract were added continu-
ously in increasing steps as basic glycerol was consumed, which was indicated by an in-
crease in dissolved oxygen. The samples for determination of ODggy and protein expression
were collected from the fermentor and analyzed by spectrophotometer and by SDS-PAGE.

Induction of protein expression in bacteria is well known in the art. In the present in-
vention the induction of protein expression is made by addition of isopropyl--D-
thiogalactopyranoside (IPTG).

Plasmids and strains used in certain embodiments of the invention are listed in Ta-
bles 1 and 2, respectively. The construction of plasmids was performed using standard mo-
lecular biology techniques as described in Sambrook et al. [A Laboratory Manual (1989)
CSH].
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Table 1. Plasmids used in the examples

Plasmid Genotype Origin

pKD46 Amp" E coli Genetic
Stock Center

pCP20 Amp" Cm" E. coli Genetic
Stock Center

pEZ-T Cloning vector Amp" GenStar

pGEM-T Cloning vector Amp" Promega

PNNC1-g (PET11d-MEAE-hGH)

Expression vector Amp"
expressing MEAE-hGH

Based on pET 11d

from Novagen

pNNC1-1h (pET11d-MEAE-hGH, alr (alr promoter Expression vector alr

and coding sequence)

Expressing MEAE-hGH and D,L-

alanine racemase

Based on pET 11d

from Novagen

Table 2. Strains used in the examples

Strain Genotype Reference
BL21(DE3) F-ompT hsdSg(rB-mB-)gal dcm (DE3) Novagen
BL21(DE3)AalrAdadx F-ompT hsdSg(rB-mB-)gal dcm (DE3)AalrAdadx WQ02008/025744

BL21(DE3)A(kpsM-kpsF)::cat

F-ompThsdSg(rB-mB-)galdcm(DE3)A(kpsM-kpsF)::cat

Present invention

BL21(DE3)AdadXAalrAkpsM-
kpsF)::cat

F-ompThsdSg(rB-mB-galdcm(DE3)AalrAdadxA(kpsM-
kpsF)::cat

Present invention

BL21(DE3)A(kpsM-kpsF)

F- ompT hsdSg(rB-mB-)galdecm(DE3)A(kpsM-kpsF)

Present invention

BL21(DE3) AdadXAalr A(kpsM-
kpsF)

F-ompThsdSg(rB-mB-)galdcm(DE3)AalrAdadx
A(kpsM-kpsF)

Present invention
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Table 3. List of primers used to carry out the invention

PRIMER NAME | CONCENSUS 5 TO 3 (DNA DOUBLE STRANDED)
[ABLGILF Sacll+LA

TCCTTACCGCGGGTCAAACCCGCTTACCGGGC (SEQ ID 1)
[A_BL GI_R EcoRI+LA down

CTACCGGAATTCTTGATGATGTGATCCTAATCTC (SEQ ID 2)
RAT_BL_GIL_F BamHI+RAT

TTCGGATCCATCAGCTCCTTTGCACGGAA (SEQ ID 3)
RAT_BL_GI_R Sacl+RA1 down

GAACGAGCTCACACTCCCGAATCATCAATA (SEQ ID 4)
RA_SEQ_R1 GCACCACTAATTCTTAAGAACCCGCCCACAAG (SEQ ID 5)
[A_SEQ_F1 ACTGGAATTTGGACGGGGGTAGGTATTGCC (SEQ ID 6)
[A_SEQ_F2 TTGATGTCAGTGCTGCTGAGAAGCCTGGGATG (SEQ ID 7)
Cat_SEQ_F CGACGATTTCCGGCAGTTTCTAC (SEQ ID 8)
CAT_ID_R GCCAGGTTTTCACCGTAACACGCC (SEQID9)
RA6_BL_GI_F BamHI+RAG

CCTGTGGATCCAGAACGTTGTTG (SEQ ID 10)
RA6_BL_GI_R Sacl+RAG down

GAACGAGCTCATGTTGATAAAAGTGAAGTC (SEQ ID 11)
EXAMPLES

Example 1: Construction of replacement cassette

The E. coli B BL21(DE3) strain was used as a source of DNA for PCR amplification.
Oligonucleotide primers (LA_BL_GII_F/LA_BL_GII_R) (Table 3) were synthesized, targeting
a 1001bp region upstream of the 5' end of KpsM containing Sacll/EcoRI cloning site. This
region was amplified from genomic DNA as left arm (LA). For the right arm (RA), oligonucleo-
tide primers (RA1_BL_GII_F/RA1_BL_GII_R) (Table 3) were synthesized, targeting a
1108bp region upstream of the 5' end of KpsF containing BamHI/Sacl cloning site. PCR
products of the left arm and the right arm were generated. The DNA amplification reaction
was performed in a thermal cycler, using a program that included the following parameters:
denaturation at 94°C for 50s, annealing at 57°C for 60s and primer extension at 72°C for 60s,
for a total of 30 cycles. The PCR amplification product with correct band size was observed
by gel electrophoresis on a 1% agarose gel, from which 50pl of the amplified product were
extracted from the gel and used to construct a replacement fragment. A list of oligonucleotide
sequences is shown in Table 3.

The amplified left arm was gel-purified and ligated into plasmid pEZ-T, resulting in
plasmid pEZ-T-LA. The restriction enzymes EcoRI/BamHI digested the FRT-cat-FRT frag-
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ment which was ligated into EcoRI/BamHI site of pEZ-T-LA, resulting plasmid pEZ-T-LA-
FRT-cat-FRT. The amplified right arm was ligated into plasmid pGEM-T and was digested
with BamHI/Sacl. The BamHI/Sacl-digested DNA fragment, which carries an ampicillin resis-
tance gene was ligated into plasmid pEZ-T-LA-FRT-cat-FRT. The chloramphenicol resis-
tance gene provides a selectable marker for identifying the replacement fragment. The re-
sulting plasmid pEZ-T-LA-FRT-cat-FRT-RA, was used to produce a knockout BL21(DES3)

strain.

Example 2: Production of a knock out BL21(DE3) strain

E. coli BL21(DES3) was grown in LB medium overnight at 37°C and the heat shock
competent cells of BL21(DE3) were prepared by standard methods. The plasmid pKD46 was
transformed into BL21(DE3) competent cells and the transformed cells were grown to 0.4
ODgggnm in LB broth supplemented with 100ug/ml ampicillin at 30°C. The expression of Red

recombinase was induced by L -arabinose (final concentration 1mmol/l) for one hour.

For group Il gene cluster knock out, 500ng of replacement fragment amplified from
pEZ-T-LA-FRT-cat-FRT-RA were transferred into BL21(DE3) competent cells by electropora-
tion. The electrotraporation competent cells were prepared by standard methods. Recovery
of the cells was carried out at 30°C for 1.5 hours. The cells were plated on LB agar supple-
mented with 8ug/ml chloramphenicol. Chloramphenicol-resistant colonies of
BL21(DE3)AkpsM-kpsF)..cat were formed after overnight incubation at 30°C.

To ensure complete knock out of the group Il gene cluster at the right position of the
chromosome, oligonucleotide primers were designed with homology to the outside of the left
and the right arms of the group |l gene cluster. Lacking the flanking sequences of E.coli B
BL21(DE3) outside the 18kb, the published sequence of E.coli 536 (Accession no. CP
000247 .1) was used for design of the PCR screening primers, assuming a similar location of
group Il cluster in the 2 genomes, based on high homology in the near flanking regions.
Three chloramphenicol-resistant colonies were tested for gene replacement.

Phenotype test of chloramphenicol-resistant colonies was performed by growth in
LB+Cm (25ug/ml) for at least two generations. All of the chloramphenicol-resistant colonies
could grow very well in LB+Cm (25ug/ml) medium. Chloramphenicol-resistant D-alanine
auxotrophic strains have also been tested in the same process with supplementation of D-
alanine.

A successful replacement was confirmed by bands of 1686bp and 1578bp.



10

15

20

25

30

35

WO 2010/052335 PCT/EP2009/064903
16

Oligonucleotide primers (LA_SEQ_F1/Cat_ID_R) were used to amplify a band
containing left arm and part of caf gene (size 1686bp), and oligonucleotide primers
(RA_SEQ_R1/Cat_SEQ_F) were used to amplify a band containing right arm and part of the
cat gene (size 1578bp). For three chloramphenicol-resistant colonies right size of the bands
indicated that the 16kb group Il gene cluster had been replaced by the cat gene (Fig.3). A
negative control of 3000 bp band which contained the right arm including kpsF and part of
kpsE, was created and should appear only in the control strain (before replacement) but not
in the chloramphenicol-resistant strain. Oligonucleotide primers
(RAG6_BL_GII_F/RA6_BL_GII_R) (Table 3) were used to amplify kpsF and kpskE. The PCR
results showed that only the control strain had this band, not the chloramphenicol-resistant
strain.

The same elimination process was applied to the D-alanine auxotrophic strain
BL21(DE3)AdadxAalr, which needs a supplement of D-alanine during growth in LB medium.

The chloramphenicol-resistant strains E. coli B BL21(DE3)A(kpsM-kpsF)..cat and
BL21(DE3)AdadXAalrA(kpsM-kpsF)..cat were confirmed by their phenotype and PCR
screening, confirming that the group Il capsular gene cluster had been replaced by the cat

gene.

Example 3: Elimination of drug-resistant marker and characterization of group Il
knock out strain

E.coli BL21(DE3)A(kpsM-kpsF)..cat and BL21(DE3)AdadXAalr(kpsM-kpsF):.cat
cells from frozen stock were grown in LB medium overnight at 37°C with 25ug/ml chloram-
phenicol or 25ug/ml chloramphenicol, plus 100mM D-alanine for the second strain. The elec-
troporation competent cells of the two knock out strains were prepared by standard methods.
The plasmid pCP20 (Cm®, Amp®) was transformed into the two knock out competent strains.
The elimination of the drug-resistant marker was carried out by growing the transformed cells
in SOC broth at 30°C for 1 hour with gentle shaking. The single colonies of ampicillin resis-
tant candidate clones on the plate were selected after overnight culture at 30°C. The candi-
date clones were grown in LB medium only or LB medium supplemented with D-alanine at
37°C for three hours, to eliminate the plasmid pCP20. Five single colonies, which appeared
on LB medium only or LB medium supplemented with D-alanine, were further characterized
by PCR screening.

Phenotype testing of cat elimination strains was performed by growing the single
colonies in LB, LB+Cm (8ug/ml) and LB+Amp. All the cat elimination colonies could grow

only on LB medium. For cat eliminated D-alanine auxotrophic strains, all five colonies could
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grow only in LB medium with supplementary D-alanine. Thus, the cat gene had been elimi-
nated.

A successful elimination of the cat gene should be confirmed by a 2381bp band.
Oligonucleotide primers (LA_SEQ_F2/RA_SEQ_R1) were used to amplify a band containing
left arm and right arm. For all the single colonies, the appearance of a 2381bp band indicated
that the cat gene had been eliminated.

The knock out strains E. coli B BL21(DE3)A(kpsM-kpsF) and B
BL21(DE3)AdadXAalrA(kpsM-kpsF) were confirmed by their phenotype and PCR screening.

Glycerol stocks of both strains were prepared for storage.

Example 4: Growth of the knock out host strains in shake flask

E. coli B BL21(DE3) and B BL21(DE3)A(kpsM-kpsF) cells from frozen stocks were
grown on LB plate overnight at 37°C. Appropriate amounts of cells washed out from over-
night plates were inoculated into 250ml baffled shake flasks containing 25ml LB medium to a
concentration of approximately 0.05 ODgq,. The cells were grown at 37°C with shaking at
220rpm for 8 hours. A sample of each strain was taken every %2 hour to compare the growth
of the cells at ODgqp.

The same working flow was applied to E. coli B BL21(DE3)AdadXAalr and B
BL21(DE3)AdadXAalrA(kpsM-kpsF) supplemented with D-alanine for comparison of growth
in shake flask.

The results in Fig.4 show that growth of BL21A(kpsM-kpsF) over time was identical
to its parental strain BL21(DE3) in shake flask using LB medium. The same conclusion could
be drawn when comparing BL21(DE3) AdadX Aalr A(kpsM-kpsF) with BL21(DE3) AdadX
Aalr.

Example 5: Comparison of growth and MEAE-hGH expression between host strain
BL21(DE3) and BL21(DE3) AkpsM-kpsF) in high density fermentation

E. coli B BL21(DE3)A(kpsM-kpsF) cells from frozen stock were grown on LB plates.
Heat shock competent cells of the knock out strain were prepared by standard methods. The
plasmid pNNC1-g (pET11d-MEAE-hGH(Amp®)) containing an expression cassette of hGH
was transformed into B BL21(DE3)A(kpsM-kpsF) competent cells, from which a glycerol
stock of transformed cells was prepared.

High density fermentations were conducted under aerobic conditions as described
above.

Figure 5 shows that the growth of BL21A(kpsM-kpsF) over time was identical to its



10

15

20

25

30

35

WO 2010/052335 PCT/EP2009/064903
18

parental strain BL21(DE3) in high density fermentor in complex medium. The same conclu-
sion could be drawn when comparing BL21(DE3)A(kpsM-kpsF)/pNNC1-g with
BL21(DE3)/pNNC1-g. The cell density reached approximately 140 ODgy, in the uninduced
state. Expression of hGH was carried out by adding IPTG to a concentration of 1mM when
the growth of cells reached 80 ODgg,. After 10 hours of IPTG induction at 30°C, the cell den-
sity reached approximately 100 ODggo.

E. coli B BL21(DE3)/pNNC1-g and B BL21(DE3)A(kpsM-kpsF)/oNNC1-g are effi-
cient in the production of hGH as seen on SDS-PAGE. The increase in hGH expression level
follows increasing induction time from 1 to 10 hours shown on the SDS-PAGE gel (Fig.6).
The ability of the two strains to produce hGH was identical, i.e., no significant difference was
observed in the expression of hGH by host strain B BL21(DE3)A(kpsM-kpsF) when com-
pared to B BL21(DE3), harbouring the gene Il cluster.

Example 6: Comparison of growth and MEAE-hGH expression between host strain
BL21(DE3)AalrAdadX and BL21(DE3)AalrAdadXA(kpsM-kpsF) in high density fermenta-
tion

E. coli B BL21(DE3) AdadXAalrA(kpsM-kpsF) cells from frozen stock were grown in
LB medium supplemented with D-alanine. Heat shock competent cells of the knock out strain
were prepared by standard methods. The pNNC1-1h (pET11d-MEAE-hGH and alrP-alrCD
(AmpF)) containing a D-alanine complementary gene was digested using Aatll/Psil, following
by blunt end and self-ligation of the plasmid, resulting in a b/a- plasmid for selection of the alr
gene on the plasmid. The plasmid pNNC1-1h (pET11d-MEAE-hGH, alrP-alrCD, bla-) was
transformed into BL21(DE3)AdadXAalrA(kpsM-kpsF) competent cells. Colonies appearing
overnight on LB plate without supplementary D-alanine were isolated for the preparation of
glycerol stocks.

High density fermentations were conducted as described in Example 5.

Figure 7 shows that the growth of E. coli B BL21(DE3)AdadXAalrA(kpsM-kpsF)
/PNNC1-1h over time was identical to its parental strain BL21(DE3)AdadXAalr [pNNC1-1hin
a high density fermentor in FCM1 medium. The same conclusion could be drawn under in-
duction of hGH when comparing B BL21(DE3)AdadXAalr/lpNNC1-1h with
BL21(DE3)AdadXAalrA(kpsM-kpsF)/pNNC1-1h. The cell density reached approximately 120
ODggg in the uninduced state. Expression of hGH was carried out by adding IPTG to a con-
centration of 1mM when the growth of cells reached 80 ODgq,. After 9 hours of IPTG induc-
tion at 30°C, the cell density reached approximately 100 ODggo.

E.coli B BL21(DE3)AdadXAalr [IpNNC1-1h and B BL21(DE3)AdadXAalrA(kpsM-
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kpsF) IpPNNC1-1h were efficient in production of hGH as can be seen from the results by
SDS-PAGE (Fig.8). Increase in hGH expression level follows increasing induction time. Both

strains had identical ability to produce hGH.

Example 7: Evaluation of cell growth and expression of MEAE-hGH(L101C) using host
strain E. coli B BL21(DE3)AalrAdadXA(kpsM-kpsF) in high-cell density fermentation

E. coli B BL21(DE3) AdadXAalrA(kpsM-kpsF) cells from frozen stock were grown in
LB medium supplemented with D-alanine. Competent cells of this triple knock-out strain for
transformation using heat-shock method were prepared by standard methods.

To delete the B-lactamase gene coding for ampicilin-resistance, the plasmid
pNNC1a.23 (pET11d-MEAE-hGH(L101C) encoding MEAE-hGH(L101C) and containing alrP-
alrCD for complementing the D-alanine-deficiency of the host cell was digested using
Aatll/Psil, followed by end-blunting and self-ligation for removal of the B-lactamase gene. The
resulting plasmid, pNNC1a.23 (pET11d-MEAE-hGH, alr, bla’), was transformed into the host
cell, BL21(DE3)AdadXAalrA(kpsM-kpsF), by heat-shock method. A single colony grown up
from LB plate without supplementation with D-alanine was selected to prepare the glycerol
stocks for storage at -80°C.

Two batches of high-cell density fermentation were conducted as described in Ex-
ample 5. Cell growth was monitored during the process and the results are shown in Fig.9.

Expression of MEAE-hGH(L101C) by strain E.coli B BL21(DE3)AdadXAalrA(kpsM-
kpsF) harbouring plasmid pNNC1a.23 was evaluated in high-cell density fermentation. The
result showed that the cell density at harvest can reach to about 100 measured at ODgggnm,
and the expression level of the target protein, MEAE-hGH(L101C), reached about 79/l after 8

hours’ induction, as shown in Fig.10.

Example 8: Expression of Arthrobacter ureafaciens sialidase in E. coli
BL21(DE3)A(kpsM-kpsF)

Arthrobacter ureafaciens sialidase (AUS, 53.4 kDa theoretical mass) was produced
in Escherichia coli BL21(DE3)A(kpsM-kpsF) with a C-terminal His-tag. The Arthrobacter ure-
afaciens sialidase gene, with a His6-tag in the C-terminus, was cloned in expression vector
pET-24a (Novagen) under control of the T7 promoter. In order to produce the sialidase en-
zyme from Arthrobacter ureafaciens a synthetic codon optimized gene encoding the following
protein sequence was generated (SEQ ID 12):

MAPTPPNSPTLPPGSFSETNLAADRTAANFFYRIPALTYLGNDVVLAAWDGRPGS
AADAPNPNSIVQRRSTDGGKTWGPVQVIAAGHVADASGPRYGYSDPSYIYDAEANKVFAFF
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VYSKDQGFGGSQFGNDDADRNVISSAVIESSDAGVTWSQPRLITSVTKPGTSKTNPAAGDV
RSNFASSGEGIQLKYGPHKGRLIQQYAGDVRQADGSNKIQAYSVYSDDHGVTWHKGANVG
DRMDENKTVELSDGRVLLNSRDNANRGYRKVAVSTDGGATYGPVSQDTELPDPANNGAIA
RMFPNAAQGSADAKKLIFTNANSKTGRENVSARVSCDDGETWPGVRTIRSGFSAYSTVTRL
ADGKFGVLYEGNYTDNMPFATFDDAWLNYVCAPLAVPAVNIAPSATQEVPVTVTNQEATTL
SGATATVYTPSGWSATTVPVPDVAPGASVTVTVALTAPADASGPRSLNAAFTTADGRVSQF
TFTATTPVAPQVGLTITGSALEHHHHHH

The synthetic gene was introduced into the pET-24a expression vector as a Xbal-
Xhol fragment to produce the AUS expression vector pLLC028. The resulting vector was
transformed into competent BL21(DE3)A(kpsM-kpsF) and transformants were preserved in
glycerol at -80°C.

One cryotube of the frozen initial cell clone (ICC) was used to inoculate two yeast
extract media (yeast extract 5 g/l, glucose 10 g/l, agar 20 g/l) agar flask. The agar medium
contained kanamycin for selection. Incubation was at 30°C for 25 hours. After incubation, the
cells were washed from the agar surface using sterile 0.9% NaCl solution. A 10 | fermenta-
tion was inoculated using pre-culture from two agar flasks. The volume of the obtained inocu-
lum was 75 m, and the ODeggonm Was 4.3, resulting in a start ODegoonm in the fermentor of ap-
proximately 0.03. The fermentation was carried out in a 20 | stainless steel vessel with a start
working volume of 10 |. The fermentation starts with a 8 hour long batch phase on a complex
medium containing 40 g/l yeast extract, 15 g/l glycerol (87%), salts and trace metals, fol-
lowed by glycerol feeding at a predetermined profile. During the first 17 hours, fermentation
temperature was 37°C. After that, the temperature was lowered to 30°C. At 18 hours elapsed
fermentation time, the inducer IPTG was added at 0.1 mM in order to induce protein expres-
sion. The duration of induction can be up to 22 hours. The recovery process consists of cen-
trifugation, high pressure homogenisation and crossflow microfiltration using Sartocon Slice
Cassettes with a pore size of 0.2 pym.

The AUS fermentation was analysed using SDS-PAGE and an enzymatic activity
assay. SDS-PAGE analysis revealed that the expressed sialidase appears both in the solu-
ble and pellet fraction after bead-milling. Figure 11 shows a typical fermentation result from a
10L batch run at 30°C induction temperature and 0.1 mM IPTG.

Example 9: Expression of human fibroblast growth factor 21 (FGF21) in BL21 DE3
and BL21 DE3A(kpsM-kpsF)

The DNA and amino acid sequences for human FGF21 are disclosed by e.g., Ni-
shimura et al in Biochim. Biophys. Acta 1492(1):203-206 (2000). The sequences are also
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available from public databases (Accession nos. EMBL:AB021975 and UNIPROT:Q9NSA1,

respectively).

The native polypeptide is synthesised with a signal peptide (in italics below) of 28
amino acids for secretion, while the mature FGF21 polypeptide consists of the remaining 181
amino acids (SEQ ID 13):

MDSDETGFEHSGLWVSVLAGLLLGACQAHPIPDSSPLLQFGGQVRQRYLYTDDA
QQTEAHLEIREDGTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHF
DPEACSFRELLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPPA-
LPEPPGILAPQPPDVGSSDPLSMVGPS QGRSPSYAS

The mature FGF21 polypeptide was cloned and expressed as an intracellular pro-
tein in E. coli, without the signal peptide, but with an added N-terminal methionine. In particu-
lar, a 550 bp coding region including at the 3’-end the ATG codon for Met, as well as Nde1
and BamH1 restriction sites at the 3’- and 5’-ends, respectively, were inserted into the ex-
pression vector pET 11¢ (Novagen) in Nde1-BamH1 under control of the phage T7 promoter,
and transformed into E.coli B BL21(DE3) and into E.coli B BL21 DE3A(kpsM-kpsF). The cells
were grown in LB amp 100 ug/ml to ODys0 0.5, and expression was induced with 0.3 mM
IPTG for 4 hours at 37°C. Crude extracts of cells were made by sonication for analysis of
FGF21 expression.

The Coomassie stained SDS-PAGE gel in Fig. 12 shows equally successful expres-
sion of FGF21 in E.coli B BL21 DE3 and E.coli B BL21 DE3A(kpsM-kpsF). Although the cal-
culated molecular weight (M\W) of the thus expressed FGF21 (Met-FGF21) is 19.5 kD, it mi-
grated on the gel as a 25 kD protein, which is likely due to the high content of prolines, delay-
ing the movement of the protein.

The current example shows that the yield for FGF21 is not affected by the genetic

manipulation of the host strain.

Example 10: Expression of human amylin in BL21 DE3 and BL21 DE3A(kpsM-kpsF)
The sequence of the 37 aminoacid amyloid peptide amylin was published by Cooper
et al. in Proc. Natl. Acad. Sci. (84) : 8628-8632, (1987). The gene was cloned and fused it N-
terminally to a ribosomal protein RL23 from Thermotoga maritima. The 146 amino acids fu-
sion protein has the following sequence (SEQ ID 14):
KQEKLSLHDVLIRPITEKALILREQRKYVFEVNPLANKNLVKEAVEKLFNVKVEKVNI
LNMKPKPKRRGIFEGKTRSWKKAVVTLKEGYTIKELEGEHSSSSDDDDKKCNTAT-
CATQRLA-NFLVHSSNNFGAILSSTNVGSNTY
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The fusion gene was cloned as described in example 9 as a 450 bp Nde1- BamH1
fragment into pET 11¢ under control of the T7 promoter, and the plasmid was transformed
into BL21 DE3 and BL21 DE3A(kpsM-kpsF).

Expression was performed as described in example 9, and the result is shown in
Fig.12, again demonstrating equally high yield expression in the two E. coli B hosts BL21
DE3 and BL21 DE3A(kpsM-kpsF).

Example 11: Expression of human leptin in BL21 DE3 and BL21 DE3A(kpsM-kpsF)

The sequence of the 146 amino acids long human leptin was published by Masuzaki
et al. in Diabetes (44): 855-858 (1995). The protein is secreted in humans with the addition of
a 21 amino acids signal peptide. The mature leptin was expressed intracellularly in E. coli
has the following sequence (SEQ ID 15):

MVPIQKVQDDTKTLIKTIVTRINDISHTQSVSSKQKVTGLDFIPGLHPILTLSKMDQTL
AVYQQILTSMPSRNVIQISNDLENLRDLLHVLAFSKSCHLPWASGLETLDSLGGVLEASGYST
EVVALSRLQGSLQDMLWQLDLSPGC

The leptin gene was cloned as described in example 9 as a 450 bp Nde1-BamH1
fragment into pET11¢ under control of the T7 promoter, and the plasmid was transformed
into BL21 DE3 and BL21 DE3A(kpsM-kpsF).

Expression was performed as described in example 9, and the result is shown in
Fig.12, again illustrating equally high yield expression in the two E. coli hosts BL21 DE3 and
BL21 DE3A(kpsM-kpsF).

It is concluded that the elimination of group Il capsular gene cluster does not affect
the growth of the cells in any growth conditions. It can also be concluded that group Il capsu-
lar gene cluster elimination does not affect protein expression. Therefore, a more safe strain
with complete removal of group Il capsular gene cluster is hereby produced for using E. coli
B BL21(DE3) as commercial host strain for therapeutic protein production. The operation of
deleting group Il capsular genes in E. coli B BL21(DE3) brings it into the same safety cate-
gory as E. coli K12, since the group Il gene cluster is the only significant difference between

the two strains.
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CLAIMS

1.

10.

11.

12

13.

An E. coli B BL21 strain characterised by having an irreversibly inactivated group Il cap-
sular gene cluster.
An E. coli B BL21 strain according to claim 1, characterised by having a total or partial
deletion of group Il capsular gene cluster.
An E. coli B BL21 strain according to claim 1, characterised by having a total deletion of
group |l capsular gene cluster.
An E. coli B BL21 strain according to any of the preceding claims, wherein the E. coli is
E. coli B BL21(DE3).
An E. coli strain according to any of the claims 1-3, wherein the E. coli is E.coli B
BL21(DE3)AdadXAalr.
An E. coli B BL21 strain according to any of the preceding claims, wherein the strain fur-
ther comprises an expression vector with an inserted DNA sequence encoding a peptide.
An E. coli B BL21 strain according to any of the preceding claims, wherein the peptide is
selected from the group consisting of hGH, glucagon-like peptides, interleukins, insulin
analogs, wildtype adiponectin, FGF-21, trypsin, aprotinin, amylin and leptin and analogs
thereof and enzymes such as sialidase, transglutaminase (tGase), HRV (Human Rhino
Virus) 3C protease, Tobacco Etch Virus (TEV) protease and variants thereof.
A method for producing an E. coli B strain according to any of the preceding claims,
wherein the group Il capsular gene cluster is deleted by a method comprising the steps
of:

a. replacing of group Il capsular gene cluster by a selection marker,

b. eliminating the selection marker and

c. confirming the deletion by PCR analysis.
A method for production of an E. coli B strain according to claim 8, where the selection
marker is an antibiotic resistance gene.
A method for production of an E. coli B strain according to claim 9, where the antibiotic
resistance gene is selected from the group consisting of chloramphenicol, tetracyclin,
ampicillin, kanamycin, vancomycin and erythromycin.
A method for production of an E. coli B strain according to claim 9, where the antibiotic is

chloramphenicol.

. A method for the production of a peptide comprising culturing in a suitable culture me-

dium, an E. coli B strain according to any of claims 1-7 followed by isolation and purifica-
tion of the expressed peptide by well-known technique.

A method according to claim 12 wherein the peptide is hGH.
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14. A method according to claim 12 wherein the peptide is FGF-21.

15. A method according to claim 12 wherein the peptide is amylin.
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