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Description

[0001] The present invention concerns a process for expressing recombinant polypeptides.
[0002] The manufacture of polypeptides by recombinant technology has proven to be an effective and versatile method,
especially when the host organism is E. coli. Recombinant polypeptides produced by the host cell can be retained in
the cytoplasm, for example as insoluble inclusion bodies, or can be secreted into the periplasm or into the culture medium
for the cell. Whilst there are certain advantages to the retention of polypeptides in the cytoplasm, such polypeptides are
often expressed in an inactive form. Thus, complex refolding methods must be employed in order to convert the polypep-
tide to an active, correctly-folded form. Proteins secreted into the periplasm or culture medium are often more readily
converted to the correct form and may be obtained more easily in greater yields.
[0003] Methods of achieving increased secretion into the periplasm are well know in the art, and include the use of
so-called secretion leaders, also know as signal peptide sequences. Such secretion leaders include native host cell
systems, such as the spA, phoA, ribose binding protein, pelB, ompA, ompT, dsbA, torA, torT, and tolT leaders in E. coli
and eukaryotic leader sequences, such as those disclosed in WO 2009/147382. US patent 5,639,635 discloses that
DsbA and DsbC proteins can be employed to improve secretion and correct folding of recombinant polypeptides.
WO98/37208 discloses the co-expression of cytosolic thioredoxins. Hatahet et al, Microbial Cell Factories, Vol 9, no. 1,
2010, p67 and WO2010/139858 (published after the earliest priority date of the present application) disclose cytoplasmic
expression of mitochondrial foldases in E. coli. It remains desirable to identify further methods for facilitating the secretion
of recombinant polypeptides.
[0004] According to the present invention, there is provided a process for the production of a target recombinant
polypeptide which comprises expressing, in a prokaryotic host, an expression cassette encoding the target polypeptide
and a secretion leader and co-expressing an expression cassette encoding a member of the Mia 40 family and a secretion
leader, and an expression cassette encoding a member of the erv1 or erv2 families and a secretion leader.
[0005] Mitochondrial foldases are a class of proteins which function in the formation of disulphide bonds and the correct
folding of proteins in the inter-membrane space of mitochondria. Mitochondrial foldases which can be employed in the
process of the present invention are members of the Mia40 family and homologs thereof and members of the Erv family,
especially the Erv1 and Erv2 families and homologs thereof.
[0006] Members of the Mia 40 family which can be employed include the homologs of Mia40 from Danio rerio, Xenopus
laevis, Gallus gallus, Homo sapiens, Mus musculus, Rattus norvegicus, Canis lupus familiaris, Equus cabbalus, Cricetulus
griseus, Strogylocentratus purpuratus, Apis mellifera, Drosophila melanogaster, Culex pipiens, Neurosporasa crassa,
Aspergillus niger, Aspergillus clavatus, Aspergillus furnigatus, Saccharomyces cerevisiae, Candida albicans, Candida
glabrata, Ashbya gossypil, Cryptococcus neoformans, Pichia pastoris, Hansenula polymorpha, Ostreococcus tauri, Pop-
ulus trichocarpa, Arabidopsis thaliana and Dictyostelium discoideum, preferably Homo sapiens and Saccharomyces
cerevisiae. In certain embodiments, homologs of Mia 40 that can be employed have greater than 40%, often greater
than 50%, commonly greater than 60% homology, preferably greater than 80% homology, most preferably greater than
90%, especially greater than 95%, homology with Sequence ID No.1, below. A preferred homolog of Mia40 is Human
Coiled Coil Helix Coiled Coil Helix Domain containing protein-4 (CHCHD-4) having Sequence ID No.1.
[0007] Members of the Erv family which can be employed include the homologs of Erv1 and Erv 2 derived from yeasts,
mammals, insects and plants. Members of the erv family which can be employed include those from Danio rerio, Xenopus
laevis, Gallus gallus, Homo sapiens, Mus musculus, Rattus norvegicus, Canis lupus familiaris, Equus cabbalus, Cricetulus
griseus, Strogylocentratus purpuratus, Apis mellifera, Drosophila melanogaster, Culex pipiens, Neurosporasa crassa,
Aspergillus niger, Aspergillus clavatus, Aspergillus furnigatus, Saccharomyces cerevisiae, Candida albicans, Candida
glabrata, Ashbya gossypil, Cryptococcus neoformans, Pichia pastoris, Hansenula polymorpha, Ostreococcus tauri, Pop-
ulus trichocarpa, Arabidopsis thaliana, Dictyostelium discoideum. Solanum tuberosam, Vitis vinifera, Medicato truncatula,
Glycine max, Hordeum vulgare, Sorghum bicolour and Zea mays, preferably Homo sapiens and Saccharomyces cere-
visiae.
[0008] In certain embodiments, the homologs of Erv, such as Erv1 and Erv2 comprise a sulphydryl oxidase region
comprising the redox centre, a pair of cysteines separated by two amino acids (a -CXXC- motif) and a pair of cysteines
separated by 16 amino acids (a C-16-C motif) and a flavin adenine dinucleotide (FAD) binding site.
[0009] In some preferred embodiments, an Erv1 homolog is employed comprising a sulphydryl oxidase region having
at least 40% homology preferably greater than 80% homology, most preferably greater than 90%, especially greater
than 95% homology with amino acids 74 to 173 of Sequence ID No. 6.
[0010] In some embodiments, homologs of Erv1 that can be employed have greater than 40%, often greater than
50%, commonly greater than 60% homology, preferably greater than 80% homology, most preferably greater than 90%,
especially greater than 95%, homology with Sequence ID No.6, below. A preferred homolog of Erv1 is Human Augmenter
of Liver Regeneration Protein (ALRP) having Sequence ID No.6.
[0011] In certain embodiments, the mitochondrial foldase employed is a functional fragment of erv1 or erv2, especially
plant, yeast or human erv1 or erv2, comprising the redox centre, a pair of cysteines separated by two amino acids (a



EP 2 635 692 B1

4

5

10

15

20

25

30

35

40

45

50

55

-CXXC- motif) and a pair of cysteines separated by 16 amino acids (a C-16-C motif) and an FAD binding site, for example
a fragment comprising from 80 to 120 amino acids, commonly from 90 to 110 amino acids, and especially about 100
amino acids.
[0012] One or more mitochondrial foldases may be co-expressed with the target polypeptide, preferably two or more,
and especially a member of the Mia40 family and a member of the erv1 or erv2 families.
[0013] The mitochondrial foldases are expressed with a secretion leader, preferably attached to the N-terminus of the
foldase. In certain embodiments, the foldase comprises an N-terminal tag, the secretion leader being attached to the
tag, preferably to the N-terminus of the tag. Examples of sequence leaders which can be employed include spA, phoA,
ribose binding protein, pelB, ompA, ompT, dsbA, torA, torT, and tolT leaders in E. coli and eukaryotic leader sequences
SEQ ID Numbers 1, 2, 3, 4 and 5 disclosed in WO 2009/147382. Where two or more foldases are expressed, the
sequence leaders employed may be the same or different. Combinations of sequence leader and foldase are commonly
identified by screening combinations by methods well known to those skilled in the art, and selecting the combination
offering the desired properties. The secretion leaders employed achieve transfer of foldase to the periplasm.
[0014] In certain embodiments, the mitochondrial foldase, especially members of the Mia40 family, is expressed with
a solubility fusion partner to increase solubility of the foldase in the periplasm. Examples of solubility fusion partners are
well know in the art. A preferred solubility fusion partner is thioredoxin, which may be employed in either active or an
inactivated form.
[0015] Expression of the mitochondrial foldases and the target polypeptide is under the control of promoters, which
may be either constitutive or inducible. In certain embodiments, expression of the mitochondrial foldases is under the
control of a constitutive promoter, and expression of the target polypeptide is under the control of an inducible promoter.
In other embodiments, the expression of both the mitochondrial foldases and the target polypeptide is under the control
of inducible promoters. In these embodiments, the inducible promoters may be controlled by the same inducer, or by
different inducers. It will be recognised that the inducible promoters may be the same or different. In some embodiments,
the mitochondrial foldases and the target polypeptide are under the control of a single promoter, preferably an inducible
promoter.
[0016] Where two or more mitochondrial foldases are co-expressed, the same type of promoter or different promoters
may be employed with each foldase. Expression of each foldase may be under the control of a single promoter if desired.
[0017] In many preferred embodiments, the promoter is a prokaryotic promoter. Examples of prokaryotic promoters
that can be employed include:

a) phage RNA polymerase-dependent promoters, particularly T7 RNA polymerase-dependent promoter systems,
preferably single T7 promoters, including those disclosed by Studier and Moffat, J. Mol. Biol. 189:113-130 (1986),
incorporated herein by reference, especially a T7 gene 10 promoter; and
b) host RNA polymerase-based promoter systems, especially E. coli RNA polymerase-based promoter systems.

[0018] When a T7 RNA-polymerase dependent promoter system is employed, it will be recognised that a source of
T7 RNA polymerase is required, which is provided by methods known in the art, and commonly by inserting a λDE3
prophage expressing the required phage polymerase into the host strain to create lysogenic host strains. The T7 RNA
polymerase can also be delivered to the cell by infection with a specialised λ transducing phage that carries the gene
for the T7 RNA polymerase.
[0019] Examples of constitutive promoters which can be employed in aspects of the present invention include T7A1,
T7A2, T7A3, spc ribosomal protein operon promoter, β-lactamase gene promoter, PL promoter of phage A, replication
control promoters PRNAI and PRNAII, P1 and P2 promoter of the rrnB ribosomal RNA operon, Lac repressor protein
promoter pLacl, glyceraldehyde phosphate dehydrogenase (GAPDH) and plasma membrane H(+)-ATPase (PMA1)
promoter, mating factor (MF)-α promoter, KEX2, TEF-1, simian virus 40 (SV40) early promoter, rous sarcoma virus
(RSV) promoter, cytomegalovirus (CMV) promoter, and human β-actin promoter. Further examples of constitutive pro-
moters include inducible promoters which have been modified to remove the control region, for example lac or tac
promoters modified to remove the lac or tac operators.
[0020] Examples of inducible promoters which can be employed include lac, lacUV5, trp, tac, trc, phoA, arabinose
inducible promoters, temperature inducible promoters (both high and low temperature), copper inducible promoters,
uspA, uspB, malK, osmotic pressure-inducible promoters, galactose inducible promoters, pheromone inducible promot-
ers, glucoamylase promoter, tetracycline responsive promoters, human c-fos promoter, ecdysone-inducible promoter,
and glucocorticoid-inducible promoters.
[0021] It will be recognised that promoters are generally selected from promoters known to be effective in the host
cell. For example, E. coli promoters are commonly employed in E. coli host cells.
[0022] Examples of preferred promoters, either employed in constitutive or inducible forms, include T7 gene 10 pro-
moter, T7A1, T7A2, T7A3, λpL, λpR, lac, lacUV5, trp, tac, trc, ara, phoA and rrnB. Most preferred promoters are λpL,
lac and tac.
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[0023] The expression cassettes employed in the process of the present invention are comprised within expression
vectors. Expression vectors may be integrated into the host cell genome, but are preferably comprised within an extra-
chromosomal element such as a plasmid. Alternatively, the expression vector may be incorporated into phage or viral
vectors and these used to deliver the expression system into the host cell system. The expression vectors can be
assembled by methods known in the art.
[0024] The expression vector of the present invention is commonly employed in the form of a plasmid. The plasmids
may be extrachromosomal plasmids or integrative plasmids, preferably extrachromosomal plasmids.
[0025] Expression vectors comprising inducible promoters commonly comprise an operator sequence. Operator se-
quences which may be employed in the process according to the present invention include lac, gal, deo and gin. One
or more perfect palindrome operator sequences may be employed. In some embodiments, two perfect palindrome
operator sequences are employed, most advantageously one operator sequence being located downstream of the
promoter, and one operator sequence being located upstream of the promoter. When two operator systems are employed,
the operator sequences are preferably spaced to maximise control of the promoter. In many embodiments, the spacing
is from 85 to 150 base pairs apart, preferably from 90 to 126 base pairs apart, and most preferably 91 or 92 base pairs
apart. In certain embodiments, an operator sequence overlaps with the transcriptional start point.
[0026] It will be recognised that the operator system is commonly employed with an appropriate repressor sequence.
Repressor sequences produce repressor protein, for example lacl gene sequence when using the lac operators. Other
lac repressor sequences may also be used, for example the laclQ sequence can be used to increase the level of lac
repressor protein. The repressor sequence may also be provided by the host cell genome or by using an additional
compatible plasmid.
[0027] The expression vector, particularly when the vector comprises a plasmid, typically also comprises one or more
of the following: a selectable marker, for example a sequence conferring antibiotic resistance, and a cer stability sequence.
[0028] Host cells which can be employed in the process of the present invention are prokaryotic host cells. Examples
of prokaryotic cells include bacterial cells, for example gram-negative bacterial cells, including E. coli, Salmonella typh-
imurium, Serratia marsescens, Pseudomonas putida and Pseudomonas aeruginosa, and gram-positive bacterial cells
including Bacillus subtilis. Preferred host cells are bacteria, particularly enterobacteriacae, preferably E coli, and espe-
cially B or K12 strains thereof.
[0029] In many particularly preferred embodiments, the target polypeptide is expressed with a secretion leader, es-
pecially a periplasmic secretion leader to achieve secretion into the periplasm, preferably attached to the N-terminus of
the polypeptide. In some embodiments, the target polypeptide comprises an N-terminal tag, the secretion leader being
attached to the tag, preferably to the N-terminus of the tag.
[0030] Examples of sequence leaders which can be employed include spA, phoA, ribose binding protein, pelB, ompA,
ompT, dsbA, torA, torT, and tolT leaders in E. coli and eukaryotic leader sequences SEQ ID Numbers 1, 2, 3, 4 and 5
disclosed in WO 2009/147382. The sequence leader employed may be the same as or different from any sequence
leader employed with the mitochondrial foldase.
[0031] Polypeptides which can be expressed by the process of the present invention include therapeutic proteins and
peptides, including cytokines, growth factors, antibodies, antibody fragments, immunoglobulin like polypeptides, en-
zymes, vaccines, peptide hormones, such as insulins, chemokines, receptors, receptor fragments, kinases, phos-
phatases, isomerases, hydrolyases, transcription factors and fusion polypeptides.
[0032] Antibodies which can be expressed include monoclonal antibodies, polyclonal antibodies and antibody frag-
ments having biological activity, including multivalent and/or multispecific forms of any of the foregoing.
[0033] Naturally occurring antibodies typically comprise four polypeptide chains, two identical heavy (H) chains and
two identical light (L) chains inter-connected by disulfide bonds. Each heavy chain comprises a variable region (VH) and
a constant region (CH), the CH region comprising in its native form three domains, CH1, CH2 and CH3. Each light chain
comprises a variable region (VL) and a constant region comprising one domain, CL.
[0034] The VH and VL regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed framework regions (FR). Each
VH and VL is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the following
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.
[0035] Antibody fragments which can be expressed comprise a portion of an intact antibody, said portion having a
desired biological activity. Antibody fragments generally include at least one antigen binding site. Examples of antibody
fragments include: (i) Fab fragments having VL, CL, VH and CH1 domains; (ii) Fab derivatives, such as a Fab’ fragment
having one or more cysteine residues at the C-terminus of the CH1 domain, that can form bivalent fragments by disulfide
bridging between two Fab derivatives; (iii) Fd fragment having VH and CH1 domains; (iv) Fd derivatives, such as Fd
derivatives having one or more cysteine residues at the C-terminus of the CH1 domain; (v) Fv fragments having the VL
and VH domains of a single arm of an antibody; (vi) single chain antibody molecules such as single chain Fv (scFv)
antibodies in which the VL and VH domains are covalently linked; (vii) VH or VL domain polypeptide without constant
region domains linked to another variable domain (a VH or VL domain polypeptide) that is with or without constant region
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domains, (e.g., VH-VH, VH-VL, or VL-VL) (viii) domain antibody fragments, such as fragments consisting of a VH domain,
or a VL domain, and antigen-binding fragments of either VH or VL domains, such as isolated CDR regions; (ix) so-called
"diabodies" comprising two antigen binding sites, for example a heavy chain variable domain (VH) connected to a light
chain variable domain (VL), in the same polypeptide chain; and (x) so-called linear antibodies comprising a pair of tandem
Fd segments which, together with complementary light chain polypeptides, form a pair of antigen binding regions.
[0036] Preferred antibody fragments that can be prepared are mammalian single variable domain antibodies, being
an antibody fragment comprising a folded polypeptide domain which comprises sequences characteristic of immunoglob-
ulin variable domains and which specifically binds an antigen (i.e., dissociation constant of 500 nM or less, such as 400
nM or less, preferably 250 nM or less, and most preferably 100 nM or less), and which binds antigen as a single variable
domain; that is, without any complementary variable domain. Single variable domain antibodies include complete antibody
variable domains as well as modified variable domains, for example in which one or more loops have been replaced by
sequences which are not characteristic of antibody variable domains or antibody variable domains which have been
truncated or comprise N- or C-terminal extensions, as well as folded fragments of variable domains. Preferred single
variable domains which can be prepared are selected from the group of VH and VL, including Vkappa and Vlambda.
Most preferably the single variable domains are human or camelid domains, including humanised camelid domains.
[0037] Where the target polypeptide comprises two or more chains to be secreted, particularly where the target polypep-
tide is a fragment antibody comprising two or more chains, each of the chains may be attached to a secretion leader
and polynucleotides encoding such polypeptides are designed accordingly. The secretion leaders employed may be the
same or different.
[0038] The expression system is expressed by methods well known in the art for the cells employed. Preferred ex-
pression methods include culturing the host cells in growth medium, especially by fermentation, and then recovering the
expressed polypeptide. The term "growth medium" refers to a nutrient medium used for growing the host cells. In many
embodiments, a nutrient solution is employed. Suitable growth media for given host cells and methods of recovering
polypeptides are well known in the art.
[0039] When an inducible promoter is employed, expression may be induced by the addition of an appropriate inducer
for such promoter, such as isopropyl-β-D-1-thiogalactopyranoside (IPTG), analogues of IPTG such as isobutyl-C-galac-
toside (IBCG), lactose or melibiose. Other inducers may be used and are described more fully elsewhere (e.g. see The
Operon, eds Miller and Renznikoff (1978)). Inducers may be used individually or in combination.
[0040] The polypeptide produced by the process of the present invention may be subjected to further purification steps
if desired, for example one or more of ion exchange chromatography; chromatography based on hydrophobicity, such
as HIC, reverse phase chromatography, hydrophobic charge induction chromatography, or mixed mode chromatography;
or size-based purifications such as gel filtration. The polypeptide produced may also be subjected to one or more refolding
steps.
[0041] Protein expression systems comprising expression cassettes as described above for the co-expression of a
mitochondrial foldase and a target polypeptide form another aspect of the present invention. Host cells transformed with
such a protein expression system form a further aspect of the present invention. Vectors comprising an expression
cassette for a mitochondrial foldase comprise yet a further aspect of the present invention.
[0042] The present invention is illustrated without limitation by the following examples.

Construction of pAVE354

[0043] The starting plasmid for construction of pAVE354 was pACYCDuet (EMD Biosciences catalogue number

Summary of polypeptides, vectors and strains

Polypeptide Plasmid Strain minus Foldase Strain plus Foldase (Plasmid pAVE354)

IGF-1 pAVE314 CLD331 CLD420

D1.3 pAVE046 CLD048 CLD426

A5B7 pAVE157 CLD430 CLD428

hGH pAVE356 CLD429 CLD433

RapLR pAVE364 CLD442 CLD443

Elafin pAVE362 CLD438 CLD439

MIC6 pAVE363 CLD440 CLD441

FGF pAVE366 CLD453 CLD454
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71147-3). The T7 promoters and multiple cloning sites were removed from this vector by digestion with Ncol and Xhol.
They were replaced with the Ncol-Xhol fragment of pAVE029 prepared as described in International patent application
WO 2007/088371. The resultant plasmid was called NBJ0738-7-3 and confirmed by restriction digest and sequencing.
[0044] The protein sequence for the mitochondrial foldase Human Coiled Coil Helix Coiled Coil Helix Domain containing
protein-4 (CHCHD-4) protein (a Mia 40 family polypeptide) was obtained from Genbank, accession number AAH33775.1,
(Sequence ID No. 1: SYARQEGKDRIIFVTKEDHETPSSAELVADDPNDPYEEHGLILPNGNINWNCPCLG
GMASGPCGEQFKSAFSCFHYSTEEIKGSDCVDQFRAMQECMQKYPDLYPQEDEDEEE EREKKPAEQAEETA-
PIEATATKEEEGSS). A Fusion protein was designed with a secretion leader (Sequence ID No.2: MKVSTAFLCLLL-
TVSAFSAQVLA). This was attached via a tag (DYKDEDK - Sequence ID No. 16) at the N-terminal of Escherichia coli
Thioredoxin A (TrxA: Genbank accession number AAA67582.1 (Sequence ID No.3
IIHLTDDSFDTDVLKADGAILVDFWAEWSGPSKMIAPILDEIADEYQGKLTVAKLNIDQNPG TAPKYGIRGIPTLLLFKN-
GEVAATKVGALSKGQLKEFLDANLA). The Thioredoxin active site 51CGPC54 was changed to 51SGPS54. The thiore-
doxin C terminal was fused to the N terminal of CHCHD-4, which was also mutated to remove the non catalytic Cysteine
reside at position 3 and replace it with a serine residue. The protein sequence of this fusion protein, including the leader
is shown in Sequence ID No.4.

Sequence ID No.4

[0045] A gene coding for this protein, of Sequence ID No. 5, was cloned into the NdeI/XhoI sites of NBJ0738-7-3 to
make NBJ0829-18-3 and confirmed by restriction digest and sequencing.

Sequence ID No.5

[0046] The protein sequence for the mitochondrial foldase Human Augmenter of Liver Regeneration Protein (ALRP,
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an Erv 1 family polypeptide) was obtained from Genbank accession number EAW85580.1 (Sequence ID No.6: AAPGER-
GRFHGGNLFFLPGG ARSEMMDDLATDARGRGAGRRDAAASASTPAQAPTSDSPVAEDASRRRPCRACVDFK
TWMRTQQKRDTKFREDCPPDREELGRHSWAVLHTLAAYYPDLPTPEQQQDMAQFIHLF
SKFYPCEECAEDLRKRLCRNHPDTRTRACFTQWLCHLHNEVNRKLGKPDFDCSKVDER WRDGWKDGSCD. This
was attached via a FLAG tag (DYKDDDDK - Sequence ID No. 17) at its N-terminal to a secretion leader of Sequence
ID No.2. The protein sequence of this fusion protein, including the leader is shown in Sequence ID No.7.

Sequence ID No.7

[0047] A gene encoding Sequence ID No.7 was synthesised with the sequence Sequence ID No.8, consisting of
Escherichia coli Lac promoter without an operator sequence, and an ALRP gene codon optimised for expression in
Escherichia coli. This was cloned as an EcoRV Fragment into the Hpal site of NBJ078-18-3 to make pAVE0354 and
confirmed by restriction digest and sequencing.

Sequence ID No.8

Construction of CLD331 & CLD420

[0048] The starting vector for the generation of pAVE314 was pAVE029, prepared as described in WO2007/088371.
The gene for IGF-1 with an LamB leader was synthesised as an Ndel/Xhol fragment, see Sequence ID No.9 below. This
was cloned into pAVE029 NdeI/XhoI sites. Initial screening was by restriction digest of plasmid DNA. The sequence
was then confirmed by sequencing. The resultant plasmid was named pAVE314.
[0049] Expression plasmid pAVE314 was transformed into E coil strain W3110 to make CLD331. Expression plasmid
pAVE354 was then transformed into CLD331 make CLD420. The resultant recombinant strains were purified and main-
tained in glycerol stocks at -80°C.

Sequence ID No.9
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Construction of CLD429 & CLD433

[0050] The starting vector for the generation of pAVE356 was pAVE029. The gene for human Growth Hormone (hGH)
with an OmpA leader was synthesised as an NdeI/XhoI fragment, see Sequence ID No.10 below. This was cloned into
pAVE029 Ndel/Xhol sites. Initial screening was by restriction digest of plasmid DNA. The sequence was then confirmed
by sequencing. The resultant plasmid was named pAVE356.

Sequence ID No.10

[0051] Expression plasmid pAVE356 was transformed into W3110 to make CLD429. Expression plasmid pAVE354
was then transformed into CLD429 to make CLD433. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

Construction of CLD048 & CLD426

[0052] Strain CLD048 was prepared as described in WO 2007/088371.
[0053] Expression plasmid pAVE354 was then transformed into CLD048 to make CLD426. The resultant recombinant
strains were purified and maintained in glycerol stocks at -80°C.

Construction of CLD430 & CLD428

[0054] The starting vector for the generation of pAVE157 is pAVE029. The gene for A5B7 Fab was synthesised as a
NdeI/XhoI fragment, see Sequence ID No.11 below. This was cloned into pAVE029 NdeI/XhoI sites. Initial screening
was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing. The resultant plasmid was
named pAVE157.

Sequence ID No.11
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[0055] Expression plasmid pAVE157 was transformed into W3110 to make CLD430. Expression plasmid pAVE354
was then transformed into CLD430 to make CLD428. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

Construction of CLD453 & CLD454

[0056] The starting vector for the generation of pAVE366 was pAVE029. The gene for FGF21 with an OmpA leader
was synthesised as an NdeI/XhoI fragment, see Sequence ID No.12 below. This was cloned into pAVE029 NdeI/XhoI
sites. Initial screening was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing. The
resultant plasmid was named pAVE366.

Sequence ID No.12
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[0057] Expression plasmid pAVE366 was transformed into W3110 to make CLD453. Expression plasmid pAVE354
was then transformed into CLD453 to make CLD454. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

Construction of CLD442 & CLD443

[0058] The starting vector for the generation of pAVE364 was pAVE029. The gene for RapLR with an OmpA leader
was synthesised as an Ndel/Xhol fragment. This was cloned into pAVE029 Ndel/Xhol sites. Initial screening was by
restriction digest of plasmid DNA. The sequence was then confirmed by sequencing. The resultant plasmid was named
pAVE364.
[0059] Expression plasmid pAVE364 was transformed into W3110 to make CLD442. Expression plasmid pAVE354
was then transformed into CLD442 to make CLD443. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

RapLR Sequence (Sequence ID No. 13)

[0060]

Construction of CLD438 & CLD439

[0061] The starting vector for the generation of pAVE362 was pAVE029. The gene for Elafin with an OmpA leader
was synthesised as an NdeI/XhoI fragment, see Sequence ID No.14 below. This was cloned into pAVE029 NdeI/XhoI
sites. Initial screening was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing. The
resultant plasmid was named pAVE362.

Sequence ID No.14
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[0062] Expression plasmid pAVE362 was transformed into W3110 to make CLD438. Expression plasmid pAVE354
was then transformed into CLD438 to make CLD439. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

Construction of CLD440 & CLD441

[0063] The starting vector for the generation of pAVE363 was pAVE029. The gene for MIC6 with an OmpA leader
was synthesised as an Ndel/Xhol fragment, see Sequence ID No.15 below. This was cloned into pAVE029 Ndel/Xhol
sites. Initial screening was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing. The
resultant plasmid was named pAVE363.

Sequence ID No.15

[0064] Expression plasmid pAVE363 was transformed into W3110 to make CLD440. Expression plasmid pAVE354
was then transformed into CLD440 to make CLD441. The resultant recombinant strains were purified and maintained
in glycerol stocks at -80°C.

Shake-flask evaluation

[0065] 10ml of the thawed glycerol stock was inoculated into 5ml Luria Broth (LB, 5g/L yeast extract, 10g/L tryptone,
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and 5g/L sodium chloride) supplemented with tetracycline (10mg/ml). This was incubated at 37°C in an orbital shaker
for 16h. 500ml of this culture was then used to inoculate 250ml Erlenmeyer flasks containing 50ml of Luria Broth (com-
position as described above). The flasks were incubated at 37°C, at 200rpm in an orbital shaker. Growth was monitored
until OD600=0.5+/-0.1. At this point flasks were induced with an appropriate concentration of IPTG (isopropyl-.β.-D-1-
thiogalactopyranoside) and the incubation continued, under the conditions described above for 22 hours, during which
samples were taken for measurement of growth, and accumulation of product.

Fermentation Evaluation

[0066] Fermentation inocula for the strains as noted in Results below were raised by adding 450 ml of glycerol stock
to a 2.0 L baffled shake flask containing 450 mL of Luria Broth (LB) containing 5 g/L yeast extract, 10g/L peptone, 10
g/L sodium chloride, 10g/L glucose and 15 mg/L tetracycline. Chloramphenicol was not added when cultivating strains
without foldases but included at a concentration of 34 mg/L when cultivating strains with foldases. Inocula were grown
for 10 h at 37°C in a shaker-incubator with an agitation of 200 rpm. 20 ml of shake flask inoculum was used to inoculate
a 5 L working volume fermenter containing 4 L of minimal glycerol batch growth medium supplemented with yeast extract
and tetracycline when cultivating strains without foldases or yeast extract, tetracycline and chloramphenicol when cul-
tivating strains with foldases. The fermentation was carried out under the operating conditions described below. Tem-
perature was controlled either at a constant temperature of 30°C (IGF-1 strains) or at 37°C for the first 7-9 hours then
reduced to 30°C and controlled at 30°C for the remainder of the fermentation (all others). pH was controlled at 7.0 by
automatic addition of 25% (w/v) ammonium hydroxide. The dissolved oxygen tension (dOT) set point was 30% of air
saturation and was controlled by automatic adjustment of the fermenter stirrer speed, from a minimum of 250 rpm up to
a maximum of 1500 rpm, and supplementation of oxygen to the inlet gas stream. Airflow to the fermenter vessel was
0.5 v/v/min throughout.
[0067] Fermentations were performed in batch mode until depletion of the carbon source (i.e. glycerol) which was
characterized by a sharp rise in dOT. Fed-batch fermentation was initiated at the point of carbon source exhaustion by
the addition of a glycerol / ammonium sulphate feed. Induction was carried out by addition of IPTG to a final concentration
of 2 mM (IGF-1) 0.1 mM (h-Gh) or 0.5 mM A5-B7 once the biomass level in the fermentation reached OD600 = 45-55.
The fed-batch phase was continued for 40-48 h post induction (40 h for IGF-1 runs; 48 h the rest). The cells and residual
cell free growth medium were then harvested. The harvested cells were further subjected to osmotic shock cell fraction-
ation to isolate the cellular fraction containing proteins that had partitioned in the soluble E. coli periplasmic fraction.

Analytical methods

[0068] The accumulation levels for Shake Flask and Fermentation evaluations were determined using SimplyBlue
stained SDS-PAGE gels of whole cell lysates of the samples. The harvested cells were further subjected to osmotic
shock cell fractionation to isolate the cellular fraction containing proteins that had partitioned in the soluble E coli peri-
plasmic fraction and the accumulation level in different fractions determined using SimplyBlue stained SDS-PAGE gels.
The OS1 (Osmotic Shock) fraction is the supernatant after washing in sucrose buffer, the OS2 fraction is the supernatant
after washing with a low ionic strength buffer, the ’supernatant/growth’ medium is the cell free residual growth medium
and the ’cell pellet’ is the cell pellet after osmotic shock fractionation.
[0069] The accumulation of biologically active D1.3 Fab in the soluble periplasmic extract and residual growth medium
was estimated by determining the binding of D1.3 Fab to lysoszyme (antigen) in an ELISA assay by reference to a
standard curve prepared with purified active D1.3 Fab.
[0070] The accumulation of biologically active A5B7 Fab in the soluble periplasmic extract and residual growth medium
was estimated by determining the binding of A5B7 Fab to an antibody specific for human IgG Fab domain in an ELISA
assay by reference to a standard curve prepared with purified active D1.3 Fab.

Results

Strains CLD331 and 420

[0071] SDS-PAGE/Western blot showed that in shake-flasks IGF-1 was secreted as a processed product of ∼6 kDa
from both shake-flasks and fermentations indicating successful secretion.

Strains CLD429 and 433

[0072] SDS-PAGE showed that in shake-flasks hGH was secreted as a processed product of -22 kDa indicating
successful secretion.
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Strains CLD048 and 433

[0073] ELISA analysis showed that in shake-flasks D1.3 was secreted at 600 mg/ml with foldases compared with 300
mg/ml without foldases, under equivalent conditions. This indicated that expression of the foldases could lead to an
increase in the yield of active product.

Strains CLD428 and 430

[0074] ELISA analysis showed that in shake-flasks A5B7 was secreted at 54 ng/ml/OD with foldases compared with
18 ng/ml/OD without foldases, under equivalent conditions
[0075] In fermenter A5B7 was secreted at 1335 mg/L with foldases compared with 874 mg/L without foldases.
[0076] These results indicated that expression of the foldases could lead to an increase in the yield of active product.

Strains CLD453 and 454

[0077] SDS-PAGE/Western blot showed that in shake-flasks FGF-21 was secreted as a processed product of ∼ 23
kDa indicating successful secretion.

Strains CLD442 and 443

[0078] SDS-PAGE/Western blot showed that in shake-flasks RapLR1 was secreted as a processed product of ∼ 12
kDa indicating successful secretion.

Strains CLD438 and 439

[0079] SDS-PAGE/Western blot showed that in shake-flasks Elafin was secreted as processed product of ∼ 7 kDa,
in the presence of foldases, but was not detectable in the strain without the foldases. This indicated that the expression
of the foldases could lead to an increase in the secretion of product.

Strains CLD440 and 441

[0080] SDS-PAGE/Western blot showed that in shake-flasks MIC6 was secreted as a product of -39 kDa indicating
successful secretion.

SEQUENCE LISTING

[0081]

<110> FUJIFILM Diosynth Biotechnologies UK Limited

<120> Expression Process

<130> BIL 81015/WO

<160> 17

<170> PatentIn version 3.5

<210> 1
<211> 141
<212> PRT
<213> Homo sapiens

<400> 1
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<210> 2
<211> 23
<212> PRT
<213> Artificial Sequence

<220>
<223> Sequence leader 1

<400> 2

<210> 3
<211> 105
<212> PRT
<213> Escherichia coli

<400> 3
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<210> 4
<211> 276
<212> PRT
<213> Artificial Sequence

<220>
<223> Thioredoxin fusion protein

<400> 4
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<210> 5
<211> 986
<212> DNA
<213> Artificial Sequence

<220>
<223> Thioredoxin fusion protein gene

<400> 5
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<210> 6
<211> 204
<212> PRT
<213> Homo sapiens

<400> 6
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<210> 7
<211> 235
<212> PRT
<213> Artificial Sequence

<220>
<223> ALRP fusion protein

<400> 7
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<210> 8
<211> 861
<212> DNA
<213> Artificial sequence

<220>
<223> ALRP fusion protein gene
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<400> 8

<210> 9
<211> 300
<212> DNA
<213> Artificial sequence

<220>
<223> IGF plus leader gene

<400> 9

<210> 10
<211> 651
<212> DNA
<213> Artificial Sequence

<220>
<223> hGH plus leader gene

<400> 10
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<210> 11
<211> 1551
<212> DNA
<213> Artificial Sequence

<220>
<223> A5B7 Fab gene

<400> 11
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<210> 12
<211> 621
<212> DNA
<213> Artificial sequence

<220>
<223> FGF21 plus leader gene

<400> 12
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<210> 13
<211> 488
<212> DNA
<213> Artificial sequence

<220>
<223> RapLR plus leader gene

<400> 13

<210> 14
<211> 279
<212> DNA
<213> Artificial Sequence

<220>
<223> Elafin plus leader gene

<400> 14
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<210> 15
<211> 1152
<212> DNA
<213> Artificial Sequence

<220>
<223> MIC6 plus leader gene

<400> 15

<210> 16
<211> 7
<212> PRT
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<213> Artificial Sequence

<220>
<223> Tag

<400> 16

<210> 17
<211> 8
<212> PRT
<213> Artificial Sequence

<220>
<223> Tag

<400> 17

Claims

1. A process for the production of a target recombinant polypeptide which comprises expressing, in a prokaryotic host,
an expression cassette encoding the target polypeptide and a secretion leader and co-expressing an expression
cassette encoding a member of the Mia 40 family and a secretion leader, and an expression cassette encoding a
member of the erv1 or erv2 families and a secretion leader.

2. A process according to claim 1, wherein the expression cassette encoding the target polypeptide and the expression
cassettes encoding the member of the Mia 40 family and the member of the erv1 or erv2 families are located on
different vectors.

3. A process according to claim 1, wherein the expression cassette encoding the target polypeptide and the expression
cassette encoding the member of the Mia 40 family and the member of the erv1 or erv2 families are located on the
same vector.

4. A process according to any preceding claim, wherein the member of the Mia 40 family and/or the member of the
erv1 or erv2 families is expressed with a solubility fusion partner, preferably thioredoxin.

5. A process according to claim 4, wherein a member of the Mia 40 is expressed with a thioredoxin solubility fusion
partner.

6. A protein expression system comprising a prokaryotic host cell comprising an expression cassette encoding a target
polypeptide and a secretion leader, an expression cassette encoding a member of the Mia 40 family and a secretion
leader, and an expression cassette encoding a member of the erv1 or erv2 families and a secretion leader.

7. A protein expression system according to claims 6, wherein the member of the Mia 40 family and/or the member of
the erv1 or erv2 families is expressed with a solubility fusion partner, preferably thioredoxin.

8. A vector comprising an expression cassette encoding a member of the Mia 40 family and a secretion leader, or a
member of the erv1 or erv2 families and a secretion leader, under the control of a prokaryotic promoter.

9. A vector according to claims 8, wherein the expression cassette for the member of the Mia 40 family and/or the
member of the erv1 or erv2 families also encodes a solubility fusion partner, preferably thioredoxin.
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10. A vector according to claim 9, wherein a member of the Mia 40 is expressed with a thioredoxin solubility fusion partner.

11. A prokaryotic host cell transformed with a vector according to any one of claims 8 to 10.

12. A host cell according to claim 11, wherein the host is E. coli.

Patentansprüche

1. Verfahren zur Herstellung eines rekombinanten Zielpolypeptids, das Exprimieren einer das Zielpolypeptid und eine
Sekretionsleitsequenz codierenden Expressionskassette und Coexprimieren einer ein Mitglied der Mia40-Familie
und eine Sekretionsleitsequenz codierenden Expressionskassette und einer ein Mitglied der erv1- oder erv2-Familien
und eine Sekretionsleitsequenz codierenden Expressionskassette in einem prokaryontischen Wirt umfasst.

2. Verfahren nach Anspruch 1, wobei die das Zielpolypeptid codierende Expressionskassette und die das Mitglied der
Mia40-Familie bzw. das Mitglied der erv1- oder erv2-Familien codierenden Expressionskassetten auf unterschied-
lichen Vektoren liegen.

3. Verfahren nach Anspruch 1, wobei die das Zielpolypeptid codierende Expressionskassette und die das Mitglied der
Mia40-Familie und das Mitglied der erv1- oder erv2-Familien codierende Expressionskassette auf dem gleichen
Vektor liegen.

4. Verfahren nach einem vorhergehenden Anspruch, wobei das Mitglied der Mia40-Familie und/oder das Mitglied der
erv1- oder erv2-Familien mit einem Löslichkeitsfusionspartner, vorzugsweise Thioredoxin, exprimiert wird.

5. Verfahren nach Anspruch 4, wobei ein Mitglied der Mia40 mit einem Thioredoxin-Löslichkeitsfusionspartner expri-
miert wird.

6. Proteinexpressionssystem, umfassend eine prokaryontische Wirtszelle, die eine ein Zielpolypeptid und eine Sekre-
tionsleitsequenz codierende Expressionskassette, eine ein Mitglied der Mia40-Familie und eine Sekretionsleitse-
quenz codierende Expressionskassette und eine ein Mitglied der erv1- oder erv2-Familien und eine Sekretions-
leitsequenz codierende Expressionskassette umfasst.

7. Proteinexpressionssystem nach Anspruch 6, wobei das Mitglied der Mia40-Familie und/oder das Mitglied der erv1-
oder erv2-Familien mit einem Löslichkeitsfusionspartner, vorzugsweise Thioredoxin, exprimiert wird.

8. Vektor, umfassend eine ein Mitglied der Mia40-Familie und eine Sekretionsleitsequenz oder ein Mitglied der erv1-
oder erv2-Familien und eine Sekretionsleitsequenz codierende Expressionskassette unter der Kontrolle eines pro-
karyontischen Promotors.

9. Vektor nach Anspruch 8, wobei die Expressionskassette für das Mitglied der Mia40-Familie und/oder das Mitglied
der erv1- oder erv2-Familien auch einen Löslichkeitsfusionspartner, vorzugsweise Thioredoxin, codiert.

10. Vektor nach Anspruch 9, wobei ein Mitglied der Mia40 mit einem Thioredoxin-Löslichkeitsfusionspartner exprimiert
wird.

11. Prokaryontische Wirtszelle, transformiert mit einem Vektor nach einem der Ansprüche 8 bis 10.

12. Wirtszelle nach Anspruch 11, wobei es sich bei dem Wirt um E. coli handelt.

Revendications

1. Procédé de production d’un polypeptide recombinant cible qui comprend l’expression, dans un hôte procaryote,
d’une cassette d’expression codant pour le polypeptide cible et une séquence de tête de sécrétion et la co-expression
d’une cassette d’expression codant pour un membre de la famille Mia 40 et une séquence de tête de sécrétion, et
une cassette d’expression codant pour un membre des familles erv1 ou erv2 et une séquence de tête de sécrétion.
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2. Procédé selon la revendication 1, dans lequel la cassette d’expression codant pour le polypeptide cible et les
cassettes d’expression codant pour le membre de la famille Mia 40 et le membre des familles erv1 ou erv2 sont
situées sur des vecteurs différents.

3. Procédé selon la revendication 1, dans lequel la cassette d’expression codant pour le polypeptide cible et la cassette
d’expression codant pour le membre de la famille Mia 40 et le membre des familles erv1 ou erv2 sont situées sur
le même vecteur.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel le membre de la famille Mia 40 et/ou
le membre des familles erv1 ou erv2 est exprimé avec un partenaire de fusion de solubilité, de préférence la
thiorédoxine.

5. Procédé selon la revendication 4, dans lequel un membre de la famille Mia 40 est exprimé avec un partenaire de
fusion de solubilité de thiorédoxine.

6. Système d’expression de protéine comprenant une cellule hôte procaryote comprenant une cassette d’expression
codant pour un polypeptide cible et une séquence de tête de sécrétion, une cassette d’expression codant pour un
membre de la famille Mia 40 et une séquence de tête de sécrétion, et une cassette d’expression codant pour un
membre des familles erv1 ou erv2 et une séquence de tête de sécrétion.

7. Système d’expression de protéine selon la revendication 6, dans lequel le membre de la famille Mia 40 et/ou le
membre des familles erv1 ou erv2 est exprimé avec un partenaire de fusion de solubilité, de préférence la thioré-
doxine.

8. Vecteur comprenant une cassette d’expression codant pour un membre de la famille Mia 40 et une séquence de
tête de sécrétion, ou un membre des familles erv1 ou erv2 et une séquence de tête de sécrétion, sous le contrôle
d’un promoteur procaryote.

9. Vecteur selon la revendication 8, dans lequel la cassette d’expression pour le membre de la famille Mia 40 et/ou le
membre des familles erv1 ou erv2 code en outre pour un partenaire de fusion de solubilité, de préférence la thio-
rédoxine.

10. Vecteur selon la revendication 9, dans lequel un membre de la famille Mia 40 est exprimé avec un partenaire de
fusion de solubilité de thiorédoxine.

11. Cellule hôte procaryote transformée avec un vecteur selon l’une quelconque des revendications 8 à 10.

12. Cellule hôte selon la revendication 11, l’hôte étant E. coli.
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