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Method of producing and purifying an active soluble sialyltransferase

FIELD OF THE INVENTION

The present invention relates to a method for the production and purification of a
sialyltransferase polypeptide, in particular a N-acetylgalactosamine (GalNAc)-alpha-
2,6-sialyltransferase I (ST6GalNAcI) polypeptide. The method comprises the steps
of producing the sialyltransferase polypeptide in Chinese Hamster Ovary (CHO)
cells and purifying the polypeptide with a combination of chromatography steps. The
method results in high yield of sialyltransferase polypeptide which is highly pure and
enzymatically active. The obtained sialyltransferase, especially ST6GalNAcl, may be
employed for the glycosylation of therapeutic proteins such as G-CSF.

BACKGROUND OF THE INVENTION

A great diversity of oligosaccharide structures and many types of glycopeptides are
found in nature, and these are synthesized, in part, by a large number of
glycosyltransferases. Glycosyltransferases catalyze the synthesis of glycolipids,
glycopeptides and polysaccharides by transferring an activated mono- or
oligosaccharide residue from a donor to an existing acceptor molecule to initiate or
elongate a carbohydrate chain. A catalytic reaction is believed to involve the
recognition of both the donor and acceptor by suitable domains of the

glycosyltransferase, as well as the catalytic site of the enzyme.

More than 30% of all therapeutic proteins and many potential peptide therapeutics
are glycosylated peptides. It is well known in the art that the attachment of the

correct glycan structure can play a key role in the folding, biological activity,
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biodistribution and pharmacological efficacy of therapeutic peptides. Furthermore,
glycosylation is a critically important factor influencing the iz vivo half life and
immunogenicity of therapeutic peptides. Indeed, humans will typically tolerate only
those biotherapeutics that have particular types of carbohydrate attachments and will
often reject glycoproteins that include non-mammalian oligosaccharide attachments.
For instance, poorly glycosylated peptides are recognized by the liver as being "old"
and thus, are more quickly eliminated from the body than are properly glycosylated
peptides. In contrast, hyperglycosylated peptides or incorrectly glycosylated peptides

can be immunogenic.

The production of a recombinant glycopeptide, in contrast to a recombinant non-
glycosylated peptide, requires that a recombinantly produced peptide is subjected to
additional processing steps, either in vivo within the cell or in vitro after the peptide
has been produced by the cell. The peptide can be treated enzymatically, using a
glycosyltransferase to introduce one or more glycosyl groups onto the peptide by

covalently attaching the glycosyl group or groups to the peptide.

The production of a glycopeptide by external in vitro-steps of peptide processing can
be time consuming and costly. This is due, in part, to the burden and cost of
producing recombinant glycosyltransferases for the in vifro glycosylation of peptides
and glycopeptides to produce glycopeptide therapeutics. As the demand and usage of
recombinant glycotherapeutics increases, new methods are required in order to

prepare glycopeptides more efficiently.

Moreover, as more and more glycopeptides are discovered to be useful for the
treatment of a variety of diseases, there is a need for methods that lower the cost of
their production. Further, there is also a need in the art to develop methods of more
efficiently producing recombinant glycopeptides for use in developing and

improving glycopeptide therapeutics.
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Glycosyltransferases and their use for the glycosylation of proteins are disclosed in

WO 2003/031464 A2 .

Sialyltransferases constitute a family of glycosyltransferases that catalyze the
posttranslational transfer of sialic acid (NV-acetylneuraminic acid) to acceptor
oligosaccharide substrates at terminal positions on glycoproteins and glycolipids
(Paulson et al., 1989, J. Biol. Chem. 264: 17615-17618). It is estimated that the
human genome encodes more than 20 different sialyltransferases required to
synthesize all known sialo-oligosaccharide structures present in mammalian cells,
but only 16 distinct human sialyltransterase cDNAs have been cloned (Tsuji S et al.,
1996, Glycobiology 6: 5-7; Tsuji S, 1996, .J. Biochem. 120: 1-13; Weinstein J et al |
1982, J. Biol. Chem. 257: 13835-13844). Originally, sialyltransferases were
biochemically purified and their cDNAs were cloned using N-terminal sequences.
Comparison of the obtained cDNA sequences revealed two highly conserved regions,
termed the /.- and S-sialylmotifs, that participate in substrate binding. Subsequently,
several sialyltransferases were cloned by PCR using degenerate primers designed
within the sialylmotifs or by expression cloning (Nara K et al., 1994, Proc. Natl.
Acad. Sci. USA 91: 7952-7956; Nakayama J et al., 1996, J. Biol. Chem. 271: 3684—
3691 ; Nakayama J et al., 1995, Proc. Natl. Acad. Sci. USA 92: 7031-7035). Gene
cloning by differential display adds an entirely different approach to the
identification of novel sialyltransterases with putative functional significance in

disease-related processes.

Sialyltransferases differ in their substrate specificity and tissue distribution, and they
are classified into four families according to the carbohydrate linkages they
synthesize: the ST3Gal-, ST6Gal-, ST6GalNAc-, and ST8Sia-families. The members
of each family exhibit strong activity towards certain acceptor groups, although the
substrate specificities of these enzymes overlap; one linkage can be synthesized by

multiple enzymes.
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One such particular sialyltransferase that has utility in the development and
production of therapeutic glycopeptides is N-acetylgalactosamine-a2,6-
sialyltransferase (ST6GalNAcI) which catalyzes the transfer of sialic acid from a
sialic acid donor to a sialic acid acceptor. Full length chicken ST6GalNAcl enzyme,

for example, is disclosed by Kurosawa et al. (1994, J. Biol. Chem., 269:1402-1409).

In the past, there have been efforts to increase the availability of recombinant

sialyltransferases for the in vitro production of glycopeptides.

EP 0737 745 A1 and US 5,032,519 of the Institute of Physical & Chemical Research
refer to the use of £.coli for producing a secreted version of a protein comprising a
portion, i.e. active domain, that is derived from ST6GaINAcI and is responsible for

its activity.

WO 2007/056524 A2 of Neose Technologies Inc. describes methods of producing a
modified ST6GalNAcI polypeptide, the method comprising growing a recombinant
prokaryotic host cell under conditions suitable for expression of the modified
SToGalNAcI polypeptide in prokaryotic host cells. These modified ST6GalNAcI
polypeptides are chimeric polypeptides comprising a first portion from a Gal-
B1,3GalNAc-a2,3-sialyltransferase (ST3Gall) polypeptide and a second portion from
a GalNAc-a-2,6-sialyltransferase 1 (ST6GalNAcl) polypeptide. Moditied
ST6GalNAcl polypeptides can further be truncated polypeptides lacking all or
portion of the ST6GaINAcI signal domain, all or a portion of the ST6GalNAcI
transmembrane domain, and/or all or a portion of the ST6GaINAcI stem domain in

eukaryotic or prokaryotic host cells.

US 2006/0234345 Al of Neose Technologies Inc. discloses a method of producing a
soluble eukaryotic glycosyltransferase in a prokaryotic microorganism that has an
oxidizing environment, by a) expressing a nucleic acid that encodes the eukaryotic

glycosyltransferase in the prokaryotic microorganism; and then b) growing the
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prokaryotic microorganism under conditions that allow expression of the soluble
active eukaryotic glycosyltransferase within a cellular compartment of the

prokaryotic microorganism.

Skretas et al. (2009, Microbial Cell Factories, 8:50) relate to a method for the
expression of the human sialyltransferase ST6GalNAcI in engineered F. coli strains
which possess certain types of oxidative cytoplasm or which co-express the
molecular chaperones/co-chaperones trigger factor, DnaK/Dnal, GroEL/GroES, and

Skp, and can produce greatly enhanced amounts of soluble ST6GaINAcl.

However, the capacity of £. coli for protein folding and forming disulfide bonds is
not sufficient although there are a number of tools developed to overcome these
limitations. Furthermore, the high expression yield of recombinant proteins in F.coli
expression systems can often lead to the accumulation of aggregated, insoluble
proteins that form inclusion bodies which can be a significant hindrance in obtaining
soluble, active proteins (Brondyk W.H., 2009, Method's in Enzymology, Vol. 463,
Ch.11).

To overcome the problems associated with recombinant sialyltransferase production

in . coli cultures, insect cell culture systems have been developed.

US 2006/0246544 A1 and US 2008/0207487 A1 disclose a method of making a
composition that includes a recombinant polypeptide, e.g sialyltransferases, wherein
the polypeptide is expressed in an insect cell (e.g., using a baculoviral expression
system) and wherein the composition is essentially free of endoglycanase activity.
The method includes subjecting a mixture including the polypeptide to mixed-mode
chromatography including the steps of: (i) contacting the mixture and a mixed-mode
chromatography medium; and (ii) eluting the polypeptide from the mixed-mode
chromatography medium generating a flow-through fraction comprising the

polypeptide.
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However, the complexity of the baculovirus-insect cell expression system, the
limited storage stability of the required viral seed stocks and the requirement of very
high virus titers for an efficient infection can limit its use for large-scale
bioproduction. Furthermore, viral vectors such as baculovirus have been shown to be
able to infect mammalian cells, particularly human cells (Boyce FM and Buchner
NL, 1996, Proc. Natl. Acad. Sci. USA 93:2348-2352; Lundstrom et al., 2001,
Cytotechnology, 35: 213-221). Thus, these vectors pose a threat concerning safety
issues, especially when applied for large-scale recombinant protein production,

where large volumes of infected cells are handled.

An alternative to overcome the described limitations of the use of insect cell culture
systems is the use of mammalian cell systems for the manufacture of recombinant

sialyltransferases.

WO 2005/121332 A2 of Neose Technologies Inc. discloses methods of producing
isolated truncated ST6GaINAcl polypeptide that lacks all or a portion of the
ST6GaINAcI signal domain, all or a portion of the ST6GalNAcI transmembrane
domain, and/or all or a portion of the ST6GaINAcI stem domain in prokaryotic and
insect host cells and generally mentions that the polypeptide may also be produced in

mammalian cells.

US 5,032,519 of the University of California describes methods of transfecting a host
cell, e.g. a CHO cell, with a vector carrying a gene which expresses a glycosyl-
transferase that has the membrane anchor and most of the stem region replaced with
a cleavable secretion signal segment. The resulting soluble glycosyltransferase, when
expressed in the cell, is secreted by the cell. The secreted soluble glycosyltransferase
is then separated from the cell culture media for use in industrial applications or
carbohydrate synthesis research. Further, US 5,032,519 discloses a method of

purifying a soluble glycosyltransferase by using an affinity chromatography.
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However, none of the mentioned documents relating to the production of
recombinant sialyltransferases in mammalian cells discloses a method for providing
a recombinant sialyltransferase which is highly active, purified to a pharmaceutical

grade and amenable to large scale production.

Therefore, a need still exists for efficient methods of production of recombinant
sialyltransferases having activity and purity that are suitable for “pharmaceutical-
scale” processes and reactions, especially for the production of glycopeptide
therapeutics. Thus, the problem underlying the present invention is to provide such

methods for producing recombinant sialyltransferases.

SUMMARY OF THE INVENTION

This problem is solved according to the present invention by providing, in one
aspect, a method of producing a sialyltransferase polypeptide, which comprises the
steps of:

a) expressing a sialyltransferase polypeptide in a CHO cell; collecting the
culture medium containing the expressed sialyltransferase polypeptide;
and

b) purifying the sialyltransferase polypeptide from the culture medium by
subjecting the cell culture medium to (i) at least one affinity
chromatography and/or one mixed-mode chromatography step and (ii) at
least one anion exchange chromatography and/or one cation exchange

chromatography step.

In one embodiment, the sialyltransferase polypeptide is a truncated sialyltransferase
polypeptide lacking all or portion of the sialyltransferase signal domain, all or

portion of the sialyltransferase transmembrane domain, and/or all or portion of the
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sialyltransferase stem domain. Preferably, the sialyltransferase polypeptide only

comprises the sialyltransferase active domain.

In a preferred embodiment, the sialyltransferase is ST6GalNAcl. Typically, the
ST6GalNAcI is selected from the group consisting of: human, chimpanzee,
orangutan, pig, cow, dog, rat, mouse and chicken ST6GalNAcI. In a preferred
embodiment, the ST6GaINAcI is a chicken ST6GalNAcI. Most preferably, the
ST6GalNAcI polypeptide comprises an amino acid sequence according to SEQ ID
NO:4 or SEQ ID NO: 6. According to an embodiment of the present invention, an
expression cassette encoding an EPO signal sequence and a sialyltransferase
polypeptide sequence is used for expressing the sialyltransferase polypeptide in CHO

cells.

Preferably, step a) of the production method is performed by using a serum-free fed-
batch culture and/or by performing an incubation temperature shift from 37°C +/-

1°C to 32°C +/- 1°C after reaching a predefined cell density.

Further, the invention includes methods wherein step ¢) comprises two affinity
chromatography processes or one affinity chromatography process and one mixed-
mode chromatography process, one anion exchange chromatography process and one
cation exchange chromatography process. In a most preferred embodiment, step ¢) is
performed in the following order:
i, an anion exchange chromatography;
ii.  afirst affinity chromatography;
iii.  asecond affinity chromatography or a mixed-mode chromatography;

iv.  acation exchange chromatography.

Typically, the anion exchange chromatography is performed with anion exchange
resins or membranes that contain Diethylaminoethyl-groups (DEAE), quaternary

aminoethyl-groups (QAE), quaternary ammonium-groups (Q), Dimethylaminoethyl-
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groups (DMAE) and/or Trimethylaminoethyl-groups (TMAE) as functional groups.
Preferably it is performed with a commercially available Q-Sepharose Fast Flow
resin, using a NaCl / Tris-HCI buffer as eluent at a pH in the range between 7.0 and
8.0.

Generally, the affinity chromatography is performed with Ni-NTA resins, Talon
resins, dye chromatography resins, antibody-affinity resins, lectin affinity resins
and/or peptide-ligand-affinity resins. In a preferred embodiment, the (first) affinity
chromatography is performed with a commercially available Blue Sepharose FF
resin, preferably using a L-arginine hydrochloride / potassium phosphate butfer at a
pH in the range between 7.0 and 8.0 as eluent and the mixed-mode chromatography
is performed with a commercially available hydroxyapatite resin, preferably using a
NaCl / potassium phosphate buffer at a pH in the range between 7.0 and 8.0 as

eluent.

Typically, the cation exchange chromatography is performed with a resin that
contains sulfopropyl cation exchange material or a resin having similar
characteristics. Preferably it is performed with a commercially available SP-
Sepharose High Performance resin, more preferably using a NaCl / potassium

phosphate buffer at a pH in the range between 6.0 and 7.0 as eluent.

In another aspect, the present invention provides a sialyltransferase polypeptide
produced by any one of the methods according to the invention, wherein the
sialyltransferase polypeptide is at least 98% pure, preferably at least 99% pure, most
preferably more than 99% pure. In a preferred embodiment, the sialyltransferase

polypeptide is ST6GalNACcI.

In a further aspect, the present invention includes the use of the ST6GalNacl
polypeptide produced by any one of the methods according to the invention for the

glycosylation of therapeutic proteins, such as for the glycosylation of human
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cytokines, in particular for the glycosylation of human granulocyte-colony

stimulating factor, G-CSF.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for the production and purification of an
improved sialyltransferase which is highly active and pure. This objective is
achieved by expressing a sialyltransferase polypeptide in a CHO cell, collecting the
cell culture medium containing the expressed sialyltransterase polypeptide, and
purifying the sialyltransferase polypeptide from the culture medium by subjecting the
culture medium to (i) at least one affinity chromatography and/or one mixed-mode
chromatography process and (ii) at least one anion exchange chromatography and/or

one cation exchange chromatography process.

More specifically, the present invention relates to a method where the purification of
the sialyltransferase polypeptide is performed in the following order:
i.  an anion exchange chromatography;
ii.  afirst affinity chromatography;
iii.  asecond affinity chromatography or a mixed-mode chromatography;

iv.  acation exchange chromatography.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present invention,

the preferred methods and materials are described herein.

A. Sialyltransferase polypeptide and expression cassette
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In one embodiment, the sialyltransferase polypeptide is a truncated sialyltransferase
polypeptide lacking all or portion of the sialyltransferase signal domain, all or
portion of the sialyltransferase transmembrane domain, and/or all or portion of the
sialyltransferase stem domain. Preferably, the sialyltransferase polypeptide only
comprises the sialyltransferase active domain. The sialyltransferase polypeptide can

further comprise a signal peptide.

In a preferred embodiment, an expression cassette encoding an EPO signal sequence
and a sialyltransferase polypeptide sequence is used for expressing a sialyltransferase

polypeptide in CHO cells.

"Polypeptide", alternatively referred to as a "protein", refers to a polymer in which
the monomers are amino acids and are joined together through amide bonds.
Additionally, unnatural amino acids, for example, P-alanine, phenylglycine and
homoarginine are also included. Amino acids that are not gene-encoded may also be
used in the present invention. Furthermore, amino acids that have been modified to
include reactive groups, glycosylation sites, polymers, therapeutic moieties,
biomolecules and the like may also be used in the invention. All of the amino acids
used in the present invention may be either the D- or L-isomer. The L-isomer is
generally preferred. In addition, other peptidomimetics are also useful in the present
invention. As used herein, "peptide" refers to both glycosylated and unglycosylated
peptides. Also included are petides that are incompletely glycosylated by a system
that expresses the peptide. For a general review, see Spatola, A. F ., in “Chemistry
and biochemistry of amino acids, peptides and proteins”, B. Weinstein, eds., Marcel
Dekker, New York, p. 267 (1983). The term polypeptide includes molecules that are

commonly referred to as proteins or peptides.

The sialyltransferase polypeptide can be any sialyltransferase polypeptide known to
those of ordinary skill in the art, comprising but not being limited to: a-

(2,3)sialyltransferase (ST3Gal3) (Kitagawa and Paulson, 1994, J. Biol. Chem. 269:
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1394-1401), o-N-acetylgalactosamide a-2,6-sialyltransferase I (ST6GalNAcI)
(Kurosawa et al., 1994, J. Biol. Chem., 269: 1402-1409), and f1,3GalNAc-02,3-
sialyltransferase (ST3Gall) (Gillespie et al., 1992, J. Biol. Chem. 267(29): 21004-
10).

A "truncated sialyltransferase polypeptide" refers to a sialyltransferase that has fewer
amino acid residues than a naturally occurring sialyltransferase, but that retains
enzymatic activity. Any number of amino acid residues can be deleted as long as the
enzyme retains activity. In some embodiments, domains or portions of domains can
be deleted. In a preferred embodiment of the present invention, the sialyltransterase

polypeptide only comprises the sialyltransterase active domain.

An "active domain" or "catalytic domain" refers to a protein domain, or a
subsequence thereof, that catalyzes an enzymatic reaction performed by the enzyme.
For example, a catalytic domain of a sialyltransferase will include a subsequence of
the sialyltransferase sufficient to transfer a sialic acid residue from a donor to an
acceptor saccharide. A catalytic domain can include an entire enzyme, a subsequence
thereof, or can include additional amino acid sequences that are not attached to the
naturally occurring enzyme, or a subsequence thereof. An exemplary catalytic region
is, but is not limited to, the catalytic domain of chicken ST6GalNacl, which
comprises amino acid residues from 232 to 566 of the full-length sequence according
to SEQ ID NO: 2. The catalytic domain of chicken ST6GalNacl is depicted in SEQ
ID No. 4. In a preferred embodiment, the sialyltransferase is ST6GalNAcI.
Typically, the ST6GalNAcI is selected from the group consisting of: human,
chimpanzee, orangutan, pig, cow, dog, rat, mouse and chicken ST6GalNAcI
(Kurosawa et al., 1994, J. Biol. Chem., 269:1402-1409; Skretas et al., 2009,
Microbial cell factories, 8:50; WO 2005/121332). In a most preferred embodiment,
the ST6GalNAcI is a chicken ST6GalNAcI which is encoded by the nucleotide
sequence of SEQ ID NO: 1. Preferably, the ST6GalNAcI polypeptide is encoded by
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the nucleotide sequence according to SEQ ID NO: 3 or SEQ ID NO: 5 and has an
amino acid sequence according to SEQ ID NO: 4 or SEQ ID NO: 6, respectively.

B. Expression system

According to the present invention, the sialyltransferase polypeptide is expressed in a
CHO cell or an equivalent cell line known by one of ordinary skill in the art. The
particular procedure used to introduce the respective genetic material into the host
cell for expression of the soluble sialyltransferase is not particularly critical. As will
be understood by the skilled artisan, the choice of promoter, as well as methods and
strategies for introducing genetic material into the host cell used for expressing a

sialyltransferase polypeptide of the invention are well-known in the art.

These include the use of plasmid vectors, viral vectors and any of the other well
known methods for introducing cloned genomic DNA, cDNA, synthetic DNA or
other foreign genetic material into a host cell. It is only necessary that the particular
genetic engineering procedure utilized be capable of successfully introducing at least
one gene into the host cell which is capable of expressing the full-length or

genetically modified or truncated sialyltransferase.

A "vector" is a composition of matter which comprises an isolated nucleic acid and
which can be used to deliver the isolated nucleic acid to the interior of a cell. Various
kinds of vectors are known in the art including, but not limited to, linear nucleic
acids, nucleic acids associated with ionic or amphiphilic compounds, plasmids, and
viruses. Thus, the term "vector" includes an autonomously replicating plasmid or a
genetically modified virus. The term should also be construed to include non-plasmid
and non-viral compounds which facilitate transfer of nucleic acid into cells, such as,

for example, polylysine compounds, liposomes, and the like.

Suitable vectors include pSV40, pEF-1-a, pSV2, pT-Rex, pSecTag2, pBudCE4.1, or
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pCDNA/His Max vector, along with, for example, a CMV promoter. In a preferred
embodiment of the present invention, the pMOZ-G8 vector which is designed for
high level expression of a heterologous gene is used for the expression of the
sialyltransferase polypeptide. Suitable selection markers are, among others,

neomycin, puromycin, hygromycin and dihydrofolate reductase (DHFR).

C. CHO cell culture

According to an embodiment of the present invention, step a) of the production
method is performed by using a serum-free fed-batch culture and by using an
incubation temperature shift from 37°C +/- 1°C to 32°C +/- 1°C after reaching a
predefined cell density of > 5 x 10° viable cells/mL, preferably > 1,5 x 10° viable
cells/mL. The present inventors have found that this temperature shift increases the
viability of the cells so that they can be kept in culture for a longer period. This in

turn results in a higher product yield.

For example, without temperature shift the cells can only be cultured for five days
and a product yield of about 24 mg/1 is obtained. In contrast, if a temperature shift is
applied, the cells can be cultured for nine days and a product yield of 68 mg/I is

obtained.

The sialyltransferase polypeptide is produced in serum-free fed-batch culture using a

CHO derived cell line engineered to overexpress ST6GalNAc1. The inoculum for the
fermentation process is grown from one vial of the master cell bank (MCB) using T-

flasks or spinner flasks followed by cultivation in a seed bioreactor. The inoculum is

then transferred to the production bioreactor where further cell expansion occurs

until the cell density has reached an appropriate level for production.

A temperature shift is initiated at a defined cell density and the glucose level is

maintained within a defined range by feeding of a glucose solution. At the end of the
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cultivation the culture is harvested. Cells and debris in the culture are removed from
the harvest by depth filtration. The harvest is stored at 2-8 °C until the start of the

protein purification.

Figure 1 illustrates the different cell culture and harvest steps of a preferred

embodiment of the present invention.

D. Purification of sialyltransferase

According to a further aspect of the present invention, the purification of the
sialyltransferase polypeptide from the culture medium is performed by subjecting the
culture medium to at least one affinity chromatography step and/or mixed mode
chromatography step and at least one anion and/or cation exchange chromatography

step.

In a preferred embodiment, the purification is achieved in the following order:

i.  an anion exchange chromatography, which concentrates enzyme
containing solution and provides a first reduction of contaminants
such as DNA, host cell proteins (HCP) and fermentation medium
compounds;

1. afirst affinity chromatography, which is used as intermediate
purification step to enrich the sialyltransferase enzyme and deplete
host cell proteins;

iii.  asecond affinity chromatography or a mixed-mode chromatography,
which is used to effectively reduce host cell protein level; and

iv.  a cation exchange chromatography, which is used to remove any

residual host cell protein and other contaminants.

Figure 2 illustrates the different purification steps of a preferred embodiment of the

present invention.
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I Anion exchange chromatography step

According to an embodiment of the present invention, the sialyltransferase

wn

polypeptide purification process includes an anion exchange chromatography (AEC)

step.

AEC relies on charge-charge interactions between the proteins in the sample and the
charges immobilized on the resin. In anion exchange chromatography, the binding

10 ions of the proteins are negative, and the functional group immobilized on the resin is
positive. Commonly used anion exchange resins are Q-resin, a quaternary amine, and
DEAE resin (DiEthylAmincEthane). However, in general the anion exchange
chromatography step can be performed with all common commercially available
anion exchange resins or membranes. Anion exchange resins may be used in the

15 form of pre-packed columns. Alternatively, columns may be self-prepared. There are
no specific limitations as to the capacity and the geometry of the columns other than
the usual ones. The person skilled in the art knows that the amount of anion
exchange resin to be used depends on the overall protein content of the cell culture
fluid or any other fluid, e.g., the eluate of a preceding chromatography step, applied

20 to the column in the capture step.

Typical strong anion exchange resins that can be used for the purpose of the
invention comprise functional groups such as: quaternary aminoethyl (QAE)
moieties, quaternary ammonium (Q) moieties and trimethylammoniumethy! (TMAE)

groups.

25  Resins having quaternary aminocthyl (QAE) moieties include, e.g., Toyopear|™
QAE (available from Tosoh Bioscience, Germany), Selectacel™ QAE (a quaternary
aminoethyl derivative of cellulose, available from Polysciences Inc., Pennsylvania
USA) and others. Resins having quaternary ammonium (Q) moieties include, e.g., Q

Sepharose™ XL, Q Sepharose™ FF, Q Sepharose™ HP, Resource Q™ (available

CA 2807397 2018-06-22
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from GE Healthcare, Germany), Macro Prep High Q™ (Bio-Rad, California, USA),
Toyopearl Super Q (available from Tosoh Bioscience, Germany) and UNOsphere
Q™ (available from Bio-Rad, California, USA). Resins having
trimethylammoniumethyl (TMAE) groups include, e.g., Fractogel™ EMD TMAE

(available from Merck, Germany).

The anion exchange chromatography is preferably a strong anion exchange
chromatography which is performed using a strong anion exchange resin having —
N*(CHa); functional groups, or a resin having similar characteristics. Preferred
examples of strong anion exchange resins which can be used for the purpose of the
invention are quaternary ammonium strong anion exchanger resins known in the art
as UNOsphere Q, Q Sepharose HP, Q Sepharose FF and other resins having
quaternary ammonium (Q) moieties. In a most preferred embodiment of the present
invention, the anion exchange chromatography is performed with a commercially

available Q-Sepharose Fast Flow resin.

The step of anion exchange chromatography is preferably carried out using
equilibration buffers having a mildly alkaline pH. Suitable buffers include, for
example, borate buffer, triethanolamine/iminodiacetic acid, Tris, ammonium acetate,
tricine, bicine, TES, HEPES, TAPS. The use of a Tris buffer is preferred, more
preferably the buffer contains 20 mM Tris at a pH of 7.6. The anion exchange resin
is washed one or more times with the equilibration buffer and the flow-through
fraction is discarded. Elution from the anion exchange resin is usually achieved by
increasing the conductivity of the mobile phase through the addition of salt,
preferably sodium chloride. Preferably. the anion exchange chromatography is
performed using a NaCl / Tris-HCI buffer as eluent at a pH in the range between 7.0
and 8.0. More preferably, the clution buffer contains 800 mM NaCl and 20 mM
Tris/HCl at a pH of 7.6.

1L First affinity chromatography step

CA 2807397 2018-06-22
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According to an embodiment of the present invention, the sialyltransferase
polypeptide purification process includes an affinity chromatography step which

preferably is a dye affinity chromatography.

In a preferred embodiment the method of purifying the sialyltransferase polypeptide
comprises a single affinity chromatography step, more preferably the single affinity

chromatography step is a dye affinity chromatography step.

Dye affinity chromatography is based on the high affinity of immobilized dyes for
binding sites on the proteins of the sample. The step of dye affinity chromatography
is carried out using a resin having as an immobilised ligand a dye compound which is
well known to a person skilled in the art, i.e., Cibacron Blue™ F3G-A. The term
"immobilized" is well understood by a person skilled in the art and means that the
ligand is derivatised in the sense that it is chemically linked to the resin. A
particularly preferred resin is Blue Sepharose FF (obtainable from Amersham
Biosciences Inc.).

It is understood that the method may be performed with alternative resins, having
similar characteristics. Examples of alternative resins include: Toyopearl AF-blue-
HC- 650M (Tosoh Bioscience), Toyopear! SuperButy! 350, Toyopearl Phenyl 650,
Blue Cellthru BigBead™ (Sterogene), SwellGel Blue™ (Pierce), Cibachrome blue™
3GA-agarose 100 (Sigma), Affi-Gel Blue™ (BioRad), Econo-Pac blue™ cartridges
(Bio-Rad), Blue sepharose HP (Amersham), Cibacron Blue 3GA (Sigma). Blue
Sepharose 6FF (GE Healthcare), ProSep PB™ (Millipore), Methyl Sepharose and
CDP Sepharose (Calbiochem).

The step of dye affinity chromatography is preferably carried out using equilibration
buffers having a mildly alkaline pH. Suitable buffers include. for example, MES,
Bis-Tris, ADA, PIPES, ACES, BES. MOPS, TES, HEPES. Preferably. the

CA 2807397 2018-06-22
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equilibration buffer comprises potassium phosphate buffer and NaCl. More
preferably, the equilibration buffer comprises 25 mM potassium phosphate buffer,
pH 7.5 and 50 mM NaCl. The affinity resin is washed one or more times with the
equilibration buffer and the flow-through fraction is discarded. In a more preferred
embodiment, the dye affinity chromatography is performed using an L-arginine
hydrochloride / potassium phosphate buffer at a pH in the range between 7.0 and 8.0
as eluent. Most preferably, the protein is eluted with a buffer containing S00 mM L-
arginine hydrochloride and 25 mM potassium phosphate at a pH of 7.5.

1L Second affinity chromatography step or mixed-mode chromatography

According to an embodiment of the present invention, the sialyltransferase
polypeptide purification process includes a second affinity chromatography step as
described in previous chapter II or a mixed-mode chromatography, preferably a

hydroxyapatite chromatography.

Hydroxyapatite chromatography is a mixed mode chromatography that utilizes an
insoluble hydroxylated calcium phosphate Ca;o(PO4)s(OH),, which forms both the
matrix and ligand. Functional groups consist of pairs of positively charged calcium
ions (C-sites) and clusters of negatively charged phosphate groups (P-sites). The
interactions between hydroxyapatite and proteins are complex and multi-mode. In
one method of interaction, positively charged amino groups on proteins associate
with the negatively charged P-sites and negatively charged carboxyl groups on the
protein interact by coordination complexation to C-sites (Shepard (2000) J. of
Chromatography 891:93-98).

Crystalline hydroxyapatite was the first type of hydroxyapatite used in
chromatography. Ceramic hydroxyapatite chromatography is a further development
in hydroxyapatite chromatography. Ceramic hydroxyapatite refers to a form of

hydroxyapatite in which nanocrystals are agglomerated into particles and fused at
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high temperature to create stable ceramic microspheres suitable for chromatography
applications. Commercial examples of ceramic hydroxyapatite include, but are not

limited to, CHT Type I and CHT Type IL

Ceramic hydroxyapatite has high durability, good protein binding capacity, and can
be used at higher flow rates and pressures than crystalline hydroxyapatite. (Vola et
al. (1993) BioTechniques 14:650-655). Hydroxyapatite has been used in the
chromatographic separation of proteins, nucleic acids, as well as antibodies. In
hydroxyapatite chromatography, the column is usually equilibrated, and the sample
applied, in a low concentration of phosphate buffer and the adsorbed proteins are
then eluted in a concentration gradient of phosphate buffer (Giovannini, (2000)

Biotechnology and Bioengineering 73:522-529).

Any hydroxyapatite resin may be used to carry out the mixed mode chromatography
step of the method according to the invention. In a preferred embodiment, it is
carried out on a ceramic hydroxyapatite resin, such as a type I or type Il
hydroxyapatite resin. The hydroxyapatite resin may have particles of any size such as
20, 40 or 80 um. In a highly preferred embodiment, the ceramic hydroxyapatite resin
comprises particles having a size of 40 um. A hydroxyapatite resin that is
particularly suitable is a column commercially available under the name CHT

Ceramic hydroxyapatite Type I, 40 pm.

The equilibration buffer preferably comprises a potassium phosphate buffer at a pH
between 6.3 and 7.3, more preferably it comprises 5 mM potassium phosphate
buffer, pH 6.8. The hydroxyapatite resin is washed one or more times with the
equilibration buffer and the flow-through fraction is discarded. In a more preferred
embodiment of the present invention, the hydroxyapatite affinity chromatography is
performed using a NaCl / potassium phosphate buffer at a pH in the range between
6.3 and 7.3 as eluent. Most preferably, the elution buffer contains 5 mM potassium

phosphate buffer and 1 M NaCl at a pH of 6.8.
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IV.  Cation exchange chromatography step

According to an embodiment of the present invention, the sialyltransferase
polypeptide purification process includes a cation exchange chromatography (CEC)

step.

CEC relies on charge-charge interactions between the proteins in the sample and the
charges immobilized on the resin. In cation exchange chromatography, the binding
ions of the proteins are positive and the immobilized functional group is negative.
Commonly used cation exchange resins are S-resin, sulfate derivates, and CM

{carboxymethyl) resins, carboxylated derived ions.

However, in general the cation exchange chromatography step can be performed
with all common commercially available cation exchange resins or membranes.
Cation exchange resins may be used in the form of pre-poured columns or
membranes on which the functional group, e.g., sulfonic acid, is fixed. Alternatively
columns may be self-prepared. There are no specific limitations as to the capacity
and the geometry of the columns other than the usual ones. The person skilled in the
art knows that the amount of cation exchange resin to be used depends on the overall
protein content of the cell culture fluid or any other fluid, e.g.. the ¢luate of a

preceding chromatography step.

Different types of cation exchange materials are available under different names and
from a multitude of suppliers such as Bio-Rex.RTM. {e.g.. type 70). Chelex. RTM.
(e.g.. type 100), Macro-Prep.RTM. (e.g.. type CM, High S, 25 S), AG.RTM. (e.g.,
type 50W, MP) (all available from BioRad Laboratories); WCX 2 (available from
Ciphergen), Dowex.RTM. MAC-3 (available from Dow Chemical company),
Mustang™ C and Mustang™ S (available from Pall Corporation), Cellulose CM
(e.g.. type 23, 52). hyper-D. partisphere (available from Whatman plc.).

CA 2807397 2018-06-22
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Amberlite. RTM. IRC (e.g., type 76, 747, 748), Amberlite. RTM. GT 73,

Toyopearl. RTM. (¢.g., type SP, CM. 650M) (all available from Tosoh Bioscience
GmbH), CM 1500 and CM 3000 (available from BioChrom Labs), SP-
Sepharose. TM.. CM-Sepharose. TM. (available from GE Healthcare), Porous resins
(available from PerSeptive Biosystems). Asahipak™ ES (e.g., type 502C), CXpak™
P. IEC CM (e.g.. type 825, 2825, 5025, LG), IEC SP (e.g., type 420N, 825), IEC QA
(e.g.. type LG, 825) (available from Shoko America Inc.), S0W cation exchange
resin (available from Eichrom Technologies Inc.). Preferably the cation exchange
material is a strong cation exchange material such as Macro-Prep, RTM. High S or
258, MacroCap™ SP, Toyopearl. RTM. SP 650M, Source S™, SP Sepharose, or
POLYCAT A™,

In a preferred embodiment of the present invention, the cation exchange step is
performed with a resin that contains sulfopropyl cation exchange material or a resin
having similar characteristics. In a most preferred embodiment of the present
invention, the cation exchange chromatography is performed with a commercially

available SP-Sepharose High Performance resin,

The step of cation exchange chromatography is preferably carried out using an
equilibration buffer having a mildly acidic pH. Suitable bufters include. for example,
maleic acid. malonic acid, citric acid, lactic acid, formic acid, butaneandioic acid.
acetic acid, phosphate, HEPES and BICINE. The use of a phosphate buffer is
preferred, more preferably the equilibration buffer contains 25 mM potassium
phosphate buffer at a pH of 6.0. The cation exchange resin is washed one or more
times with the equilibration buffer and the flow-through fraction is discarded.
Elution from the cation exchange resin is usually achieved by increasing the
conductivity of the mobile phase through the addition of salt, preferably sodium
chloride. Preferably. the cation exchange chromatography is performed using a NaCl

/ potassium phosphate buffer at a pH in the range between 6.0 and 7.0 as eluent.

CA 2807397 2018-06-22
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More preferably, the elution buffer contains 250 mM NaCl and 25 mM potassium
phosphate having a pH of 6.0.

V. Further purification steps

Furthermore, the method can comprise filtration steps. Filtration processes are well
known by the person skilled in the art and all common methods can be used. The
method can comprise one or more ultrafiltration processes at diverse steps of the

method. The method can comprise nanofiltration, e.g.. for final virus clearance.

Ultrafiltration is a form of membrane filtration in which hydrostatic pressure forces a
liquid against a semipermeable membrane. Suspended solids and solutes of high
molecular weight are retained, while water and low molecular weight solutes pass
through the membrane. Ultrafiliration is a commonly used method of separation for
purifying and concentrating macromolecular solutions, especially protein solutions.
Ultrafiltration is similar to nanofiltration, however, differing in terms of the size of
the molecules it retains. In the framework of the present invention, a molecular
weight cut off of 10 kDa is preferred (10 kDa UF). UF membranes may also be used
for diafiltration to remove salts and other microspecies from solution via repeated or

continuous dilution and reconcentration.

Preferably, the process of purification comprises one or more
ultrafiltration/diafiltration steps. These filtration steps can be performed before,
between and/or after the chromatography steps. Preferably, one diafiltration step is
performed between the chromatography steps. for example between the mixed-mode
chromatography step and the cation exchange chromatography step, and one
ultrafiltration/diafiltration step is performed after the chromatography steps. These
filtration steps can be performed using commercially available filtration devices, e.g.,
available from GE Healthcare or Sartorius. The ultrafiltration is preferably performed

using the Sartocon™ cassettes and Sartocon™ Slice cassettes supplied by Sartorius.

CA 2807397 2018-06-22
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E. Produced sialyltransferase polypeptide

In another aspect, the present invention provides sialyltransferase polypeptides

produced by any one of the methods according to the invention.

In one embodiment, the sialyltransferase polypeptide is a truncated sialyltransferase
polypeptide lacking all or portion of the sialyltransferase signal domain, all or
portion of the sialyltransferase transmembrane domain, and/or all or portion of the
sialyltransferase stem domain. In a preferred embodiment of the present invention,
the sialyltransferase polypeptide only comprises the sialyltransferase active domain,
said polypeptide being soluble. In a most preferred embodiment, the sialyltransferase
is ST6GalNAcI, preferably from chicken, most preferably the sialyltransferase is the
protein according to SEQ ID NO:4 or SEQ ID NO: 6.

The sialyltransferase polypeptides produced according to the methods of the present
invention have several advantages over sialyltransferase polypeptides from the prior
art. The novel and improved production methods of the present invention provide
sialyltransferase polypeptides which are highly active, purified to a pharmaceutical

grade and amenable to large scale production.

The term "pure" refers to a sialyltransterase polypeptide that is substantially or
essentially free from components which normally accompany the material in the
mixture used to prepare the polypeptide, e.g. DNA or host cell proteins. Typically,
the sialyltransferase polypeptide produced by the method of the present invention is
at least 98% pure, preferably at least 99% pure. Purity is determined by any art-
recognized method of analysis (e.g., band intensity on a silver stained gel,

polyacrylamide gel electrophoresis, HPLC, RP-HPLC, ELISA, or a similar means).
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The term “active” refers to the specific activity of a sialyltransferase polypeptide
produced by the method of the present invention, that means the catalytic activity of
the sialyltransferase, which is transferring a sialic acid moiety from a donor molecule

to an acceptor molecule.

The catalytic activity of ST6GalNAcI refers to the transfer of a sialic acid moiety
from CMP-sialic acid by an 2,6 linkage onto an N-acetylgalactosamine (GalNAc)
residue O-linked to the amino acid threonine/serine of a glycoprotein. The specific
activity may be expressed in activity units. As used herein, one activity unit catalyzes
the formation of 1 umol of product per minute at a given acceptor-substrate,
temperature and pH value. In the present invention, the specific activity of
ST6GaINAcI is in a range between 5 U/mg and 10 U/mg, preferably 6 U/mg to 9
U/mg, most preferably 7 U/mg to 8 U/mg.

The sialyltransferase activity may be determined by known methods. Such methods
include fluorescence assay, RP-HPLC-based assays and radioactive approaches
(Spiegel et al., 1992, J Chromatogr., 573(1):23-7; Gross et al., 1990, Anal Biochem.
186(1):127-34; Skretas et al., 2009, Microbial cell factories, 8.50).

F. Use of sialyltransferases

In a further aspect, the present invention includes the use of the ST6GalNacl
produced by the method according to the invention for the glycosylation of
therapeutic proteins, in particular for the glyco-PEGylation of human G-CSF,
erythropoietin, IFN, hGH, FSH, insulin or antibodies.

The glycosyltransferase ST6GaINAcI is an essential reagent for glycosylation of
therapeutic proteins. Additionally, ST6GalNAcI is an important reagent for research
and development of therapeutically important glycopeptides and oligosaccharide

therapeutics.
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The modified ST6GaINAcI sialyltransferase enzymes of the present invention are
useful for in vivo and in vitro preparation of glycosylated peptides, as well as for the
production of oligosaccharides containing the specific glycosyl residues that can be
transferred by the modified glycosyltransferase enzymes of the present invention.
Modified forms of ST6GalNAcI polypeptides can possess biological activities
comparable to, and in some instances, in excess of their full-length polypeptide

counterparts.

The term "glycosylation" as used herein, refers to the enzymatically mediated
conjugation of a modified sugar species to an amino acid or glycosyl residue of a
polypeptide, e.g., an erythropoietin peptide, by the sialyltransferase prepared by the
method of the present invention. Subgenera of glycosylation are "glycoconjugation"
and "glyco-PEGylation," in which the modifying group of the modified sugar is
poly(ethylene glycol), an alkyl derivative (e.g., m-PEG) or reactive derivative (e.g.,
H,N-PEG, HOOC-PEG) thereof.

A "therapeutic protein" as used herein, refers to a protein, peptide, glycoprotein or
glycopeptide that is administered to a subject to treat a disease or dysfunction or to
improve health of the subject. In a preferred embodiment the subject is a human. In a
further preferred embodiment, the therapeutic protein is a human protein. In an
additional embodiment, the therapeutic protein is glycosylated or otherwise moditied

by one or more glycosyltransferases produced in CHO cells.

G-CSF (Granulocyte-colony stimulating factor) is a hematopoietic growth factor that
stimulates the proliferation and differentiation of hematopoietic precursor cells and
the activation of mature neutrophils. G-CSF is capable of supporting neutrophil
proliferation in vitro and in vivo. The human form of G-CSF was cloned by groups
from Japan and the USA in 1986 (see e.g. Nagata et al., 1986, Nature 319: 415-418).

The natural human glycoprotein exists in two forms, one having 174 and the other
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having 177 amino acids. The more abundant and more active 174 amino acid form
has been used in the development of pharmaceutical products by recombinant DNA

technology.

The following examples refer to the production and purification of a truncated
chicken ST6GalNAcI polypeptide and are provided merely to further illustrate the
method of the invention. The scope of the invention shall not be construed as merely
consisting of the following examples.

EXAMPLES

1. Construction of the expression cassette

An expression cassette was generated for expression of an ST6GalNAcI polypeptide
consisting of the chicken glycosyltransferase (o-N-acetyl-neuraminyl-2,3-p-
galactosyl-1,3-N-Acetylgalactosaminide alpha-2,6-sialyltransferase I) N-terminally
truncated at amino acid K232 to which 8 amino acids of an intervening sequence
were attached to the N-terminus. The entire amino acid sequence used for expression

is depicted in SEQ ID NO: 6.

To add a translation start signal and to increase the expression rate, the nucleic acid
encoding the truncated ST6GalNAcI polypeptide was introduced into an expression
cassette of genomic human erythropoietin (EPO) to replace the coding sequences of

the EPO.

Overall the ST6GalNAcI transcription unit was designed to contain the following

elements:
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— EPO signal sequence (consisting of the human erythropoietin exon 1
[coding for 4 amino acids], intron 1 and a portion of exon 2 [coding for 27
amino acids: MGVHECPAWLWLLLSLLSL PLGLPVLG]);

— ST6GalNAcI and intervening sequence nucleotide sequence (SEQ ID NO:
5%

— 3’-UTR of human erythropoietin 285 bp;

— 45 bp linker with 5’-Not I site; the 3’-Munl site is an integral part of the

SV40 sequence.

Based on the amino acid sequence as presented in SEQ ID NO: 6, the nucleotide
sequence of the mature ST6GalNAcl was optimised for codon usage in CHO cells.
However, the nucleotides derived from the genomic EPO sequence were not adapted
and correspond to the natural human Erythropoietin sequence. The resulting
expression cassette is abbreviated EcST6. The nucleotide sequence of EcST6 was

confirmed by sequencing (SEQ ID NO: 7). Sequence congruence was 100%.

2. Construction of the expression vector

The synthetic EcST6 fragment was cloned as a Nofl/Mnul fragment into the
expression vector pMOZ-GS.

This vector is based on a pSV2 backbone which contains the B-lactamase expression
unit which confers ampicillin resistance and the pBR322 origin of replication as
prokaryotic elements and the eukaryotic selection marker dihydrofolate reductase
(DHFR) driven by a SV40 early gene promoter and the corresponding SV40 3'-UTR.
The original mouse DHFR selection marker was modified by partial fusion with a
CHO DHFR gene to obtain a recombinant hybrid DHFR (DHFRec), which shows a
10-fold lower affinity to the selective agent methotrexate (MTX). Cells transfected
with the DHFRec selection marker can be selected with higher amounts of MTX to
block endogenous DHFR which is present in the progenitor CHOSI CHO DHFR-



CA 02807397 2013-02-04

WO 2012/016984 PCT/EP2011/063291

10

15

20

25

30

-29.

cell line first, and to enrich for genetically altered cells harbouring plasmid derived
DHFRec only. Gene expression is under control of a strong mCMYV promoter.
Downstream of mCMYV promoter is the multiple cloning site (MCS) and a rabbit B-
globin intron as well as a 3'-UTR enabling the efficient expression of cDNA

transcripts.

Insertion of the cassette into the vector pMOZ-G8 was verified by PCR.

E. coli cells were transformed with the expression plasmid pMO7-G8EcST6. Colony
screening of different transformants was performed and plasmid DNA was prepared
from a selected clone. To confirm the identity of pMO7-G8 EcST6, the entire

nucleotide sequence was verified by DNA sequencing.

3. CHO cell line

For expression of the secreted form of the chicken ST6Gal-NAcl, a Chinese hamster
ovary cell line was used. The parental cell line used for production of ST6GalNAcI is
a derivative of a CHOSI 4, a Chinese hamster ovary cell line (CHO dhft-) deficient
in dihydrofolate reductase (dhfr) activity which has been adapted for growth in

serum and protein free medium.

Summary of host cell line CHOSI 4:

— The CHOSI 4 host cell line was derived from CHO dhfr- (ATCC number
CRL-9096; ACC126 from DSMZ, Braunschweig, Germany).

— The CHOSI 4 host cell line was adapted for growth in chemically defined, serum-
and protein-free medium by long term cultivation in MAM-PF2 medium.

— The morphology of CHOSI 4 is round in shape. The culture grows as a single cell
suspension.

— CHOSI 4 is adapted for growth in animal component free, chemical defined

MAM-PF media, which do not contain serum, proteins, peptides or hydrolysates.
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Nevertheless, the cell line can be cultivated in other commercially available serum-
free media.

— CHOSI 4 is subcultured by a total split ratio of 1:50 per week. The cells are split
first 1:20 into a new flask and after 4 days obtain 3/2 of the initial volume of fresh
medium. CHOSI 4 shows a specific growth rate of more than one per day

(D> 1x d") and cell densities in stirred culture systems of 2 x 10° cells/mL in batch
mode and 1 x 107 cells/mL in fed-batch mode.

— Addition of attachment factors or foetal calf serum to the cell culture medium
leads to a change of the cells morphology, and CHOSI 4 cells revert to an epithelial

layer.

4. Cell culture and harvest

Thawing of Cells and Inoculum Expansion in 1-flasks and Spinner flasks

A single vial of the MCB was taken out of storage in the vapour phase of liquid
nitrogen and warmed in a water bath at 37 + 1°C. The cells were collected by
centrifugation into a T-flask containing fresh, pre-warmed culture medium. Further
inoculum expansion was achieved by dilution and subcultivation steps in spinner
flasks with increasing volumes of culture medium to a final volume which is

adequate for use as seed in the bioreactor.

Cell Fxpansion in the Seed Bioreactor

After cell expansion in spinner flasks the inoculum was transferred into the seed
bioreactor and the volume was expanded with fresh medium to a final working
volume of 10 L. Cells were cultured in the seed bioreactor for 3 days until the

adequate cell number had been reached for inoculation of the production bioreactor.
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Cultivation in the Production Bioreactor

Following growth in the seed bioreactor, the contents of the seed bioreactor was
aseptically transferred into the production bioreactor and the transferred culture was
expanded to the final working volume with fresh culture medium. After reaching a
predefined cell density of > 1.5 x 10° viable cells/mL, the incubation temperature
was lowered from 37°+ 1°C to 32°%+ 1°C. The glucose level was maintained within a
defined range by feeding of a glucose solution at a concentration between 4 g/L. and
8 g/L. The fermentation process was terminated 14 — 17 days after start of the

cultivation in the production bioreactor.

Harvesting and Storage

The cell suspension of the production bioreactor was cleared from cells and debris by
depth filtration of the harvest in sterile disposable bags after termination of the
fermentation. A disposable depth filter was used for the filtration of the harvest. The

harvest was stored at 2-8°C until further downstream processing.

5. Purification

» Purification - Example 1

The purification process of ST6GalNAcl started with a capture chromatography step
using an anion exchange column. The subsequent purification steps included affinity
chromatography, mixed-mode chromatography, ultra-/diafiltration, cation exchange
chromatography and a final nano-filtration through a 15-nm Planova® membrane.
The chromatographic steps were performed using gradient chromatography systems
and ran automatically. UV adsorption, conductivity, pH, flow rate and back pressure
were recorded at every chromatographic step by a suitable software.

The column types and resins used are presented in Table 1:
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Step Column type Resin type Gel dimensions
(D x H) Imm]
Anion Exchange Borosilicate glass Q-Sepharose Fast
200 x 205
Chromatographv column BPG Flow
Affinity Borosilicate glass Blue Sepharose 6-
140x 110
Chromatographv column BPG Fast Flow
Mixed Mode Borosilicate glass | Hydroxyapatite Type
100 x 250
Chromatographv column BPG 140 um
Cation Exchange | Borosilicate glass SP-Sepharose High
100 x 150
Chromatographv column BPG performance

10

15

1" Columm: Anion Exchange Chromatography (O-Sepharose FF)

Anion exchange chromatography with Q-Sepharose Fast Flow resin was used as the

first chromatographic step to capture ST6GalNAcI in the harvest and for volume

reduction.

ST6GalNAcl was eluted by applying a salt step of 800 mM NaCl in 20 mM Tris
HCIL, pH 7.6. The eluate was collected based on the UV absorption profile.

Chromatographic conditions are summarized in Table 2:

Parameter Conditions
Resin Q-Sepharose Fast Flow (Amersham Biociences / GE-
Healthcare)
Column diameter 200 mm
Bed height 205 mm +/- 15 mm
Theoretical plates > 2,200 N/m
Asymmetry factor 08-1.5

Equilibration buffer

20 mM Tris, pH 7.6

Elution Buffer

800 mM NaCl in 20 mM Tris HCI, pH 7.6

Pooling criteria

Start: OD280> 0.04 AU
Stop: 0.6 CV after start

2" Column: A  ffinity Chromatography (Blue Sepharose 6 I'T")

Blue Sepharose 6FF is an agarose resin covalently linked to the dye Cibacron Blue

®

and was used to preferentially bind ST6GalNAcI in the presence of contaminants

contained in the Q-Sepharose eluate. ST6GalNAcI was eluted with 500 mM L-

arginine hydrochloride in 25 mM potassium phosphate buffer, pH 7.5. The eluate

was collected based on the UV absorption profile.
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Chromatographic conditions are summarized in Table 3:

Parameter Conditions
Resin Blue Sepharose FF (Amersham Biosciences / GE-Healthcare)
Column diameter 140 mm
Bed height 110 mm +/- 20 mm
Theoretical plates > 2,778 N/m
Asymmetry factor 08-1.5

Equilibration buffer 25 mM potassium phosphate buffer pH 7.5, 50 mM NaCl

500 mM L-arginine hydrochloride 25 mM potassium

Elution Buffer phosphate pH 7.5

Start: OD > 0.010 AU

Pooling criteria Stop: OD < 0.05 AU

5 3" Column: Mixed-mode Chromatography (Hydroxyapatite)
Mixed-mode chromatography on a hydroxyapatite resin was used as an intermediate
step to further reduce the levels of HCP and DNA. ST6GalNAcI was eluted with 1.0
M NaCl in 5 mM sodium phosphate buffer pH 6.8. The cluate was collected based on
the UV absorption profile.
10

Chromatographic conditions are summarized in Table 4:

Parameter Conditions
Resin Hydroxyapatite CHT Type I 40 um (BioRad)
Column diameter 100 mm
Bed height 250 mm +/- 20 mm
Theoretical plates > 4,760 N/m
Asymmetry factor 08-23
Equilibration buffer 5 mM Potassium phosphate buffer pH 6.8
Elution Buffer 5 mM Potassium phosphate buffer pH 6.8, 1 M NaCl
: . Start: OD > 0.050 AU
Pooling criteria Stop: 1.34 CV
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Ultrafiltration/Diafiltration

The hydroxyapatite eluate was diafiltered using a Sartocon slice module with a
molecular weight cut-off (MWCO) of 30 kDa. The tangential flow filtration was
conducted to desalt and concentrate the product and finally exchange the buffer to 25

mM potassium phosphate buffer to pH 6.0.

4" Column: Cation Exchange Chromatography (SP Sepharose)

Cation exchange chromatography was used as the final polishing step to remove any
possibly remaining residual HCP. Under the specific conditions applied
ST6GalNAcl was eluted with 250 mM NaCl in 25 mM potassium phosphate bufter
pH 6.0.

Chromatographic conditions are summarised in Table 5:

Parameter Conditions
Resin SP-Sepharose High Performance
Column diameter 100 mm
Bed height 150 mm +/- 20 mm
Theoretical plates > 7,353 N/m
Asymmetry factor 08-1.5
Equ;ﬁ?;:r‘uon 25 mM potassium phosphate buffer pH 6.0
Elution Buffer | 250 mM Sodium chloride, 25 mM Potassium phosphate pH 6.0
Pooling criteria Start OD > 0.050 AU
Stop: OD <0.200 AU+ 0.6 CV

Ultrafiltration/Digfiltration and Formulation

The SP-Sepharose eluate was diafiltrated in a Sartocon slice module with a MWCO
of 30 kDa. The tangential flow filtration was conducted to desalt and concentrate the
product and exchange the buffer to 50 mM BisTris, pH 6.5, 100 mM NaCl, 5%
Sorbitol.

After completion of the diafiltration Tween 80 was added to a final concentration of

0.003%.
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» Purification - Example 2

1" Column: Anion Exchange Chromatography (O Sepharose FF)

This process step is used for capture of ¢ST6 by anion exchange chromatography
from clarified, sterile filtered bioreactor harvest. 1000 mL supernatant from
bioreactor was diluted 1:3 in Buffer A (20 mM Tris pH 7.6) and loaded on an omni
25/150 Q Sepharose FF column. The ¢ST6 was eluted by a linear NaCl gradient (O -
1M, 20 CV).

2" Column: A | ffinity Chromatography (CDP affinity matrix)

This affinity chromatography process step is an intermediate step which is important
to increase the cST6 purity. The pool of fractions 9-11 from the Q Sepharose capture
step was diluted 1:3 in Buffer A (10 mM MES pH 6.8, 25% glycerol) and loaded on
a XK 10/55 CDP Affinity column. To avoid overloading of the CDP column the load
was applied in two identical CDP runs. The ¢ST6 was eluted by a linear NaCl
gradient (0 - 1 M, 10 CV).

3 Column: Anion Exchange Chromatography (Mono Q Sepharose)

This anion exchange chromatography was used as the final polishing step. The pool
of the cST6 fractions from the CDP intermediate step was diluted 1:10 in Buffer A
(20 mM Tris pH 7.6) and loaded on a Mono Q HR 10/10 column. The cST6 was
eluted by a linear NaCl gradient (0 - 0.6 M, 5 CV).

» Purification - Example 3

I Column: Anion Exchange Chromatography (O Sepharose FF)
Anion exchange chromatography with Q-Sepharose Fast Flow resin was used as the

first chromatographic step to capture ST6GaINAcI in the harvest and for volume
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reduction. 300 mL clarified and sterile filtered supernatant from fed-batch cultivation
bioreactor was purified.

Chromatographic conditions are summarized in Table 6:

Column Omnifit 25, bed height =15 ¢m, CV = 73.6 mL

Equilibration buffer A 20 mM Tris, pH 7.6

Elution buffer B 20 mM Tris, pH 7.6, 1 M NaCl

Dilution factor for load Sample dilution 1:3 in equilibration buffer A

Gradient Steps: 4 % (4CV), 20% (4 CV) and 100 % (2 CV)
elution buffer B

2" Column: Intermediate Affinity Chromatography (Blue Sepharose FF)

This affinity chromatography process step is an intermediate step which is important
to increase the ¢ST6 purity. Eluate of the capture chromatography step (29 mL) was
diluted and purified by a Blue Sepharose chromatography step.

Chromatographic conditions are summarized in Table 7:

Column Omnifit 10, bed height =7.0 cm, CV=55mL

Equilibration buffer A 25 mM potassium phosphate, pH 7.5, 50 mM NaCl

Elution buffer B 25 mM potassium phosphate, pH 7.5. 1 M arginine-
HCI

Dilution factor for load Sample dilution 1:3 in equilibration buffer A

Gradient Steps: 10 % B, 75 % B, 100 % B, (each step SCV)

3 Column: Polishing Affinity Chromatography (Prosep PB)

ProSep-PB media is composed of a synthetic m-aminophenyl ligand immobilized
on controlled pore size glass beads.

This affinity chromatography was used as the final polishing step. 15 mL

intermediate eluate was purified in this chromatography step.
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Chromatographic conditions are summarized in Table 8:
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Column

Omnifit 10, bed height =5.8 cm, CV =4.55 mL

Equilibration buffer A12

25 mM potassiumphosphate, pH 6.5, 0.5 M

NaCl

Equilibration buffer All

50 mM BisTris, pH 6.5, 0.5 M NaCI

Elution buffer B

50 mM BisTris, pH 6.5, 0.5 M NaCl, 1.37 M

Sorbitol

Dilution factor for sample load

Dilution 1:5 in equilibration buffer A12

Gradient

Step, 100 % B over 5 CV

Dilution buffer

50 mM BisTris, pH 6.5, 0.015 % Tween80

Formulation buffer

50 mM BisTris, pH 6.5, 0.1 M NaCl, 5 %

Sorbitol,

0.003 % Tween80

6. ST6GalNAcI purity, specific activity and vield of production

» Example 1

The purity of the ST6GalNAcI purified according to example 1 was measured by
Coomassie stained SDS-PAGE (see Figure 3), RP-HPLC, ELISA, and Threshold

assay in three batches. The specific activity of the ST6GalNAcI was measured by

RP-HPLC.

Purity and specific activities were as shown in Table 9:

Test Method Batch # 1 Batch # 2 Batch # 3
_ Main band at Main band at Main band at
Identity SDS-PAGE
approx. 66 kDa. | approx. 66 kDa. | approx. 66 kDa.
Purity RP-HPLC 100.0 % 100.0 % 99.5 %
Residual CHO 35 1o 35 1o/ 7 el

ng/m. ng/m 37 ng/m

host-cell ELISA Fme Se Sme
(ppm) (ppm) (ppm)

protein (Generic
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assay)
Residual host- Threshold 7184 bal 833 no <755
reshold assay < pg/mg < pg/mg
cell DNA pg/mg
Specific activity RP-HPLC 5,6 U/mg 7.8 U/mg 7,7 U/mg

10

15

The yield of production of the purified ST6GalNacl was in a range from 65 mg/L to

75 mg/L.

A comparability study was made to compare the expression of ST6GalNAcl in CHO

cells with the expression of ST6GalNAcI in insect cells. Insect cell-derived
ST6GalNAcI showed a specific activity of 2.5 U/mg and the CHO-derived
STo6GalNAcI showed a higher specific activity of 7.8 U/mg.

» Example 2

The purified ¢ST6 fractions according to example 2 were pooled and analyzed for

purity via Coomassie-stained SDS-PAGE (see Figure 4). The cST6 sample pools

coming from three different clones C1, C2 and C3 were loaded undiluted, diluted 1:5

and diluted 1:10.

Table 10 shows sample preparation and loading:

Sample volume Sample Loading .
Well Sample [ul] buffer volume Conditions
[y [l
1 C1 pool after 3 column (Mono Q) 10
2 C2 pool after 3™ column (Mono Q) 10 10 20
3 C3 pool after 3" column (Mono Q) 10
4 - - 10 10
5 C1 pool after 3™ column (Mono Q) 2+8 H20
6 C2 pool after 3 column (Mono Q) 2+8 H20 10 20 boiling /
7 C3 pool after 3™ column (Mono Q) 2+8 H20 reduced
8 - 10 10
9 C1 pool after 3 column (Mono Q) 149 H20
10 C2 pool after 3™ colunn (Mono Q) 149 H20 10 20
11 C3 pool after 3 column (Mono Q) 1+9 H20
12 Low molecular weight marker 10
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-390.

As shown in Fig. 4, the undiluted pools show minor contaminations below 20 kDa.
The signal of the 1:10-diluted pools was stronger than the signal of the impurities in

the undiluted samples. Thus the purity can be estimated to be > 90%.

» Example 3

The purity of the ST6GalNAcI purified according to example 3 was measured by
Coomassie-stained SDS-PAGE, RP-HPLC, ELISA, and Threshold assay in three
batches. The specific activity of the ST6GalNAcI was measured by RP-HPLC.

FIGURE LEGENDS

Figure 1:

Sialyltransferase manufacturing process: cell culture and harvest

Figure 2:

Sialyltransterase manufacturing process: purification

Figure 3:
Protein gel (SDS-PAGE) that has been stained with Coomassie Blue after the
different purification steps of example 1. The band at around 66 kDa corresponds to

the purified ST6GalNAcI polypeptide according to SEQ ID NO: 6.

Figure 4:

Protein gel (SDS-PAGE) stained with Coomassie Blue of ¢ST6 pools from three
different clones C1, C2 and C3 after third column of the purification according to
example 2. The band at around 66 kDa corresponds to the purified ST6GalNAcl
polypeptide according to SEQ ID NO:6.
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What is claimed is:

1. A method of producing a sialyltransferase polypeptide, which comprises the steps
of:
(a)  expressing a siéiyltransfcrasc polypeptide in CHO cells; collecting the cell
culture medium containing the expressed sialyltransterase polypeptide; and
(b)  purifying the sialyltransferase polypeptide from the cell culture medium by
subjecting the cell culture medium to. in the following order,:
(i) an anion exchange chromatography:
(i)  adye affinity chromatography:
(iii)  a mixed-mode chromatography using a hydroxyapatite resin;
(iv)  acation exchange chromatography,

thereby providing the sialyltransferase polypeptide.

B

The method according to claim 1, wherein the sialyltransferase is ST6GalNAcl.

3. The method according to claim 2, wherein the ST6GalNAcI is selected from the
group consisting of: human, chimpanzee, orangutan. pig, cow, dog, rat. mouse and
chicken ST6GalNAcl.

4, The method according to claim 3, wherein the ST6GalNAcI is a chicken
ST6GalNAcl
S, The method according to claim 4, wherein the ST6GalNAcI polypeptide

comprises an amino acid sequence according to SEQ ID NO: 4 or SEQ ID NO: 6.

6. The method according to any one of claims | to 5, wherein the sialyltransferase

polypeptide only comprises the sialyltransferase active domain.

CA 2807397 2018-06-22
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7. The method according to any one of claims 1 to 6, wherein an expression cassette
encoding an EPO signal sequence and a sialyltransferase polypeptide sequence is used for

expressing the sialyltransferase polypeptide in CHO cells.

8. The method according to any one of claims 1 to 7, wherein step a) is performed
by applying an incubation temperature shift from 37°C +/- 1°C to 32° C +/- 1°C afler

reaching a predefined cell density.

9. The method according to any one of claims 1 to 8, wherein the anion exchange
chromatography is performed using a resin carrying a quaternary ammonium as a

functional group.

10.  The method according to claim 9, wherein the anion exchange chromatography is
performed using a NaCl / Tris-HCl buffer as eluent at a pH in the range between 7.0 and
8.0.

11, The method according to claim 1, wherein the dye affinity chromatography is

performed using a Blue Sepharose™ Fast Flow resin.

12. The method according to claim 11, wherein the Blue Sepharose™ affinity
chromatography is performed using a L-arginine hydrochloride / potassium phosphate

buffer as eluent at a pH in the range between 7.0 and 8.0.

13. The method according to claim 1, wherein the mixed mode chromatography using
a hydroxyapatite resin is performed using a NaCl / potassium phosphate buffer as eluent

at a pH in the range between 6.3 and 7.3.
14. The method according to any one of claims I to 13, wherein the cation exchange

chromatography is performed with a resin that contains sulfopropyl cation exchange

material.

CA 2807397 2018-06-22
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15. The method according to claim 14, wherein the cation exchange chromatography

is performed using SP-Sepharose™ High Performance resin.

16.  The method according to claim 135, wherein the cation exchange chromatography
is performed using a NaCl / potassium phosphate buffer as eluent at a pH in the range
between 6.0 and 7.0.

17.  The method according to any one of claims 1 to 16, wherein step (b) is performed
in the following order:
) an anion exchange chromatography using a Q-Sepharose™ Fast
Flow resin;
(ity  adye allinity chromatography using a Blue Sepharose™ Fast Flow
resin;
(iii)  a mixed-mode chromatography using a hydroxyapatite resin;
(iv)  acation exchange chromatography using a SP-Sepharose™ High

Performance resin.

CA 2807397 2018-06-22
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Figure 1
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Figure 3
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Figure 4
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