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CO, profile cultivation

Herein is reported a genetically engineered CHO cell that has been modified in the
CO, metabolism by the introduction of a nucleic acid encoding a heterologous

enzyme and its use in the production of a polypeptide.

Background

In the recombinant production of polypeptides not only a high expression yield of
the polypeptide of interest is desired, which is influenced by the entire process
design, such as cell densities, productivity and product quality, but also production

costs and downstream processing have to be considered.

The dissolved carbon dioxide concentration (dCO;) has been identified as one of
the key process parameters affecting negatively cell growth, productivity and
product quality in cell culture technology. Carbon dioxide is produced by the cells
themselves and can accumulate in the culture media leading to critical levels,
especially in large scale industrial cultivations. The non-polar carbon dioxide
molecule casily enters the cultivated cell, and is converted to bicarbonate and
protons, through carbonic anhydrase. The accumulation of these protons in
cytoplasm can cause acidification of the cytosol, which can in tumn interfere with
the optimal pH value required for cellular enzymes invelved in cell growth and

metabolism.

The problem of high levels of pCO; and associated high acidity plus increased
osmolality associated with pH contro} arose and is considered to be the major
difficuity encountered in scaling up mammalian cell culture to achieve high cell
densities. Infracellular pH is an tmportant modulator of the cell function. Many
enzymes exhibit pH dependence in the physiclogical range such their activities are
affected by small variations in intracellular pH. Hence, precise regulation of
cytosolic pH (pHi) is a prerequisite for the normal functioning of cells [FRELIN,
C., et al,, Eur. J. Biochem. 174 (1988) 3-14; MADSHUS, 1.H., Biochem. J. 250
(1988) 1-8; ROOS, A, AND BORON, W.F. Physiol. Rev. 61 (1981} 296-434].
Most of cells are equipped with several mechanisms to regulate pHi, which makes

its regulation extremely complex.

The effect of CO4 in cell culture result from the fact that, as non polar molecule,

the dissolved CO; can easily pass the cell membrane and enter the cytosol and the
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mitochondrial compartment of a cultivated cell affecting the intracellular pH (pHi)
and directly influencing important cellular processes.

Inside the cell, CO, reacts with H,O and forms H,CO.. This reaction occurs
spontaneously and is also catalyzed by carbonic anhydrase enzymes (CA,
carbonate hydrolyase, EC 4.2.1.1) which are zinc metalloenzymes that catatyze the
interconversion of carbon dioxide and water into carbonic acid, protons and
bicarbonate ions. In mammals fourteen carbonic anhydrase isoforms have so far
been identified and the predominant cytoplasmic isozyme is carbonic anhydrase 11
(CAID) [SLY, W.S. AND HU, P.Y., Ann. Rev. Biochem. 64 (1995) 375-601}.

Carbomic anhydrase is known to play a central role in the regulation of mtraceliular
[ROOS, A. AND BORON, WF. Physiol. Rev. 61 (1981) 296-434] and
extracetlular pH [CHEN, J.C. AND CHESLER, M., Proc. Natl. Acad. Sci. USA 89
(1992} 7786-7790]. Carbonic anhydrase Il consists of a single polypeptide chain
with 260 amino acid residues corresponding to a molecular mass of about 29 kDa.
It is present in the cytosol of most tissues. Overali, MOSTAFA AND GU
IMOSTAFA, 8.8. AND GU, X., Biotechnol. Prog. 19 (2003) 45-51] reported an
improved productivity, culture time, and final titer.

De Zengotita, V.M., et al, performed a characterization of hybridoma cell
responses to elevated pCO, and osmolality (Biotechnol. Bioeng. 77 (2002) 369-
380). Effects of elevated pCO; and osmolality on growth of CHO celis and
production of antibody-fusion protein Bl was reported by Zhu, MM, et al. m
Biotechnol. Prog. 21 (2005) 70-77. Gray, D.R., et al. reported CO; in large-scale
and high-density CHO cell perfusion culture (Cytotechnol. 22 (1996) 65-78).

Summary

Herein is reported the generation of & cell line stably transfected with a structural
gene encoding a carbonic anhydrase (CA) and its use in the recombinant
production of a polypeptide. The expression of a carbonic anhydrase provides for
an efficient control of pHi at alkaline levels, causing a cell cycle arrest in GOGI-

phase and an increase in cell-specific productivity.



10

15

20

25

30

-3 .

There is reported herein a method for producing a polypeptide comprising the
following steps
a}  cultivating a mammalian cell comprising a first nucleic acid encoding a
carbonic anhydrase and a second nucleic acid encoding the polypeptide
in a cultivation medium, and
b)  recovering the polypeptide from the cell or the cultivation medium and

thereby producing the polypeptide.

One aspect as reported herein is a method for producing a polypeptide comprising

the following steps

a)  cultivating a mammalian cell comprising a first nucleic acid encoding a
carbonic anhydrase and a second nucleic acid encoding the
polypeptide, and

b)  recovering the polypeptide from the cell or the cultivation medium and

thereby producing the polypeptide,
whereby the first nucleic acid and the second nucleic acid are expressed.

In one embodiment the cultivating is for a first period of time with a first constant
pCO; value, and thereafter for a second period of time with an increasing pCO,
value from the first pCO; value to a second pCO, value.

In one embodiment the cultivating is further for a third period of time after the

second period of time with the second pCO, value held constant.

in one embodiment the first constant pCO, value is of from about 4 % to about

9 %. In one embodiment the first constant pCO- value is about 5 %.

In one embodiment the second pCO, value is of from about 15 % to about 30 %. In

one embodiment the second pCO; value is about 25 %.

In one embodiment the carbonic anhydrase is a carbonic anhydrase I1 or a carbonic
anhvdrase V.

In one embodiment the carbonic anhydrase is human carbonic anhydrase II or

human carbonic anhydrase V.

In one embodiment the carbonic anhydrase has the amino acid sequence of SEQ ID
NO: 03.
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In one embodiment the first nucleic acid is stably integrated in the genome of the

mammalian cell,

In one embodiment the polypeptide is an antibody, or an antibody conjugate, or an

antibody fragment, or an Fe-region fusion polypeptide.

In one embodiment the mammalian cell is a CHO cell. In one embodiment the
CHO cell is a CHO K1 ecell.

There is reported herein a CHO cell comprising a first nucleic acid encoding

human carbonic anhydrase H or a variant thereof and a second nucleic
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acid encoding an antibody, or an antibody conjugate, or an antibody fragment, or

an Fe-region fusion polypeptide.

One aspect as reported herein is a CHO cell comprising a first nucleic acid
encoding human carbonic anhydrase I or a S2A variant thereof and a second
nucleic acid encoding an antibody, or an antibody conjugate, or an antibody
fragment, or an Fe-region fusion polypeptide.

There is reported herein a method for producing a polypeptide comprising the
following steps

a)  cultivating a mammalian cell comprising a nucleic acid encoding the
polypeptide in a cultivation medium, and
b)  recovering the polypeptide from the cell or the cultivation medium and

thereby producing the polypeptide,

whereby the cultivating is for a first period of time with a first constant pCO,
value, and thereafter for a second period of time with an increasing pCO»

value from the first pCO;, value to a second pCO; value.

In one embodiment the mammalian cell comprises a nucleic acid encoding human
carbonic anhydrase. In one embodiment the carbonic anhydrase is human carbonic
anhydrase !l or human carbonic anhydrase V.,

In one embodiment the cultivating is further for a third period of time afier the

second period of time with the second pCO; value held constant,

In one embodiment the first constant pCO; value is of from about 4 % to about

9 %. In one embodiment the first constant pCO, value is about 5 %.

In one embodiment the second pCO; value is of from about 15 % to about 30 %. In

one embodiment the second pCO, value is about 235 %.

Detailed Description of the Invention

Herein is reported the generation of a cell line stably transfected with a structural

gene encoding human carbonic anhydrase 1I (hCAII).

It has been found that the selection of a cell line producing a recombinant
polypeptide can be made not only based on growth, productivity and metabolic

data, but also on the expression and enzyme kinetics of the hCAII enzyme.
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It has also been found that a cell stably transfected with a nucleic acid encoding
and expressing hCAII has different characteristics when cultivated under different

pCO2 profiles, such as a constant pCO-, and a slowly increasing pCOs.
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The term ,about™ denotes that the thercafter following value is no exact value but
1s the center point of a range that is in one embodiment +/- 10 % of the value, or in
one embodiment +/- 5 % of the value, or in one embodiment +/- 2 % of the value,
or in one embodiment +/- [ % of the value. If the value 1s a relative value given in
percentages the term “about” also denotes that the thereafter following value is no
exact value but is the center point of a range that is in one embodiment +/- 10 % of
ihe value, or in one embodiment +/- 5 % of the value, or in one embodiment +/- 2
% of the value, or in one embodiment /- 1 % of the value, whereby the upper limit

of the range cannot excecd a value of 100 %.

The term "antibody" 1s used herein in the broadest sense and encompasses variouns
antibody structures, including but not limited to monoclonal antibodies, polyclonal
antibodies, multispecific antibodies {e.g., bispecific antibodies), and fragments so
long as they exhibit the desired antigen-binding activity. An antibody in genecral
comprises two so cailed light chain polypeptides (light chain) and two so called
beavy chain polypeptides (heavy chai). Each of the heavy and light chain
polypeptides contains a variable domain (variable region) (gencrally the amino
terminal portion of the polypeptide chain) comprising binding regions that are able
to iteract with an antigen. Fach of the heavy and light chain polypeptides
cormprises a constant region (generally the carboxyl terminal portion). The constant
region of the heavy chain mediates the binding of the antibody 1) to cells bearing a
Fo gamma receptor (FeyR), such as phagoeytic cells, or 11) to cells bearing the
neonatal Fo receptor (FoRn) also known as Brambell receptor. It also mediates the
binding to some factors including factors of the classical complement system such
as component (Clq). The variable domain of an antibody’s light or heavy chain in
turn comprises different segments, Le. four framework regions (FR) and three

hypervariable regions ({CDR).

An "antibody fragment" refers to a molecule other than an intact antibody that
comprises a portion of an infact antibody that binds the antigen to which the intact
antibody binds. Examples of antibody fragments include but are not limited to Fv,
Fab, Fab', Fab’-SH, F(ab",; diabodies; lincar antibodies; single-chain antibody
molecules {e.g. scFv); and multispecific antibodies formed from antibody

fragments.

The term “Fe-region” herein is used to define a C-terminal region of an antibody
heavy chain that contains at least a povtion of the constant region. The term

includes native sequence Fe-regions and variant Fe-regions. In one embodiment, a
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human IgG heavy chain Fe-region extends from Cys226, or from Pro230, to the
carboxyl-terminus of the heavy chain. However, the C-terminal lysine (Lysd47) of
the Fe-region may or may not be present. Unless otherwise specified herein,
numbering of amino acid residues i the Fe-region or constant region is according
to the EU numbering system, also called the BU index, as described in Kabat, E.A.,
et al, Sequences of Proteins of Immunological Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, MD (1991), NIH Publication 91-
3242.

The “Fe-region” of an anttbody is not invelved directly in binding to the antibody’s
antigen, but exhibit various ecffector functions. Depending on the amino acid
sequence of the constant region of the heavy chains, antibedics (immunoglobuling)
are divided in the classes: IgA, 1gD, Igh, 1gG, and IgM. Some of these classes are
further divided into subclasses {isotypes), 1.e. 1gG in IgG1, 1gG2, 1gG3, and (eG4,
or IgA in IgAl and [gA2. According to the immunoglobulin class to which an
antibody belongs are the heavy chain constant regions of immunogiobulins are
called o (JgA), & (IgD), € (IgE), v (IgG), and [ (IgM), respectively. The antibodies
according to the invention belong preferably to the 1gG class. An “Fe-region of an
antibody™ is a term well known to the skilled artisan and defined on basis of the
papain cleavage of antibodics. The antibodies according to the invention contain as
Fe-region a human Fe-region or an Fe-region derived from human origin. In one
embodiment the Fe-region is either an Fe-region of a human antibody of the
subclass 1g(G4 or an Fe-region of a human antibedy of the subclass 1gG1, 1gG2, or
IgG3, which 1s modified in such a way that no Foy receptor (e.g. FoyR1iIla) binding
and/or no Clq binding as defined below can be detected. Preferably the Fe-region
15 a human Fe-region and especially preferred either from human IgG4 subclass or
a mutated Fe-reglon from human Ig(l subclass. Further preferred are Fe-regions
from human [gG1 subclass with mutations L234A and L235A. While 1gG4 shows
reduced Fey receptor (FeyRiila) binding, antibodies of other IpG subclasses show
strong  binding, However ProZ38, Asp265, Asp270, Asn297 {loss of Fc
carbohydrate), Pro329, Leu234, Leu235, Gly236, Gly237, 11e253, Ser254, Lys288,
Thr307, GIn3 11, Asnd34, or/and His435 are residues which, if altered, provide also
reduced Foy receptor binding (Shiclds, R.L., et al., J. Biol. Chem. 276 {2001) 6591-
6604; Lund, 1., et al,, FASEB 1. 9 (1995} 115-119; Morgan, A, et al., Immunology
86 (1995) 319-324; EP 0307 434). Preferably an antibody according to the
invention 1s in regard to Foy receptor binding of Ig(G4 subclass or of 1gG1 or 1gG2
subciass, with a mutation in 1234, 1235, and/or D265, and/or contains the PVA236
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mutation. Preferred are the mutations S228P, L234A, 12354, L235E, and/or
PVA236 (PVA236 means that the amino acid sequence ELLG {given in one letter
amino acid code) from amino acid position 233 to 236 of 1gG1 or EFLG of 1gG4 18
replaced by PVA). Especially preferred are the mutations S228P of IgG4, and
L234A and L235A of IgGGl. The Fe-region of an antibody is directly invelved n
ADCC {antibody-dependent cell-mediated cytotoxicity) and CDC (compiement-
dependent cytotoxicity). An antibody which does not bind Fey receptor and/or
complement factor Clg does not elicit antibody-dependent cellular cylotoxicity
(ADCC) and/or complement dependent cytotoxicity (CDC).

As used herein the term “Fe-region derived from human origin” denotes an Fe-
region which 1s either an Foe-region of a human aniibody of the subelass 1gG4 or an
Fe-region of a human antibody of the subclass IgGl, 1gG2, or 1gG3, including
mutated forms thereof. Preferably the Fe-region of a human antibody of the
subclass 1gGl, 1gG2, or 1gG3 1s modified in such a way that no Fey receptor (FeyR,
e, FeyRIHa) binding and/or no Clq binding as defined below can be detected. An
“Fe-region of an antibody”™ is a term well known to the skilled artisan and defined
on the basis of papain cleavage of antibodies. The antibodies according to the
invention contain as Fe-region an Fe-region derived from human origin and
preferably all other parts of the human constant region. Preferably the Fe-region 15
a human Fe-region and especially preferred either from human 1gG4 subclass, or
from human TgGl subcelass, or a mutated Fe-region from human IgG1 subcelass.
Mostly preferred are the Fe-regions and heavy chain constant region shown in
SEQ 1D NO: 3, SEQ 1D NOC: 4, SEQ ID NO: 3 with mutations L234A and L235A,
SEQ 1D NO: 4 with mutation S228P.

The terms "cell" and "cell line" are used interchangesbly and refer to cells into
which exogencus nueleic acid has been introduced, including the progeny of such
cells. Cells include "transformants™ and "transformed cells", which include the
primary transformed cell and progeny derived therefrom without regard to the
number of passages. Progeny may not be completely identical in nucleic acid
content {o a parent cell, but may contain mutations. Mutant progeny that have the
same function or biological activity as screened or selected for in the originally

transformed cell are included herein.

The term ,,cell” includes both prokaryotic cells, which are used for propagation of
plasmids, and eukaryotic cells, which are used for the expression of a nucleic acid.

In one embodiment the cell is a mammalian cell, In one embodiment the
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mammalian cell 18 selected from the group of mammalian cells comprising CHO
cells (e.g. CHO K1, CHO DG44), BHK cells, NSO cells, SP2/0 cells, HEK 293
cells, HEK 293 EBNA cells, PER.CO® cells, and COS cells.

A “nucleic acid” as used herein, refers to a polymeric molecule consisting of

5 individual nucleotides (also called bases) a, ¢, g, and t (or u in RNA}, for example
to DNA, RNA, or modifications thercof. This polynucleotide molecule can be a
naturally occurring polynucieotide molecule or a synthetic polynucleotide molecule

or a combination of one or more naturally occurring polynucleotide molecules with

one or more synthetic polynuclectide molecules. Also encompassed by this

10 definition are naturally occurring polynucleotide molecules in which one or more
nucleotides are changed {e.g. by nmutagenesis), deleted, or added. A nucleic acid

can either be isolated, or integrated in another nucleic acid, e.g. in an expression

cassette, 4 plasmid, or the chromosome of a host cell. A nucleic acid is likewise

characterized by its nucleic acid sequence consisting of individual nucleotides.

15 To a person skilled in the art procedures and methods are well known to convert an
amino acid sequence, e.g. of a polypeptide, into a corresponding nucleic acid
sequence encoding this anuno acid sequence. Therefore, a nucleic acid is
characterized by its nucleic acid sequence consisting of individual nucleotides and

likewise by the amino acid sequence of a polypeptide encoded thereby.

7

20 A "nucleic acid” or “nucleic acid sequence” as used herein refers to a naturally
oceurring or partially or fully non-naturally occurring nucleic acid encoding a
polypeptide which can be produced recombinantly. The nucleic acid can be build
up of DNA-fragments which are either isolated or synthesized by chemical means.
The nucleic acid can be integrated into another nucleic acid, ¢.g. in an expression

25 plasmid or the genome/chromosome of a eukaryotic host cell. Plasmid includes
shuttle and expression plasmids. Typically, the plasmid will alse comprise a
prokaryotic propagation unit comprising an origin of replication {e.g. the ColE]
origin of replication} and a selectable marker {e.g. ampicillin or tetracycline
registance gene), for replication and selection, respectively, of the plasmid in

30 prokaryotcs.

An "expression plasmid” 1s a nucleic acid providing all required elements for the
expression of the comprised structural gene(s) in a host cell. Typically, an
expression plasmid comprises a prokaryotic plasmid propagation unit, e.g. for

E. coli, comprising an origin of replication, and a selectable marker, an eukaryotic
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selection marker, and one or more expression casscttes for the expression of the
structural gene(s) of interest each comprising a promoter, a structural gene, and a
transcription terminator including a polyadenylation signal. Gene expression is
usually placed under the control of a promoter, and such a structural gene is said fo
be "operably linked to" the promoter. Similarly, a regulatory element and a core
promoter are operably linked if the regulatory element modulates the activity of the

core promoter.

A "pelypeptide” 15 a polymer consisting of amino acids joined by peptide bonds,
whether produced naturally or synthetically, Polypeptides of less than about 20
amino acid residues may be referred to as "peptides”, whereas molecules consisting
of two or more polypeptides or comprising one polypeptide of more than 100
amino acid residues may be referred to as “proteins”. A polypeptide may also
comprise non-amine acid components, such as carbohydrate groups, metal ions, or
carboxylic acid esters. The non-amino acid components may be added by the cell,
in which the polypeptide is expressed, and may wvary with the type of cell
Bolypeptides arc defined herein in terms of thewr amino acid backbone structure or
the nucleic acid encoding the same. Additions such as carbohydrate proups are

generally not specified, but may be present nonetheless.

Recombinant production of immunoglobuling 1s well-known in the state of the art
and described, for example, in the review articles of Makrides, 8.C., Protein Expr.
Purif. 17 (1999) 183-202; Geisse, 5., et al., Protein Expr. Purif. 8 (1996) 271-282;
Kaufiman, R.J., Mol Biotechnol. 16 (2000} 151-161; Werner, R.G., Drug Res. 48
(1998 870-880.

As known to a person skilled in the art enables the use of recombinant DNA
technology the production of numerous derivatives of a nucleic acid and/or
polypeptide. Such derivatives can, for example, be modified in one individual or
several positions by substitution, alteration, exchange, deletion, or insertion. The
modification or derivatisation can, for example, be carried out by means of site
directed mutagenesis. Such modifications can easily be carried out by a person
skilled in the art {see e.g. Sambrook, J., et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, New York, USA (1999). The use
of recombinant {echnology enables a person skilled in the art to transform various
host cells with heterologous nucleic acud(s). Although the franscription and
transiation, i.e. cxpression, machinery of different cells use the samc elements,

cells belonging to different species may have among other things a different so-
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called codon usage. Thereby identical polypeptides (with respect to amino acid
sequence) may be encoded by different nucleic acid(s). Also, due to the degeneracy

of the genetic code, different nucleic acids may encode the same polypeptide.

The use of recombmant DNA technology cnables the production of numerous
derivatives of a nucleic acid and/or polypeptide. Such derivatives can, for example,
be modified in one individual or several positions by substitution, alteration,
exchange, deletion, or insertion. The modification or derivatisation can, for
example, be carried out by means of site directed mutagenesis. Such modifications
can casily be carried out by a person skilled in the art {see e.g. Sambrook, 3., et al,,
Molecular Clonmmg: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
New York, USA (1999); Hames, B.D, and Higgins, S.G., Nucleic Acid
Hybridization — A Practical Approach, IRL Press, Oxford, England (1985)).

The use of recombinant technology enables the transformation of various host cells
with heterologous nucleic acid(s). Although the transcription and translation, Le.
expression, machinery of different cells use the same clements, cells belonging to
different species may have among other things a different so-called codon usage.
Thereby 1dentical polypeptides (with respect to amino acid sequence) may be
encoded by different nucleic acid(s). Also, due to the degeneracy of the genetic

code, different nucleic acids may encode the same polypeptide.

Human carbonic anhydrase 11

The hCAIL encoding nucleic acid sequence was taken from the Data Bank NCBI
entry NMO00067 (SEQ 1D NO: 01).

The human carbonic anhydrase used herein is a mutant of the wild-type human
CAIL(8EQ 1D NO: 02) with the mutation SZA (SEQ ID NO: 03)

CHO cell line recombinantly expressing human carbonic anhydrase i

The non-transfected parental cell line was cultivated as a reference in selective
culture medivm until no further growth could be observed. At this point the
selection procedure had been completed. During the clone screening, the clones
and the Control HyQ cell line were mamntained m HyQ medinm for about 1.5
months, Methotrexate was not included in this medium, The selected transfected

cells were always cultured in medium containing methotrexate.
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Expression analysis was performed as immunoblot, such as Western blot, using
polycional anti-CAIl antibody for detection and the commercially available hCATI

from Sigma as control.

Seven single clones were obtained whercof five were classified as high-hCAll
expressing cell lines {clones PO3-EX, C7, GO, PO1-ER and E11) and the other two
as low-hCAll expressing cell lines (Clones €4 and G6).

Metabolic characterization of the clonal cell lines

All values are normalized, whereby the value of the non-transfected parental celi
line (= controf) on cultivation day 5 denotes 100 %. The growth characteristics of
the different cell clones and the control are shown in Figure 2. The term Control
HyQ denotes that the non-transfected parental control cell line was grown in HyQ

medium,

The parental ccll line’s and the clonal cell lines” metabolic parameters arc shown in
Figures 3 to 5. The maximum lactate concentration in the cultivation of the control
cell line was 16 mM on cultivation day 3, while for the clonal cell lines the
concentration was between 17.4 mM and 19.3 mM on cultivation days 3 and 4. The
cell specific initial consumption rates were for glucose between 3.6 pmol/cell/day
(Clone E11) and 4.7 pmo¥/cell/day (Clone E8). The corresponding values for the
controt cell line and the control cell ling in HyQ medium were 4.7 and 4.0
pmol/cell/day, respectively. The initial cell specific production rates for lactate
were between 6.0 pmol/cell/day (Clone G%) and 9.9 pmol/cell/day (Clone G6) and
the control cell line and the control cell line In HyQ medium were 4.7 and 4.0
pmol/cell/day, respectively. The ammonium  concentration reached final
conecentrations between 6.5 mM {clone El1) and 7.3 mM (clone (G9). The initjal
cell specific ammonium production rates were between 1.57 pmol/cell/day (Clone
G9Y and 2.03 pmol/cell/day {Clone G6), the values for the control cell line and the
control cell line in Hy(Q medium were Z.18 pmol/cell/day and 1.84 pmol/cell/day,
respectively. After cultivation day 3, the product concentration increased lincarly
with time until day 7 in all cultures. The maximum product conceniration was
reached for the control cell line at the end of the batch culture. With respect thereto
S8 % product was produced by the control cell line in HyQ medium, whereas
product concentrations of 68 %, 53 % and 50 % were achieved by Clones E11, C4
and (9, respectively. The maximum cell specific production rate was 12.7

pefcell/day for the contro! cell line at day 6. The contro! cell line in HyQ medium
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and clones E11, C4 and G9 had maximum cell specific production rates of 8.9
pg/cell/day (at day 7), 9.3 pg/cell/day (at day 6), 8.4 pg/cell/day {at day 7} and 5.8
pg/eell/day (at day 5), respectively.

To determine the activity of the cloned human carbonic anhydrase 11 values of
hCAIl activity were determined from the m(}—cxchaﬂgc data obtained by mass
spectrometry. Through the titration curve of the hCAIl positive control selution
with the tight inhibitor cthoxyzolamide (EZA) an hCAII concentration of 1.33 uM
was calculated, The determined activity of the non-inhibited positive control was
28,700 units. Hurman carbonic anhydrase 1T activity was detected in the hCAH
stably transfected cell clone G9 and E11 cell lysates in. RIPA buffer with activitics
of 261 and 241 units, respectively. The calculated hCAIl concentrations were of
2.28 M (clone 39) and 2.73 nM (Clone E11). Lysates from protein extraction by
mechanical disraption provided hCAILL activity only for clone E11 with 1,235 units,
correspondmg to an hCAIL concentration of 14.0 nM. None of both extraction
methods provided detectable CAIT activity in the control cell line or in the control

cell ling in HyQ medium.

The presence of the human carbonic anhydrase H was detected by immunoblot
analysis for all examined cell clones. The size of the detected protein was of 29
kba. The expected size for the human CALL is 29,246 Da (SwissProt hCAI Ref
No PO0918). The different expression levels were distinguishable by the different
bands thickness. This diffcrence armses from the additional expression of the
exogenous human CAIl since no detection was achieved for the endogenous
hamster carbonic anhydrase 1T (haCATT}.

Herein 1s reported as an aspect a method for the selection of a cell stably expressing
a carbonic anhydrase for use in the recombinant production of 2 polypeptide

comprising at least one of the following steps:

- selecting a cell with maximum obtained cell density and mean specific growth
rate of not less than 70 % of that of the parent cell in a shaker flask cultivation;

and/or

- selecting a cell which has a specific product production rate that is day 5 or 6
higher than at day 3 or 4 in a cultivation without applied sclection pressure;

and/or
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- selecting a ceil that has the highest carbonic anhydrase activity in an "0-CO,-
H,O-exchange determination method.

The parent cell is the cell into which the nucleie acid encoding the carbonic
anhydrase has been transfected and which is subjected to the selection method as

reported herein or which 18 used in the production method as reported herein.

In one embodiment the maximum obtained cell density and the mean specific
growth rate arc not less than 80 % of that of the parent cell. In one embodiment the
maximum obtained cell density and the mean specific growth rate are not less than
90 % of that of the parent cell. In one embodiment the maximum obtained cell
density and the mean specific growth rate are not less than 95 % of that of the

parent cell,
In one embodiment the shaker flask cultivation is for 7 to 10 days.

In one embodiment the specific product production rate that is at day 5 higher than

at day 3.

In one embodiment the carbonic anhydrase activity is determined at chemical

equilibrinm.

The cell is in one embodiment a CHO cell, or 4 BHK cell, or a HEK cell, or 2
Sp2/0 cell.

The carbonic anhydrase is in one embodiment & human carbonic anhydrase. In one

embodiment the carbonic anhydrase is carbonic anhydrase 11

Cultivation of human carbonic anlivdrase il expressing clonal cell lines

The hCAll-expressing cell clone ElT was cultivated with different CO, profiles.
The cultivation medium contained galactose and, thus, the produced lactate was re-

metabolized.

To examine the effect of hCATI expression on the cell internal pH value (pHi), the
control cell line in Hy(Q medium and clone El1 were submitted to a short term
acidification. This was achicved by mixing the cells with a CO,-containing solution
and measuring the subsequent pHi recovery, Figurc 6{A) shows the course of the
pHi value for clone E11 and control cell line in HyQ mediuom; Figure 6(B) shows

the corresponding CO, concentration during the experiment. A replicate of this
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experiment was performed with the carbonic anhydrase 11 inhibitor ethoxyzolamide
and the results are presented in Figure 7(A) and 7(B). The initial rate of recovery
and the results normalized for Control HyQ are demonstrated in Figure 8(A) and

8(B). The following Table summarizes some of the characieristics of the tested cell

5 lines,
Jdable
ComtrotHyQ  Clone £77 Controllyl Clons B
+ HLTE + ACTY
P, 7.18 7.18 740 7ot
Steady siate pHi 7.29 7.24 7.02 8.87
pH; {acid load) £.93 5.81 £.84 8.61
P {5 rmin} 0.670 0.094 0.049 0.057
e 0.5834 0.908 0.947 {.952

Clone E11 showed a faster pHi change compared to the control cell line in HyQ
medium. An increase of the pHi value above the steady state value was absgerved 8
min, after acid load for clone E11 {up to pH 7.4) as opposed to 11 min. for control
10 celi line i HyQ medium without inhibitor. For the hCAIL inhibited reactions, the
steady state was exceeded 5 min. after cxposure of cells to COp-containing medium
for both cell lines. Sixty minutes after cytoplasm acidification, the steady state was

restored,

Carbon dioxide and extracellular pH were maintained constant during  all

15 experiment due to the closed system used. In the experiment without inhibitor, the
iransient acid ioad brought the cells in contact with approx. 12 % CO», except for
test number 2 for clone E11 (11 % CO;). For the hCAIl inhibited experiments, this
value was about 9 % COn.

The recovery rates of the cells were calculated for the linear response of the first 5
20 min. after acid load. In this period of time, the clone E11 revealed a 34 % increased
mitial recovery rate, compared to the control cell line in Hy(Q medium. The same
could be seen in the presence of the hCAIIL inhibitor. A 30 % and 19 % decrease on
the re-alkalinization rates were calculated for the control cell line in HyQ medium

and clone H11, respectively, in the presence of the inhibitor.
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With acidification of cells by ammonium chloride in the absence of HCG S, there

was no difference in the rate of recovery between the cells with or without hCATL

In large scale cultivations, many parameters play an important role in culture
performance that does not exist on bench top scale. The carbon dioxide distribution
is one of these parameters and its accumulation to non-physiological levels might

have a negative impact on cells.

Only limited data for mixing times at very low power inputs for large scale
cultivations 15 available. Mixing times typically of 100 sec. {ranging from just
greater than 200 sec. to approx. 70 sec.) for an 8000 ! biorcactor for cell culture
medium are reported (see o.g. NIENOW, AW, ¢t al,, Cytotechnol. 22 (1996) 87-
04}, Thus, i a large scale bioreactor, the ceils may experiment different €O,
conditions due to hydrostatic pressure. Therefore, a higher re-alkalinization rate,
such as that of clone E11, may be advantageous where mixing fimes are around

1-2 min., although the pHI variation is higher.

Parallel batch cultivations were performed. Employed were cultivation conditions
with an increasing CO, level and a constant (physiological) CO; level. Until day 2,
both cultivation conditions comprised a cultivation at a constant pCO; level of 5%
COy. Thereafter in one cultivation a profile was imposed with increasing pCO,
level from 5 % to 25 % within 4 days. The respective other cultivation was

maintained at 5 % CO,. The cuitivation data 13 shown in Figures 9 and 10.
g

The viable cell densities were normalized to the maximum cell density obtained in
the control cell line at cultivation day 4. The osmolality was corrected with a NaCl

solution after day 4.

The long-term controlled carbon dioxide increase had an effect on the recombinant
protein preduction (sce Figure 11). The product concentration was normalized to
the final product concentration reached by the control cell line in HyQ medium
Control the controlied €O, cultivation at the end of the batch, Clone E11 showed
an increased product concentration in the cultivation process. The cell specific

productivity was increased for both cell lines at increased/increasing CO;, levels.

The influence of the different CO;, profiles on the glucose consumption and lactate
production are illustrated in Figure 12. For the hCAll-expressing clone EII,
27.5 mM and 26.3 mM of lactate were determined at day 3 for the constant 5 %
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and the icreased CO; level cultivation, respectively. At the end of the batch

cuiture, ammonium concentrations determined were of about &6 mM.

The pseudo-null method was applied for flow cytometric measurements of the
intracellular pH value during the cuitivation process. The cuiture extracellular pH
was controlled to pH 7.2, The results for all cultivations arc illustrated in Figure 13.
For all four cultivations, the mitial intracellular pH value was between pH 7.26 and
pH 7.259. Subsequently, the pH value decreases to pH values below the extraceliular
pH value of the cultivation. When the profile reached its CO; maximum value of
25 % {cultivation day 6), the pHi reached a value of 7.2. The clone E11 reference
culture (5 % CO,) presented a pHi value of 7.14 at cultivation day 5. At cultivation
day 5 a difference of 0.16 pH units was caiculated for the long term increased CO,
cultures. The metabolic engineered cell line was able to maintain higher
intracellular pH values during long term €O, increase cultivation with controtled

extracellular pH value.

The percentage of cells in GOG1- and S-phases for batch cultures of both control
cell line and hCAT-trangfected cell line at controlled 5 % CO; and CO, profile are
tlustrated in Figure 14. The proportion of cells i the GOG1-phase started between
25 % and 30 %, whereas the fraction of cells in the S-phase started at about 47 %.
The amount of cells in the S-phase maintamned very high during the exponential
growth phase (between 40 % and 50 %). For clone E11 cultured with a CO; profile
an increase of the percentage of cells m the GOG1-phase occurred after cuitivation
day 4, up to 65 % four days later. For the control cell line in HyQ medium an
increase occurred after day 5, up to 49 % at day 8. The fraction of cells on the S-
phase decreased reaching 20 % for clone £t and 34 % for control cell line in HyQ
medium, respectively. An increased CO; profile from 5 % to 25 % CO, triggers the

cells to enter earlier tn the GOG1-phase.

The transfected cells showed a stable hCAIL expression during the cultivations

{constant and profile, Figure 15).

By increasing the pCO, levels in a controlled manner, an efficient control of pkii at
alkaline levels, causmg a cell cycle amrest in GOGl-phase and an increase in cell-

specific productivity was achieved.

it could be shown that the final product concentration was increased by 11 % and
the overall cultivation time was increased by 1 day for clone E11 celi line with

Increasing pCO; levels.
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The glycosylation profile of the human carbonic anhydrase I expressing cell line
was compared with the one obtained from the original cell line. Samples taken at
the end of the biorcactor cultures at different controlled CO, levels of clone E11

and Control Hy(Q were analyzed and the results are shown in Figure 16.

The relative amount of digalactosylated (G2) and manncse structures were below
15 % and 10 % respectively of total glycosylation for all cultivations. The total
arnount of galactosylated structures showed a differcnce of 10 % between clone
Ell cultivated at increased CO, fevels and the control cell line in Hy(Q medium
cultivated at 5 %% COs.

Druring all cultivations the pHe was controlled to pH 7.2 pH and the pHi ranged
between 7.01 and 7.31.

Summary

Generation of an hCATT expressing cell line

- short screening procedure; resulting clones show no effect on cell growth,

metabolism or glycosylation in batch cultures compared to parent eeli line

- production of active hCAIl enzyme through linear DNA transfection of hCAl]

gene in a CHO cell line

Physiologic effect of CAU on pHi

- faster re-alkalization of cytoplasm assectated to higher initial recovery rates

after CO, acid load for hCAH expressing cell Hne

~ the presence of hCAIl might have an influence in the short-ferm pH recovery
under industrial mammalian cell culture conditions, especially at large

cultivation volumes

- more alkaline pHi for hCAI expressing cell under CO2 profile cultivation
indicating a positive action of the hCAIl enzyme with respect to efficient re-

alkalization of the cell’s cytoplasm

Long-term €O, increase on ¢ells

- change of the cell growth of the hCATI expressing cell line in the presence of a
CO, profile
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- smallest pHi vanations and more alkaline pHi value in the presence of a CO;

profiie for the hCAII expressing cell line

- cntrance n the GOG1-phase of the cell eycle with associated higher specific

productivity for clonal cell line and control cell line with a CO; profile

5 - hCAU expressing cell entered earlier m the GOG1-phase and the increase of the
fraction of cells in this phase was carlier compared to non-hCATl expressing

cells
Qutlook

in order to take advantage of the long term alkaline pHi and the entrance of the cell
10 in the G0G1-phase of the cell cycle on the increase of the productivity, an "on-of[™
mechanism should be designed where hCAH expression could be regulated during

the different cultivation phases, ¢.g. by the use of an inducible promoter.

The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
15 appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.

Deserintion of the Sequence Listing

SEQ 1D NO: 01 nucleic acid encoding human carbonic anhydrase 11
SEQ D MNO: 82 amino acid sequence of human carbonic anhydrase II
20 SEQ ID NO: 03 amino acid sequence of human carbonic anhydrase 11 82A variant
SEQ I3 MNOG: 64 primer
SEQ ID MO: 85 primer

Deseription of the FVionres

Figure 1 Protem global alignment for hCAIL gene. Encoded sequence of
25 Data Bank NCBI (Ref. Nr.. NMO0O00G67T). The active site of
carbonic anhydrase formed by His64, His94, His96 and His119 is
marked by arrows,
Figure 2 Batch cultures of clones and controls in 230 mi shaker flasks with
90 m!i working volume. (A) Normalized viable cell density; (B)

30 Viability; (C) Normalized mean specific growth rate.
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Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figare 16

Figure 11

Figure 12

Figore 13

Figure 14

Figure 15
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(A} Glucose and Lactate concentrations; (B) Cell specific
Glucose consumption and Lactate production rates.

(A) Ammonium concentrations; {(B) Cell specific Ammonium
production rate.

{A} Normalized product concentration; (B) Cell specific
productivity,

Effccts of hCAH expression and ethoxyzolamide on pHi of the
Clone Eil and control cell line after acid-load. (A) Intracellular
pH recovery after acid-load; (B) Carbon dioxide concentration
during the acid load experiment.

Effects of hCATl expression and ethoxyzolamide on pHi of the
Clone EI11 and control cell line after acid-load. (A) Intraceliular
pH recovery after acid load in the presence of 100 puM
ethoxyzolamide; {B) Carbon dioxide concentration during the
acid load experiment in the presence of 100 uM cthoxyzolamide.
Effects of hCAIL expression and cthoxyzolamide on pHi of the
Clone Elt and control cell line after acid-load. (A) Imitial pHi
recovery after scid-load; (B) Comparison of the initial phHi
recovery rates.

Batch cultivations of the hCAll-expressing cell line Ell in
biorcactor with 1.5 | working volume. (A) Viable cell density and
CG, profiles. (B) Viability, specific growth rate and osmolahity.
Batch cultivations of the Control HyQ cell line in bioreactor with
1.5 1 working volume. (A) Viable cell density and CO; profiles.
(B) Viability, specific growth rate and osmolality.

(&) Normalized product formation; (B) Product cell specific
production rate.

(A} Glucose and Lactate concentrations; {B) Cell specific glucose
consumption and lsctate production rates; (C) Ammonium
concentrations; (D) Cell specific ammonium production rates.
Amino acid concentrations. (A} Glutamine and asparagine
concentrations; (B) Tryptophan and lysine concentrations.
Changes in the fraction of cells in GOG1 and S phases during
batch cultures of clone E11 (A) and Control Hy(Q (B) at
controlied 5 % CO; and CO, profile.

Immunoblot of hCAIT i cell lines stably transtected with hCATI

gene and in non transfected cells. {A) Tmmunoblot of samples
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from the CO; profile cultivation. (B) Immunoblot of samples
from the 5 % CO; controlled culiivations. The numbers indicate
cultivation days. Positive Control (PC): carbonic anhydrase
wozyme II from human erythrocytes (Sigma-Aldrich), Protein
marker (M): SeeBluer Plus2 pre-stained standard (Invitrogen).

Figure 16 Comparison of the glycosylation profile of the recombinant
protein produced by the cells under increased CO, profile with
the one produced at controlled 5 % CO,.

Figure 17 Sampling of the batch cultivations for proteomic analysis. (A)
Clone E11 (B) Contro! HyQ. Sampies A and I3 at day 2 (constant
5 % COy), samples B and E at day 4 (constant 5 % C0,), samples
Cand F at day 4 (13 % CO,).

Examples
MOLECULAR BIOLOGICAL METHODS

To prepare clones of CHO cells, a three step approach is taken. First, the gene of
interest (GO1) is cloned into an appropriate mammalian expression vector. Second,
the resulting plasmid 18 prepared in E. coli, and finally, the construct-bearing
plasmid 1s introduced into the CHO cells, where the desired DNA is incorporated
i the genome.

YECTORS

The mammalian expression vector for hCAITI gene (NCBI Ref. Seq.; NMOOG06T)
has a size of 4807 bp and it confers ampicillin resistance {Ampr) in E. coli. The
pJRC36 vector construction 18 deseribed by STERLING, D. AND CASEY, J.R.,
Biochem. J. 344 (1999) 221-228.

PLASMID DNaA RESTRICTION

For the preparation of linear DNA for nucleofection, 20 ug of DNA were incubated
in a reaction mixture with a total volume of 200 pl containing 100 units of the
restriction enzyme Apall. The restriction occurred by incubation for 4 h at 37 °C.
Afterwards, a 100 ng sample was anatyzed by gel clectrophoresis. After
confirmation of DNA. linearization, additional purification steps with Phenol-
Chloroform extraction and cthanol precipitation were done in order to remove

enzyme and salts from the DNA.
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PRIMER DESIGN

Primers for sequencing purposes were chosen to have a length of 20 to 22
nucleotides and a GC content of about 50 %. The melting temperature of a primer
is defined as the temperature at which 50 % of the double strand DNA (dsDNA)
has denatured. The anncaling temperature (TA) 1s the temperature at which the
primer anneals to a single-stranded DNA template and is considered as 5 °C lower
than the TM. The melting temperature was between 60 °C and 80 °C and did not
differ more than 5 °C between primer pairs. Primers were designed with no infra-
primer homology beyond 3 base pairs. It was also considered the inclusion of more

than onc G or C residue at 37 end of primers to ensure correct binding.

All primers were designed with the program Clone Manager Suite 7 (Sci-Tid
sSoftware). The following Table gives an overview of the resulting primers used for
sequencing of hCAIl gene in the vector. These primers were purchase from
Invitrogen, dissolved in LAL-H2O to a final concentration of 10 pmol/ul and
stored at ~20 °C. The orientation of a primer is indicated by "+" for a sensc primer
and "-" for an antisense primer. The location of the primers hybridization region 18
also indicated. The melting temperatures (TM) were calculated with the program
Clone Manager Suite 7 (8¢i-Ed Software).

Table
Primer +-  Locationin Seguence T
phCAlLZsGireant & =3 [
PHO7  + 569 GGTTTAGTGAADCGTCAGATCC 80 oppyyr
e iy SEQ 1D NO: 04
PROB 1261 ARPGGOCAAGAGTGOTGACTTC 62 S’Eg D NO: 05

SEQUENCING
The sequencing of hCAIl was performed at the Center for Biotechnology
{CeBiTec, Biclefeld, Germany).

NMUCLEOFECTION OF MAMIMALIAN CELLS

Nucleofection was performed with linearized DNA. Nucleofection of CHO cells
was performed with the Nucleofector' ™ II according to the protocel provided by
the manufacturer (Amaxa Biosysters, Cologne, Germany). In short, 5 x 10° cells

were harvested, gently mixed in 100 ul of Cell Line Nucleofector™ Solution V and
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4 ug of lincar DNA and transferred into a 0.1 cm gap cuvette. Immediately after,
the cells were pulsed with the program U-024 of the Nucleofector™ 1 (Amaxa
Biosystemg), then pipetted into a 15 ml falcon tube containing 10 mi pre-warmed
HyQ medium and spun down at 200 x g for 10 min. at RT. The pellet was
resuspended 1n 5 ml pre-warmed Hy(Q medium and transterred into a T-25 flask.
After 24 h incubation at 37 °C and 5 % CO,, the cells were assayed for both
viability and expression (transfection efficiency). After 48 h, the clone mixture was

submitted to a limited dilution for single clone isolation.
MAMMALIAN CELLS

A Chinese Hamster Ovary (CHO) cell line producing an antibody was used. The
cell ling was created by transfecting the dihydrofolate reductase (IDHFR) negative
parent CHO cell line with a recombinant vector containing genes for both a DHFR
and the antibody. The transfected genes were amplified by the DHER inhibitor and
methotrexate (MTX), A high producer was sclected and cloned. The final cell line

also contains resistance against hygromycin.
MEDIA FOR CULTIVATION OF MAMMALIAN CELLS

Pre-culture mediuvm containing methotrexate was used for moculum preparation
and the main cultivations were performed in production medium. The different
components were dissolved in MilliQ-H,0. The pH value of the medium was
adjusted to pH 7.2 with 25 % (v/v) HCL After sterile filtration (0.2 wm) and
supplementing, the medium was stored at 4 °C. A sterile test was performed for
48 h at 37 °C and the medium was used no longer than 4 weeks after production.
The commercial available HyQ® SEMACHO™ Utility medium (Hyclone) was

used as outgrowth medium after nucleofection.
MOMOD KINETIC

Following are the formulas for calculating the specific rates. Since for this type of
culfivation strategy there is no flow in or out from the bioreactor the volume is
considered constant (Equation 10.2). The cell concentration (X)) of a growing
culture 1g changing with time (t) according to Equation 10.2, which after
integration and taking the logarithm originates the equation for calculating the
specific growth rate {p). The medivm culfure subsirates are consumed as result
from cell growth. They are used by ceils for the maintenance of metabolic

processes and for product formation. The specific substrate consumption (¢S) and
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[0.4 and 10.5,

respectively, with the mean cell concentration (Xm) calculated according to
Equation 10.6.
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ESTABLISHING OF WORKING CELL BANK (WCEH)

A working cell bank (WCB) for the original cell line (Control) was setup to ensure

sutficient cell resources for all experiments. Therefore, cell density and viability

were measured for an exponential growing colture. Afterwards, cells were

harvested and cell peilet was resuspended in a defined volume of chilled pre-
culture medium with 5 % DMSO (dimethyl sulfoxide) in such a way, that the final
cell concentration was 1 x 107 cells/ml. Four milliliters of this cell SUSPENSion were
aliquoted in cold 4.5 ml neminal volume cryovials (Nunc@) and cell suspension
wag frozen with the IceCube 1800 (SY-LAB GmbH) according to manufacturer’s

mstructions {Instructions Manual for Ice Cube 1800, V4.61 from 08.01.20601,
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SY-LAB). The cryovials were transferred to the gas phase of the liquid nitrogen for

long time preservation.

The WCB of the hCAll-clones or controf cell line in HyQ medium, were done
either with HyQ freczing medium or with pre-culture freczing medium, both
containing 5 % DMSO. Therefore, 1 x 107 cells/vial were frozen overnight at
-80 °C in the 5100 Cryo 1 _C Freezing Container {Nalgene™) which induces a
cooling rate of -1 “C/min. Afterwards, the cryovials were transferred to the gas

phase of the liquid nitrogen.
CULTIVATIONM

Back-up or inoculum cultures and paraliel test batches were carried out in
disposable cultivation systems, such as bioreactor tubes and shaking flasks. 56 mi
conical polypropylene biorecactor tubes (TPP) and different nominal volume
(125 ml, 250 ml and 500 mi) polycarbonate Edenmeyer flasks (Corning) were
used. Both were equipped with poiyethylene plug seal caps with integrated
0.22 um hydrophobic membrane to maintain sterility and facilitate gas exchange.
For bioreactor tubes the working volume ranged between 10 ml and 20 ml and for
shalang flasks between 40 % and 60 % of the nominal volume. The cultivations
were performed in an incubator (Mytron} at 37 °C, 3 % CO, and 80 % humidity.
Agitation was achieved by orbital shaking at 125 rmpm (Innova 2300, New
Brunswick Scientific) or 185 rpm (ES-X, Kuhner), and 0° inclination angle for

bioreactor tubes.

Back-up cultures

One WCB cryovial of the control cell line was quickly thaw in a 37 °C water bath
and the cell suspension was mixed with 10 mil pre-culture mediurn (RT). Afier
centrifugation (200 x g, 10 min} to remove the DMSO, the pellet was resuspended
in 10 mi pre-culture medium at room temperature, After ccll density and viability

determination, a 125 ml shaking flask was inoculated at 5 x 10° cells/ml.

Clones or control cell line it HyQ medium thawing procedure was similar to the
one described for the control cell line, except that afer pellet resuspension in 15 mi
fresh pre-culture medium, cells were cultured in 50 ml bioreactor tubes at 185 rpm
(ES-X, Kuhner), and 0° inclination angle. After 2 days, cells were transferred to a

125 mi shaking flask.
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Sub-culturing was performed every 3 days from an initial cell density of 4 x 10°
celis/ml for control celi line or 6 x 10° cells/ml for the hCAI over-espressing
clones and control cell line in HyQ medium. Back-up cultures were run for 1

month at most.

Parallel baiches

Cells were seeded at 6x 10° cells/ml and cultivated in pre-culture medium in
250 ml shaking flasks with 90 ml working volume at 185 rpm. After a 2 day
adaptation phase, the main culture was inoculated in production medium. Samples
of Z ml were taken daily for cell density analysis, 1 ml was centrifuged (200 x g)
for 10 min. at RT. The ammounium concentration in the cell free-sample was
measured and the remaining supernatant was aliquoted and stored at -20 °C for
glucose, lactate, and product analysis. The cultivations were aborted when viability
dropped below 40 %. The cells were harvested and 40 ml of the cell-free

supernatant were stored at -20 °C,
CLONE SCREENING

For the generation of clonal cell lines, the clone pool was dituted in such a way that
single cells were obtained by cultivation in 96-well plates under selective
cultivation conditions {selective pressure), Forty eight hours after nucleofection,
cell density and viability were checked. The clone pool was spun down and the
pellet resuspended 1o a congentration of 2 x 107 viable cells/ml in selective medium
(HyQ medium with 5 % FBS and 400 pg/ml G418). Further dilutions were
performed in order to inoculate 96-well plates (flat-bottom, Nunclon™, Nunc) with
100, 20, 10 and 5 viable cells in each well with 150 ul selective medium. The
plates were mcubated at 37 °C and 5 % CO, for formation of colonies. After 7
days, 50 nl of selective medium was added to the wells. Between 8 and 12 days
und selection conditions plates were checked regularly and wells containing single
colontes were marked. Seventeen days after the selection procedure had started,
single colonies were trypsinized by first aspiring medium and after a washing step
with PBS, the cells were incubated for 5 min at 37 °C with 50 pl Ix trypsin
(Invitrogen}. Afterwards, trypsinized cells were transferred to 24-well plates for
further cultivation without selective pressure. When the colony size permitted it,
the clones were further cultivated in 35 mm dishes. Ounce 90 % confluency was
reached, part of the cells were harvested and prepared for hCAll-expression

analysis, the other part was further expanded in 25 flasks, t-75 flasks, bioreactor
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tubes and, finally in 125 ml Erlenmeyer flasks. In the middle of the exponential
growth phasc cells were split, half of which were cryopreserved in HyQ medium
with 5 % DMSO. The other half was centrifuged down, resuspended in pre-culture
medmm and further cultivated until middle expeonential phase. Cryopreservations
were performed in pre-culiure medium with 5 % DMSO. The control cell line was
cultivated throughout the screening process in Hy(Q medium and cryoprescrved

accordingly.
BIOREACTOR CULTIVATIONS

Baich cultivations were performed in the multi-bioreactor system Biostat™ B-DCU
{(Sartorius AG) with 1.5 1 working volume. The on-line monitoring of the process
parameters was performed with in-place sensors, such as: pH electrode, pO,
electrode, pCO, electrode and temperature electrode. The process parameters were
controlled through the DCU local controller (Sartorius AG). The pH value was
automatically adjusted to 7.20 + 0.01 by addition of 1 M NaOH or 1 M HCL
Bioreactor gassing was performed with a sterile gas mix (0.2 p inlet sterile filter)
by a ring sparger, immersed in the culture liquid under the impeller. Exhaust gas
was cooled down by an exhaust gas cooler and left the bioreactor through an outlet
sterile filter. The bioreactor was equipped with two 4-bladed Rushion type
impellers. For pO, controlling, a cascade with gas flow rate (GAFR) and agitation:
(STIR) was used 1n the ratio mode with fotal flow rate of 60 mi. A mixed gas
containing air and nitrogen was used {o maintain the dissolved oxygen
concentration at 30.0 £ 6.1 % air saturation. When the air flow rate reached the
maximum value, the agitation (sccond cascade parameter), was controlied
according to cells oxygen demands. The mitial agitation value was 80 rpm. An
additional mix of CO; and N, was used to control the pCO, at the desired
concentrations (constant 5 % CO; or centinuous CO; profile from 5 % to 25 %
COy}. The bioreactor temperature was maintained at 37 °C and controlled through
the jacket water temperature. To exclude osmolality differences between the CO,-
confroiled culfivation modus, this parameter was manually compensated with
addition of 1 M NaCl (cquivalent to 1843 mOGsmel/kg) through a calibrated
peristaltic pump. To avoid formation of foam, 1 % anti-foam solution was added
when necessary. The reactors with the probes in place and filled with 1.5 [ PBS was

submitted to a pressure tost. Afterwards, steam-sterilized at 121 °C for 50 min.

The moculum for the main-culture was prepared in the bioreactor at 5 % CO, and

in production medium until it reached the middle exponential growth phase. The
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main cultures were inoculated at 6 x 10° cells/ml. For sampling, the sterile coupling
system with Luer-Lock (IDASGIP GmbH) was used. Samples were taken cvery
24 h for cell growth, productivity, cellular metabolism, cell physiology ete. For
sampling, syringes with the Luer-Lock system were used together with the Luer-
Lock system built up 1n the bioreactor. To take a representative sample of the
culture, a pre-flow sample (about 5 ml sample) was taken, after which, enough
volume of cell suspension was removed and directly measured in the blood gas
analyzer (ca. 100 puly for off-line analytic (pH, pCG;) and for cell density
determination. Part of the remaining cell suspension was used for generation of
samples for cell cycle analysis (2 x 10° cells) and hCAII expression level (1 x 10°
cellsy during the cultivation, the other part was centrifuged at 200 x g for 10 min. at
RT. The ammonium concentration in the cell free-sample was measured and the
remaimng volume was aliquoted and stored at -20 °C for glucose, lactate and
product analysis. For pHi measurement, about 2.5 mi cell suspension was taken.

Finally, the sampling system was sterilized with 70 % ethanol.

The cultivations were performed until viability decreased below 40 %. At this time,
the cells were sterilely harvested from the biorcactor and 40 ml supernatant were
frozen for glycan analysis. The pCO;, pO; and pH probes were removed and the
bioreactor was filled with 8.2 M NaOH. Inactivation was done overnight (45 °C,

160 rpm), Finally the reactor was cleanced with MilliQ-H,O.
DETERMINATION OF VIABLE CELL DENSITY AND VIABILITY

Cell densities and viability of the cultures were determined with the sutomated cell
counting system Cedex {Cell Density Examination System, Roche Innovatis
GmbH). The measurement is based on the well-established Trypan Blue dye
exclusion method for defermination of living and dead cells. Sample handling,
staining, cell counting, image acquisition and analysis were performed
automatically by the Cedex. For better accuracy, two measurements cach of 1 ml
were performed for cach sample (30 images). The samples from disposable

bioreactors experiments were diluted 1:2 with PBS before measurement.
DETERMINATION OF METABOLITES GLUCOSE AND LACTATE

The automatic Glucose-Lactate Analyzer YSI 270600 Seclect was used for the
measurernent of these paramefers m supernatant. The instrument calibrates
automatically with glucose and lactate solutions of defined concentrations. A repeat

determination was performed, for each of which 150 ul sample was necessary, All
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samples were diluted in PBS buffer in such a way that measured concentrations

were below the concentrations of the standard solutions.
DETERMINATION OF AMMONITM

A specific and sensitive determination of ammonium 18 achieved by its
derivatisation in the alkaline environment to fluorescent derivatives. For the
measurement, 1.3 ml of RT reagent (25 mg OPA, 25 mg thioglycolate in 1 mi
methanol, pH to 10.4 with 10 ml 6.4 M sodium borate buffer) were pipetted into
the 1.5 ml fluorescence cuvette (Plasti'brandm), Brand} the base line/value was
adjusted to zero, Subsequently, 20 nl of cell-free sample were mixed with the
reagent and the reaction process was followed, The maximum emission intensity
valued was noted. In order to determine ammenium. concentration in the sample, a
reference value (standard solution 556 mM  ammonium) was measured,
accordingly. The concentration of the ammonium in the sample was determined

with the following relation:

T ffsm;i%ﬁ {i{}ﬁ}
skl
Compt COTICERNIrALION of ammenium in the sample [-ﬁ"ﬂ‘-‘]
Cwg  COncentration of ammonium in the standard [%W
lsmpt . MAXEMUM emission intensity of the sample -
L maEimum emission infensity of the standard

DETERMINATION OF OSMOLALITY

The osmoiality of supernatants were measured using the freezing point depression
osmometer (Osmomat Auto, Gonotech GmbH). The sampies measurement was
performed with 150 ul celi-fice supernatant. Osmolalify values were expressed in
mOsmol Kg. A two point calibration was done with MilhQ-H;O {0 mGsmol/kg)
and a standard solution with predefined osmolality (280 mOsmol/kg or
320 mOsmol/kg; Gonotech GmbH).
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DETERMINATION OF PRODUCT CONCENTRATION

The concentration of the recombinant protein was carried out by size-exclusion-
high performance-liquid-chromatography (SEC-HPLC) by the technical personal
from AG Cell Culture Technology.

DISSOLVED GAS AMNALYSIS

The quantitative measurement of pH value and CO, concentrations was performed
with the automatic blood gas analyzer AVL COMPACT 3 (Roche Diagnostics
GmbH, Mannheim, Germany). A volume of 100 ul sample is necessary for the

measurement. The CO, (%) was calculated by the Equation 10.10.

¥oor = 100.5602 (10.10)
P,
Xooe  Concentration of CO, [%]
Deoe  partial pressure of GO, mimHg|
Py Tolal pressure mimHg|
FLOW CYTOMETRY

The flow cytometric analysis was carried out with a FACSCalibur™ (Becton
Dickinson) using an argon laser with an excifation wavelength of 488 nm. Data
acquisition and analysis was carried out using a G4 Apple Macintosh computer
with the CellQuest'” Pro software. Forward light scatter (FSC) and sideward

scatter {(SS5C) were used 1o examine the size and granularity of the cells.
INTRACELIALAR PH MEASUREMENT

pHi measurements were carried out by flow cytometry with the available pHi
fluorescent indicator, Carboxy SNARF-1 AM (Molecular Probes Inc.). This dye is
an acetoxymethyl (AM) ester that enter the cells readily and is hydroiyzed by non-
specific esterases to yicld the free fluorescent dye. SNARF-1 AM is very sensitive
o pHi changes within the physiological range. It is excited between 488 nm and
330 om and the fluorescence emission is monitored at two wavelengths, typically
about 580 nm (F1.2-H) and 640 nm (FL3-I1). This is particularly interesting as the
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fluorescence emission wavelength ratio can be calculated foe a more accurate
determination of the pHi. With the use of this ratiometric technique, a number of
fluorescence measurement artifacts are eliminated, such as photobleaching, cell
thickness and leakage and non-uniform loading of the indicator (SNARF® pH
indicators, Product information, 2003, Molecular Probes Inc.). Herein the Pseudo-
Nuil calibration method was used. The method is based on the assumption that
(i)only the non-ionized forms of the weak acid or base can cross the cell
membrane, (i1} the dissociation constants, pKa and pKb, are the same inside and
outside of the cell, and (iii) mechanisms that regulate pHi do not influence the
critical changes m pHI (or fluorescence) observed. A simplification can he
considered 1f the calibration selutions are prepared 1n such a way that a
concentration of weak base and a concentration of weak acid produce an equal but
opposite change in pHi {(i.e., pHa = pHb). The derived relationship for pHi

determination is presented in Equation 10.11.

3
pH, = pH, -m-ﬁﬁﬁﬁﬁ(ﬁ%j (10.11)
pH,  intraceliular pH -
nH.  sxiracellular pH -
Al  concentration of weak acid gmﬁﬁ
Bl concentration of weak base  [m

N

,,,w

Where the pHi 15 dependent on the extracellular pH value (pHe) and on the ratio of
concentration of weak base (B) and weak acid (A) present in the solution. The ratio
of weak acid and base that gives no change 1n pHi could be extrapolated between
those that lead to the smallest increase in pHi {("Null Point"). If the molar
concentration of the acid-base ratio is suflicient, then no further addition of acid to
base in the same ratio causes a change 1n the pHi, so that value reflected a new null
value {designated Pseudo-Null) that satisfies Equation 10.11. Therefore, a
calibration curve can be obtained from the plot of pseudo-null pH value vs.
fluorescence ratio by exposing cells to a series of acid-to-base mixtures at
sufficient molar concentration. Those mixtures were done with butyric acid (BA)
and (rimethylamine (TMA) (Table 3). The preparation of calibration solutions was
done i HEPES buffer containing FBS (named HDFBS buffer; following Table).

The addition of FBS aids maintenance of the cells physiological conditions.
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Table

Buloer / Sohution

Caomposition

Carboxy BNARF-1 AM

HEPES buffer

HOFES hutfer
Butyric acid (BA)

Trimathy lamine {TRMA]

dizssolve in TS0 al 2 o
store at 4°C

10 m HEPES

133.5 mi NaCl

4mh KCI

12w Nak PO, HO
1.2mi MgS0,

11mit o-Deglucose

2mht Call, 2HO

adfiusl pH1ie 7.4

a3 % tvlvi HEPES buffer

10 % (wivi FBS

11 n-butyric acid (pia 4.82}
adiust pHin 7.4

1M trimethylamine {pkb 9.8)
adiusipHio 7.4

A5 ml disposable syringe was pre-loaded with 22 pl of SWARF-1 AM (2 mM in
DMB50). Subsequently, 2.5 ml samples were taken from a bioreactor, the syringe

was closed with a Luer-stopper (Rotilabo) and cells were stained for 25 min. at
37°C. Afterwards, 200 ul of stained cells were mixed with 200 ul of 37 °C
HIDXEBS buffer and measured with the FACS. Samples were analyzed in replicates.

Emission fluorescence was measured at 580 nm (FL2-HY and 640 nm {(FL3-H).

Calibration curves were established with the same sampled stained ceils. Hence, six

times concentrated standard solutions were prepared by adding different amounts
of butyric acid (BA) and trimethylamine (TMA) to the HBFBS bufler, as shown in

the followmg Table.

Table
Hutter 68X concentration Fsaudo Null piHd
BATIA (mid) in HDFES Buffer, pH 7.4
S1 8/96 8.0
52 6/24 7.7
=3 B/6 7.4
54 2418 7.1
55 26/6 6.8
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A volume of 200 pl of each solufion was pipetted into the polypropylene tubes,
closed with a cap to avoid evaporation and incubated at 37 “C. Calibration was
achicved by mixing 200 ui of dye-loaded cells and 200 ul of aliquoted and pre-
warmed 6x calibration solution. Flow cytometry acquisition began after 20 sec. in
"HIGH RUN" modus and 10,000 total events were analyzed. Prior to flow
cytometric analysis, two calibration mixtures with cells were measured with the
blood gas analyzer to obtain the exact external pH wvalue. The ermssion
fluorescence ratios, 640 nn/S80 nm, were calculated with the program FCSassist™
1.0. Further data analysis was executed with the CellQuesiTM Pro software. Cells
that failed to retain SNARF-1 fluorescence were gated out on the fluorcscence
histograms. From the histogram FL3-H/FL2Z-H vs. counts analysis a histogram
statistic was made and the mean fluorescence value was noted. With the
mformation of the true external pH of the calibration samples, the induced pHi was
calculated using the Equation 10.11. The mean fluorescence ratio of each standard
was plotted against caleulated induced pHi. The samples pHi was derived from the

CUIve,
RE-ALKALINIZATION EXPERIMENT

The regulation of the pHi was studied by flow cytometric analysis during
intracellufar acidification with bicarbonate. The kinetic of the transporters were
examined. This test was made at physiological conditions. Therefore medium was
used instead of buffer to account for mnfiuences of other medium components. To
eliminate the activity of other cellular pHi-regulation systems, cells were pre-
incubated in bicarbonate-free medium buffered with HEPES. A closed systerm was
built to avoid CO, degassing that could cause pHe changes and, hence ensuing pHi
alterations, This system consigting of two disposable 5 ml Luer-Lock syringes
{B.Braun AG, Melsungen, Germany) connected by a short tubing and two Luer
tubing connectors (Retilabo™). These Luer connectors permitted the rapid and casy

connection/disconnection of the 2 syringes.

Syringe A contained stained cells in bicarbonate-free production medium and
gyringe B production medium with 4.2 g/l NaHCO; {(corresponding to 25 % CO, at
pH 7.2). Both media contained 20 mM HEPES and were adjusted to pH 7.2 at
37 °C. Acid-load was achieved by pressing bicarbonate-containing medium from
gyringe B into syringe A. A 5 ml syringe was pre-loaded with 22 ul of SNARF-1
AM (2 mM stock solution; Table 3). 1 x 16° cells, from the exponential phase,

were harvested and washed once with 4 ml medium without bicarbonate. After
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which, the cell suspension was sucked {without air bubbles) into the pre-loaded
fluorescence dye syringe, which was them closed with the Luer-stopper and gently
mixed. After a 25 min. peried of mncubation at 37 °C in the dark, with regularly
mixing to avoid cell settling, followed dissolved gas and flow cytometric analysis.
Three measurements of loaded cells in bicarbonate-free medium were made before
acidification of cells cytoplasm. Afterwards, the syringe B was connected to
syringe A and the double volume of NaHCOs-containing medium was added. The
syringe B was discarded, syringe A was closed and after short mixing, the acid-
lgaded cells were analvzed by flow cytometry. Additionally, some samples were
measured with the blood gas analyzer to determine the content of COy in medium

during the experiment.

To test if the re-alkalinization effect was due to the hCAll-overexpression, the
hCATL inhibitor ethoxyzolamide (ACTZ) was used. For the hCAIl inhibited
experiments, media with 100 uM ethoxyzolamide {stock solution: 100 mM ACTZ
In DMSO stored at 4 °C) was used. The experiment procedure was the same as
described above.

CELL CYCLE

Herem the deoxyribonucleic acid (DINA) content has been determined for cell cycle
analysis. Samples were taken every 24 h until viability decreased below 60 %.
Approximately 1 x 10° cells were harvested and two times washed with cold-PBS
by centrifugation (2006 x g, 10 min., RT). Cells were then fixed and permeabilized
with 1 ml ice-cold 70 % ethanol and kept at -20 °C until staining. Before staining,
cells were spun down followed by washing with PBS/0.1 % Saponin. Cells were
then stained with 1 ml staining solution (PBS/0.1 % Saponin, 40 pg/ml RNAse 5,
20 pug/ml P1) by incubation in the dark for 45 min, at room temperature. The RNA
degradation reaction was stopped by incubating the stained cells on ice until flow
cytometric analysis. Data was acquired with "LOW RUN" modus at a flow rate
< 200 cells/sec. The GOGI cell fraction was acquired on channel 200 of FL3-H
(640 nm) histogram. The infegral fluorescence of the cells was analyzed by the
computer software ModFit™ LT (Becton Dickinson) to obtain the percentages of
cells in the GOGI-, S+, and GZM-phase,
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PROTEIN EXTRACTION

For western blot

About 1 x 107 cells were harvested and washed two times with cold PBS. The cell
pellet was resuspended in 600 pl lysis buffer (RIPA buffer, see following Table)
and incubated for 5 min. on ice. The lysis procceds with a 5 min. sonication step
followed by a 30 min. incubation step on ice. The lysate was subsequently
cenirifuged for 30 min. at 16,200 x ¢ and 4 °C to remove cell debris. The protein

solution was stored ai -20 °C.

table
BuHer / Solution Lomposiiion
Lyse buffer 50 mid Tris-HOHpH 7.2)
2 EDTA

150 mivt NaGl
1% {w/vi NP-40
1 m PMSE {add freshly from sfock solution)
01 %% ferivy S8
FPA bufier S50l Tris-HCHpH 8.0)
150 M Nall
o EDTA
1mi BRSF {add freshly from stock solution)
TE buffer 10 midd Tris-HCE (ph 8.8)
T EDTA
Zmld PMSE {add Treshly)
PRSF stock sobution 100G b phanyimethylsulphonyt Tuorids
it Isopropanod
Dhass/RNase-mix stock selution 1 2 DNase
{1.25 ™ ANase

it

B0 Mall

For hCATT activity

Protein extraction was performed with RIPA Buffer (see previous Table). About
1% 107 cells were harvested and two times washed with cold PBS. The resulting
pellet was resuspended in 2 mi RIPA buffer and solution was frozen at -80 °C for
2 h. After thawing on ice, ccll suspension was treated for 15 sec. with an Ultrasonic
finger (Sonifier 250, Branson). Cell debris was spun down {17,000 x g, 1 h, 4 °C)
and cytosolic proteins were stored at -20 °C until carbonic anhydrase activity

measurements.
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For proteomic analysis

1x 10° cells were harvested from the bioreactor at cultivation day 2 (before CO,
profile) and 4 (two days after CO; profile had started) for both cell lines (clone E11
and control cell hine in HyQ medium). Cells were washed with cold PBS {200 x g,
10 min.) and petlet was stored at -80 °C until cell Iysis. The frozen cell pellet was
resuspended in 1 ml TE-buffer {see Table above). Subsequently, 20 ul of a serine
protease inhibitor stock solution, pheny! methylsulphonyl fluoride (PMSF), and
100 pl of a2 DNAge/RiNAse-mix stock solution was added (see Table above). After
transferring the cells in solution to a 2 ml vessels containing 1 g glass beads (about
0.15 mm; BioSpec Products inc.), the mechanical cell disruption wag carried out
with four homogenization cycles performed in a vortex, from 30 sec. each.
Between each cycle, the cells were stored on ice. Afterwards, protems in solution
were separated from the cells debris and glass beads by a centrifugation step
{16,200 x g, 20 min., 4 °C). For the separation of the proteins in solution and cells
compartments, an ultracentrifugation at 106,000 x g for 1 h at 4 °C (Optima™ L-
90K, Beckman Coulter Tnc., UUSA} was performed. To determine the protein
content of the supernatant part of the protein extract was removed to perform a

BCA assay. The rest of the proiein solution was stored at <20 °C.

DETERMINATION OF PROTEIN CONCENTRATION

acid (BCA) method using the profein quantification kit {(Uptima/Interchim). Tt
mvolves the reduction of Cu(ll) to Cu{l) by peptidic bounds of proteins. The
bicinchoninic acid chelates Cu(l} ions with very high specificity to form a water
soluble purple colored complex. The reaction is measured at 562 nm,
corresponding to the high optical absorbance of the final Cu(l) complex. The
protein concentration is proportional to the absorbance. It was followed the
protocol described by the manufacturer with a standard curve between 20 and
2,000 ng/m! of Bovine Serum Albumin (BSA). Samples and standard were diluted
in the corresponding lysis buffer. The absorption was measured with the
Photospectrometer PowerWave ™ HT (RioTek Instruments). The quantification

was performed with the Software KC4 (BioTek Instruments}).
ACETONE PRECIPITATION

Aliguots of 10 ug or 40 pug and 150 pg or 450 pg were prepared for western

blotting. Therefore, one volume of sample was mixed with @ volumes of ice cold
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acetone. Subscquently, the sample was incubated overnight at -20 °C. After
centrifugation (16,200 x ¢, 30 min., 4 °C) to pellet the precipitated protein, the
supermatant was removed and the undesired acetone was allowed to cvaporate at
RT. The dricd protein pellet was stored at -20 °C.

SD5-PAGE

Preparation of pel clectrophoresis module and gel cassette was performed
according to manufacturers” instructions {Invitrogen). The protein sample pellets to
be analyzed and 20 pg the positive control {carbonic anhydrase isozyme 11 from
human ervthrocytes, 1 mg/mi, Sigma Aldrich) were mixed with sample buffer (4x,
NuPAGE™), reducing agent (10x, Invitrogen) and MiILQ-H,0 to a final volume of
20 pl. The denaturation of the secondary and tertiary structures and the reduction
{cleaving of disulphide bonds between cysteine residues) of proteins was achieved
by mcubating samples at 70 °C for 10 min. in a thermeblock. Finally, the samples
and 5 ul of the molecular weight marker (SeeBlue™ Plus2 Pre-stained standard,
4 kDa to 250 kDa; Invitrogen) were loaded info the 10 % NuPAGE® Novex Bis-
Tris Gel (Invitrogen) sfots. The gel was run with NuPAGE®™ MOPS SDS running
buffer, furthermore, reducing condition were achieved with 0.25 % (v/v)
antloxidant reagent in running buffer in the middle of the clectrophoresis camera,
The gel run in the KCell™ Sure Lock system (Invitrogen) at 200 V until
bromopheno! reached the end of the gel.

WESTERN BLOT
The solutions necessary for this experiment arc described in the following Table,

Table

Bufiar / olation Composidon

Transter butfer 1x MuPAGE® Transier buffer (2000
0,601 9% {wiv) NuPAGE® Reducing agent
109% {wiyv) Methanol
Washing solution 7.3 % (wivh Millk pulver
0.3% (vhv) Tween 20
inPES
Blocking solution 3% (wiv) Milk pulver in washing solution
Antibody solution 1% {weiv) Milk pulver in washing solulion
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Foliowing SDS-PAGE, the separated proteins were transferred from the gel to a
thin Hybond™P PVDF-membrane. Priot to this, the membrane was previously in
methanol wetted (30 sec.} and equilibrated in transfer buffer, The XCell 1™ Blot
Module was set up according to the manufacturers instructions. Transfer buffer was
added to the inside of the Bletting Module and MilliQ-H,O to the outer part. The
blotting was carried out at a constant voltage of 35 V for 1 h. Afterwards, the
membrane was blocked in 20 ml blocking solution (1 h, shaking, RT), in order to
prevent unspecific antibody binding in the following steps. After washing the
membrane twice, the carbonic anhydrase H was detected in a three-step procedure.
In the first step, the membrane was incubated (4 °C) with a 1:50,000 or 1:20,000
specific primary antibody diluted solution (Rabbit polyclonal 1gG to CAIlL
16 mg/mi, Abcam) overnight. In a second incubation step (1 h, RT), 1:4,000
peroxidase-conjugated secondary antibody diluted solution (ECL™ Donkey anti-
rabbit 1gG, HRP-Linked, 0.20 mg/ml, GE Healthcare) was apphed. In a final step,
the membrane was exposed to the ECL™ Plus Western Blotting Reagent
{Amersham), and the qualifative analysis was done by means of enhanced
chemoluminescence (ECL) and autoradiography ECL-films (Hyperfilm'™ ECLTM
{ilm, Amersham), according to manufacturer’s instructions. Between the
incubations with the different antibodies and before detection, the membrane was
washed shortly with washing solution, followed by two 15 min washing steps. All
washing steps were performed at RT while shaking. Film exposure times ranged
from 30 sec to 5 min. Afterwards, {ilms were developed until protein band had 2
good resolution, followed by a short washing step in MilliQ-H;O and fixation for

about 10 min. Later, the films were watered for about 30 min. and finally dried.
CARBONIC ANHYDRASE ACTIVITY

The activity of carbonic anhydrase in lysates was determined using the 'O
exchange method developed by SILVERMAN (SILVERMAN, DN, Methods
Enzymol. 87 (1982) 732-752). The "0 exchange method is based on the
assessment by membrane-inlet mass spectrometry of the exchange of ¥0 between

CO, and water at chemical equilibrium (Equations 10.12 and 10.13),
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HCOO™O + EZniH,0 = EZaHCO0™0" = GO0 + EZnP0H (10.12)
EZnOH + BH' = EZnHI*0 + %Hi}_ EZnH,0 + HIFO +B (10.13)
"o

Lysates from control cell lines and from clones (G9 and E11 were prepared by two
different approaches. One of them focused on the cyfoplasm protein extraction in
RIPA buffer and the other on the protein extraction by mechanical disruption with
glass beads i TE buffer. As positive control, the commercial available carbonic
anhydrase I (carbonic anhydrase isozyme Il from human erythrocytes; Sigma
Aldrich) was used. The lysates were divided into two aliquots and ihe positive
control was added to one of the samples in order to exclude influence of buffer
composition and other proteins in the determination of CAII activity. The total
enzyme concentration of a solution containing the positive control was computed
using a linear regression fitting to the inhibition data for the titration curve with
highly CAMl bound mhibitor ethoxyzolamide (EZA). This value was used as
standard for the calculation of the CAIl concentration in the samples using
Eguation 10.14.

Capmn] == ——me Rew (10.14]
e ﬁcﬂatﬂ Vsm@:ﬁ ”
Cempr  GONCENration of CAl in the sample [£rel]
ot concertration of CAI in the standard [mel]

A
AClemn  activity of GAll in the sample -

Actyy  activity of CAll in the stendard -

E

Vempr  volume of sample used {or meagurement L

¥

Vi volume of standard used for measuremant b



10

15

20

25

10.

-39.
Patent Claims
A method for producing a polypeptide comprising the following steps

a)  cultivating a mammalian cell comprising a first nucleic acid encoding a carbonic
anhydrase and a second nucleic acid encoding the polypeptide, and

b)  recovering the polypeptide from the cell or the cultivation medium and thereby
producing the polypeptide,

whereby the first nucleic acid and the second nucleic acid are expressed.

The method according to claim 1, characterized in that the cultivating is for a first period of
time with a first constant pCQO» value, and thereafter for a second period of time with an

increasing pCO; value from the first constant pCO; value to a second pCO, value.

The method according to claim 2, characterized in that the cultivating is further for a third
period of time after the second pertod of time with the second pCQO; vaiue.

The method according to any one of claims 2 to 3, characterized in that the first constant
pCO; value is of from about 4 % to about 9 %.

The method according to claim 4, characterized in that the first constant pCO; value is
about 5 %.

The method according to any one of claims 2 to 5, characterized in that the second pCO;
value is of from about 15 % to about 30 %.

The method according to claim 6, characterized in that the second pCQO- value is about 25

s
Yo.

The method according to any one of the preceding claims, characterized in that the

carbonic anhydrase is a carbonic anhydrase If or a carbonic anhydrase V.

The method according to claim 8, characterized in that the carbonic anhydrase is human

carbonic anhydrase I or human carbonic anhydrase V.

The method according to claim 9, characterized in that the carbonic anhydrase has the
amino acid sequence of SEQ 1D NO: 03.
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The method according to any one of the preceding claims, characterized i that the
polypeptide is an antibody, or an antibody conjugate, or an antibody fragment, or an Fc-
region fusion polypeptide.

The method according to any one of the preceding claims, characterized in that the

mammalian cell 1s a CHO cell.
The method according to claim 2, characterized in that the CHO cell is a CHO K1 cell.

A CHO cell comprising a first nucleic acid encoding human carbonic anhydrase I or a
S2A variant thereof and a second nucleic acid encoding an antibody, or an antibody

conjugate, or an antibody fragment, or an Fc-region fusion polypeptide.



