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PURIFICATION METHOD FOR DIVALENT CATION BINDING PROTEINS ON ANION EXCHANGE
RESIN
FIELD OF THE INVENTION
[001] The present invention refafes to a method for the purification of divalent cation binding proteins
with high purity on an anion exchange resin material, to divaient cation binding proteins obtainable by
said method, and fo a kit comprising means for carrying out said method.
BACKGROUND OF THE INVENTION
[BC2] Sc far, many mammalian proteins are produced in host cells by e.g. transfecting cells with DNA
encoding said proteins and growing the recombinant cells under condificns favorable for the expression
of said proteins. The profeins secreted by the celfs into the cell culture medium, or residing inside the
cells, can be separated from the culture medium and other components using chromatographic
techriques, e.g. ion exchange chromatography, affinity chromatography, and the like. For further
pharmaceutical applications, purity is of parficular importance. However, at the same time the biclogical
aclivity of the protein must be preserved after thorough purification of the proteins of interest,
[003] The concept of eluting calctum binding proteins from anion exchange resins by divalent cations
was firstly reported almost thirty years ago. Although bovine Factor Vit was successfully isolated from
bovine plasma, the purification of human Factor Vit was still problematic, /.e. the material produced was
only partially pure or was obiained in such small quantities that it was characterized as activity without
detectable protein. Workers in the field succesded in the isolation of human Factor VIl from human
plasma in sufficient quantities (with & yield of approx. 30%;) by means of adsorbing proteins to & divalent
cation, J.e. barium citrate, and then separating the profein by anion exchange chromatography. Further,
methods were available for recovering and purifying vitamin K-dependent proteins from the medium of a
celt culture producing vitamin K-dependent proteins with different specific activities by means of
conventional ion-exchange resins, e.g. anion exchange resins, and using an eluant containing divalent
cations, e.g. calcium ion {Ca2+), barium ion (Ba?+), and strontium ion (8r2+).
(604} Furthermore, methods were available for the purification of Factor X (FIX} in a solution,
comprising the steps of applying the solution containing FIX to an anion exchange resin, washing the
anion exchange resin with a solution having a conducivity that is less than required to elute FiX from
the resin, and eiuting FIX from the anion exchange resin with a first eluant including divalent cations o
form a first eluate. The first eluate is then applied to 2 heparin or heparin-ike rasin fo form a second
eluate, and the second eluate s applied to hydroxyapatite to form & third sluate, utilizing & high
conductivity washing agant in the washing step.
[305] Factor IX {FIX) is a vitamin K-dependent serine protease of the coagulation system, belonging
to the peptidase family S1. FIX is inactive unless activated by Factor Xla or Factor Vila. For ils

activation, calcium, membrane phospholipids, and Factor Vili are required. Deficiency of FIX causes the
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hereditary recessive bleeding disorder hemophilia B, which can be successfully treafed by

administration of postiransiational modified, Le. phospharylated and sulfated FIX.

[006] Further, Factor Vil (FVI1) is & vitamin K-dependent serine protease which plays a significani ole

in the coagulation cascade, where it inifiates the process of coagulation with fissue factor {TF). Upon

vesse! injury, TF is exposed to fhe bicod and circutating FVIL Once bound o TF, FVI is activaled to

FVlla by trombin, Factor Xa, iXa, Xlia, and the FVila-TF complex whose substrates are FX and FIX.

Furthemmore, Annaxin V is a celilar protein in the annaxin group, having the abiiity to bind in a calcium-

dependant manner to phosphetidylserine and fo form a membrans-bound two dimansional crystal

fattice. It may play a role in blood coaguiation, apoplosis, phagocyiosis and formation of plasma
membrane-derived microparticles.

[9(}?'}. Thus, the problem underlying the present invention is fo provide an improved method for the

purification of divalent cafion binding proteins with & high purity. The solution to the above techrical

problem is achieved by the smbodiments characterized in the claims.
| SUMMARY-. . g -

f008] The present disclosure relates to a method for the purification of a divalent cation bihding protein

comprising the steps of:

{a) loading an anion exchange resin maierial with the divalent cation binding protein in 2 loading
buffer in the absence of divalent cations, and optionally washing the loaded anion exchange resin
raterial with a washing buffer in the abssnce of divalent cations; and

{b}  elufing the divalent cation binding protein with an eluant comprising at least one divalent cation fo
form an eluate containing the divalent cafion binding protein;

wherein the siuant in step (b} has a pH higher than the pH of the washing buffer in step (), or, in case

no washing step is carried out, of the loading buffer in step (a),

[608a] In one aspect, there is provided a method for the purification of a divalent cation binding protein

comprising the steps of:

2) loading an anion exchange resin material with the divalent cation binding
protein in & loading buffer in the absence of divalent cations, and optionally
washing the loaded anion exchange resin material with & washing buffer in
the absence of divalent cations; and

b) shuting the divalent cation binding protein with an eluant comprising at
least one divalent cation to form an eluate confaining the divalent cation
binding protein;

wherein the eluant in step (b) bas a pH higher than the pH of the washing buffer in

step (a), or, in case no washing step is carried out, of the loading buffer in step (2),

wherein the pH of the eluant in step (b) is at least 0.5 pH units higher than the pH
of the washing buffer in step (a), or, in case no washing step is carried out, of the
icading buffer in step (a).
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[009] Further, the present disclosure relates to purified divalent cation binding proteins obtainable by
the above methed, and (6 2 kit comprising meaans for carying out the above msthad.

[009a] In another aspect, there is provided a kit comprising means for carrying out the method as defined
herein, comprising an eluant comprising at least one divalent cation, suitable for eluting a divalent cation
binding protein from an anion exchange resin material in a buffer, wherein the eluant has a pH, which 1s at

east 0.5 units higher than the pH of said buffer.

DETAILED DESCRIPTION OF THE INVENTION

1010]  in one aspect, the present invention relates t© a method for the purification of & divalent cafion

hinding protein comprising the steps of:

{a) loading an anion exchangs resin material with the divalent cation binding protein in & loading
buffer in the absence of divalent cations, and optionally washing the loaded anion exchange resin
matarial with a washing buffer in the absence of divelent cations; and

(b) eluting the divalent cation binding profein with an eluant comprising &t least one divalant cafion fo
form an eluate containing the divalent calion binding protein;

wherzain the eluant in step (b} has & pH higher than the pH of the washing buffer in step (g}, or, in case

no washing step is camried out, of the Ioading buffer in step {a).
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{011] The term ‘in the absence of divalent cations” as used herein refers to the absence of free
divalent cations in the buffer, as well as of any protein-bound divalent cations, wherein divalent cations
that are complexed with or by a chelator, e.g. EDTA, may be present.

{012] Loading of the anion exchange resin material with the divalent cation binding protein in a
loading buffer in the absence of divalent cations can be carried out by any method known in the art, in
particular, conditions suitable for loading the divalent cation binding protein to the anion exchange resin
material are well known to a person skifled in the art. The specific conditions for the conductivity of the
loading buifer that afiows binding of the product depend on the particular properties of the protein and
the anion exchange resin material used {e.g. ligand density, ligand presentation, etc.). Divalent cations
bind to proteins in regions that are usually highly acidic {ie. negatively charged). The regative charges
are masked when the divalent cation is bound. However, by loading the anion exchange material with
the divalent cation binding protein in the absence of divaient cations, e.g. by stripping off the bound
divalent cation by a chelator, e.g. EDTA, the protein cares highly negatively charged patches on the
surface that allow strong binding to an anion exchange ligand. The conditicns for ioading a protein onto
an anion exchange resin material further always require a balance betwsen pH and the concentration of
the counterions, e.g. Ck. The chemistry of the counterion also influences the elution behavior, e.g. CI
carries one negative charge, and phosphate at neutral pH carries two negative charges. The latter can
have a higher eluting power compared to CF, even when the conductivity is fower.

[013] The sait concentrations of the solutions and buffers used in the present invention are typically in
the range betwesen 20 and 200 mi, preferably between 100 and 150 mM.

[0414] Further, suilable loading buffers for loading a divalent cation binding protein to an anion
exchange material in step (a) of the method of the present invention, providing conditions under which
the divalent cation binding protein is bound to the anicn exchange material are well known in the art. For
example, the loading bufier can have a pH < pH 7.4, preferably < pH 7.0, more preferably < pH 6.5, and
most preferably < pH 6.0. 1t may contain any salt concentrations suitable for binding the divalent cation
binding protein to the anicn exchange resin material which may be easily determinad by a person skilled
in the art. In a preferred embodiment, the loading buffer may contain a chelating agent, e.g. EDTA,
preferably 2 mii EDTA. A loading buffer containing the divalent cation binding protein which may be
applied to the anion exchange resin material i the method of the present invention may contain for
example 20 mM Tris, 150 mM NaCl, and 2 mM EDTA.

{015] The method of the present invention optionally comprises the siep of washing the loaded anion
exchange resin material with a washing buffer in the absence of divaient cations. This washing step can
be carried out by any method known in the art. Suitable washing buffers for washing impurities off the
anion exchange material essentially without eluting the divalent cation binding protein are well known in
the art. For example, the washing buffer can have & pH <pH 7.4, preferably < pH 7.0, more preferably <
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pH 8.5, and most preferably < pH 6.0. It may contain any salt concentrations suitable for washing the
anion exchange resin material without eluting the divalent cation binding protein in a significant amount
which may be easily determined by a person skilled in the art. For example, the washing buffer may
contain a suitable buffer agent fike for example Tris or MES, preferably 20 mM Tris or 20 mM MES.
Additicnally, it may contain a chelating agent fike for example EDTA, preferably 2 mM EDTA. Further, it
may contain & suitable salt for regulating the conductivity of the washing buffer, tike for example NaCl,
which may be present in a concentration of < 200 mM, preferably from 100 mM to 200 mM, more
preferably from 150 mM to 200 mM, more preferably from 170 mi fo 180 mb, and most preferably from
175 mM 1o 185 mM. In another preferred embodiment of the present appiication, the washing buffer
containg 100 to 200 miM NaCl. The absolute value for the salt concentration depends on the divalent
cation binding protein to be purified, wherain it is within the knowledge of the person skified in the artto
determine which divalent cation binding proteins require lower or higher salt concentrations to get the
optimal purity.

[016] Additionally, the method of the present invention may further comprise at least one additiona!
washing step after step {a} and before step (b}, wherein the conductivity of the additional washing buffer
is equal or lower than the conductivity of the eluant. This additional washing step is carried out in the
absence of divaient cations. In one embodiment, the additional washing buffer has a pH of 7.4, The
additional washing buffer may contain any suitable salt concentration known to a person skilled in the
art. Further, the additional washing buffer may contain a buffering agent like for example Tris, praferably
20 mM Tris, HEPES, Tris/acetate, Histidine, Gly-Gly, MOPS, or Tricine at typical concentrations of 5 to
50 mM and may contain a counterion, like e.g. Ch, at & concentration that provides a lower conductivity
than the efution buffer. in a preferred embodiment of the presenf invention, the additional washing buffer
has & fower salt concentration than the eluant. in ancther preferred embodiment, the additional washing
buffer contains a chelating agent like for example EDTA, preferably 2 mi EDTA

[017] Eluting the divalent cation binding protein with an eluant comprising at least one divalent cation
to form an eluate containing the divalent cation binding protein can be carried out by any method known
in the art. However, according to the present invention, the eluant in step (b} has a pH higher than the
pH of the washing buffer in step (a}, or, in case no washing step is carried cut, of the loading buffer in
step (a). Preferably, the eluant has a pH 2 7.4, more preferably = 8.0, and the washing buffer in step
(@), or, in case no washing step is carried out, the loading buffer in step (a) has a pH of < 7.4, more
preferably < 7.0, more preferably < 8.5, and most preferably £ 6.0, provided the pH of the eluant in sfep
{b} is higher than the pH of the washing buffer in step {a), or, In case no washing sten is carried out, of
the loading buffer in step (a}. In a preferred embodiment, the pH of the eluant in step (b} is at least 0.5
pH units, preferably 1.0 pH units, more preferably at least 1.5 pH units, most preferably at least 2.0 pH
units higher than the pH of the washing buffer in step (a), or, in case no washing step is carried out, of
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the loading buffer in step {a).

[018] As used herein, the eluant may contain any salt concentrations suitable for eluting the divalent
cation binding protein from the anion exchahge resin material without elufing impurities in 2 significant
amount which may be easily determined by a person skifled in the art. For example, it may contain &
suitable buffer agent like for example Tris, preferably 20 mb Tris, HEPES, Tris/acetate, histidine, Gly-
Gly, MOPS, or tricine, at concentrations ranging typically from 5 to 50 mM. it may aiso contain a suitable
salt for regulating the conductivity of the washing buffer, like for example NaCl, which may be present in
a concentration of > 150 mM, more preferably > 180 mM, and most preferably > 195 mM. In a preferred
embodiment of the present invention, the conductivity of all buffers used in the method of the present
invention is about the same, in another preferred embodiment, the washing buffer in step (a), or, in case
no washing step is carried out, the loading buffer in step {a) has a conductivity that is equat or lower
than the conductivity of the eluant In step (b).

[019] The eluant according to the present invention further contains af least one divalent cation. In »
preferred embodiment, the eluant comprises a divalent cation, selected from the group consisting of
Ca?+, Be?*, Ba?, Mg, MnZ, Sr¥, Zn2+ Co?, Ni>*, and Cu?*, or combinations thereof. The cation is
preferably present in the eluant in a concentration from 1 mM to 20 mM, more preferably in a
concentration of 2 mM. The cation is present in the eluant in the form of a suitable salt with an anion.
Suitable anions are known fo a person skilled in the art and comprise for example sulfate-, phosphate-,
carbonale-, and borate-based anions, or combinations thereof. The salt comprising the divalent cation
may be present in the eluant in a concentration from 1 mM to 20 m, preferably 2 mM. In a preferred
embodiment, the saltis CaCly. In a particulady preferred embodiment, the eluant contains 2 mM CaCl.
in further preferred embodiments, the eluant contains 2 miM Ca?* and has a pH that is at least 0.5 pH
units, preferably at least 1.0 pH units, more preferably at least 1.5 pH units, most preferably at least 2.0
pH units higher than the pH of the washing buffer in step (a}, or, In case no washing step is carried out,
of the loading buffer in sfep (a).

[020] As used herein, the term "anion exchange resin material” does not underlie a specific restriction.
According to the present invention, the resin includes any malerial suitable for anion exchange
chromatography known in the ari, like for example an agarose based chromatography material, e.q.
sepharoses fike Fast Flow or Capto, polymeric synthetic material, e.g. polymethacrylate like Toyopearis,
polystyrene/divinylbenzene, e.g. Pores, Source, or cellulose, e.g. Callufine. In a specific example of the
present invention, the anion exchange resin material is sepharose, which is based on modified agarose,
the polysaccharide chains of which are crosslinked to form a three-dimensional network. In a preferred
embodiment, the anion exchange resin material includes, but is not limited to a resin that carvies a
primary amine as ligand, e.g. aminohexyl sepharose, benzamidine sepharose, lysine sepharose, or

arginine sepharose. In another preferred embodiment, the anion exchange resin material includes, but



WO 2011/135071 PCT/EP2611/656832
6

is not fimited to a resin having a positively charged moiely at neutral pH, such as alkylamincethane, fike
diethylaminoethane  {DEAL), dimethylamincethane (DMAE), or irimethylaminoethyl  {TMAE),
polyethyleneimine (PE), quaternary aminaalkyl, quatemary aminosthane {QAE), quaternary ammonium
(Q}, and the like. in a parlicufarly preferred ambodiment the anion exchange resin materal is Q-
Sepharose Fast Flow (Q-Sepharose FF).

{021] The divalent cation hinding protein according to the present invention may be any divalent
cation binding protein, like for example a calcium binding protein and/or a vitamin K-dependent protein.
[n a preferred embodiment, the divalent cation binding protein is selected from the group, consisting of
factor IX (FIX), factor VI (FViD), and Annexin V.

[622] The divalent cation binding protein may be obtained using methods known fo a person skilled in
the art iike, e.g. plasma derived proteins, transgenically produced proteins, or recombinantly produced
proteins, for example using CHO celis. Secretory and non-secretory methods for extracting proteins
from cell culture are well known to a person skilled in the art. This ray include any method known in the

art for () the production of recombinant DNA by genetic engineering, e.g. via reverse transcription of

RNA and/or amplification of DNA, {ii} the introduction of recombinant DNA into prokaryotic or eukaryotic = -

cells by transfection, e.g. via sleckroporation or microiniection, (i) the cultivation of said transformed
cells, e.. in a continuous or bafchwise manner, (iv) the exprassion of a divalent cation binding protein,
e.g. constitufive or upon induction, and {v} the isolation of the protein, e.g. from the culture medium or by
harvesting the transformed cells, in order to obtain a crude divalent cation binding protein. Additionally,
the recombinant DNA encading a divalent cation binding protein, e.g. a plasmid, may also contain a
DNA sequence encoding a selectable marker for selecting the cells which have been successfully
transfected with the recombinant DNA.

[023] The proteins may be pre-purified fo reduce impurifies, for example by gel electrophoresis,
chromatography, gel fittration, cenfrifugation, filtration, precipitation, crystalfization or any other method
known in the arl. The term "impurity” as used herein includes any impurity originating from the
production of the divalent cation binding protein and may include e.g. host cell protein impurities, nucleic
acid impurities, polypeptide impurities, buffer and salt impurities, impurities originating from the cell
culiure medium, product related impurifies, such as dimers or fragments, and combinations thereof,
[024] In a preferred embodiment, the divalent cation binding protein which has been purified
according fo the method of the present invention has a purity with respect to host cell protein impurities
of &l least 85% wiw, more preferably at least 98% wiw, more preferably at least 9% wiw, and most
preferably at least 89.5% wiw divalent cation binding protein in total protein. Accordingly, in a praferred
embodiment, the content of impurities in the purified divalent cation binding protein is iess than 5% wiw,
more preferably less than 2% wiw, more preferably less than 1% wiw, and most preferably less than
0.5% wiw. The percentage values of the impurities refer to wiw of product, ie. the pusified divalent
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cation binding protein, and can be measured, for example, by HPLC or ELISA,

[025] Further, in another aspect of the present invention, a purified divalent cation binding protein is
provided which is obtainable by the method of the present invention, as well as a kit comprising means
for carrying out the method of the present invenhtion. In particular, the present invention relates o a kit
comprising an eluant comprising at least one divalent cation, suitable for eluting a divalent cation
binding protein from an 2nion exchange resin material in a buffer, wherein the pH of the eluant is higher
than the pH of the buffer. For example, the kit may contain a loading buffer and/or an eluant andfor a
washing buffer and/or an additional washing buffer which are suitabie for the purification of a divalent
cafion binding protein using an anion exchange resin material according fo the present invention, in a
preferred embodiment, the loading buffer, the washing buffers andior the eluant are as defined above.
Further, the kit of the present invention may contain & sultable anion exchange resin material.

[026] The present invention further relates to the use of the method of the present invention as
defined ahove and/or of the kit of the present invention as defined above for the purification of a divalent
cation binding protein,

1027] The present invention provides an efficient method for the purification of & divalent cation
binding protein using an anion exchange resin maierial allowing a high reduction of process related
impurities of the protein with concomitantly high product yieids,

[628] In particular, the method of the present invention is based on the following principles. Generally,
binding of proteins to anion exchange resin materials is increased at lower conductivifies and higher pH
values. Vice versa, binding of proteins to anion exchange resin materials is decreased at higher
conductivities and lower pH values. In the method of the present invention, the divalert cation binding
profein is preferably ioaded and/or washed at a low pH which still allows binding of the divalent cation
binding protein to the anion exchange material and doss not harm the structurat integrity or the aclivity
of the divaient cation binding profein. At such condifions, many protein impurities, in particular those
having a higher isoelectric peint (pl} than the divalent calion binding proteins, do not bind to the anion
exchange resin material, and, therefore, binding of impurities fo the anion exchange resin material is
greatly reduced. Protein impurities that do bind to the anion exchange resin material under these
conditions, i.e. protein impurities having a fow pl, will not coeluate with the divalent cation binding
protein since the increase of the pH in the elution buffer causes all proteins, including the divalent cation
binding protein, 16 bind even stronger to the anion exchange resin material. According to the method of
the present invention, only the divalent cation binding protein is specifically eluted under such elution
conditions due fo the divalent cations present in the elution buffer. In this condext, it should be noted that
elution from an anion exchange resin material at increased pH values is very atypical, since, as has
been stated above, proteins generally bind stronger to anion exchange resin materials al higher pH
values. By specifically eluting the divalent cation binding proteins with an eluant comprising at least one
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divalent cation under the above conditions, the method of the present invention surprisingly and
advantageously achieves superior purities of the divalent cation binding protein product with a single
purification step by anion exchange chromatography.
[028] In parficuiar, the present invention advantageously modifies the surface charge of the proteins
fo be purified by increasing the pH between the loading step and/or the washing step of step (a) of the
method of the present invention, and the step of eluting the divalent cation binding protein. An increased
pH in the elution step forces impurities to remain adsorbed to the anion exchange resin material while
specific elution of the protein to be purified with divalent cations at a high pH is carried out. In particutar,
a high pH is normaily an unfaverable condition for driving eiution from an anion exchange resin material,
since proteins bind sironger fo an anion exchange resin material at higher pH values. However,
according to the present invention, the above conditions result in a high purity as well as high vieids of
divalent cafion binding proteins, The method of the present invention may provide a significant reduction
of process related polypeplide impurities e.g. by loading the protein solution at neutral pH onto an anion
exchange resin material, applying & wash step at reduced pH, and eluting the product at an increased
pH in the presence of a divalent cation. Instead of the low pH wash the sample can already be loaded at
a low pH followed by elution at increased pH in the presence of a divalent cation,
[030] Various modifications and variations of the described methed and products of the invention will
be apparent {o those skilled in the art without deparfing from the scope and spirit of the invention.
Although the invention has been described in connection with specific preferred embodiments, it should
not be unduly limited to such embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
{0311 Eigure 1: SDS-PAGE of fractions cbtained affer purification of Annexin V on Q-Sepharose Fast
Flow, The SDS-PAGE analysis was carried out on a2 12% gel under recucing conditions. The load,
column, flow through, wash and elution fractions AZ to A8 were analyzed by a gelelectrophoretic
method and the separated polypeptides were visualized by silver staining (total protein stain) or Westem
blotting using anti-Annexin specific antibodies. Annexin V is a single chain polypeptide with about 36
kDa and can bind up to 10 divalent cafion molecules at three different fypes of binding sites. The
position of the Annexin V band is indicated with an arrow.

EXAMPLES

[032] The following examples are provided as a guide for a person skilled in the art. The examples
should not be construed as limiting the invention, the examples merely provide specific methodatogy
usefuf in understanding and practicing an embodiment of the invention.
Example 1: Purificaion of rFIX on Q-Sepharose FF

[033] A Q-Sepharose Fast Flow resin was activated with 2 column volumes (CV) of 2 M NaCl and
equilibrated with 4 CV of an equilibration buffer (20 mM Tris, 2 mM EDTA, pH 7.4, conductivity
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approximately 2 mS/em), Thereafter, a FIX cenifaining filtered cell culture supematant obtained from a
genetically engineered CHO cell line supplemented with 3 mM EDTA was loaded onto the column at a
linear flow rate of about 150 cmih having a conductivity of about 13 to 15 mSfem. The column was than
washed with 2 CV of equilibration buffer followed by & second wash with 5 CV washing buffer (20 mM
MES, 2 miM EDTA, 175 mik NaCl, pH 6.0} to remove the maijerity of protein impurities that do not bind
onte the anion exchange resin material at pH 6.0, Belore the slution, the conductivity in the column was
again reduced by applying a 2 CV wash with equilibration buffer. Bound FIX was eluted with 5 CV of the
efuant (20 mM Tris, 2 mM CaCly, 180 mM NaCl, pH 8.0). The results in Table 1 show that by applying
this procedure, the divalent cation binding profein product with a purity of 98% could be obtained with a
single purification step by anion exchange chromatography out of the cell culture supematant matrix,
Table 1: Purification of rFiX on Q-Sepharose FF

FiX Anfigen § CHO protein FIXpurity + CHO impurity level
ng CHO/ ug FIX
Lagfml pg/mi % . . MO
“ Antigen
Load 8.2 134 32 2161
Eluate pool ¢ 1053 243 28 23.1

Example 2; Purification of FVil on Q-Sepharose FF
[634] A Q-Sepharose Fast Flow resin was activated with 2 CV of 2 M NaCl and equilibrated with 5 CV
of an equilibration buffer {20 mM Tris, 2 mi EDTA, pH 7.5, conductivity approximately 2 mS/cm).

Thereatter, a FVH containing filtered cell culture supermatant obtained from a genetically engineersd
CHO cefi line supplemented with 9 mM EDTA was loaded onto the colurhn at a linear flow rate of about
46 cm/h having a conductivity of about 16 mSicm. The column was then washed with 4 CV of
equilibration bufler followed by a second wash with § CV washing buffer {20 mM MES, 2 mM EDTA,
170 mi NaCl, pH 6.0} fo remave the majority of protein impurities that do not bind onto the anion
exchange resin material at pH 6,0. Before the alution, the conductivity in the column was again reduced
by applving a 2 CV wash with equilibration buffer. Bound FIX was eluted with 5 column volumes of the
eluant {20 mM Tris, 2 mM CaCls, 180 mM NaCl, pH 8.0). The resulfs in Table 2 show that by applying
this procedure the divalent cation binding product with a purity of 57% could be obtained with a single
purification step by anion exchange chromatography out of the cell culture supematant matrix.
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Tahle 2: Purification of rFV1} on Q-Sepharose FF
FVIl Anfigen | CHO protein | FVilpurity | CHO impurity level
ng CHO! ug FVIl
Wg/ml Lafml % ¢ ) M
Antigen
Load 74 26.3 22 3554
Eluate peol 13.0 0.43 97 30

Exarple 3: Purification of human Annexin V on 8-Sepharpse FF
[035] A Q-Sepharose Fast Flow resin was activated with 4 CV of 2 M NaCl and equifibrated with 15
CV of an equilibration buffer {20 mM Tris, 2 mM EDTA, pH 7.5, conductivity approximately 2 mSicm),

Thereafter, an Annexin V protein preparation purified fom human placents was spiked with a protein
sfock solution oblained from a CHO cell fine to generaie a profein load with an Annexin purity of below
20%. The Annexin contzining protein mixture was supplemented with 1 mM EDTA and loaded onto the
column at a linear flow rate of about 23 cmth having a conductivify of about 4 mSicm. The column was
then washed with 10 CV of equilibration buffer foliowed by a second wash with 10 GV washing buffer
(20 mM MES, 2 mM EDTA, 155 mM NaCl, pH 6.0) to remove the majority of protein impurities that do
not bind onto the anion exchange resin material at pH 8.0, Before the elution, the conductivity in the
column was again reduced by applying & 10 CV wash with equilibration buffer. Bound Annexin was
eluted with 30 CV of the eluant (20 mM Tris, 2 mM CaClz, 150 mhM NaCl, pH 8.0, The elution buffer had
the same conductivity as the wash buffer, The resulfing fractions were analyzed by SDS polyacrylamide
gelelecirophoresis on 2 12% gel under reducing conditions. The gels with the separated polypepfides
stained for fotal protein (sitver stain and Annexin V (anti-Annexin Western blot) are depicted in Figure 1.
The results show that in the elufion fractions A2 to A4 Annexin V is contained in a high purity compared
to the protein mix that was loaded onto the column (fraction load). The data indicate that after a single
purification step by anion exchange chromatography the divalent cation binding protein could be
obtained in 3 high purity in the elution fractions.

Example 4:

{036} Various conditions for purifying FIX from host call proteins {HCP} using Q-Sepharcse Fast Fiow
were tested. In particular, the procedure included the following condifions:

{037} Run 1: Load neutral pH, wash jow pH 8.5, elufion high pH 7.9, conductivity equal in wash and
elution buffer,

Run 2: Load neutral pH, wash jow pH 6.0, elution high pH 8.0, conductivity in wash buffer lower than in
elution buffer.

Run 2.1: same as run 2, salt concentration in wash increased.
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[038] In all experiments a second wash was performed immediately before the elution with a buffer of
fow conductivity. In all experiments the conductivity of the elution buffer is higher than the loading buffer.
The results are shown in Table 3.



Table 3
purity of
Load Wash 1 Wash 2 Elution Comment CHO reduction factor
eluate pool
ng HCP/ reduction of spec. | g load/
#g FIX impurity iy eluate poot
20 mM Tris, approx. | 20 mM MES, 160 | 20 mM 20 mM THs, 180 Wash low pH, elution buffer high
150 o NaCl, 2 mid NaCl, Tris, mM NaCl, 2 mM pH
ren § . 21 58 175
mit EDTA, pH=74 | 2mMEDTA, pH=7.4 CaCly, pH=7.8 conductivity egqual in wash and
pH=6.5 efution buffer
20 mM Tris, approx. | 20 mM MES, 165 | 20 mM 20 mh Tris, 180 Wash fow pH, elution buffer higl
150 mM Nall, 2 mid NaCl, Tris, mi NaCl, 2 mM pH
2 o 28 81 195
miM EDTA, pH=7.4 | 2 M EDTA, pH=7.4 Cally, pH=8.0 sonductivity in wash buffer lower
pH=6.0 than in elution buffer
20 mM Tris, approx. | 20 mM MES, 175 | 26 mM 20 m Tris, 180 Wash fow pH, elufion buffer high
150 mM NaCl, 2 i NaCl, Tris, m NaCi, 2 miv pH
run 2.1 23 94 143
mMEDTA, pH=7.4 | 2 mMEDTA, pH=7.4 CaCls, pH=8.0 cenductivity in wash buffer lower
pH=6.0 than in elution buffer

(A1

LLOSEL/TI0Z OM

TEBOSY/TII0TLR/1Dd
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Exampie 5: Comparative purification of (F1X on Q-Sephaross FF

f038] In order to demonstrate the beneficial effects of the method of the present invention, fwo
comparative chromatographic runs were performed. in particutar, rFIX from a clarified CHO celi culiure
supernatant was purified on Q-Sepharose FF, wherein Run 1 was performed according to the method of
the present invention, i.e. the pH of the eluant in step (b} had a pH higher than the pH of the washing
bufer in step (2}, and Run 2 was performed in the same manner but without any pH difference batween
ioadingAwashing in step (a} and elution in step (b). The respective buffer condition are summarized in
Takle 4.

Table 4; Buffer cenditions of two chromatographic FIX purification runs

pH
Cax
Run 1 Run 2
 Loading 6.0 78 absent, 2 mM EDTA
Wash 1 6.0 7.8 absent, 2 mi EDTA
Wash 2 78 76 absent, 2 mM EDTA
Elution 7.8 7.8 present

The fractions obtained were analyzed for rFIX activity yield, rFIX antigen yield, reguction factor of CHO
host cell proteins {CHO HCP), and (FIX specific aciivity. The reduction factor of CHO HCP was
calculated as the rafio of total CHO HCO loaded to CHO HCP found in the eluate. The respeciive data
are summarized in Table 5.

Tabie 5: Results of two chromatoaraphic iFIX purification runs

rFEX activiy rFIX antigen | CHO HCP reduction rFIX spec. activity
yield [%] yield %] factor {UImg rFiX]
Rup 1 88 33 239 266
Run 2 g5 36 112 134

These results indicate that the method of the present invention, in particular the pH change between
loadiwash and elution, can significantly improve reduction of contaminant host cell proteins and specific
aciivity of the purified protein.
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AMENDED CLAIMS
received by the international Bursau on 186 August 2011 (16.08,2011)

A method for the purification of a divalent cation binding protein comprising the

steps of:

a) loading an anion exchange resin material with the divalent cation binding
protein 1n a loading buffer in the absence of divalent cations, and optionally
washing the loaded anion exchange resin material with a washing buffer in
the absence of divalent cations; and

b) ehuting the divalent cation binding protein with an eluant comprising at
least one divalent cation to form an eluate containing the divalent cation
binding protein;

wherein the eluant i step (b) has a pH higher than the pH of the washing buffer in

step {a), or, in case no washing step is carried out, of the loading buffer in step (a),

wherein the pH of the eluant in step (b) is at least 0.5 pH units higher than the pH
of the washing buffer in step (a), or, in case no washing step 1s carried out, of the
loading buffer in step (a),

The method according to claim 1, wherein the washing buffer in step (a), or, in
case no washing step is carried out, the loading buffer in step {a) has a
conductivity that is equal to or lower than the conductivity of the eluant in step (b).

The method according to any of claims ! or 2, wherein the at least one divalent
cation in step (b) is selected from the group consisting of Ca2¥, Be2t, Balt,
MgZt, Mn2t, §r2F, Zn2+, Co™, Ni2t, and Cu™, or combinations thereof.

The method according to any one of claims 1 to 3, wherein the anion exchange
resin material has a positively charged group which is selected from the group,
consisting of diethylaminoethane (DEAR), dimethylaminoethane (DMAE),
trimethylaminoethyl (TMAE), polyethyleneimine (PEI), quaternary aminoalkyl,
quaternary aminoethane (QAE), and quaternary ammonium (Q).

AMENDED SHEET (ARTICLE 1%9)
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The method according to any one of claims 1 to 4, wherein the anion
exchange resin material carries a primary amine as ligand which 1s selected
from the group, consisting of aminohexyl, benzamidine, lysine, and
arginine.

The method according to any one of claims 1 to 5, wherein the divalent
cation binding protein is a calcium binding protein.

The method according to any one of claims 1 to 6, wherein the divalent
cation binding protein is a vitamin K-dependent protein.

The method according to any one of claims 1 to 7, wherein the divalent
cation binding protein is selecied from the group, consisting of Factor IX,
Factor VII, and Annexin V.

A kit comprising means for carrying out the method according to any one
of claims 1 to 8, comprising an eluant comprising at least one divalent
cation, suitable for eluting a divalent cation binding protein from an anion
exchange resin material in a buffer, wherein the eluant has a pH, which is at
least 0.5 units higher than the pH of said buffer.



