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WASH SCLUTION AND METHOD
FOR AFFINITY CHROMATOGRAPHY

Backeround of the Invention

U

Affinity chromatography allows for the purification of a protein of futerest
from a mixture of molecales, such as a cellular harvest, bused on the preferential
binding of the protein of interest to a target in solid phase, such as a gel matrix. This
solid phase compouent typically is formed into a column tlyough which the mixture
containing the protein of inferest is applied. Tn this initial step, called the capture step,
10 the protein of interest specifically binds to the target in solid phase whercas other

components in the mixture flow through the column. However, certain components
within the mixture, including high molecular weight species (HMWSs), low molecular
weight species (EMWs) and host eell proteins (HCFs), may remain within the columnn
as impurtlies along with the protein of interest. Thus, typically one or more wash

15 stepsare carried out in which one or inore wash solutions are applied to the columnn 1o
remove these impurl:ties while matnaining the binding of the protein of interest to the
solid phase: Finally, after removal of impuritics by the washing step(s), the protein of
interest is recovered from the column by an elution step, in which an elution solution
that disrupts the binding of the protein of interest to the solid phase target, is applied

20 to the cobamn and the protein of interest is recovered in the eluate. Accordingly, the
effectiveness of affinity chromatography in purifying a protein of interest depends in
large part on identifying wash conditions that allow for efficient removal of impurities
(e.g., HMWs, LvWs, HCPs) while not disrupting the binding of the protein of
interest to the solid phase target or otherwise having undesired effects.

25 A particalarly useful type of affinity chromatography is Protein A
chromatography for the purification of proteins that contain an immunoglobulin Fe
region, such as antibodies and Fe fusion proteins. Various wash solutions have been
described for removal of mpurifies fromn Protein A cofunns, including wash solutions
confaining one of the following: hydrophobic electrolytes {e.g.,

30 tetramethylammonium chloride, tetracthylammonium chlovide, tetrapropylammoniam

chloride or fetrabutylammonium chloride at pi 5.0-7.0), solvents {e.g., 5-20%

isopropano! or polvpropylenc/hexylene glyeol), urea {e.g., at a concentration of 1-4
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M), detergents (e.g., (0.1-1 % Tween 20 or Tween 80), polymers {e.g., 5-15%
polyethylene glycol such as PEG400 or PEG8000) ox highly concentrated buffer
solutions such as Tris, HC), acetate, sulfate, phosphate or citradte buffers at a
concentration 0f 0.8-2.0 M at a pH between 5.0 and 7.0 (see e.g., Shukla, A.A. and
Hinckley, P. (2005) Biotechnol. Prog. 24:1115-1121; U.S. Patent Nos. 6,127,526 and
6,333,398 by Blank; and U.S. Patent No. 6,870,034 by Breece ef al.). Many of these
chemicals, however, have one or more disadvaitages, including but not imited to
toxicity, corrosiveness, flammability, instability, costly disposal as hazardous waste
and/or inefficient removal of contaminanis during the washing step.

Protein A clwomatography wash buffers containing salt (such as sodium
chloride), alone or in combination with either a detergent (e.g., Tween 20), a solvent
{e.g., bexylene glycol} or 2 polymer {e.g., polyethylene glycol), have also been
described (U.S. Patent No. 6,870,034 by Brecee ef al)).

Bairon ef «l, describe an intermediate wash solution for Protein A
chromatography containing 0.5 to 2.0 M arginine in a phosphate/acetate buffer at pH
5.0-7.5 (optimally 1M arginine, 0.1M phiosphate/acetate buffer af pH 5.0). This
syginipe wash stép is reported to remove HCP contaminants. The authors also tested
an intermediaje wash solution that contained sodivm chloride at 0.5-2.0 M at pH 5.0-
7.5 but reported that the NaCl wash showed no significant decrease in HCP (Barron ef
al., “Improving Purity on Protein A Affinity Media Through Use of an Axginine
Intermediate Wash Step™, hitp://www.priorartdatabase.com?/IPCOM/000127319).

Sun ¢t al. also describe washing of affinity chromatography columns, such as
a Protein A columm, with a wash buffer that contains arginine, or an arginine
derivative, at a concentration of (.1-2.0 M and at a pH 0 4.5-8.0 (U.S. Patent
Publication Nos. 20080064860 and 20080064861 PCT Publication No. WO
2008/031020).

Arginine has also been used to elute proteins from affinity chromatography
columns and other types of purification columns. For example, Arakawa ef al,
describe methods of eluting antibodies from a Profeia A column using an elution
buffer containing 0.5-2.0 M arginine at pH 4.1-5.0 (Arakawa et al. (2004) Profein
Expression and Purification 36:244-248; Tsumoto, K, et al. (2004) Biotechnol. Prog.
20:1301-1308; U.S. Patent Publication No. 20050176109). Additionally, U.S. Patent

2
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No. 7,501,493 by Ejima et af. describes methods of eluting profeins from a gel
filtration column by using a developing solution containing arginine hydrochioride.
Ghose ef al. describe methods of eluting proteins of interest fom underivatized silica
using an arginine gradient as the eluant {(Ghose, S. et al. (2004) Biorech. Bioeng.

5 87:413-423). U.8. Patent Publication No. 20030030450 by Coffinan et al. describes
methods of dissociating Fe containing molecules from complexes of the Fe containing
molecuie and Protein A, whercin the Fe/Prolein A complexes are applied to a
hydrophobic interaction column (HIC) and the columm is washed with a buffer
containing arginine.

10
Summary of the Invention

This invention provides an efficient and robust wash solution for affinity
chromatography, as well as washing methods using this solution. This wash solution
is applied in a washing step prior to the elution step, and its use results in high vields

15 and high concenirations of the protein of interest eluted from the affinity matrix while
effectively removing both high molecular weight spacies (HMWs) and host cell
proteins (HCPs) from the staiting material applied to the matrix. This wash solution
is-characterized by the presence of both arginine (or an arginine derivative) and a
nonbuffering salt, such as a halogen salt. Preferably, the wash solution is at high pH,

20. sbove .0, This combination of avginine (or an arginine dexivative) and a
nonbuffering salt removes considerably more impuriiies than wash solations
containing either arginine or salt alone and resuits in a sharper elution peak
correlating with a high concentrition of the recovered protein of interest.

Accordingly, in one aspeet, the invention provides a method of producing a

v
L

purified protein of interest using an affinity chromatography (AC) matrix to which a
protein of interest is bound, the method comprising washing the AC matrix with one
or more wash solutions comprising (i) arginine, or an arginine dertvative, and {{i} a
nonbuffering salt, prior to elution of the protein of interest from the AC matrix.
Preferably, the protein of interest is loaded onto the AC matrix prior to washing with
30 the one or more wash solutions and the protein of inferest is sluted from the AC
matrix after washing with the one or more wash solutions, in particular, to remove

impurities from the AC marrix.
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In a preferred embodiment, the AC mateix is a Protein A columit. In various
other embodiments, the AC matrix can be, for example, selected from the grovp
consisting of a Protein G column, a Protein A/G column, 2 Protein L colume, an
immobilized metal ion affinity chromatography (IMAC) column, a calmodulin resin
coluran, a MEP HyperCel™ column, a columu that binds maltose binding protein
{MBP), a column that binds glutathione-S-transforase (GST) and a cohamu that binds
Strep-Tag I1. In a preferred embodiment. the protein of interést is an amibody or
antibody fragment that binds to the AC matrix, such as a Protein A column, although
other proteins that bind to the affinity matrices described herein are also suitable for
purification according to the methods of the invention,

In a preferred embodiment, the one or more wash solutions comprise
Arginine-HC, preferably at a concentration in a range of (.05-2.0 M, morc preferably
in a range of 0.05-0.85-M, most preferably in a range 0of 0.1-0.5 M . In particular
embodiments, Arginine-HC1 is present at a concentration of 0.1 M or about 0.1 M,
0.25 M orabout 0.25 M, or .5 M or about 0.5 M. b1 other embodiments, the one or
more wash solutions comprise an argining derivative, snch as a derivaiive selected
from the group consisting of acetyl arginine, N-alpha-butyroyl-arginine, agmating,
arginic acid and N-alpha-pyvaloy! arginine. Preferably, the arginine or arginine
derivative comprises L-arginine, although D-arginine is also encompassed.

In & preferred embodiment, the nonbuffering salt in the one or more wash
sofutions is sodium chloride (NaCl), preferably af a concentration in a range of 0.1-2.0
M. In particular embodiments, NaCl is present at a concentration of 0.75 M or about
0.75'M, 1.0 M or about 1.0 M, or 1.25 M or about 1.25 M. In other embodiments, the
nonbuifering salt in the one or more wash solutions is selected from the group
consisting of potassium chloride, calcium chloride and magnesium chloride.

In a particolar enuhodiment, the pk of the one or more wash solutions is
greater than 8.0, preferably at ieast 8.1, more preferably at Ieast 8.5 and even more
preferably at Jeast 8.9, In one embodiment, the pH of the one or more wash solutions
isin arange of 8.1 -9.5. In another emabodiment, the pH of the one or more wash
solutions is in a range of 8.5-9.3. Inn another embediment, the pH of the one or more
wash solutions is about 9.0. In another embodiment, the pH of the one or more wash

solutions is 9.0.
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The arginine and nonbuffering salt wash combination deseribed herein
preferably is applied in a single wash solution that contains both components (i e., the
AC matrix is washed with one wash solution that comprises both (i} arginine or an
arginine derivative; and (it} a nonbuffering salt). Altematively, fwo wash solutions,
one containing arginine or an arginine derivative {preferably at a pH greater than 8.0)
and the other containing a nonbutfering sal can be used in tandem washes.
Accordingly, in another embodiment of the washing method, the AC matrix is washed
with two wash solotions, a first wash solution and a second wash solution. In one
embodiment, the first wash solution comprises arginine, or an arginine derivative, and
the second wash solution comprises a nonbuffering salt. In another embodiment, the
first wash solntion comprises a2 nonbuffering salt and the second wash sofation
comprises arginine ox an arginine derivative,

The washing method of the invention is effective in removing a variety of
impurities, including high molecular weight (HMW) species and host cell proteins
(HCPs).

In another aspeet, the invention provides a method of producing a purified
antibody, or antibody fragment, nsing a Protein A column, the method comprising (2)
loading a mixture.comptising the antibody, or antibody fragment, onto the Protein A
column; (b) washing the Protein A column with a wash solution comprising (i)
Arginine-HCl, at a concentration in 4« range of 0,03-2.0 M (more preferably 0.05-0.85
M, most preferably 0.1-0.5 M), and sodium chloride; at a concentration in a range of
,1-2.0 M, wherein the wash solution removes impurities from the Protein A column;
ang (¢) eluting the antibody, or antibody fragment, from the Protein A column. In
particular embodiments, Arginine-HCl is present at a concentration of 0.1 M or about
0.1 M, 0.25 Mor about 0.25 M, or 0.5 M or sbout 0.5 M. In particular embodiments,
NaCl is present at a concentration of 0.75 M or aboud 0.73 M, 1.0 M or about 1.0 M,
or 1.23 M or about 1.23 M, In various embodiments, the pH of the wash solufion is
greater than 8.0, preferably at least 8.1, more preferably at least 8.5, more preferably

9.0, 1n a range of 8.1-9.5, or in a range of 8.5-9.5.

Detailed Description of the Invention
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The invention provides a new washing solution for affinity chromatography,
such as Protein A chromatography, which is applied to the column prior to clution of
the protein of interest to remove impurities. The new washing solution i composed
of arginine, or an arginine derivative, and a nonbuffering salt. Typically, the washing
solution is an aquepus solution.

As used herein, the term “nonbufferng salt” vefers o a salt that is present in
the wash solution that is of a type, and at a conceniration, such that it does not
substantially contribute to retaining the pH of the wash solution(s) under the applied
condifions (such as kigh pH) upon addition of acid or base. Typically, the
nonbuifering salt is an ionjc salt. Nonbuffering salts include halogen salts, including
those that comprise Cl or Br (more preferably Cl), in particular halogen salts
comprising alkali metals or alkaline earth metals, including Na, K, Ca and Mg (more
preferably Na or KJ. The term “nonbuffering salt” does not include buffering salts,
such as sodiam acetate, sodium phosphate and Tris, that do substantially contribuie to
refaining the pH of a wash solution{s} ander the applied conditions. In a preferred
embodiment, the nonbuffering salt is a halogen salt (2.g., comprising Cl or Br). In
another ebodiment, the nonbuffering salt is a halogen salt that comprises sodinm
(Na), potasstun (K}, calciom (Ca) or magnesiom (Mg}, more preferably, sediom (Na)
or potassiam (K). In yet another embodiment, the nonbuffering salt is selected from
the group consisting of NaCl, KCl, CaCl; and MgCl. In a particularly preferred
embodiment, the nonbuffering salt is sodium chloride {(NaCl). Typically, the
nonbuffering salt is used at a *high” concentration of at least ] M, Other suitable
coneentrations and concentration ranges are described further below.

This new combination of wash components removes considerably more
impurities than commonly used procedures without affecting recovery. In addition,
this washing condition results in a sharper elution peak correlating with a higher
concentration of the protein of interest in the eluate, which is advantageous to increase
the performance of additional downstream parification processes.

Bfficient removal of impurities, including host cell proteins { HCPs) and
product-related imperities such as high molecalar weight (HMW) species and low
molecular weight (LMW) species, is a crucial factor during downstream proeessing of

a protein of interest. Aflinity chromatography is often used as the first stage of a

6



10

I35

25

WO 2011/073389 PCT/EP2010/070076

mulii-stage purification process for a protein of interest (2.g., an antibody) and the
purity of the protein of interest after affinity chromatography nolably influences the
kind and mamber of subsequent purification steps. Another important role for afliuity
chromatography is to concentraie the product, which allows for the use of
proportionatly smatlter, less costly colomns in subsequent purificaiion steps.
Therefore, it is particularly important o optimize the removal of impurities during the
affinity chromatography step.

Low pH conditions, typically between pH 3 — 4, are a requisite 1o clute the
bound protein of intersst from the affinily matrix and have the drawback of
potentially inducing aggregation. Historically, less stringent conditions, such as pH 3
~ 5.5, have been used to wash nonspecifically bound impurities from the colomm
whilst preserving the interaction between the protein of interest and the affinity
matrix. Recovery of the protein of iuterest, however, is often decreased due to partial
elution of the protein of interest at these conditions, especially when working at high
loading densities. Accordingly, in a preferred embodiment, the wash solution
provided by the present invention is advantageously performed at a high pH, greater
than 8.0, which preserves binding of the profein of interest to the affinity matrix while
allowing for removal ¢f impurities.

The new wash solution for affinity chromatography provided by the present
invention is based on a mixture of arginine (or arginine derivative) and a nonbuffering
salt, preferably performed at a bigh pH. The large biophysical diversity of impurities
present i common harvests or cellular extracts resuits in very diverse modes of
interactions with the solid phase of the chromatography medium and/or the bound
protein of interest. More or less stiong tethering of impurities may be the result of
non-covalent intermolecular interactions between the two molecuies, such as
hydregen bonding, electrostatic interactions, hydrophobic and Van der Waals forces
ora combination of these types of interactions. Therefore, a combination of several
different mechanisms to remove impuritics is likely to be much more effective than an
approach based on a single mechanism for removing impurities.

With respect to the effects of the nonbuffering salt in the wash solotion, based
on the analytical data herein, high affinity interactions between fhe protein of nterest

and ligand of the affinity matrix are not broken by a wash at high nonbuffering salt
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concentrations, whereas charged contaminants tethered nonspecificaily to charged
residues on either the immobilized ligand or the bound protein of inferest are removed
efficiently. Accordingly, while not intending to be Himited by mechanism, it is
thought that the nonbuffering salt used in the wash solution has the capacity to break
ionic interactions between charged contaminants (impurities) tethered nonspecificaltly
to charged residues on one or more components of the affinity chromatography matrix
(e.g., the chemical support of the niatrx such as a resin, the affinity ligand
immobilized on the matrix and/or the larget of interest bound to the Hgand
immobilized on the matrix), while not disrupting the specific binding of the bound
target to the immobilized ligand.

With respect to the effects of arginine in the wash solotion, it has been
reporied that arginine is able fo solubilize certain precipitated proteins {Umetsu, M. ez
al. (2005) Biochem. Biophys. Res. Commun. 328:189-197; Tsumoto, K, ez al. (2003)
Biochem. Biophys. Res. Commun. 312:1383-1386), reduce the formation of
aggregates {Arakawa, T. ¢t al. (2003) Biockem. Biaphys. Res. Conumn. 304:148-
152}, and reduce sonspecific adsorption of proteins to surfaces (Ejima, 1. ef al.
(2005) J. Chromatogr. 4. 1094:49-553). While pot intending to be limited by
mechanism, the redoction of protein aggregation may originate from the masking of
hiydrophobie patches on the proteins, which interact with arginine. This interaction
may take place between the guanidium group on arginine and iryptophian groups on
proteins, or through the formation of a iydrophobic patch by clustering of arginine, or
may be a combination of such effects.

With respect to the use of a pH greater than 8.0 in the wash solution, a basic
pH may partially denature HCPs and HMWs, whereas stable proteing including
monomerie aatibodies are not influenced af these conditions. While nof intending to
be limited by mechanism, denaturing of contaminant proteins may be manifested as a
shght change in structure, which may be sufficient to weaken nonspecific binding.
Therefore, the high pH of the wash solution may be beneficial for increasing the
removal of impurities by destabilizing their interaction with the hound protein of
interest or the solid support of the affinity matrix.

Accordingly, in one aspect, the invention provide 8 method of producing a

purificd protein ssing an affinity chromatography (AC) matrix to which a protein of
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interest is bound, the method compiising washing the AC muatrix with one or more
wash solutions comprising (i) arginine, or an arginine derivative, and (i) a
nonbuffering sait, prior to elution of the protein of interest from the AC matrix.

As used herein, the torm “affinity chromatography matrix” or “AC matrix™, is
intended to refer to a solid phase mediwm, typically a gel or resin, that allows for
separation of biochemical mixtures based on a highly specific binding interaction
hetween a protein of interest and the AC matrix, such as between a receptor and
ligand, enzyme and substrate or antigen and antibody. Thas, the solid phase medium
comprises a target to which the protein of interest is capable of reversibly affixing,
depending upon the butfer conditions. Non-hmiting examples of immaobilized or
solid phase media that can comprise the AC matrix include a gel matrix, such as
agarose beads (snch as cominercially available Sepharosematrices), and a glass
matrix, such as porons glass beads (such as conupercially available ProSep matrices).

Binding of the protein of interest to the AC matrix typically is achieved by
column chromatography. Thatis, the AC matrix is formed into a column, a
biochemical mixture containing a protein of interest is flowed through the column,
followed by washing of the column by flowing through the column one or more wash
solutious, followed by elution of the protein of interest from the column by fowing
through the column an elution buffer.

Alternatively, binding of the protein of interest to the AC matrix can be
achieved by batch treatment, in which the biochermical mixtures containing the protein
of interest is incubated with the AC matrix in a vessel to allow for binding of the
protein of interest to the AC matrix, the solid phase medium. is removed from the
vessel {e:g., by centrifugation), the solid phase medium is washed to remove
impurities and again recovered (e.g., by centrifugation) and the protein of interest is
cluted fram the solid phase medium.

I yet another embodiment, a combinalion of balch treatment and colurun
chromatography can he used. For example, the initial binding of the protein of
interest to the AC matrix can be achieved by batch treatment and then the solid phase
medium can be packed into a column, following by washing of the column and

elution of the protein of interest from the column,
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The nature of a particular solid phase mateix, in particnlar tbe binding
properties of the target aitached to the solid phase, determines the type(s) of protein{s)
that can be purified using that solid phase matrix, For example, in a preferred
embodiment of the invention, the AC matrix is a Protein A column, which comprises
as the target attached to the solid phase a bacterial cell wall protein, Prolein A, that
specifically binds the CHz and CHs domaings within the Fe region of certain
immaunoglobulins. The binding properties of Protein A are well established in the art.
Accordingly, in a preferved embodiment of the invention, the protein of interest {to e
purified) is an antibody or antibody fragment comprising an Fc region. Furthenmore,
additional proteins that can he purified using Protein A chromatography include Fe
fusion proteins. Insofar as any protein 1s capable of specifically binding to a Protein
Amatyix, it can be purified according to the methods of the mvention.

Various Protein A resins are well known in the art and suitable for use in the
invention. Non-limiting examples of conunereially available Protein A resins include
MabSelect, MabSelect Xtra, MabSelect Sure, rProtein: A Sepharose FF, mypProtein A
Sepharose FF, Protein A Sepharose CL-4B and uProtein A Sepharose 4 FE (ali
commercially available from GE Healtheare); ProSep A, ProSep-vA High Capacity,
ProSep-vA Ultra and ProSep-Va Ulira Plus (all commercially available from
Millipore); Poros A and Mabeapture A (both commexeially available from Poros),
IPA-300, IPA-400 and 1P A-500 (all commercially available fiom RepliGen Cotp.h:
Aftigel protein A and Affiprep protein A {both commercially available from Bio-
Rad); MABsorbent AIP and MABsorbent A2P (both commercially available from
Affinity Chromatography Lid.): Protein A Ceramic Hyper D F {commercially
available from Pall Corporation); Ultralink Immobilized protein A and Agarase
protein A {both commercially available from PIERCE}); and Protein A Celithru 300
and Protein A Ultraflow (both comumercially available from Sterogen Bioseparations}.

In addition to Profein A chromatography, the washing methoed of the invention
can be applied to other affinity chromatography systems, For example, in another
embodiment, the AC matrix can be 4 Protein G column. a Profein A/G column or a
Protein L. column, each of which are also immunoglobulin-binding bacterial proteins

with binding properties established in the art. Thus, an AC matrix that is a Protein G
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matrix, a Protein A/G matrix or a Profein L matrix can be used to purify antibodies,
antibody fragments comprising an Fe region and Fc fusion proteins.

Other non-limiting examples of AC matrices, and the types of proteins that
they are effective in purifying include the following: an immobilized metal fon

5 affinity chromatography (IMAC) column (for purification of proteins with an affinity
for metal fons, such as histidine-tagged proteins), a calmodulin resin column (for
purification of proteins fagged with calmodulin binding peptide (CBP)}), a MEP
HyperCel™ columa (a cellulose matrix that selectively binds immunoglobuling, a
column that binds maltose binding protein (MBP) {such as a Dextrin Sepharose™

10 resin that selectively binds proteins tagged with MBP) , a cohunn that binds
glutathione-S-tansferase (GST) (such as a Glutathione Sepharose™ resin that
selectively binds proteins tagged with GST) and & column that binds Strep-Tag It
(such aga Strep-Tactin™ Sepharose resin that selectively binds proteins tagged with
Strep-Tag 11}, Furthermore, immunoafiinity matrices, which comprise an antibody as

15 the target affixed to the solid phase, can be used to purify an. antigen of interest that
specifically binds to the antibody affixed to the solid phase.

While the invention of interest is described herein in particular with respect {o
purification of antibodies using Protein A chromatography, insofar as any protein is
known the art to selectively bind to a particular AC matrix, the protein is amenable to

20 purification using the washing methods described herein,

The wash solutions of the invention comprise arginine or an arginine
derivative. The arginine which can be used in the present invention may be the
natural amino acid arginine {e.g., L-arginine), D-arginine or an arginine derivative.

Nou-timiting examples of arginine derivatives include acylated arginine, such as

™~
L4

acetyl arginine and N-alpha-butyroyl-arginine, agmatine, arginic acid and N-alpha-
pyvaloyl arginine. The arginine or arginine derivative can be osed in the form of an
acid addition salt, Examples of the acid which can form an acid addition salt include
hydrochloric acid and the ke,

The concentration of arginine or arginine derivative in the wash sotution
30 typically is between 0.05 M and 2.0 M (e.g., 0.05 M, 0.1 M, 0.IS M, 0.2 M, 0.25 M,
03 M,035M, 04 M, 045 M,0.5M,055M, 0.6 M, 0.65 M, 0.7M, 0.75 M, 0.8 M,
0.85M,09M,0905M, 1.OM, 1.1 M, LISM, 1.20M, 1.25 M, 1L.30 M, 1.35 M, 1.40

i1
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MoIASM, LSM, LSSM, ILOM, LGS M, L7 M, 1.75 M, 1 8 M, 1.85 M, 1.9 M, 1.95
M, or 2.0 M), more preferably between 0.05 and 0.85 M {which is the upper solubility
of arginine in water at 20° C) (2., .05 M, (L1 M. 0.315 M, 0.2 M, .25 M. 0.3 M,
035M, 0.4 M,0.45M, 0.5 M, 0.55M, 0.6 M, 0.65 M, 0.7 M, 0.75 M, 0.8 M or 0.85
M}, most preferably between 0.1 and 0.5 M {e.g., 0.1 M. 015 M, 0.2 M, 0.25 M, 0.3
M, 0.35 M, 0.4 M, 0.45 M or 0.5 M). In various embodiments, the concentration of
arginie or arginine derivative can be, for example, 0.05 M, 0.1 M, 0.2M, 0.25M,
0.3M, 0.4 M, 0.5 M, 0.6 M, 0.7M or 0.8M, or between 0.1 M and 6.5 M. In certain
embodiments, the concentration of arginine or arginine derivative in the wash solution
is 0.25 M or greater. In particular embodiments, Arginine is present at a
concentration of 0.1 M or about 0.1 M, .25 M or about 0.25 M, or 0.5 M or about (1.5

The wash solutions of the invention also comprise a nonbuffering salt, as
desceribed above, which is of a type and at a concentration sufficient to break jonic
interactions between impurities and one or more camponents of the affinity matrix. In
a preferred embodiment, the nonbutfering salt is a halogen salt. In a particularly
preferred embodiment, the nonbuffering salt is sodivm chioride (NaCl). In other
embodiments, the nonbuffering salt can be, for example, potassium chloride (KCLy;
calcium chioride (CaCls) or magnesitum chloride (MgCls). The concentration of
nonbuffering salt in the wash solution typically is between .1 M and 2.0 M (e.g.. 0.1
M,0.15 M, 0.2 M, 0.25 M, 0.3 M, 0.35 M, 04 M, 0.45 M, 0.5 M, 0.55 M, 0.6 M, 0.65
M, OTM, 075M, 0.8 M, 0.85M,09M,0.95M, L.OM, L1 M, 1.I5M, 1.20M, 1.25
MI30OM, 135 M, LAOM, T4S M IS5 M, 155 M, 16 M, 1.6S M, 1.7M, L7S M,
1.8 M, 1.85 M, 1.9 M, 1.95 M, or 2.0 M), or between 0.5 M and 1.5 M {e.z., 0.5 M,
0.55 M, 0.6 M, 0.65 M, 0.7 M, 0.75 M, 0.8 M, 0.85 M, 0.9 M, 095 M, 1.0M, 1.1 M,
15 M, 12 M, 125 M, 1.3 M, 1.35 M, 1.4 M, 1.45 M, or 1.5 M), or between | M and
2Meg IM LIM LISM L2M 125 M, I3 M, 135 M, 1.4 M, TAS M, 1.5 M,
LASM, 1.6 M, 1.6SM, 1L7M, .75 M, E.8 M, 1.85M, LOM 1.95 M, or2 M), In
certain embodiments, the concentration of nonbuffering salt in the wash solution is 1
M or greater. In particular embodiments, the nonbuffering sait in the wash solution 3s
present at a concentration of 6.75 M or about 0.75 M, 1.0 M or about 1.0 M, or 1.25
M or about 1.25 M.
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The pH of the wash solutions of the invention typically is greater thaun 8.0,
although lower pHs are also suitable for use with the wash sofution(s) of the
invention. In a particular embodiment, the pH is grester than 8.0, preferably af least.
8.1, more preferably at least 8.5 or 8.9, In one embodiment, the pH of the one or
more wash solutions is in a range 0f 8.1-9.5. In another embodiment, the pH of the
ong or more wash solutions is in a range of 8.5-9.5. In another embodiment, the pH
of the one or more wash solutions is about 9.0. In another embodiment, the pH of the
one or more wash solutions is 9.0. Altematively, depending on the protein of interest
to be purified, a lower pH value can be used, for example a pH in a range of pH 5.0-
8.0, or a pH of 7.5 or 7.0 or 6.5 or 5.{. Depending on the properties of the protein to
be purified, the ordinarily skilled artisan can select an appropriate pH value for the
wash sojution. Accordingly, the wash solution(s) can coniain one or more buffers fox
adjusting and/or maintaining the pH. Non-limiting examples of typical buffers that
can be included in the wash solution(s) include Tris
{tris(hydroxymethyl)methylamine), bis-Tris, bis-Tris propane, histidiue,
friethanolamine, dicthanclamine, formate, acetate, MES (2-(N-
morpholino)ethanesulfonic acid), phosphate, HEPES {4-2-hydroxysthyl-1~
piperazineethanesulfonic acid), citrate, MOPS (3-(N-morpholinojpropanesulfonic
acid}, TAPS (3~ {[tris(hydroxymethyDmethyl}amino } propanesutionic acid), Bicine
(N.N-bis(2-hydroxyethyl)glycine), Tricine {N-tristhydroxymethyDmethyiglycine),
TES (2-{[tris{hydroxymethyl)methyllamino} ethanesulfonic acid), PIPES (piperazing-
N,N*-bis(2-ethanesul fonic acid), cacadylate (dimethylarsinic acid) and SSC (saline
sodium citrate).

The arginine and nonbutfering salt wash combination described herein
preferably is applied in a single wash solution thai contains both components.
Alternatively. two wash solutions, one containing arginine or arginine derivative
{preferably at high pH) and the other containing a nonbuffering salt can be used in
tandem washes. Accordingly, in another embodiment of the washing method, the AC
matrix is washed with two wash solutions, a first wash solution and a second wash
solution, prior to elution of the protein of interest. [nr one embodiment, the first wash
solution comprises arginine, or an arginine derivative, (preferably at a pH greater than

8.0) and the second wash solution comprises a nonbuffering sait. Tn another
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embodiment, the first wash solution comprises a nonbuffering salt and the second
wash solution comprises arginine, or an arginine derivative, {preferably at a pH
greater than 8.0). Examples of suitable arginive derivatives and nonbuffering salts, as
well as preferred concentrations, concentration ranges and pH eonditions for the wash
solutions are as described above.

The washing method of the invention is cffective in removiag a variely
ofimpurities, including high molecular weight (HMW) species and host cell proteins
{(HCPs). As deseribed in detail in the Examiples, the wash solutions of the invention
are effective in reducing both HMW species and HCPs in the eluate, while achieving
a high percent vield of the protein of interest in the eluate and a high concentration of
the protein of interest in the eluate. For example, in varions embodiments, use of'the
washing method described herein results in a pereent yield of the protein of interest
that is greater than 95%, more preferably greater than 96%, even more preferably
greater than 97%. With respect to the reduction in HMW species in the eluate, which
ca be expressed as the % HMW in the cluate, in various embodiments use of the
washing method described herein results in a %6 HMW in the cluate that is less than
10%, or less. than 5%, or less than 2.0%, orless thag 1% or less than 0.5%. With
respect o the reduction in HCPs in the eluate, which can be expressed as the
logarithmic reduction value (LRV), in various embodiments use of {hie washing
method deseribed herein resulis in an LRV for HCPs in the cluate that is at least 1.1,
or at least 1.3, or at least 1.5, or at Teast 2.0, or at feast 2.3, or af least 2.5, or at least
2.7.

Although the invention is desoribed herein with respect to a washing step
during affinity chromatography, it will be readily apparent to the ordinarily skilled
artisan that additional steps are carried out both before and afier the washing step to
achieve purification of the protein of interest from the affinity chromatography
matrix. For example, prior to the washing step, the methods.of the invention can
inchude ant equilibration step, in which the affinity chromatography matrix is
equilibrated with a Inading buffer, and a loading or capture step, in which a
biochenyical mixture (e.g., cellular harvest) containing the protein of interest is
applied to the AC matrix. Suitable conditions for the equilibration and loading

buffers will vary depending upon the nature of the AC matrix and the protein of
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interest to be purified, and the ordinarily skifled artisan can readily determine such
conditions using methods and information well established in the art. Non-limiting
examples of equilibration and loading buffers for the purification of antibodies on
Protein A columns are set forth in Examples 1 and 2. Additionally, after the washing
step(s) as mentioned above, the methods of the invention can include one or more
additional washings step(s) utilizing common wash selutions, and/or an elution step,
in which an elution buffer is applied to the affinity chromatography matrix to clute the
protein of interest from the matrix. Suitable conditions for the elution buffer will vary
depending upon the nature of the AC matrix and the protein of interest to be purified,
and fhe ordinarily skilled arfisan can readily determine such conditions using methods
and information well established in the art. Typically, elution of the protein of
interest from the AC matrix is carried out at an acidic pi. N-Hmiting examples of an
clution buffers for the purification of antibodies on Protein A columns are ses forth in
Exampies 1 and 2.
In another aspect, the invention provides preferred methods for removing
impurities from antibody-containing mixtures during Protein A purification of the
antibody. Accordingly, the invention provides a method of producing a purified
antibody, or antibody fregment, using a Protein A column, the method comprising
a) loading & mixture comprising the antibody, or antibody fragment, onto the
Proiein A columuy;

b) washing the Prowin. A. column with a wash solution comprising (i)
Arginine-HCI at a concentration in a range of 0.05-2.0 M {more preferably
in 2 range of 0.05-0.85 M, most preferably in a range of 0.1-0.5 M) and (ii)
sodium chioride, at a concentrition in 4 range of 0.1-2.0 M, whercin the
wash solotion removes impurities from the Protein A column; and

¢} eluting the antibody, or antibody fragment, from the Protein A column.
Preferably, the wash solution i at a pH greater than 8.0. Preferred concentrations and
concentration ranges for the Arginine-HCl are as described above. For example, ina
preferred embodiment, the Arginine-HCI is at a concentration of about 0.25 M orata
concentration of 0.25 M. Preferred concentrations and concentration ranges for the
sodium chloride are as described above. For example, in a preferred embodiment, the

sodium chloride is at a concentration of about 1 M or at a concentration of {M.
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Preferred pHs and pH ranges also are as described above. For example, in one
embadirnent, the pH of the wash solution is in 2 range 0f §.1-9.3. In anather
smbodiment, the pH of the wash solution is 8.5 or greater. In another embodiment,

the pit of the wash sclution is 9.0.

The present invention is forther illustrated by the following examples, which
should not be coustraed as further limiting, The contents of all references, patents and
published patent applications cited throughout this application are expressly

incorporated herein by reference in their entirety,

EXAMPLES

Example {: Comparison of Arginine/Nonbuffering Salt Wash Solution to Other
Wask Solutions

in this example, the effectiveness of various wash solutions o remove
impurities from an antibody-conlaining solution during affinity chromatography is
compared. More specifically, three wash solutions are compared: one containing no
arginine and no nonhuffering salt at pH 5.0, the second containing nonbuffering salt
bui no arginine at pi 7.0, and the third containing botl nonbuffering salt and arginine
atpH 9.0,

Clarified, mammalian cell culture supematants containing between 1.5 and 2.5
/1. antibody are harvested by depth filtration and purified using an ALC colum, in
particular a Protein A column (GE Healthcare), according to the conditions described

below in Table 1:

Tabie 1 Operating Conditions for Pretein A Column
Step Buffer (44 Res, tine *
i (min)

Equilibration 20 mM NalLPQy¢NzI{P0O,, pH 7.0 6 4'

Load Cell-free harvest .5 4

Wash | Variable {(See Table 2) 3 4

Wash 2 20 mM Nall,PO#Na.HPOx, pH 7.0 3 4

Elution 20 mM Acctic acid 4 4

e 0.1 M NaOH 3 4

16
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Step Bafter 1944 Res. tine *
wx {min}
Storage 20 mM Acetic acid/Sodium acetate, 2% Benaylalkohol, pH S.1 4 4

¥ Res. Thime = residence time; ¥*; CV, column volume

The equilibrated column is loaded with clarified harvest and is first washed
with wash solution 1, described in Table 2 below, followed by a second wash with
wash solution 2 (20 mM NalhPO/NapHPO4, pH 7.0), and then cluted at low pH.

The eluate is analyzed for its antibody concentration by analytical ALC, for
HMW/LMW by analytical size exclusion chromatography (SEC) and for HCP content
by enzyme-linked ramunosorbent assay, developed on the same cell line. The

various wash solutions compared for the first wash are shown below in Table 2;

Table2 Yariant Wash Solutions for First Wash
Sokution Buffer Abbreviation of buffer
1 20 mM sodinm acotate, 6 mM acetic scid pH 5.6 Wi-A5
2 20 oM NallaPO,/NaoHPOy, 1000 mM NaCl, pl1 7.0 W2-N7
3 Sgixgizl Tris, 250 wh Arginine-HCI, 1 M NaCl, NaOH * W3-Arg/Ng
P R

*pH adjnsted with 32 % NaOH solotion

The percent yields for the Protein A purification of four different monoclonal
antibodies (mAb), using the three different wash solutions shown in Table 2, are

shown below in Table 3.

Table 3 Percent Yields of Different Anttbodies Using Various Wash
Selutions
ash Solution
Antibody Wi-AS W2-N7 W3-Arg/N9
mAb-Qg §1.2 101.3 97.8
mAb-By $6.0 86.3 97.6
wAk-Bp 987 g2.5 93.8
mAb-Va 96.3 $7.9 98.6

Table 3 shows that washing with either W1-AS {containing no nonbuffering

salt or arginine, at piH 5.0} or W2-N7 {containing nonbuffering salf but no arginine, at
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pH 7.0) results in fluctuations in the amount of amibody recovered depending on the
antibody being purified. More specifically, washing with W1-A5 results in yields
fluctuating between 81 and 96 % and washing with W2-N7 results in yields
fluctuating between 92 and 101 %. In confrast, washing with W3-Arg/N9, containing
both nonbuffering salt and arginive, at pH 9.0, resuits in consistently high yields,
above 96%, for al] four antibodies being purified.

The cluate concentrations (in g/L.), after the Protein A purification of the four
different mAbs, using the three different wash solutions shown in Table 2, are shown

below in Table 4.

Table 4 Eluate Concentration of Bifferent Antibodies Using Various Wash
Solutions

Wash Solution
Antibody’ Wi-AS W2-N7 T W3-Arg/N9
MmADL-Qa 17.3 7.7 584
WAb-By 126 19.9 ‘ 27.0
mAb-Bp 23.5 172 21.2
mAb-Va 153 143 164

Table 4 shows that the cluate concentration is also influenced by the wash
buffer applied during ALC. For three of the four mAbs (mAbs Qg, By and Va),
washing with W3-Arg/N9 results in higher eluate concentrations than washing with
W1-AS or W2-N7. The average eluate concentration for the four antibodies is lowest
after the W1-A5 wash (17.1 /L), followed by the W2-N7 wash (17.3 g/L) and
highest after the wash with W3-Arg/N9 (21.7 g/i).

The reduction in host cell protein (FICP) in the clnates afier the Protein A.
puritication of the four different mAbs, using the three different wash solutions shown
in Table 2, are shown below in Table 5. The reduction in HCP is expressed as the

logarithmic reduction value (LR V) with respect to the values in the cellular barvest.

Table5 Reduction in HCP in Eluate for Different Antibedies Using Various
Wash Solations

Wash Solution

i8
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Axtibody Wi-AS W2Z-NT7 W3i-Arg/N9
mAb-Qg 1.50 1.64 273
mAb-By 1.40 1.68 2.35
mAb-Bp 37 1.88 233
mAb-Va 0.94 9.99 1.33

With respect to the impurity removal, based on the data in Table 5 a clear

order can be established hetween the three wash buffers. The lowest HCP veduction

is obiained with the low pH wash W1-AS5, followed by the wash with salt wash W2«

N7 and the highest removal factor is obtained with the arginine-NaCl combination

buffer at pH 9.0 (W3-Arg/N9). Expressed in logarithmic order of ramoval, an
average of 1.4 logs is obtained after washing with W1-A5, 1.55 logs with W2-N7 and

the highest temoval of 2.2 lags is achieved with W3-Arg/N9,

The level of high molecular weight (HMW) species in the eluates after the

Protein A purification of the four different mAbs, using the three different wash

solutions shown in Table 2, are shown below in Table 6. The level of MW species

in the eluates is exprossed as a percentage (%) of the total protein in the eluates,

Table ¢ Level of HMW Species in Eluate for Different Antibodies Using

Various Wash Solutions

Wash Solution
Antibody, Wi-AS W2-N7 ;
mAb-Qg 4.7 3.8 0.8
@Ab-By 2.1 0.7 0.4
mAb-Bp i0.4 10 98
mAb-Va 4. 28 1.6

Table ¢ shiows that the level of HMW species is very heterogeneous for the 4

different mAbs and the removal of HMWs is mAb-dependent. Overall, the W1-A3

wash solution 15 the least effective washing solution. Better resulis are obtained with

the W2-N7 wash solution and the Jowest HMW values in the ALC eluate are

consisiently found with the W3-Arg/N9 wash solution. Three mAbs (mAbs Qg, By

and Va) respond with 4 2.6 to 5.9-fold reduction in HMWs comparing the W1-A3

wash versus the W3-Arg/NO wash, whereas mAb-Bp only showed a marginal

reduction.
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A summary of the findings {or the experiments summarized in Tables 3-6
above is shown below in Table 7. The shaded row represents the composition. of the

harvesi.

Table 7 Comparison of Three ALT Wash Solutions for Four mAbs _
mAb Wash buf’fer Yield {%] Cone, [g!L] IICP {ppm} HCP [LRV] MW {%]
e X Ry R K

Acampm 0 :}?620' -

NaCloH 7.0 97.9 14.3 34522 O ‘39 29
Arty\‘a(‘lplwo ss 164 15648 R 3 16
e e RN @Wﬁm
Acetate p!l' 50 §1.2 17.3 ’?(}393 1.500237 4.7

NaCi pH 7.0 1013 17.7 14673 1.6432 ‘3 8
ArgNaClpl90 978 00284 IS 2740031 S
iﬁim*%&%ﬁz%% SR %%%ﬁi%%% =
By AcetatepH 5.0 ' 86.5 126 20955 1401614 2.1
By NaCipH 7.0 96.5 19.8 1111 LE714Y 0.7
Arw‘NaCl pH 90 9TE e )O 3738 2150263 0.4
E R e e e
Ac emie pH 5.0 95,7 23,3 8830 1.7727 104
NaCipH 7.0 92.5 17.2 6843 1.883287 10
Bp Arg/NaClpH 2.0 95.8 21.2 1543 2.530204 9.8

Congc. = cluate concentrafon; HCE « host éelf protein; HMW = high molecular weight species; LRV =
log reduction value; NA = not applicable.

Example 2: Comparison of Various Arginine/Sait Wash Sofutions

In this example, the effectiveness of additional wash solutions, containing
different amounts of nonbuffering salt and/or arginine at different pli values, to
remove impurities during affinity liquid cliromatography {ALC) is compared. The

chromatography conditions used in this Example are as set forth in Table 8 below.

Tabie 8 Operating Conditions for Protein A Colume

Step Buffer Y - Res, time *
% {min)
Bquilibration T 20 mM NaH,PO/NuyHPOg, pH 7.0 4
FEquilibration 2 Tdentical 10 wash baffer | 3 4
Laad Cell-free harvest q.3. 9
Wash } Variable {See Table 8) 5 4
Wash 2 20 mM NalaPO,/NaHPOy, plH 7.0 3 4
Elntion 50 oM Acetic acid 5 4
cp 0.1 M NaO¥ 3 4
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Step Baifer Y Res, time *

i {vxin}
Storage 20 mM Acetic acid/Sodium acetate, 2% Benzylalkohol, S 4

pH 3.3

* Res. Time = residence time; ¥%: €V, colorn volume

The wash solutions compared in this Example are set forth below in Table 91

‘Table 9 Additional Variaunt Wash Solutions for First Wash

Selution Buifer Abbrevistion of buifer
i 20 md Nat;POs/NazHP O, 1000 mM NaCl, pH 7.0 W3-N7
3 20 mM NaklPO/NayHP O, 150 md NaClL pH 7.0 W40, 1M N7
3 256 M Arginine-HCl, ~13 * ;M Tris-HCL pH 8.0 Wi-Argd
wll.?’: Oim\i Tris-HCL 250 oM Arginine-HCl, 1 M NaCi, W6-Arg™Ng
pii &,

¥ The exact concenixation was not measured {1 M Vris base [(hydroxymethyl) aminomeihane] was
used o adjust the pH)

The four wash solutions shown in Table 9 allow ditect compavison of a low
nonbuffering salt wash solution {W4-0.13M N7, containing 150 mM NaCl) to a high
nonbuffering salt wash solution {(W2-N7, containing 1M NaCl), as well as comparison
of a wash solution containing arginine alone at pH 8.0 {W5-ArgS) to a wash solution
containing the combination of nonbuffering salt with arginine at basic pH (W6-
Arg/Ng).

The petcent yield, percent HMW species in.eluate, and reduction in HCP
(expressed as LRV) for purification of mAb-By, using the four different wash
solutions shown in Table 9, as well as the combination of the arginine alone wash
{(W5-ArgR®) with the high salt alone wash (W2-N7), are shown below in Table 19,

Table 16 Purification Values for mAb-By Using Various Wash Solutions
' Wash Selution
Purification Value miiﬁ W Ws-Arg8 3%%—““;;;& We-ArgiNg
Yield (%) 984 100 99.3 974 919
WM 0% 16 99 05 03 03
HCP {LRV} 181 2.19 23S 2.57 2.7
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* LW = washing was performed for 12 coluwma volomes instead of 6,

Table 10 shows that the percent yield of the antibody remains above 979% for
all washing conditions. Moreover, the most efficient wash solutions for removal of
impurities, both HMWs and BCPs, are the wash solution that contains both arginine
and high nonbuffering salt at basic pHl (W6-Arg/N8) or the combined use of the wash
soluiions that coptain arginine at basic pH (W5-Arg8) and high nonbuffering salt
(W2-N7).

Washing with a rather physiological wash sohution, W4-0.15M N7, reduces
the HCPs by 64-fold {1.81 logs) as compared to the starting material that is {oaded
onte the columa. In contrast, washing with a nonbuffering salt-arginine combination
at pH 8 (W6-Arg/N8) results in a reduction by 498-fold (2.7 logs).

The reduction of HMWSs follows a similar trend. Waghing with the wash
sohstion containing 20 mM sodium phosphate, 150 mxM NaCl, pl 7.0 (W4-0.15M
N7} results in 1.6 % HMWs in the eluate, whereas washing with the nonbuffering

salt-arginine combination (W6-Arg/NR) reduces this value by more than 5-fold.

Example 3: Comparisont of Basic pH to Physiological pH in Wash Solutions

In this example, an analysis of the pH as a parameter of the wash solutions on
the removal of HCPs and HMWs is conducted and shows the superiority of basic pH
conditions. Affinity Hguid chromatography {ALC) using the conditions set forth in
Table § in Example 2, is pexrformed on a cellular harvest of mAb-Va, with slightly
different levels of HMW and HCPs.

The wash solutions ¢ompared in this Example are set forth below in Table 11:

Table 13 Wash Solutions with Varying pH Values for First Wash (on mAb-Va)

Solution Tauffer Abbreviation of
buffer

i 20 tiaM NaHPO/Na POy, 1000 mM Nal, ptf 7.0 W2-N?7

2 13.2 mM NayHPO;, 250 mM Arginine BCL 1 M NaClL pH 7.0 Wo-Arg™N7

3 ~28% mivi * T¥ig, 280 mM Arginine-HC'1, 1 M NzCl, pii 8.9 W3b-Arg/NS.9

* No NaOH was used for pii adjustment
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The percent yield, percent HMW species in eluate, and reduction in HCP
(expressed as LRVY) for purification of mAb-Vé, using the three different wash

solufions shown in Table 11, are shown below in Table 12.

Table {2 Comparison of Physiological pHl with Basic pH on Purification
Values for mAb-Va
Wash Solution
Porification Value YW2-N7 , W 6—Arlgl N7 W3b-Arpg/N8.D
Yiekd (%%) 100.5 9.4 99
HMW {%5) 24 1.6 14
TICP (LRV) 0.87 148 1.61

The high nonbuftering salt alone wash solution, W2.-N7, serves as a baseline
control wash to establish the HCP/HMW removal ability of the arginine/monbuffering
salt combination at approximaiely physiclogical pH 7.0 (wash sohution W6-Arg/NT)
and at basic pH 8.9 (wash solution W3b-Arg/NS.9). A small but noticeable reduction
in HMW levels from 1.640 1.4 % is observed al the higher pH (pH 8.9) as compared
to the lower pH (pH 7.0). Morc evident is the effect on the HCP removal, Here, the
fower pH wash (pH 7.0) reduces the HCPs by 1.48 logs, whereas the high pi wash
(PH 8.9) reduces the value by 1.61 logs, underlining the superiority of the high pH

wash in impurity removal capagcity.

Example 4: Comparison of Arginine/Sait Wash Selution to Other Wash
Selutions

In this example, other wash solutions, containing Tween.80, amino acids other
than arginine or high concentrations of Tris, are compared to the
arginine/nonbuffering salt wash solutions. In this example, an analysis of theptH asa
parameter of the wash solutions on the removal of HCPs and HMWs is conducted and
shows the superiovity of basic pH conditions. Affinity liquid chromatography (ALC)
using the conditions set forth in Table 1 in Example 1, is performed on a cellylar
harvest of mAb-Va, with slightly ditferent levels of EMW and HCPs.

The wash solutions compared in this Example are set forth below in Table 13:

v
L
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Fable 13 Wash Solotions with. Varying Componexnts for First Wash

Solution Buffer Abbreviation of
buffer

1 20 mM NaHoPOs/NasHPOy, 1000 mM NaCl, pH 7.0 W2-N7

2 20 mM NataPOgNasHPG,, 1000 mM NaCl, pH 7.0 W2-N7 LW

3 20 mM NakPOo/NagHPOy, 1000 mM NaClL 0.1 % W7-NT7-T80
{wiv) Tween8(Q, pH 7.0
4 20 mM NaHbPO/NapHPO,, 1000 mM NaClL 0.1 M WE-N7-0.1 MG
Glycine, Tris *¥
5 500 mM Tris, pH 8.9 W8-0.5 M Tris
8.9 Lws
6 289 mM Tris, 250 mM Arginine-HCl, § M NsCL pH  W3b-Arg/N8.Y

3.9

# LW = washing was perfoumed for 12 column volumes wnstead of 6. *% pH adjusted with I M steck

solution,-cane, not measured,

S The percent vield, percent HMW species in cloate, and reduction in HCP
{expressed as LRV) for purification of mAb-Va, using the six ditferent wash solutions

shown in Table 13, are shown below in Table 14.

Table 14 Comparison of Wash Solution Components on Purification Values
10 for mab-Va

Wash Solution
Purification ) ) _ WO-HE A Wib-
- W2-N7 W2NTLW * | WI-NT-T8( i W&N7-8I MG
Value Tris 83 LW2 | ArpiNR.D
Yield (%) 100.5 100.9 90 98.7 98.1 50
HMW (%) 74 2.3 75 EX 3 13
HCP {L.RV}) 0.87 142 134 1.24 1.07 1.63

* LW = washing was performed for 12 column volumes instead of 6.

Table 14 shows that the arginine/nonbuffering salt wash solution at high pH
(W3b-Arg/N8.9) is the most efficient wash solution in removing both HMWs and

15  HCPs, as compared fo other wash selutions containing high nonbuffering salt alone
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{W2-N7}, Tween 80 {W7-N7-T80), other amino acids such as glycine {(W8-N7-0.1 M
G} or high concentrations of Tris (W9-0.5 M Tris 8.9 LW).

Exampie 5: Comparison of Arginine/Nenbuffering Salt Wash Solution at High
pH to Salt Alone atf Dow and High pH

In this example, the effectiveness of the arginine/nonbuffering salt wash
solution al 2 high pH is compared to a nonbuffering salt solution at high and low pHs.
Specifically, the following conditions are evaluated and compared: (1) nonbuffering
salt wash solution at a low pH (i.¢.,7.0), (2} nonbuffering salt wash solution at a high
pH (i.¢., 9.0}, and (3} nonbuffering salt wash solation in combination with arginine at
ahigh pH (i.e., 9.0). Additionally, the effect of'arginine on the removal of HMWs,
LMWs and HCPs is analyzed, and shows that using the nonbuffering salt solution in
combination with arginine at basic pH conditions is particularly effective and
advantageons. The wash solutions compared in this Example are set forth below in
Table 15:

‘Table IS Wash Solufions with Varving Components for First Wash

Sofution Buffer Abbreviation
. of buifer

i 20 M NabaPCy/NaaHPO4, 1000 mM NaCl, pH 7.0 W2-N7

2 20 mM NaHoPO4/NagHPO;, 1000 mM NaCl, NaOH, pH 9.0 * WI10-N9

3 50 mM Tris, 250 mM Arginine-HCl, 1 M NaCl, NaOil, pH9.0*  W3-Arg/N9

* pH adjusted to 9.0 with 32 % stock solution of NaOH.

Affinity liquid chromatography (ALC) using the conditions set forfl in Table 1 in
Example 1, is performed on a celiular harvest of mAb-By, using different levels of
HMWs and HCPs with minimal variations, as detailed below in Table 16.

Table 16 Operating Conditions for Protein A Cofumn
Step Buffer oV Res. Time ** Commeést
(i)
Fquilibration 20 mM Nallp-/NaH-PO,,  3/6* 4
pH7.6
Load Cell-frec harvest 4 36 mg/ml Resin
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Step Buffer LY Res. Thne ** Copunent
{min}

Wash | See Table 18 & 4

Wagh 2 EQ 3 4

Elution 26 ?M Acelre acid, pB gk 4 100-100 mALY at 280 am

lq* £
Cip Q.1 M NaOH 4 4
Storage 20 mM Na-acetate, 2% Si4* 4

Benzylatkehol, pk 3.1

¥, for the run with wash sofution W3-ArgN9, 6 CV were used for equitibration and 4 CV were used
for efution and storags. ¥*, Res. Time = residence time.  **¥_ = 1ef quel {as is),

The parameters of (1) SEC-derived antibody concentration (g/L), (2) percent HMW
and LMW species, (3) HCP level expressed in ng/mg monocional antibody and, (4)
AlLC-derived percent yield in the ALC eluate were measured for purification of mAb-
By, using the three different wash solutions shown in Table 15. The results are shown

below In Table 17,

Table 17 Comparison of Wash Solution Components on Purification Values
for mAb-By
Wash Solution  gope; (o/l)  HMW{(%) LMW (%) HCP (uy/me MAb)  Yield (%}
Starting material 232 NA NA 370962 {100
Wi-N7 20.00719.84% 1.3/0.9¢ D.4/0.4* 9315/6783* 100.8/ND*
W10-NY 20.28220.30%  1.2/1.0¢ 0.5/0.5¢ 8984/7884 ¢ 101.978D*
Wi-Are/NS 20.55 0.8 0.1 2110 100.3/ND*

*_the second valoe corresponds to asecond measurement after Sitration through 0.2 pm filter.

Specifically, Table 17 shows that the arginine/nonbuffering sajt wash sofution at high
pH of 9.0 {(W3-Arg/N9) is the most efficient wash solution for removing HMWs,
LMWs and HCPs, as compared to other wash solutions containing nonbuffering salt
alone (W2-N7 and W10-N9), independent of their pH. In particular, washing with the
arginine/monbutfering salt wash solution at a pH of 9.0 reduced the HCPs by at least
3-fold and the LMWs by at least 4-fold, as compared to washing with the
nonbuffering salt alone at a pH of 7 (W2-N7) or a pH of 9 {W10-N9).

Example 6: Comparison of Ranges of Arginine and NaCl Coneentrations and
pH for the Arginine/Salt Wash Sclution
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In this example, additional arginine and nou-buffering salt concentrations and
pH washing eonditions are investigated to determine their effective on removing
Impwities during affinity liquid chromatography (ALC). The wash solutions

compared in this Example are set forth below in Table 18:

Table 18  Wash Solutions with Varying Components for First Wash

Solatior Buffer Abbreviation of
buffer
i §.75 M NaCl, 250 M L-Arginne/Tris pt 8.5 # W1l-Arg/N8.5
2 1.25 M NaCl 250 mM L-Arginine/Trig, pH 9.5 ¢ WIi2-ArgfN9.S

3 50 mM Tris, SO0 mM Arginine-HCT, 1 M NaCl, NaOF, p 9.0 % W13-Arg/N9
4 10 03M Tris, 160 mM Argimine-HCI, 1 M NaCl, NsOH, pH 0.0 ¢ Wi4-Arg/Ng *»

*, pH adiusted with 8 M NaOH; **, buffer obtained through 5-fold dilution of W13-Arg/N9 and pH
adjnstinent to 2.0 with § M NaQ

AL s performed on a cellular harvest of mAb-By (under the conditions set forth in
Table 1 in Example 1), using slightly different levels of HMW and HCPs with

minimal variations, as detailed below in Table 19,

Table 19 Operating Conditions for Protein A Column (at 4 min res, time)”
Step Buffer LV Comment
Equilibration 20 mM. Nal2~/Na2ke-PO4, pi 7.8 6
Load Celi-free harvest 38 mefl resin
Wash 1 See Table 18 4.5%77 5% iguxTx
Wash 2 £Q 3
Elution 50 mM acetic acid, phl 3.5 #/# 3443 or i S00-500 mAUfem at
S0 mM acstic acid, pii 3.8 ¥ekiredk 230 nm.
ip .1 M NaO# §i3ker Up flow
Storage 2?{ mM Na-acetate, 2% Benzylalkohol, 4 Up flow
pit 5.1

*, for run with wash sofution W11-Arg/N8.5; **, for run with wash solution W12-Arg/N9.5; »#* pH
adjusted with 1 M Tris; *¥%%_ {or nn with wash solation W13-Arg/N9 and WId-Arg/NQ; ¥¥¥¢* plf
adjusted witls 8 M NaOH. ‘Res. Time = residence time.

The parameters of (1) SEC-derived antibody concentration (g1}, (2) percent HMW
and LMW species {%), {3) HCP level expressed in ng/mg monoclonal antibody, and

4y ALC-derived percent yield in the ALC eluate were measured after purification of
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mAb-By using either of the two different wash solutions shown in Table 18. These

resuls are shown below in Table 20.

Table 20 Efficiency of the wash buffer at different NaCl concentrations and
pi fevels for the purificatior of mAb-By (twe different starting materiais)

AppHed wask salation g;;‘::;;g;g :{?;“i :;Zgw HCP (ng/mg) }:id(}) (%)
Siarting material 2.6 NA Na 602398 (105)
WI12-Arg/N9.5 27.33 2 6.3 4637 100.4
W1l-Arg/NB.3 2242 2] 6.5 9937, 100.2

Starting material 29 NA NA 311761 {100)
W3-ArgN9Y 16.15 17 9.1 1367 98.7
W1d-Arg/N9 16.531 1,7 (.} 3408 45.9

The data shown in Table 26 underscores the efficacy of the arginine/nonbulfering salt
wash solution at high pH, for use in for affinity Hquid chromatography. Washing with
(1} arginine and a lower concentration of nonbuffering salt (0.75 M NaCl) at a pH of
8.5, (2) arginine and « bigher concentration of nonbuffering salt (1.25 M NaCl) at a
PH of 9.5 or (3 cither low (e.g.. 100 mM) or high {e.g., 500 mM) concentrations of
arginine, results in a strong reduction of HCPs (n average >2 logs reduction), withouot

comprornising the yield.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of producing a purified antibody, antibody fragment, or Fc fusion
protein, using an affinity chromatography (AC) matrix to which the antibody,
antibody fragment, or Fe fusion protein is bound, the method comprising:

(a) loading a mixture comprising the antibody, antibody fragment, or Fc
fusion protein onto the AC mairix; and

(b)  washing the AC matrix with one or more wash solutions, wherein at
Jeast one wash solution comprises both (i) arginine, or an arginine
derivative, and (ii) a halogen salt, prior to elution of the antibody,

antibody fragment, or Fc fusion protein from the AC matrix.

2. A method of producing a purified antibody, antibody fragment, or Fc fusion
protein using an affinity chromatography (AC) matrix to which the antibody,
antibody fragment, or Fc fusion protein is bound, the method comprising:

(a) loading a mixture comprising the antibody, antibody fragment, or Fc
fusion protein onto the AC matrix; and

(b)  washing the AC matrix with one or more wash solutions comprising
(i) arginine, or an arginine derivative, and (ii) a halogen salt, wherein
the arginine, or the arginine derivative, and the halogen salt are in
different wash solutions, and wherein the pH of atl least one of the
wash solutions is greater than 8.0, prior to elution of the antibody,

antibody fragment, or Fc fusion protein from the AC matrix.

3. The method of claim 1 or claim 2, wherein the AC matrix is a Protein A
column.

4, The method of any one of claims 1-3, wherein the wash removes impurities
from the AC matrix.

5. A method of producing a purified antibody, or antibody fragment, using a
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Protein A column, the method comprising

a) loading a mixture comprising the antibody, or aniibody fragment, onio
the Protein A column;

b) washing the Protein A column with a wash solution comprising (i)
arginine or an arginine derivative, at a conceniration in a range of
0.05-0.85 M, and (ii) sodium chloride, al a concentration in a range of
0.1-2.0 M, wherein the wash removes impurities from the Protein A

column; and
¢} eluting the antibody, or antibody fragment, from the Protein A column,

The method of any one of claims 1-5, wherein the arginine is at a

concentration of or about 0.25 M.
The method of any onc of claims 1-5, wherein the arginine is arginine-HC,

The method of any one of claims 1-4, wherein the halogen salt is at a

concentration of or about 1 M.

The method of any onc of claims 1 and 3-5, wherein the pH of the wash is

greater than 8.0.

The method of any one of claims 1-4, wherein the halogen salt is sodium

chloride (NaCl).

The method of any one of claims 1-5, wherein the pH of the wash is in a

range of about 8,5-9.5,
The method of any one of claims 1-5, wherein the pH of the wash is 9.0

The method of any one of claims 4-12, wherein the impurities comprise high

molecular weight (IIMW) species.
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14.  The method of any onc of claims 4-12, wherein the impurities comprise host

cell proteins (HCPs).
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