
WASH SOLUTION AND METHOD FOR AFFINITY CHROMATOGRAPHY Background of the
Invention 5 Affinity chromatography allows for the purification of a
protein of interest from a mixture of .molecules, such as a cellular
harvest, based on the preferential binding of the protein of interest to a
target in solid phase, such as a gel matrix. This solid phase component
typically is formed into a column through which the mixture containing the
protein of interest is applied. In this initial step, called the capture
step, 10the protein of interest specifically binds to the target in solid
phase whereas other components in the mixture flow through the column.
However, certain components within the mixture, including high molecular
weight species (HMWs), low molecular weight species (LMWs) and host cell
proteins (HCPs), may remain within the column as impurities along with the
protein of interest. Thus, typically one or more wash 15 steps are carried
out in which one or more .wash solutions are applied to the column to
remove these impurities while maintaining the binding of the protein of
interest to the solid phase: Finally, after removal of impurities 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 column
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      (e.g., HMWs, LMWs, HCPs) while not disrupting the
binding of the protein of interest to the solid, phase target or otherwise
.having undesired effects. 25A particularly useful type of affinity
chromatography is Protein A chromatography for the 'purification of
proteins that contain an immunoglobulin Fe region, such as antibodies and
Fc fusion proteins. Various wash solutions have been described for removal
of impurities from Protein A columns, including wash solutions containing
one of the following: hydrophobic electrolytes (e.g., 30
tetramethylammonium chloride, tetracthylammonium chloride,
tetrapropylammonium chloride or tetrabutylammonium chloride at p1-I
5.0-7.0), solvents. ?.g., 5-20% isopropano or polypropylenethexylene
.glycol), urea e.g., at a concentration of 1-4  WO
2011/073389PCT/EP2010/070076 M), detergents (e,g., (,1 -1Tween 20 or
INVCCI1 80), polymers (e.g., 5-15% polyethylene glycol such as PEG400 or
PEG8000) or highly concentrated buffer solutions such as "rris. HC1,
acetate, sulfate, phosphate or citrate buffers at a concentration Of
0,8-2.0 M at a pH between 5.0 and 7.0 (see e.g., Shukla, A.A. and
5Hinckley, P. (2005) Biotecknol. Prog. :24;11154121; U.S. Patent Nos.
6,127,526 and 6,333,398 by Blank; and U.S. Patent No. (5,870,034 by Breece
et al.), Many of these chemicals, however, have one or more disadvantages,
including but not limited to toxicity, corrosiveness, flammability,
instability, costly disposal as Itazardous waste andlor inefficient removal
of comaminants during the washing step. 10Protein A chromatography wash
buffers containing salt (such as sodium chloride), alone Or in combination
with either a detergent (e.g.. Tween 20), a solvent (e.g., hexylene glycol)
or a po4mer (e.g, polyethylene glycol), have also been described (U.S.
Patent No. 6,870,034 by Breece et al.). Barron et al describe an
intermediate wash solution for Protein A 15chromatography containing 0.5 to
2,0 M arginine in a phosphate/acetate buffer at pH 5.0-7.5 (optimally 1M
arginine, 0.1M phosphate/acetate buffer at pH 5.0). This arginine wash step
is reported to remove FICP contaminants. The authors also tested an
intermediate wash solution that contained sodium chloride at 0.5-2.0 M at
pH 5.0- 7,5 but reported that the NaC1 wash showed no significant decrease
in HCP (Barron et 20 a?Purity on Protein A Affinity Media Through Use of an
Arginine Intermediate Wash Step",
http://Www.priorartdatabase.com/IPCOM/000127319).       Sun et al. also
describe washing a affinity chromatography columns:, such as a Protein A.
column, with a wash buffer that contains arginine, or an arginine
derivative, at a concentration of 0.1-2.0 M and at a pH of 4.5-8.0 (U.S.
Patent 95 Publication Nos. 20080064860 and 20080064861: PCT Publication No.
WO 2008/031020).       Arginine has also been used to e ute proteins horn
affinity chromatog,raphy columns and other types of purification columns.
For example, Arakawa ei describe methods of eluting antibodies from a
Protein A column using an elution 



30buffer containing 0.5-2,0 M arginine at pH 4.1-5.0 (Arakawa et al. (2004)
Protein Expression and Purification 36:244-248; l'stainoto, K. et at (2004)
Bioteclinol. Frog. 20:1301-1308; U.S. Patent Publication No. 20050176109).
Additionally, U.S. Patent  No. 7,501,495 by Eiima et al. describes methods
of eluting proteins from a gel filtration column by using a developing
solution containing argi nine hydrochloride. (Those et al. describe methods
of eluting proteins of interest from underivatized silica -using an
arginine gradient as the eluant (Ghose, S. et al. (2004) Biotech. Bioeng.
5. 7:413-423). U.S. Patent Publication No. 20030050450 by Coffinan et al.
describes methods of dissociating Fe containing molecules from complexes of
the Fe containing molecule and Protein A, wherein the Fe/Protein A
complexes are applied to a hydrophobic interaction. column (MC) and the
column is washed with a buffer containing arginine, 10 Summahe nvention
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 yields 15and high concentrations of the protein of
interest eluted from the affinity matrix while effectively removing both
high. molecular weight specie's (FIN4Ws) and host cell proteins (1-ICPs)
from the starting. material applied to the matrix. This wash solution is
characterized by the presence Of both arg,inine (or an arginine derivative)
and .a nonbuffering salt, such as a halogen salt. Preferably, the wash
solution IS at high pH,. 20. above 8.0. This combination of arginine(or an
arginine derivative) and a noribuffering..saltremoves considerably more
impurities than wash solutions containing either arginine or salt alone and
results in a sharper elution peak correlating with a high concentration of
the recovered protein of interest.       .Accordingly, in one aspect, the
invention provides a method of producing a 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 derivative, and (ii) 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 the one or more wash solutions and the protein of
interest is eluted from the AC matrix after washing with the one or more
wash solutions, in particular, to remove. impurities from the AC matrix.
In a preferred embodiment, the AC matrix is a Protein A column. In various
other embodiments, the AC matrix can be, for example, selected from the
group consisting ofa Protein G column, a Protein ./VG column, a Protein L
column, an immobilized metal on affinity chromatography (I MAC) column, a
calmodulin resin column, a MEP HyperCel TM column, a column that binds
maltose binding protein (MBP), a column that binds
glutathione-S-transferase (GST) and a column that binds Strep-Tag II, In a
preferred embodiment, the protein of interest is an antibody 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 10purification according to the methods of the invention.
in a preferred tzmbodiment, the one or more wash solutions comprise.
Arginine-HC1, preferably at a concentration in a range of 0.05-2.0 M, more
preferably in a range of 0.05-0.85 M, most preferably in a range of 0.1-0.5
M In particular embodiments. Arginine-HC1 is present at a concentration of
0.1 M or about 111 Ni, 150.25 M or about 0.25 M, or 0.5 M or about 0.5 M.
In other embodiments, the one or more wash solutions comprise an arginine
derivative, such as a derivative selected from the group consisting of
acetyl arginine. N-alpha.-butyroyl-arginine, a.gmatine, arginic acid and
N-alpha-pyvaloyl argmine. Preferably, the arginine or arginine derivative
comprises L-arginine, although D-arginine is also encompassed. 20In a
preferred embodiment, the nonbuffering salt in the one or more wash
solutions is sodium chloride (NaCI), preferably at a concentration in a
range of 0.1-2.0 M. In particular embodiments, NaC1 is present at a
coticentration of 0.75 M or about 035 M, 1.0 M or about 1.0 Ni, or 1.25 M
or about 1.25 M. In other embodiments, the nonbuffering salt in the one or
more wash solutions is selected from the group 25consisting of potassium
chloride, calcium chloride and magnesium chloride.       In a particular
embodiment, the pH of the one or more wash solutions is greater than 8.0,
preferably at least 8.1, more preferably at least 8.5 and even more
preferably at least 8.9. In one embodiment, the pH of the one or more wash
solutions 



is in a range of 8.1 -9.5 in another embodiment, the pH of the one or more
wash 30 solutions is in a range a 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.         The arginine and
nonbuffering salt wash combination described herein preferably is applied
in a single wash solution that contains both components (Le., the AC matrix
is washed with one wash solution that comprises both (i) arginin.e or an
arginine derivative; and (ii) a nonbuffering salt). Alternatively, two wash
solutions, 5one containing arginine or an argittine derivative (preferably
at a pH greater than 8.0) 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. In one embodiment, the first wash
solution comprises arginine, or an arginine derivative, and 10 the second
wash solution comprises a nonbufferin.g salt. in another embodiment, the
first wash solution comprises a nonbuffering salt and the second wash
solution comprises arginine or 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 15
(HON).       In another aspect, the invention provides a method of
producing a .purified antibody, or antibody fragment, using a Protein A
column, the method comprising (a) 'loading a mixture comprising the
antibody, or antibody fragment, onto the Protein A 'column; (b) washing the
Protein A. column with a wash soiution.compn:sing (i) Arginine-tia. at a
concentration in .4 range of 0"05-2,0 M (more preferably 0,05-0.85 M, most
preferably 0.1.-0.5 M), and sodium .chloride, at a concentration in a.range
0,1-2.0 M, wherein the .wash solution .removes impurities from the Protein
A cohunn; and (c) eluting the antibody, or antibody fragment, from the
Protein A column. In Particular embodiments, Arginine-Ha is. present at a
concentration. of 0.1 M or about 15 0. 1 M. 0.25'M or about 0.25 M, or 0.5
M or about 0.5 M. In particular ethbodiments, N.aCI is present at a
concentration of 0.75 M. or about 0,75 M, 1.0 M or about 1 ,0 M. or L25 M
or about 1.25 M. In various embodiments, the pH of the wash solution is
greater than 8.0, preferably at least 8,1, more preferably at least 8.5,
more preferably 9.0, in .a range of 8,1-9.5, or in a range Of 8.5-9.5. 30
pstaiksj_PmEELplisg_i of the invention         The invention provides a new
washing solution for affinity chromatography, such as Protein A
Chromatography, which is applied to the coltunn prior to elution of the
protein of interest to remove impurities. The new washing solution is
composed of arginine, or an arginine derivative, and a nonbuffering salt.
Typically, the washing solution is an aqueous solution.       As used
herein, the term "nonbuffering salt" refers to a salt. that is present in
the wash solution that is of a type, and at a concentration, such that it
does not substantially contribute to retaining the pH of the wash
solution(s) under the applied conditions (such as high pH) upon addition of
acid or base. Typically, the 10nonbuffering salt is an ionic 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 M.; K. Ca and Mg (More
preferably Na or K). The term "nonbuffering salt" does not include
buffering salts, such as sodium acetate, sodium phosphate and 'Tris, that
do substantially contribute to 15retaining the pH: of a wash solution(s)
under the applied, conditions. in a preferred embodiment, the nonbuffering
salt is a halogen salt (e.g," comprising CI or Br). In another embodiment,
the nonbuffering salt is a halogen salt that .comprises sodium (Na).,
potassium (K), calcium (Ca) or magnesium (Mg), more preferably, sodium (Na)
or potassium (K). In yet another embodiment, the nonbuffering salt is
selected from 90the group consisting of Nael, .KC1,. CAM and A/NCI,. In ti
particularly preferred embodiment, the nonbuffering salt is sodium chloride
(MCI). Typically, the no.nbuffering salt is used at a "high" concentration
of at least 1 M. Other suitable concentrations and concentration ranges are
described fitrther below. This new combination of wash components removes
considerably more 25impurities 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 purification processes. Efficient
removal of impurities, including host cell proteins ( HCPs) and 30
product-related impurities such as high molecular weight (HMW) species and
low molecular weight (LAM) species, is a crucial factor during downstream
processing of a protein of interest. Affinity chromatography is of used as
the first stage of a  multi-stage purification process for a protein of
interest (e.g., an antibody) and the purity ofprotein of interest after
affinity chromatography notably influences the 



kind and number of subsequent purification steps. Another important role
for affinity chromatography is to concentrate the product, which allows for
the use of 5proportionally smaller, less costly columns in subsequent
purification steps. Therefore, it is particularly important to optimize the
removal of impurities during the affinity chromatography step.       Low pH
conditions, typically between pH: 3 - 4, are a requisite to elute the bound
protein of interest from the affinity matrix and have the drawback of
10potentially inducing aggregation. Historically, less stringent
conditions, such as pH 5 - 5.5, have been used to wash nonspecifically
bound impurities from the column whilst preserving the interaction between
the protein of interest and the affinity matrix, Recovery of the protein of
interest, however, is often decreased due to partial elution of the protein
of interest at these conditions, especially when working at high 15loading
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 protein of interest to the
affinity matrix while allowing for removal of impurities. The new wash
'solution for affinity chromatography provided by the present 70invention
is based on a mixture of arginine (or arginine derivative) and a
nonbuffering salt, preferably performed at a high _H. The large biophysical
diversity of impurities present hi common harvests Or cellular extracts
results in very diverse.. modes of interactions with the solid phase of the
chromatography .medium and/or the bound protein of interest. More or less
strong tethering of impurities may be the result of 25non-covalent
intermolecular interactions between the two molecules, such as hydrogen
bonding, electrostatic interactions, hydrophobic and Van der Waals forces
or a combination of these types of interactions. Therefore, a combination
of several different mechanisms to remove impurities is likely to be much
more effective than an approach based on a single mechanism for removing
impurities. 30With respect to the effects of the nonbuffering salt in the
wash solution, based on the analytical data herein, high affinity
interactions between the protein of interest and ligand .of the affinity
matrix are not broken by a wash at high nonbuffering salt  concentrations,
whereas charged contaminants tethered nonspecifically to charged residues
on either the immobilized ligand or the bound protein of interest are
removed efficiently. Accordingly, while not intending to be limited by
mechanism, it is thought that the nonbuffering salt used in the wash
solution has the capacity to break 5ionic interactions between charged
contaminants (impurities) tethered nonspecifically to charged residues on
one or more components of the affinity chromatography matrix (e.,g., the
chemical support. of the matrix such as a resin, the affinity ligand
immobilized on the matrix and/or the target of interest bound to the ligand
immobilized on the matrix), while not disrupting the specific binding of
the bound 10target to the immobilized ligand.       With respect to the
effects of arginine in the wash solution, it has been reported that
arginine is able to Solubilize certain precipitated proteins (Um.etsu, M.
et al, (2005) Bioc.hem. Biophys. Res, Com:num 328:189-197; Tsumoto, K.. et
dl. (2003) Blochem, Biophys_ Res. Commun. 312:1383-1386), reduce the
formation of .15aggregates (Arakawa" T. et al. (2003) Bioehem, Biophys.
Res. CoMMUn, 304:148- 152), and -reduce nonspecific adsorption of proteins
to surfaces (Ejima, D. et at, (2005) f, Chromatogr. A. 1094:49-55). While
not intending to be limited by mechanism, the reduction of protein
aggregation may originate from the in asking of hydrophobic patches on the
proteins, which interact with arginine. This.interaction. may take place
between. the .guanidium group on arginine and tryptophan groups on
proteins, or through the formation.of.a hydrophobic patch by clustering of
arginine,or may he 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 HCI's and HIVIWS, whereas stable proteins including inonoMerie
antibodies are not. influenced at these conditions. While not intending to
be limited by mechanism, denaturing of contaminant proteins may be
manifested as a slight 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 bound protein of interest or the solid support
of the affinity matrix.       Accordingly, in one aspect, the invention
provide a method. of producing purified protein 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 derivative, and
(ii) nonbutTering salt, prior to elution of the protein of interest from
the AC matrix. As used herein, the term "affinity chromatography matrix" or
"AC matrix", is intended to refer to a solid phase medium, typically a gel
or resin, that allows for separation of biochemical mixtures based on a
highly -specific binding interaction between a protein of interest and the
AC matrix, such as between a receptor and ligand, enzyme and substrate or
antigen and antibody. Thus, the solid phase medium comprises a target to
which the protein of interest is capable of reversibly affixing, 10
depending upon the buffer conditions. Non-limiting examples of immobilized
or solid phase media that can comprise the AC matrix include a gel matrix,
such as agatose beads (such as cotnmereially available Sepharose.mattices),
and a .glass matrix, such as porous glass beads (such as commercially
available ProSep matrices Binding of the protein of interest to the AC
matrix typically is achieved by 15 column. Chromatography. That is, 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 solutions, followed by
elution of the protein of interest from the column by flowing through the
column an elution buffer. 20Alternatively, binding of the protein of
interest to the AC matrix can be achieved by batch treatment, in 'yhich the
biochemical 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 25impurities
and again recovered (e.g.: by centrifugation) and the protein of interest
is eluted from the solid phase medium. In yet another em.bodiment, a
combination of batch treatment and column chromatography can be 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 30 medium can
be packed into a column, following by washing of the column. and elution of
the protein of interest from the column.         The nature of a particular
solid phase matrix, in particular the binding properties of the target
attached to the solid phase, determines the type(s) of protein. s that can
be purified using that solid phase matrix. For example, in a prefared.
embodiment of the invention, the AC 'matrix is aProtein A column, which
comprises 5as the target attached to the solid phase a bacterial cell wall
protein, Protein A, that specifically binds the CH, and CH3 domains within
the Fe region of certain immunoglobtilins. The binding properties of
Protein A are well established in the art. Accordingly, in a preferred
embodiment of the invention, the protein of interest (to be purified) is an
antibody or antibody fragment comprising. an Fe region, Furthermore,  10
additional proteins that can be purified using Protein A chromatography
include Fe fusion proteins. insofar as any protein is capable of
specifically binding to a Protein A 'matrix, it can be purified according
to the methods of the .invention.       Various Protein A resins are well
known in the art and suitable for use in the invention. Non-limiting
examples of commercially available Protein .A resins include 15MabSclect,
Mab Select Xtra, MabSelect.Sure, rProtein A Seph arose FP, rmpProtein A
Sepharose IFF, Protein A Sepharose CL-4B and nProtein A Sepharose 4 FIF
commercially available from GE Healthcare); ProSep A,.-PmSep-vA High
Capacity, ProSep-vA Ultra and ProSep-Va Ultra Plus (all commercially
available from Millipore); Poros A.and Mabcapture A (both commercially
available from Poros); 20IPA-300, IPA-400 and. IPA-500 (all commercially
available from RepliGen Corp.); A ffigel protein A and Afflprep protein A
(both commercially available from BioRad); -MABsorbent Alp and MABsorbent
A2P (both commercially available from Affinity Chromatography Ltd.);
Protein .A Ceramic Hyper 1-3 F (commercially available from Pall
.corporation);Tiltralink -Immobilized protein A and Agarose protein A (both
commercially available from PlER.CE); and Protein A Cellthru 300 and
Protein A Ultrallow (both commercially available from Sterogen
Bioseparations).       In addition to Protein A chromatography, the washing
method of the invention. can be applied to other affinity chromatography
systems, For example, in another embodiment, the AC matrix can be a Protein
Ci.column, a Protein AIG column or a 30 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  matrix, a
Protein AG matrix or a Protein L matrix can be used to purify antibodies,
antibody fragments comprising an Fc region and Pc 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 ion 



5affinity/ chromatography (IM AC) column (for purification of proteins with
an affinity fOr metal ions, such as histidine-tagged proteins), a
calmodulin resin column (for purific.ation of proteins tagged with
ciilmodulin binding peptide (C .BP)), a MEP HyperCell- column (a cellulose
matrix that selectively binds immunoglohulin), a coluitm that binds maltose
binding protein (N4BP) (such as a Dexhin SepharoseTm 10resin that
selectively binds proteins tagged with MBP) " a column that binds
glutathione-S-tTansferase. (G,S.'f) (such as a (jlutathione Sepharoserm
resin that selectively binds proteins tagged with GST) and a column that
binds Strep-Tag (such as a Strep-TaetinTm Sepharose resin that selectively
binds proteins tagged with StremTag W. Furthermore, immunoaffmity matrices,
which comprise an antibody as 15the 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 ha       While the invention of interest is
described herein in particular with respect to purcation 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
20purification using the washing methods described herein. The wash
solutions of the invention comprise arginine or an aginine derivative. The
arginine which can be used in the present invention may be the natural
amino acid arginineL-arginine), D-argininc or an arginine derivative.
Nnmmng examples of arginine derivatives include acylated arginine, such as
95 acetyl arginine nd N-alpha-butyroyl-argini e, agmatine, arginic acid and
N-alphapyvaloyl arginine. The arginine or arginine derivative can be used
in the form of an acid addition at Examples of acid 'which can form an acid
addition salt include hydrochloric acid and the like. The concentration of
arginine or arginine derivative in the wash solution 30typically is
betwe.en 0.05 M and 2.0 M (e.g., 0.05 NI, 0.1 M, 0.15 M, 0.2 M, 0,25 M,
M, 0.35 M, 04\1 0.450.5 M, 055M 06M 0.65 N4, 07M 0.75 M, 0.8 M, 0.85 M, 0.9
M, 0.95 M, LO M. Li M. 1.15 M. 1.20 M. L25 M, 1.30 M. 1.35 M, L40  M. 1.45
M. 1.5 M, 1:55 M. 1.6 M, 1,65 M, 1.7 M, 1.75 Ni, 1.8 M. 1.85 Ni, 1.9 Ni,
1.95 M. or 2.0 M), more preferably between 0.05 and 0.85 M (which is the
upper solubility of argirline in water at 200 C) (e.g., 0.05 Ni, 0.1 Ni.
0.15 M, 0.2 M, 0.25 M, 0.3 M, 0:35 M, 0:4 NI, 0.45 M, 0,5 M, 0.55 M, 0.6
Ni, 0.65 Ni,. 0,7 Ni, 0.75 Ni, 0.8 M or 0.85 5M), most preferably between
0:1 and 0.5 M. (e.g., 0.1 M, 0.15 Ni, 0:2 M, 0.25 M., 0.3 M, 0.35 M, 0,4 M,
0.45 M or 0.5 Ni). In various embodiments, the concentration of arginine or
arttinine derivative can be, for example, 0.05 Ni, 0,1 M 0.2M, 0.25M, 0.3M,
0,4 M, 0.5 M, 0.61M, 0.7M or 0.8M, or between 0.1 Ni and 0.5 M. In certain
embodiments, the concentration of arginine or arginine derivative in the
wash solution 10is 0.25 M or greater. In particular embodiments, Arginine
is present at a concentration of 0.1 M or about 0.1 M, 0.25 M or about 0:25
M, or 0.5 Ni or about 0.5 M.       The wash solution's of the invention
also comprise nonb dieting salt, as described above, which is of a type and
at a concentration sufficient to break ionic 15interactions between
impurities and one or more components of the affinity matrix. In a
preferred embodiment, the noributfering salt is a halogen salt. In a.
particularly preferred embodiment, the noribuffering salt is sodium
chloride (NaC1). In other embodiments, the noribuffering salt can be, for
example, potassium chloride (KC'.1), calcium chloride (Caa,) or magnesium
chloride (MgC1:). The concentration of 20nonbuffering salt in the wash
solution typically is between 0.1 Ni and 2.0 M (e.g., 0.1 M. 0.15 Ni, 0.2
NI, 0,25 M, 0.3 NI" 0.35 Ni. 0.4 Ni, 0.45 N1, 0.5 M, 0.55 M, 0.6 Ni, 0.65
M, 0,7 M. 0.75 M. 0.8 Ni, 0.85 Ni. 0.9 M, 0.951M, 1.0 M. 1.1 NI, 1.15 Ni,
1.20 NI, 1.25 Ni, 1.30 Ni, 1.35 Ni. 1.40 M, 1.45 Ni, 1.5 Ni, 1.55 M. 1.6
Ni. 1.65 M. 1.7M, 1.75 Ni, 1.8 Ni, 1.85 Ni, 1.9 Ni. 1.95 NI, or 2.0 Ni), or
between 0.5 Ni and 1:5 M (e.g., 0.5 NI, 



75(1:55 Ni, 0.6 Ni, 0.65 M. 0.7 Ni, 0.75 Ni. 0.8 Ni, 0.85 Ni. 0.9 Ni, 0.95
Ni. 1,0 Ni, 1.1 M. 1.15 Ni. 1.2 Ni, 1.25 M, 1.3 Ni, 1.35 M, 1.4 Ni, 1.45
Ni, or 1.5 Ni). or between 1 M and 2 M (e.g.. 1 M, 1:1 NI, 1.15 M. 1.21N4,
1.25 Ni. 1.3 Ni, 1.35 N4, 1,4 M, 1.45 M, 1.5 M, 1.55 M 1.6 M, 1.65 M, 1.7
NI, 1.75 M. 1.8 Ni. 1.85 Ni, 1.9 M 1.95 Ni. or 2 M). in certain
embodiments, the concentration of nonbuffering salt in the wash solution is
1 30Ni or greater. in particular embodiments, the nonbuffering salt in the
wash solution is present at a concentration of 0.75 Ni or about 0.75 NI"
1.0 Ni or about 1,0 N1, or 1,25 M or about 1.25 Ni.         The pH attic
wash solutions of the invention typically is greater than 8.0, although
lower pHs are also suitable for use with the wash solution(s) of the
invention. In a particular embodiment, the pH is greater than 8.0,
preferably at least 8.1, more preferably at least 8..5 or 8.9. In one
embodiment, the pH of the one or 5more wash solutions is in a range of
8,1-9.5. In another embodiment, the pH of the one or more wash solutions is
in a range of 8.5-9.5. In another embodiment, the pH of the one or more
vvash solutions is about 9.0. In another embodiment, the pH of the OTIC or
more wash solutions is 9.0. Alternatively, 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- 1 08.0, or a pH of 7.5 or 7,0 or 6.5 or 5.0. Depending
on the properties of the protein to be purified, the ordinarily skilled
artisan can select an appropriate pH Value for the wash. solution.
Accordingly, the wash solution(s) can contain one or more buffers fOr
adjustingand or maintaining the pH. Non-Iimiting examples of typical
buffers that can be included in the wash solution(s) include Tri
15(tristhydroxymethypmethylamine), bis-Tris, biszfris propane, histidine,
niethanolamine, diethanolamine, tbrmate, acetate, MES
(2-(Nmorpholino)ethanesulfonic acid), phosphate, EIEPES (4-2-hydroxycthyl-
I- piperazineethanesulfonic acid), citrate, MOPS
(3-(N-morpholino)propanesulfonic acid), TAPS (3-
{[tris(hydroxymethypmethyllamino propanesulfonic acid), Bicine
20(N,N-bis(2-hydroxyethyl)glycine), Tricine
(N-tris(hydroxymethyl)meth)lglyeine), TES (2- [tris(hydrox
ymethyl)methyijamino} ethanesulfonic acid), PIPES (piperazine.-
N,N'-bis(2-ethanesulfonic acid), caeod ytate (dimethylarsinic acid) and SSC
(saline sodium citrate). The arginine and nonbuffering salt wash
combination described herein 95preferably is applied in a single wash
solution that contains both components. Alternatively, two wash solutions,
one containing arginine or umne 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  30
solution, prior to elution of the protein of interest. In one embodiment,
the first wash sk-ilution comprises arginine. or an arginine deri.vative,
(preferably, at a pH greater than 8,0) and the second wash solution
comprises a nonbuffering salt. In another  embodiment, the first wash
solution comprises a noribuffering salt and. the second wash solution
comprises arginine, or an arginine derivative, (preferably at a pH greater
than 8,0). Examples of suitable arginin.e derivatives and nonbuffering
salts, as well as preferred concentrations, concentration ranges and pH
conditions for the wash 5solutions are as described above.       The
washing method of the invention is effective in removing a variety
ofimputities, including high molecular weight (HMW) species and host cell
proteins (HCPs).. As described in detail in the Examples, the wash
solutions of the invention are effective in reducing both HM.W species and
HCPs in the eluate, while achieving 10a high percent yield of the protein
of interest in the dilate and a high concentration of the protein of
interest in the eluate. For example, in various embodiments, use .of the
washing method described herein results in a percent 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
IIMW species in the eluatc,. which 1.5can be expressed as the (.'4 IIMW in
the eluate, in various embodiments use of the washing method described
herein results in a %-.HMW in the eluate that is less than 10%, or less
than .5%, or less than 2.0%, or less than 1% or less than 0.5%. With
respect to the reduction in FICTs in the eivate,. which can expressed as
the logarithmic reduction value (1,..RV), in various embodiments use of the
washing 20method described herein results in ant.R.V for HCPs in the chute-
that is at least 11, 



or at least 1.3, or at least 1..5, or at least 2.0, or at least 2,3, or at
least '2,5, or at least       .Although the invention is described herein
with respect to .a washing step during affinity chromatography, it will be
readily apparent tothe ordinarily- skilled. 15artisan that additional
:steps are carried out both before and after 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 include an equilibration step., in which the affinity
chromatography matrix is equilibrated with a loading buffer, and a loading
or capture step, in which a. 30 biochemical 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  interest to
be purified, and the ordinarily skilled 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 solutions, and/or an elution step, in which
an elution buffer is applied to the affinity chromatography matrix to elute
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, 10and the ordinarily skilled artisan
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 p.ftexamples of an elution
buffers for the purification Of .antibodies on Protein A columns are Set
forth in Examples I and .2. 15In 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
...fragment, using a Protein A column, the method comprising             a)
loading a mixture comprising the antibody, Or antibody. fragment, onto the
20.Protein A column; b) washing the Protein. A. column with a wash solution
comprising Arginine-H.CI at a concentration in a range Of 0:05-2.0 M (more
preferably in a range of 0.05-0.85 M. most preferably in a range of 0.1-0.5
M) and (ii) sodium chloride, at a concentration in a range of 0.1-.2,0 M.
wherein the wash Solution removes impurities from the Protein A column; and
c) eluting the antibody, or antibody fragment, from the Protein A column.
Preferably, the wash solution is at a pH greater than 8A0. .Preferred
concentrations and concentration ranges for the Arginine-HCI are as
described above. For example, in a preferred embodiment, the Arginine-HCI
is at a concentration of about 0.25 M or at a 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 I M or at a. concentration of 1M.
WO 2011/073389PCT/EP2010/070076 Preferred pHs andranges also are as
described above. For example, in one embodiment, the pH of the wash
solution is in a range of 8.1-9.5. in another embodiment, the pH of the
wash solution is 8,5 or greater. in another embodiment, the pH of the wash
solution is 9.0.       The present invention is further illustrated by the
following examples, which should not be construed 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. 10 EXAMPLES Example  : Comparison of
Arginine/Nonhuffering Salt Wash Solution to Other Wash Solufions 5 in this
example, the effectiveness of various wash solutions to remove impurities
from an antibody-containing solution during affinity chromatography is
compared. More specifically, three wash solutions are compared: one
containing no arginine and no nonbuffering salt at pH 5.0, the second
containing n.onbuffering salt 20 but no arginine at pH 7.0, and the third
containing both nenbuffering.salt and arginine at pH 9.0. 



Clarified., mammalian cell culture supernatants containing between 1.5 and
2.5 giL antibody are harvested by depth filtration and purified using an
ALE column, in particular a Protein A column (GE Healthcare), according to
the conditions described 25  StepBufferCVRes. time * **(min) Storage20 mlvi
Acetic acid/Sodium acetate, 2% Bemiyialkohol, pH 5.144 * R. Time -
resideuce time; **: CV, colatan -volume       The equilibrated column is
loaded with clarified harvest and is first washed with wash solution I,
described in Table 2 below, followed by a second %vash with Wash solution 2
(20 rtIM NaH1PO4/Na2HPO4, pH 7.0), and then eluted at low pH. 5The equate
is analyzed for its antibody concentration by analytical ALC, for
HMW/L,IVEW by analytical Size exclusion chromatography (SE( ) and for FICP
content by enzyme-liriked imagmosorbent assay, developed on the same cell
line. The various wash solutions compared for the -first wash are shown
below in Table 2: Table 2Variant Wash Solutions for First Wash
SolutionBufferAbbreviation of buffer 120 niN1 sodium acetate, 6 inN4 acetic
acid pH 5.0W1-A5 220 raiM NaH2PC4,11Sa2HP0,4, 1000 nilq Niel, pH 7.0Vs N7
50 aiN1 Iris, 250 tnM Arginine-HC1, 1 NI NaCI,NaOli pH 9.0 W3-Arg/N9  1 0pH
adjusted with 32 9,13 NaOH solution The percent yields for the Protein A
purification of four different monoclonal antibodies (rnAb), using the
three different wash solutions shown in Table 2, are shown below in Table
3.    Antibody W1-A5 Wash Solution W2-N7 W3-ArgiN9    



mAh-Qg 81,2 101.3 97,8 mAb-13y S6,6 96.5 97.6 triAb-Bp 95.79'.59-5,8 mAh-Va
96,5 97.9 986             Table 3 shows that washing with either WI -A5
(containing no nonbutTering 20salt or argininc, at pH 5A)) or WI-N7
(containing nonbufirering salt but no arginine, at  pH 7.0) results in
fluctuations in the amount of antibody recovered depending on the antibody
being purified. More specifically, washing with WI-A5 results in yields
fluctuating between 81 and 96 % and washing with W2-N-7 results in yields
fluctuating between 92 and 101 %. In contrast, washing with W3-Arg/N9,
containing both nonbuffering salt and arginine, at pH 9.0, results in
consistently high yields, above 96%, kir all four antibodies being
purified. The eluate concentrations (in giafter the Protein A purification
of the four different mAbs, using the three different wash solutions shOWil
in Table 2, are shown below in Table 4. Table 4 Eluate Concentration of
Different Antibodies Using Various Wash Solutions    Antibody WI-AS
inAti-Qg in InAb-By 12,6 



tnA13- Bp 21.5 mAb-V a 15,1   Table 4 shows that the eluate concentration
is also influenced by the wash 15 buffer applied during ALC. For three of
the four rnAbs (mAbs Qg, By and Va), washing with W3-ArgIN9 results in
higher ciliate concentrations than \wishing with WI -A5 or W2-N7. The
average eluate concentration for the four antibodies is lowest after the WI
-A5 wash (17.1followed by the W2-N7 wash (173 giL) and highest after the
wash with W3-ArgiN9 (213 giL). 20The reduction in host cell protein (HCP)
in the eluatc.is after the Protein A purification of the ['our difIertmt
rri.A.bs" using the three different Wash solutions shown M Table 2, are
shown below in Table 5. The reduction in HCP is expressed as the
logarithmic reduction value (LRV) with respect to the values in the
cellular harvest. Table 5 Reduction in 1-ICP in Eloate for Different
Antibodies Using Various Wash Solutions Wash Solution - - 18  WO
2011/073389PCT/EP2010/070076  WI -AS W2-N7 W3-Art.019  nzAb-Qg 1,50 1.64 "7
rnAb-By 1.40 68 .1.15 



131 Ab-Bp 1.77 I .88  raAb-V a 0.94 0.99 1.33        With respect to the
impurity removal, based. on the data in Table 5 a clear order can be
established between the three wash buffers. The lowest HCP reduction is
obtained with the low pH wash WI-A5, followed by the wash with salt wash
W2- N7 and the highest removal factor is obtained with the arginine-Nael
combination buffer at pH 9:0 (W3-Arg/N9). Expressed in logarithmic order of
removal, an average of 1.4 logs is obtained after washing with W -A5, 1.55.
logs with W2.-N7 and the highest removal of 2.2 logs is achieved with
W3-Arg/N9. The level of high molecular weight (BMW) species in the dilates
after the 10Protein A purification of the ..four different inAbs, using the
three different wash solutions shown in Table 2, are Shown below in Table
6. The level of BMW species in the dilates is expressed as a percentage (%)
Of the total protein in the eluatt-;s.. Table 6 E.:evel. of }BM Species in
Dilate fin- Different Antibodies Using Various Wash Solutions 15
Table 6 shows that the level of HMW species is very heterogeneous for the 4
different mAbs and the removal of LIMWs is mAb-dependent. Overall, the WI
-AS wash solution is the least effective washing solution. Better results
are obtained with the W2-N7 wash solution and the lowest BMW values in the
AIX eluate are 20 consistently found with the W3-Arg/N9 wash solution.
Three mAhs (mAbs Qg, I and Va) respond with a 2.6 to 5.9-fold reduction in
HMWs comparing. the Wl-A5 wash versus the W3-Arg/N9 wash, whereas inAh-Bp
only showed amarginal reduction.  WO 2011/073389PCT/EP2010/070076        A
summary of the findings -for the experiments summarized in Tables 3-6 above
is shown below in Table 7. The shaded row represents the composition of the
harvest. Table 7 Comparison of Three ADC Wash Solutions for Four mAbs
ICP [IRV] HMV [] 'Va Acetate pH 5.0 



96,5 15,1 38620 0.94 4,1 Va pll 7.0 97.9 14.3 34522 0.09  .Va 2--giNaC.1 pH
9..0 08.6 16.4 15618  1.6 Qg Acetate pH 5.0 81.2 17,3 20393 1.500237 4.7 Qg
NaCI pH 7.0 101.3 17.7 14673 



1.643? 3,8 Qg Arg/NaCi pH 9.0 97.8 28.4  2.749021 0.8    .    Y Acetate pH
5,0 86.6 12.6. 20955 1,401614 2.1 By NaCi pH 7.0 96.5 19.8 11111 1.677149
0.7 By 



At-g/NaCt pH 9.0  21.0. 77..38 ? 150763 0.4 .Bp Acetate pH 5,0 95:1'  8830
1.7727 10:4 Bp NaCI pH 7,0 92.5 17.2  1.883287 10 Bp. Ag./NaCI pH 9,0 95,8.
1543 2.530,94  Conc. - eluate concentration; HCP host cell protein;high
molecular wag 2t species; 'IRV - log .reduction value; NA not applicable.
1._te 2: Comparison of Various ArgininelSalt Wash Solutions 10in this
example, the effectiveness of additional wash solutions, containing. 



different amounts of nonbuffering salt and/or arginine at different pH
values,. to remove impurities during affinity liquid. chromatography .(ALC)
is compared. The chromatography conditionS used in this. Example are w; set
forth. in 'Fable 8 .below., Table 8 Operating Conditions for Protein A
Column  Step Buffer CV Res. utne * (rain) Equilibration 1 20 tniVI
Nal.12PO4/Na:HPO4, pH 7.0 3 4 Equilibration 2 Identical to wash buffer I 3
4 Load Cell-free harvest s. 4 Wash 1 Variable (See Table 9)  4 Wash 2 20
inM Nall1'04/NaillPO4, pH 7.0 3 4 :Elution inNI Acetic. acid 5 4 



C1P 0.1 M NaOH 3 4  StepBufferCVRes. tithe * (min) Storage20 trt.M Acetic
acidiSodiurn acetate, 2% Benzy/alkohol,54 pH 5.1 Res. Time = residence
time; ": CV, column volume       The  'ash solutions compared in this
Example are set forth below in Table 9: Table 9Additional Variant Wash
Solutions for First Vash SolutionBufferAbbreviation of buffer 120 rnM
'Nal-1213041Na-21-.1PO4, 1000 rtiM NaCI, pH 7.0WI-N7 2 3 4 20 mM
Nall7PO4/Na;HPO4, 150 rnM NaC1, pH 7.0 250 arM Arginine-Hel, -18 * mM
Tris-HCI. pH 8.0 -18 * 3nM Tris-liCi, 259 mM Araihine-HCI, 1 M NaCI, pH 8,0
W4-0,15M N7 WS-Arg8 W6-.ArgINS        * The exact concentration was not
measured (1 Mbase ((hYdroxYmethyl) amine:methanol was used EO. adjust the
pH)   



The fbur wash solutions shown in Table 9 allow direct comparison of a low
nonbuiTering salt wash solution (W4-0,15M N7, containing 150 triM NaC1) to
a high 10 tionbuffering salt wash solution (W2-N7, containing 11\4 NaC1),
as well as comparison of a wash solution containing arginine alone at pH
8.0 (W5-Arg8) to a wash solution containing the combination of nonbuffering
sail with arginine at basic pH (W6Arg/N8), The percent yield, percent IBM
species in eluate, and reduction in HCP 15(expressed as 1-101) for
purification of inAh-By, using the four different wash solutions shown in
Table 9, as well as the combination of the arginine alone wash (W5-Arg8)
with the high salt alone wash (W2-N7), are shown below in Table 10: Table
10 Purification Values for inAh-113y Using Various Wash Solutions   Wash
Solution  W4-0.15M W2-.N7 LW  v5-Arati,  Purcation Value   W5-Arg,8
W.6-ArgiN8  N7   W2-N7   Yield (%) 



98A  99,3 97.4 97.9 H\1\()6 0.9 0.5 0,3 0.3 HCP (IRV) 1,81 2,192.35 2.57 77
* LW = washing was performed Ibr 12 cohima volumes instead of 6. Table 10
shows that the percent yield of the antibody remains above 97% for all
washing conditions. Moreover, the most efficient wash solutions for removal
of 5impurities, both HMWs and HCPs" are the wash solution that contains
both arginine and high nonhuffering salt at basic pH (W6-ArgiN8) or the
combined use of the wash solutions that contain arginine at basic pH.
(W5-Arg8) and high nonbuffering salt (W2-N7). 'Washing with a rather
physiological wash solution, W4-0.15M N7, reduces 10the .HCPs by 64-fold
(1.81 logs) as compared to the starting material that is loaded onto the
column. In contrast, washing with a nonbuffering salt-arginine combination
at pH 8 (W6-ArgIN8) results in a reduction by 498-fold (2.7 logs). The
reduction of FIMWs follows a similar trend. Washing with the wash. solution
containing 20 .triM sodium phosphate, 150 tnM NaCI,.pH 7.0 (W4-0,15M 15N7)
results in 1.6 EIMWs in the eluate, whereas Washing with the nonbuffering
salt-arginine combination (W6-Arg/N8) reduces this value by more than.
5-fo1d. Example 3: Comparison 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 20 the removal of HCPs and HMWs is conducted and shows the
superiority of basic pH conditions. Affinity liquid chromatography (A LC)
using the conditions set fOrth in Table 8 in Example 2, is performed on a
cellular harvest of mAbrVa" with slightly different levels of HMW and HCPs.



The wash solutions Compared in this Example arc set forth below M Table 11
25Table IlWash Solutions with Varying pH Values for First Wash(on ruAb-Va)
SolutionBufferAbbreviation of buffer 20 irtivl NaIT2PO4/NaATPO4, 1000 triM
NaCL pH 70W2-N7 213.2 mM Naj-1PO4, 250 nitY1 Arginine HCI, I M Nan. pH
7.0W6-Arg/N7 3--289 rnM Iris, 250 niM Arginine-HC}.1 M Nosed. pH
8.9W3h-Arg/N8.9 * No Na0I-1 was used for pH adjustment  WO
2011/073389PCT/EP2010/070076       The percent yield, percent HMW species
in eluate, and reduction in HCP (expressed as ERV) for purification of
mAb-Va, using the three different wash solutions shown in Table 11, are
shown below in Table 12. Table 12Comparison of Physiological pa with Basic
pH on Purification Values for inAb-Va  Wash Solution Purification Value
W2-N7 W6-Are/N7 W3b-Arg4N8.9     Yield (".'.) 100,5 99.4 go  2.41.6 1.4 HCP
(iiRV) 



0,871.48 1.61        The high nonbuffering salt alone wash solution, W2-N7,
serves as a baseline control wash to establish the ,HCP/FIMW removal
ability of the argi- nmelnonbuffering 10 salt combination at approximately
physiological pH 7.0 (wash solution W6-ArgiN7) and at basic pH 8.9 (wash
solution W3b-ArgIN8,9). A small but noticeable reduction in HAM levels
-from 1.6 to 1.4 % i5 observed at the higher pH (pH 8.9) as compared to the
lower pH (pH 7.0). More evident is the effect on the HCP removal, Here, the
lower pH wash (pH 7.0) reduces the HCPs by 1,48 logs, whereas the high pH
wash 15(pH 8.9) reduces the value by 1.61 logs, underlining the superiority
of the high pH wash in impurity removal capacity. Example  4: Comparison of
Arghrine/SaU Wash Solution to Other Wash Solutions       In this example,
other wash solutions, eontainirw. Tween.80, amino acids other than arginine
or high concentrations of `Iris,. are compared to the
argininefftonbuffering salt 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 25shows the superiority of basic pH conditions. Affinity
liquid chromatography (ALC) using the conditions set forth in Table 1 in
'Example 1, is performed on a cellular harvest of .mAb-Va, with slightly
different levels of EIMW and HC-Ps. The wash solutions compared in this
Example are set forth below in Table 13:  WO 2011/073389PCT/EP2010/070076
Table 13Wash Solutions with Varying Components for Firs 'ash
SolutionBufferAbbreviation of buffer 20 mM. NaH2PO4/Na2HP0,1, 1000
niNINaCI, pH 7.0 W2-N7 20 in.M. Nall2PO4Na2HPO4" 1000 nikl NaC1, pH 7.0
W2-N7 LW* 20 rriM .NaH2PO4/Na,H.PO4., 1000 triM NaC1, 0.1W7-N7-T80 (w/v)
Tv,,,een80, pH 7.0 420 ni.M .NaH1PO4/Na2HPO4, 1000 rnM NaCI, 0.1 MW8-N7-0.1
MG Glycine, Tris 5.500 niN4 Tris, pH &9W9-0.5 N. Tris 8.9 LW* 289 rriM
'rris, 250 triM Arginine-.HC1, I .M NaCI, pH W3b-ArgIN8,9  * T"W washing
was performed for 12 'column volumes instead of 6. ** pH adjusted with 1
N,.1. stock solution, ,cone. not measured, 5The percent yield,. percent HMW
species in eluate" and reduction in ficp (expressed as LAY) for
purification of niAb-Va., using the six different wash solutions shown in
Table 13, are shown below in Table 14. Table 14Comparison of Wash Solution
Components on Purification Values 10 for InAb-Va 



Waqa Solution Purification ! W2-N7 W2 -N7 LW * '7 180 Wg-N7-0.1 MC NV94):5
M Witt- ........a.:-.        %taint     Tris 8.9 LW * ArgiNf4.9 Yield (%)
100.5 100.9 99 98,7 98,1 99 



h---------- iIM \V CA) 2.4 2,3 2.5 3.1 3 1.4 HCP (LRV) , 0:87 1.42 1,34
1.24 1,07 1,61  -       * LW washing was performed tbr 12 column N olu cs
instea .I of 6.         Table 14 shows that the arginine/nonbuffering salt
wash solution at high (W3b-Arg/N8.9) is the most efficient wash solution in
removing both HMWs and 15HCPs, as compared to other wash solutions
containing high nonbuffe.ring salt alone  WO 2011/073389PCT/EP2010/070076
(W2-N7). Tween 80 (W7-N7-T80), other amino acids such as glycine (W8-N7-0.1
M G) or high concentrations of 'Iris (W9-0.5 M Tris 8.9 LW), ExapiEl:
Comparison of .ArgininetNionbuffering Salt Wash Solution at High pH to Salt
Alone at Low and High pH        In this example, the effectiveness of the
argininelnonbuffering salt wash solution at a 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,e,,7.0), (2) nonbuffering salt wash solution at a high 10pH
(i.e.. 9.0), and (3) nonbutTering salt wash solution in combination with
arginine at 



a high pH (i.e., 9.0). Additionally, the effect of arginine on the removal
of HMWs, 11,MWs and. HCPs is analyzed, and shows that using the
nonbuffering salt solution in combination with al-gin:Inc at basic pH
conditions is particularly effective and advantageous. The wash solutions
compared in this Example are set forth below in 15Table 15: Table 15Wash
Solutions with Varying Cotmonents for  First Wash Solution
BufferAbbreviation of buffer 20 mM NaH2PO4/Na2III)04, 1000 mM NaCI, pH
7.0W2-N7 20 niM NaH21304/Na21-1PO4, 1000 mM NaCI, NaOH. pH 9,0 *WI 0-N9
50 :TIM Tris" 250 riiM Arginine-HC1, 1 M NaCI, NaOH, pH 9.0 * W3-Arg/N9 *,
pH adjusted to 9.0 with 32 % stock solution of NaOH. 20Affinity liquid
Chromatography (ALC) using the conditions set forth in Table I in Example
I, is performed on a cellular harvest of inAb-By, using different levels of
1-M4-Ws and HCPs with minimal -variations, as detailed below- M Table 16.
Table 16Operating Conditions for Protein A Column StepBufferCVRes,. Time
"-kComment (min) Equilibration20 rn1VI NaLI:1-iNa41.-PO4,5/6*4 pH 7.0
LoadCell-free harvest436 tnglml Resin  StepBufferCVRes. Time **Comment
(min)  Wash ISee '1' able 1564 Wash 2EQ34 Elution20 rnM Acetic acid,
pH5/4*4 kei** UP0.1 M NaOH44 Storage20 ttiM Na--acetate, 2%5/4*4
Benzylalkiihol, pH 5,1 100-100 inALI at 280 mu *. for the run with wash
:solution W3-ArgiN19, 6 CV were used for equilibration and 4 CV were used
for elution and storage. **, R. Time ,r, residence time. ***, tit tel quel
(as is). The parameters of (1) SEC-derived antibody concentration (g/L),
(2) percent HMW and UAW species, (3) HCP level expressed in .nglrag
monoclonal antibody and, (4) ALC-derived percent yield in the ALC eluate
were measured for purification of mAbBy, using the three different wash
solutions shown in Table 15. The results are shown below in Table 17. Table
17Comparison of Wash Solution Components on Purification Values 



10 for inAb-By Walh 814thill Cone (oit) }-1MW (9/0) 1.:MW (PA) HCP (rpg/mg
MA6)  'Yield CVO Startinz material 7.32 .NA NA 370962. GOO) 'W2-N7
20.00119,84* I 3/0 9''` 0.4/0.4* 931576783* 100.8/ND" W 10-N9 20.28/20,1.0*
1 .2/1 ,04`. 0.5/0,5* 898417884* 101.9/ND" W3-ArtilN9 20,55 0.8 0.1 2110
.100.31ND* 



*, the second value corresponds to .a .second measurement after filtration
through 0.21.tm filter. Sped fically". Table 17 shows that the
argininelnanbuffering salt wash solution at high. pH of 9.0 (W3Arg/N9) is
the most efficient wash solution for removing HMWs, 15 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/nonbuffering salt 'wash solution at a pH of 9.0 r&luced the
FICPs by at least 3-fc.)1d and the LM.\\Is by at least 4-fo1d; as compared
to washing with the nonbuffering salt alone at a pH of? (W2-N7) or a pH of
9 (W10:N9). 20 KIlutple 4 Comparison of Ranges of Arginine and NaC1
Concentrations and pH for the Arginine/Saiit Wash Solution         in this
example, additional arginine and non-buffering salt concentrations and pH
washing conditions are investigated to determine their effective on
removing impurities dining affinity liquid chromatography (ALC). The wash
solutions compared in this Example are set forth below in Table 18: 5 Table
18 Wash Solutions with Varying  Components for First Wash Solution
BufferAbbreviation of buffer 0.75 MCl" 250 niM L-ArgininelTris pH 8.5
*W11-Arg11?18 1.25 M NaCi, 250 niM L-ArginineiTris, pH 9.5 *W12-Arg./N9.5
350 inM Tris, 500 ni:M Arginine-HC1, 1 M NaCI, NaOH,..pH 9.0 * W13-ArgiN9 4
10mM .Tris, 100 rnM. ArginineHCI, I M Na.C1, Na011,.pHW14-AreN9 **    pH
adjusted with.8.M Na011; **, buffer obtained .through 5-fold dilution of
W1.3-Arg./N9 and pH adjustment to 9,0 with 8 M NaOH 10.ALC is performed on
a cellular harvest of .thAb-43y (under the conditions set -forth in Table
I. in Example .1), using slightly different levels of 111VDAT and .HCPss
with minima! -variations, as detailed below in Table 19... Table 19 Step
Operating Conditions for Protein A Column (at CV. 4 .min res. time).''
Comment  Buffer - .   



Equilibration 20 rnM Na112-1Na2H-PO4, pH 7,0 0  Load Cell-free harvest
.38.311g/till resin Wash I See Table 18   Wash 2 -EQ, 3  Elution 50 iriM
acetic acid, pH 3.5/*or 416*** 5.00-500 ni:7-rti. at  50 niM acetic acid,
pH 3.8 ****/*****  280 nm. OP 0.1 M.NaGli 4/3****. 



Up flow Storage 20 rnM. Na,-acetate, 2% Benzylalkohol, 4 Up flow .... 5,1
*. for run with wash solution W11-Arg/N8.5; **" for run with wash solution
W I 2-ArgiN9.5; ***, pill 15adjusted with 1 M Tris; ****, for run with wash
solution W13-Arg)N9 and W14-ArgiN9; *****, pH adjusted with 8 M NaOH. 'Res,
Time ------ residence time. The parameters of (1) S.EC-derived antibody
concentration (WI.), (2) percent iiMW and UMW species (%), (3) 1-1CP level
expressed in ng/mg monoclonal antibody, and 20 (4) ALC-derived percent
yield in the ALC eluate were measured after purification of  WO
2011/073389PCT/EP2010/070076 mAh-lly using either of the two different wash
solutions shown ii TableThese results are shown below in Table 20, Table
20Efficiency of the wash buffer at different NaCI concentrations and 5 _pH
levels for the purification of mAb-Byftwo different starting materials)
ConcentrationUMW LMWYield(%) Applied wash solutionEICE (ngimg) (ratml)
(SEC)(%)tALC)  Starting material2.6NANA602398(100)
Wt2-ArLi-IN9.527352.1114637100.4 W1I-:"VgiN8.522A2 2.1 0.59922100,2
Starting III aterlai2.91NANA311761(100) NV 13-Arg,'N916.15130.1136798.7
W14-Arg,N916.31 1.7 0,1340595.9 The data shown in Table 20 underscores the
efficacy of the arginine/nonbuffering salt wash solution at high pH, for
use in for affinity liquid chromatography. Washing with (1) arginine and a
lower concentration of non-buffeting salt (0.75 M NaCI) at a pH of 10 8.5,
(2) arginine and a higher concentration of nonbuffering salt (1.25 M Na( 1)
at a pH of 9.5 or (3) either low (e.g., 100 inM) or high (cg., 500 rnM)
concentrations of argininc, results in a strong reduction of HCPs (in
average >2 logs reduction), without compromising the yield.  



What is claimed is:   1.  5  10 2.   3.  15   4.   5.  20  25   6.  30 7.
8.  35   A method of producing a purified protein of interest using an
affinity chromatography (AC) matrix to which the protein of interest is
bound, the method comprising washing the AC matrix with one or more wash
solutions comprising (i) arginine, or an &ghillie derivative, and (ii) a
nonbuffering salt. prior to elution of the protein of interest from the AC
matrix. The method of claim 1, wherein the AC matrix is washed with one
wash solution that comprises both (i) arginine, or an arginine derivative,
and (ii) nonbuffering salt. 



The method of claim 2, wherein the wash solution comprises Arginine-HC1.
The method of claim 2, wherein the nonbuffering salt is sodium chloride
(NaCI). The method of claim 1, wherein the AC matrix is washed with two
wash solutions, a first wash solution and a second wash solution, wherein:
(a) the first wash solution comprises arginine, or an arginine derivative,
and the second wash solution comprises a nonbuffering salt; or  (b) the
first wash solution comprises a nonbuffering salt and the second wash
solution comprises ai ginine. or an arginine derivative. The method of any
one of claims 1-5, wherein the protein of interest is an antibody or
antibody fragment that binds to the Protein A column. The method of claim
any one of claims 1-6, wherein the one or more wash solutions remove
impurities from the A(' matrix. A method of producing a purified antibody,
or antibody fragment, using a Protein A column, the method comprising a)
loading a mixture comprising the antibody, or antibody fragment, onto the
Protein A column;  b) washing the Protein A column with a wash solution
comprising ( Arginine-HC1, at a concentration in a range of 0.05-0,85 NI,
and (ii) sodium chloride, at a concentration in a range of 0.1-2.0 NI,
wherein the wash solution removes impurities from the Protein A column; and
c) eluting the antibody', or antibody fragment, from the Protein A cohimn.
9. The method of claim any one of claims 1-8, wherein the Arginine-HC1 is
at a concentration of or about 0.25 M. 1010. The method of any one of
claims 1-9. wherein the sodium chloride is at a concentration of or about 1
NI. 11. The method of any one of claims 1-10 , wherein the pH of the one or
more wash solutions is greater than 8.0 15 12. The method of any one of
claims 1-11, wherein the pH of the one or more wash solutions is in a range
of about 8,5-9.5. 13. The method of claim 12, wherein the pH of the one
more wash solutions is 9.0 14, The method of any one of claims 7-13,
wherein the impurities comprise high molecular weight (HNINV) species. 15.
The method of any one of claims 7- 1 3, wherein the impurities comprise
host cell proteins (BC Ps). 


