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WASH SOLUTION AND METHOD
FOR AFFINITY CHROMATOGRAPHY

Background of the Invention

Affinity chromatography allows for the purification of g protein of interest
froon a mixture of molecoles, such as a cellular harvest, based on the preferential
binding of the protem of interest o a target in solid phase, such as a gel matrix. This
solid phase component typically 18 formed into a column through which the mixtare
containing the protein of interest s applied. In this inttial step, called the capture step,
the protein of interest specifically binds to the target in solid phase whereas other
components in the mixture flow through the column. However, cettain components
within the mixture, including high molecular weight species (HMWSs), low molecular
weight species (LMWs) and host cell proteins {(HCPs), may remain within the column
as impurilies along with the protein of interest. Thus, typically one or more wash
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 disrupis the binding of the protein of interest to the solid phase target, is applied
to the column and the protein of interest is recovered in the eluate. Accordingty, the
effectivensess of affinity chromatography in purifying a protein of interest depends n
large part on identifying wash conditions that allow for efficient removal of inapurifies
{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.

A particularly useful type of atfinity 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 solntions have been
described for removal of impurities from Protein A coluruns, including wash solutions
containing one of the following: hydrophobic electrotvtes (e.g.,
tetramethylammonium chioride, tetracthylammonium chlonide, tetrapropylammoniom
chloride or tetrabutylammonium chlonde at pH 3.0-7.0), solvents {e.g., 5-20%

isopropanol or polypropylene/hexylene glycol), 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%
polysthylene glyeol such as PEG400 or PEG8000) or b ghlv concentrated buffer
solutions such as Tris, HCY, acetate, sulfate, phosphate or citrate buffers at a
concentration of 0.8-2.0 M at a pH between 5.0 and 7.0 (sce .g., Shukla, A.A. and
5 Hinckley, P. {2008) Biotechnol. Prog. 24:1115-1121: U.S. Patent Nos. 6,127,326 and

6,333,39R by Blank; and U.S, Patent No. 6,870,034 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 hazardous waste
and/or inefficient removal of contaminants during the washing step.

10 Protein A chromatography wash bufters 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 polymer {e.g., polyethylene glycol), have also heen
described (U5, Patent No. 6,870,034 by Brecee ef al.).

Barron ef al. deseribe an intermediate wash sclution for Protein A

15 chromatography containing 0.5 t0 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 1s reported to remove HCP contaminants. The authors also tested
an intermediate wash solution that contained sodium chiloride at 0.5-2.0 M at pH 5.0+
7.5 but reporied that the NaCl wash showed no significant decrease in HCP (Barron ef

20 el “Improving Purity on Protein A Affinity Media Through Use of an Arginine

tntermediate Wash Step™, hitp//www . prioranidatabase. com/IPCOM/000127319).

Sun ef 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 of 4.5-8.0 (U.5. Patent

25 Publication Nos. 20080064860 and 20080064861 PCT Publication No. WO
2008/031020).

Arginine has also been used to elute proteins from affinity chromatography
colwmns and other types of purification columns. For example, Arakawa ef af,
describe methods of eluting antibodies from a Protein A column using an elution

30 bufter containing 0.5-2.0 M arginine at pH 4.1-5.0 (Arakawa et af. (2004) Protein
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
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No. 7,501,495 by Ejuna et «f. describes methods of eluting proteins from a gel
filtration column by using a developing solution contaimng arginine hydrochionide.
Ghose ef al. deseribe methods of elvting proteins of interest from underivatized silica
using an argining gradient as the eluant {Ghose, S. ef af. (2004) Biorech. Riveng.
§7:413-4233 U8, Patent Publication No. 20030050450 by Coffman ef of. describes
methods of dissociating Fe containing molecules from conmplexes of the Fe containing
molecule and Protein A, wherein the Fo/Protein A complexes are applied to a
hydrophobic interaction column (HIC)Y and the column is washed with a buffer

containing arginine.

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 ¢lution step, and its use results in high vields
and high concenirations of the protein of interest eluted from the affinity matrix while
effectively removing both high molecular weight species (HMWs) and host cell
proteins (HCPs) from the starting material applied to the matnx. This wash solution
is characterized by the presence of both arginine (or an arginine dertvative) and
nonbuffering salt, such as a halogen salt. Preferably, the wash solution is at high pH,
ahove 8.0. This combination of arginine {or an arginine derivative) and a
nonbuffering salt removes considerably more impurities than wash solations
containing either arginine or salt alone and results in a sharper elution peak
correlating with a high concentration of the recovered profein 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 (1) arginine, or an arginine dertvative, and (if} a
nonbuffering salt, prior fo 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, 1o remove

impurities from the AC matrix.
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It a preferred embodiment, the AC matrix is a Protein A column. In varions
other embodiments, the AC matrix can be, for example, selected from the group
consisting of a Protein G column, a Protein A/G column, a Protein L column, an
immobilized metal fon affinity chromatography (IMAC) column, a calmodolin resin
coluran, a MEP HyperCel™ column, a column that binds maltose binding protein
{MBP}, a column that binds glutathione-S-transferase {GST) and a column that binds
Strep-Tag . 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 te the athinity matrices deseribed herein are also suitable for
purification according to the methods of the invention.

In & preferred embodiment, the one or more wash solutions comprise
Arginine-HC, preferably at a concenmtration in a range of (.05-2.0 M. more preferably
i a range of L03-0.85 M, most preferably in a range of 0.1-0.5 M . In particular
smbodiments, Arginine-HCU is present at a concentration of 0.1 M or about 0.1 M,

.25 M orabout .25 M, or 0.5 M or about 0.5 M. Iu other embodiments, the ong or

mote wash selutions comprise an arginine derivative, such as a derivative selected

from the group consisting of acetyl arginine, N-alpha-butyrovl-arginine, agmatine,
arginic acid and N-alpha-pyvaloyl arginine. Preferably, the arginine or arginine
derivative comprises L-arginine, although D-arginine is also encompassed.

In a preferred embeodiment, the nonbutfering salt in the one or more wash
solutions 1s sodinm chioride {NaCly, preferably at a concentration in & range of 0.1-2.0
M. In particular embodiments, NaCl 1s present at a concentration of 0.75 M or about
0.75 M, 1.0 Mor about 1.0 M, or 1.25 M or ahout 1.25 M. In other embodiments, the
nonbutfering salt in the one or more wash solutions s sefected from the group
consisting 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 feast 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 erabodiment, the pH of the one or more wash
solutrons 18 in a range of 8§.53-9.5. In another embodiment, the pH of the one or more
wash soluttons 13 about 9.0, In another embodiment, the pH of the one or more wash

solutions is 9.4,
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The arginine and nonbuflering salt wash combination described herein
preferably is applied in a single wash solution that containg both compenents {i.e., the
AL matrix 1s washed with one wash solution that comprises both {1} arginine or an
argining denvative; and {1t} a nonbuffering salt). Alternatively, two wash solutions,
one containing arginine or an arginine derivative {preferably at a pH greater than 8.0%
and the other containing a noubuffering salt can be used in tandem washes.
Accordingly, in ancther embodiment of the washing method, the AC matrix is washed
with two wash selutions, a first wash solution and a second wash solution. In one
embodiment, the first wash solution comprises argininge, or an arginine derivative, and
the second wash solution comprises a nonbuffering salt, In another embodiment, the
first wash solution comprises a noubuftering salt and the sccond wash solution
coraprises arginine or an arguune derivative,

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

Inanother 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; (h) washing the Protein A column with & wash solution comprising {i)
Arginine-HC1, at a concentration in a vange of 0.05-2.0 M (more preferably 0.05-0.85
M, most preferably 0.1-0.5 M), and sodium chionde, at a concentration in a range of
0.1-2.0 M, wherein the wash solution removes impurities from the Protein A column;
and {¢) eluting the antibody, or antibody fragment, from the Protein A columm. In
particular embodiments, Arginine-HCI 1s present at a concentration of 0.1 M or about
0.0 M, 0.25 M or about 0.25 M, or 0.5 M or about 0.5 M. In particular embodiments,
Na(l 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 various embodiments, the pH of the wash solution is
greater than 8.0, preferably at least 8.1, move preferably at least 8.5, more preferably

9.0, m arange of 8.1-9.5, or in arange of §.5-9.5.

Detailed Deseription of the Invention

L]
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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 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

5 solution is an agueous solution,

As used herein, the term “nonbuffering salt” vefers to 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 applicd
conditions {such as kigh pH} upon addition of acid or base. Typically. the

10 nonbuffering salt is an ionic salt. Noobuffering salts include halogen salts, including
those that comprise Cl or Br (more preferably C1), in particolar halogen salts
comprising alkali metals or alkaline earth metals, including Na, X, 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

15 retaining the pH of a wash solution(s) under the applied conditions. In a preferred
embodiment, the nonbuffering salt is a halogen salt {(2.g., comprising Clor Br). In
another embodiment, the nonbuffering salt is a halogen salt that comprises sodinm
{Na)}, potassium (K}, calciom (Ca) or magnesinm {Mg), more preferably, sodium (Na)
or potassivm (K). In yet another embodiment, the nonbuffering salt is selected from

20 the group consisting of NaCl, KC1, Call; and MgCl.  1n a particularly preferred
embodiment, the nonbuffering salt {s sodium chloride (NaCl). Typically, the
nonbutfering salt is used at a “high” concentration of at least 1 M, Other suitgble
concentrations and concentration ranges are described further below.

This new combination of wash components removes considerably more

o]
L

impurities than commonly used procedures without sffecting recovery. In addition,
this washing condition results in a sharper elution peak correlating with a higher
concentration of the protein of interest in the cluate, which is advantageous to increase
the performance of additional downstream purification processes.

Efficient removal of impurities, including host cell proteins { HCPs) and
30 productrelated impurities such as high molecular weight (HMW) species and low
modecnlar weight (LMW) species, 13 a crucial factor during downstream processing of

a protemn of interest. Affinity chromatography is often used as the first stage of a

6
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raulti-stage purification process for a protein of interest (e,g., an anbibody) and the
purity ef the protein of interest atter affimity 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
proportionally smaller, less costly columns in subsequent purification steps.
Theretore, it s 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
potentially inducing aggregation. Historically, less stringent conditions, such as pH 3
- 8.5, have been used to wash nonspecifically bound impurities from the column
whilst preserving the interaction between the protein of interest and the affinity
matrix. Recevery of the protein of interest, however, is often decreased due to partial
clution of the protein of interest at these conditions, especially when working at high
loading densities. Accordingly, in a preferred embodiment, the wash solufion
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
ivention 18 based on a mixture of arginine {or argining denvative} and a nonbuflering
salt, preferably performed at a high pH. The large biophysical diversity of impurities
present in 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
non~covalent intermolecular imteractions 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 impuritics is likely to be much more effective than an
approach based on a single mechanism for removing impurities.

With respect to the cffects of the nonbuffering salt in the wash solation, based
on the analvtical 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
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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
ionie 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 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 1o the effects of arginine in the wash solution, it has been
reporied that arginine is able to solubilize certain precipitated proteins {Umetsu, M. er
al. (2003) Biochem. Biophys. Res. Commun. 328:189-197; Tsumoto, K. et al. (2003)
Biochenm. Biophys. Res. Commun. 312:1383-1386), reduce the formation of
aggregates {Arakaws, T. er af. (2003} RBiochem. Biophys. Res. Compum. 304:14§-
132}, and reduce nonspecific adsorption of proteins to surfaces (Ejima, 1. ef af.
(2005) J. Chromatogr. 4. 1094:49-55). While not intending to be hmited by
mechantsm, the redaction of protein aggregation may originate from the masking of
bydrophobic patches on the proteins, which interact with arpinine. 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 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 proteins including
monomeric antibodies are vot influenced at these conditions. While not 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 nonspecitic binding.
Therefore, the high pH of the wash solation may be beneficial for increasing the
removal of impurities by destabilizing their interaction with the bound protein of
interest or the solid sopport of the affimty matrix.

Accordingly, in ong aspeet, the invention provide a method of producing a

purified protein using an affinity chromatography (AC) matrix to which a protein of

8
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interest is bound, the method comprising washing the AC matrix with one or more
wash solutions comprising (i} arginine, or an arginine derivative, and (i) a
northuffering 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 & highly specific binding interaction
hetween a protein of Interest and the AC matrix, such as between a receptor and
ligand, enzyme and subsirate 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 buffer conditions. Non-limniting examples of immohilized or
solid phase media that can comprise the AC matrix Include a gel matrix, such as
agarose beads {such as commercially available Sepharose matrices), 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
column chromatography. That is, the AC matrix i1s 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 protemn of interest from the columan by Howing
through the column an slution buffer.

Alternatively, binding of the protein of interest to the AC matrix can be
achieved by batch treatment, in which the biochemical mixtures containing the protein
of interest is incubated with the AC matrix in a vesset to allow for binding of the
protein of interest to the AC matrix, the solid ghase medium is removed from the
vessel {e.g., by centrifugation), the solid phase medivwm ts washed to remove
impuritics and again recovered {e.g.. by centrifugation) and the protein of intevest is
chuted from the solid phase medium.

In vet another embodiment, a combination of batch treatiment and colomn
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
medium can be packed into a column, following by washing of the column and

glution of the protem of interest from the column.
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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 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, Protein A, that
specifically binds the CHy and CHy domains within the Fe region of certain
mmmunoglobuling. 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 Fc region. Furthermore,
additional proteins that can be purified using Protein A chromatography include Fo
fusion proteins. Insofar as any protein is capable of specifically binding to a Protein
A matix, 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 wclude
Mabbselect, MahSelect Xtra, MabSeleet Sure, rProtein A Sepharose FF, mipProtein A
Sepharose FF, Protein A Sepharose CL-4B and nProtein A Sepharose 4 FF (il
commercialtly 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 Mabcapture A (both commercially available from Poros);
IPA-300, IPA-400 and IPA-300 (all conmmmercially available from RepliGen Corp.);
Affigel protein A and Affiprep protein A (both commercially available from Bio-
Rad}; MABsorbent AP and MABsorbent AZP (both commerciadly available from
Attinity Chromatography Lid.); Protein A Ceramic Hyper U F {commercially
available from Pall Corporation); Ultralink Immobilized protein A and Agarose
protein A {both commercially available from PIERCE); and Protein A Celithru 300
ard Protein A Ultraflow (both commaercially available from Sterogen Bioseparations).

In addition to Protein A chromatography, the washing method of the invention
can be apphied to other affinity chromatography systeras. For example, in another
embodiment, the AC matrix can be a Protein G column, a Protein A/G column or a
Protein L eolumn, each of which are also immunoglobulin-hinding bacterial proteins

with binding properties established in the art. Thus, an AC matrix that is a Protein G

10
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matrix, a Protein A/G matrix or a Protein L matrix can be used to purify antibodies,
antibody fragments comprising an Fe region and Fe fusion proteins.
Cther non-limiting examples of AC matrices, and the types of proteins that

they are effective in purifying include the following: an immobilized metal ion

128

affinity chromatography (IMAC) column (for purification of proteins with an affini ty
for metal jons, such as histidine-tagged proteins), a calmodulin resin column (for
punification of proteins tagged with calmodulin binding peptide (CBPY), a MEP

1™ column (a cellulose matrix that selectively binds immunoglobuliny, a

HyperCe
colurn that binds maltose binding protein (MBP) (such as a Dextrin Sepharose™

Hi o resin that selectively binds proteins tagged with MBPY | a column that binds
glutathione-S-transterase (GST) (such as a Glutathione Sepharose™ resin that
selectively binds proteins tagged with GST) and a column that binds Strep-Tag 1
(such as a Strep-Tactin™ Sepharose resin that selectively binds proteins tagged with
Strep-Tag ). Furthermore, immunoaffinity matrices, which comprise an antibody as

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

While the lnvention of interest is described herein in particular with respect to
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 ap arginine derivative.

Non-limiting examples of arginine derivatives include acylated arginine, such as

[
4y

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

The concentration of arginine or arginine derivative in the wash solution
30 typically is between 0.05 M and 2.0 M {e.g., 0.05 M, 0.1 M, 0.15 M, 0.2 M, 0.25 M,
03M,035M, 04 M, 045 M, 0.5 M, 055 M, 0.6 M, 0.65 M, 0.7 M, 0.75 M, 0.8 M,
D83 M, 09 M, 095 M, 1LOM, 1.1 M, LIS M, 120 M, 1.25 M, 130 M, 1.35 M, 1.40

it
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MEASMOLSM, ESSM 1M, LO3M, 1L.7M, 175 M, 1.8 M, 1.L8S M, 1.9 M, 1.93
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) (e.g, G.O5 M, 0.1 M, 015 M, 02 M, 025 M, 0.3 M,
035M, 04 M, 045 M, 0.5M, 0.55M, 0.6 M, 0.65 M, 0.7 M, .75 M, 0.8 M or 0.85
M), most preferably between 0.1 and 0.5 M {e.g, 0.1 ML OIS M, 0.2 M, 0.25 M, 0.3
M, Q35 M, 0.4 M, 0.45 Mor 0.5 M). In various embodiments, the concentration of
arginne or arginine derivative can be, for example, 0.05 M, 0.1 M, 0.2M, 0.25M,
03M, 0.4 M, 0.3 M, 0.6 M, 0.7M or 0.8M, or between 0.1 M and 9.5 M. In certain
embodiments, the coneentration of arginine or arginine derivative in the wash solution
18 025 M or greater. In particular embodiments, Arginine is present at a
concentration of 0.1 M orabout 0.1 M, 0.25 M or about 0.25 M, or (.5 M or about {1.5
M.

The wash solutions of the invention also comprise a nonbuffering salt, as
deseribed above, which is of a type and at a concentration sufficient to break tonic
interactions between impuritics and one or more components of the affinity matrix. In
a preferred embodiment, the nonbuffering salt is a halogen salt. In a particularly
preferred embodiment, the nonbuffering salt is sodium chloride (NaCly. In other
embodiments, the nenbutfering salt can be, for example, potassium chloride (KCl3,
calcium chlonide (CaCly) or magnesium chioride (MgCl). The concentration of
nonbuflering salt in the wash solution typically is between 0.1 Mand 2.0 M (e.g., 0.1
M,OISM G2IM O25 M 03 M 035M,04 M, 045 M, 0.5 M, 0.55 M, 0.6 M, 0.65
M OTMO075M O8M, 085 M 09M, 0930 1.OM, LI M, 1.1I5M, 120 M, 1.25
MLoE30M, L35 M, LA0M, 145 M, ES M, 135 M, Le M, 165 M, 1.7 M, 175 M,
L8 M, 1RI M, 1.9 M, 1.95 M, or 2.0 M), or between 0.5 M and 1.5 M {e.g., 0.5 M,
055M, 06 M, 065 M 07 M O75M, 08 M, 085 M, 000, 005 M, LOM, L1 M,
PASM, L2 M, 125 M, 1AM, L35 M, 1.4 M, 1.45 M, or 1.5 M), or between 1 M and
IMeg, M LEM LISM L2M 125 M I3 M, 135 M 14 M, 145 M, LI M,
IASM LOoM, L6SM ETM E7SMOLS ML SSM L OMTI95 M or 2 M) In
certain embodiments, the concentratton of nonbuffering salt in the wash solution is 1
M or greater. In particular embodiments, the nonbuf¥ering salt in the wash solution ix
present at a concentration of 8.75 M orabout .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 than 8.0,
although lower pHs are also suitable for use with the wash solution(s) of the
mvention. 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
more 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 wash solutions is about 9.0, In another embodiment, the pH of the
one 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~
8.0, orapH 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
adjusting and/or maintaining the pH. Non-limiting examples of typical buffers that
can be included in the wash solution(s} include Tris
{tristhydroxymethylimethylamine}, bis-Tris, bis-Tris propane, histidine,
triethanelaming, dicthanolamine, formate, acetate, MES {2-(N-
morpholinojethanesulfonic acid), phosphate, HEPES {4-2-hydroxyethyl-1-
piperazineethanesulfonic acid), citrate, MOPS (3-{N-morpholinojpropanesulfonic
acid), TAPS (3-{[tris(hydroxymethyhmethyl lamino } propanesulfonic acid), Bicine
{N N-bis(2-hydroxyethyl)glvcine), Tricine (N-tristhvdroxymethvDmethylglveine),
TES (2-{[mis{hydroxymethylymethyllamino ethanesulfonic acid), PIPES {piperazine-
NN -bis(2-ethanesulfonic acid), cacodylate {dimethyvlaranic acid) and SSC (saline
soduum citrate).

The arginine and nonbuffering salt wash combination described herein
preferably is applied 1 a single wash solution that contains both components.
Alternatively. two wash solutions, ong containing arginine or argining derivative
{prelerably 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, In one embodiment, the first wash
solution comprises arginine, or an arginine derivative, (preferably at a pH greater than

8.0} and the second wash selution comprises a nonbuffering salt. 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 arginine derivatives and nonbuffering salts, as
well as preferred concentrations, concentration ranges and pH conditions for the wash
solutions are as described above.

The washing method of the invention is effective in removing a variety
ofimpurities, 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 HMW species and HCPs in the eluate, while achieving
a high percent vield of the protein of interest in the ¢luate 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 vield of the protein of interest
that is greater than 95%, maore preferably greater than 96%, even more preferably
greater than 97%. With respect to the reduction in HMW species in the eluate, which
can be expressed as the % HMW in the eluate, in various embodiments use of the
washing method deseribed herein results in a 9% 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 HOPg in the eluate, which can be expressed as the
logarithmic reduction value (LRVY), in various embodiments use of the washing
method described herein resulis inan LRV for HCPs in the cluate that is at least 1.1,
or at least 1.3, or at feast 1.5, or at Teast 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 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
clade an eguilibration step, in which the affinity chromatography matrix is
equilibrated with a loading buffer, and a loading or capture step, in which a
biochemiical 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

14
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interest to be purified, and the ordinarily skilled artisan can readily determine such
conditions using methods and infermation 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 { 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 clution 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 bafter 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 formation well established in the art. Typically, elution of the protein of
interest from the AC matrix is carried out at an acidic pH. N-limiting examples of an
clution buffers for the purification of antibodies on Protein A columns are set forth in
Examples 1 and 2.
Inn 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 antihody, or antibody fragment, onto the
Protemn A column;

b} washing the Protein A column with a wash solution comprising (i}
Arginine-HCT 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 & concentration in a range of 0.1-2.0 M, wherein the
wash golution removes impurities from the Protein A column; and

¢) eluting the antibody, or antibody fragment, from the Protein A column.
Preferably, the wash solution is at a pH greater than 8.0, Preferred concentrations and
concentration ranges for the Arginine-HCT are as described sbove, For example, ina
preferred embodiment, the Arginine-HC is at a concentration of about 025 Morata
concentration of 0.25 M. Preferred concentrations and concentration ranges for the
sodium chioride are as described above. For example, in a preferred embodiment, the

sodium chioride is at a concentration of about T M or at a concentration of I M.

15
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Preferred pHs and pH ranges also are as deseribed above. For example, in one
embodiment, the pH of the wash solution is in a range of 8.1-9.3. in another
embodiment, the pH of the wash solution 1s 8.5 or greater. In another embodiment,

the pH of the wash sclution 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 expressiy

incorporated herein by reference in their entirety.

EXAMPLES

Example 1: Comparison of Arginine/Nonbuffering Salt Wash Solution to Other
Wash Solutions

In this example, the effectiveness of various wash solutions 10 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 nonbuffering salt
but no arginine at pH 7.0, and the third containing both nonbuffering salt and arginine
at pH 9.0,

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

below in Table 1

Table 1 Operating Conditions for Protein A Column
Step Bauffer Y Hes. ﬁmé -
wE {min}

Equilibration 20 mM NetH3,1*(}4;"Na33§*§}’€3:;7, pht 7.0 ) 4

Load Celi-free harvest 4.8, 4

Wash 1 Variable {See Table D) 3 4

Wash 2 20 mM NaH POy Na  HPO,, pH 7.0 3 4

Elution 20 mM Acetic acid 4 4

cp {1 M NaOH ‘ B 3 4

16
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Step Buffer <Y Hes. time *

7 Rl (min}
Storage 20 mM Acetic acid/Sodium acetats, 2% Benaylatkohol, pHS: 1 4 4

* Res. Time = residence time; ¥% OV, 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 M NaHPO/Na HPG;, pH 7.0), and then eluted at low pH.

5§ The eluate is analyzed for ity antibody concentration by analytical ALC, for
HMW/AMW by analytical size exclusion chromatography (SEC) and for HCP content
by enzyme-linked immunoesorbent assay, developed on the same cell line. The
various wash solutions compared for the first wash are shown below in Table 2;
Table 2 Variant Wash Solutions for First Wash
Sniution Buffer V Abbreviation of buffer
1 20 mM sodium acetate, 5 mM acetic acid pH 5.0 Wi-AS
2 20 rad NathPOy/Na HPQy, 1000 mM NaCl, pH 7.0 WE-NT
3 50 mM Tris, 250 mbM Arginine-HCL, 1M NaCL MaOd * W3- Arg/NS

pH 0.0
10 * pH adjusted with 32 %% NaOH solation
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.
15
Table 3 Percent Vields of Different Antibodies Using Various Wash
Solutions
Wash Solution
Antibody WI-AS W2-N7 W3-Arg/N9
mtAbh-0g §1.2 1013 97.8
mAb-By R0.6 563 &7.6
mAb-Bp 987 25 05.8
mab-Va 96,3 G7.9 98.6

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

20 saltor arginme, at pH 5.0% or W2-N7 {containing nonbuffering salt but no arginine, at

-3
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pH 7.0) results in fluctuations in the amount of antibody recovered depending on the
antibody being purified. More specifically, washing with W1-AS results in viclds
Huctuating between 81 and 96 % and washing with W2-N7 results in vields

fluctuating between 92 and 101 %. In contrast, washing with W3-Arg/N9, containing

td

both nonbuffering salt and argivine, at pH 9.0, results in consistently high vields,
above 96%, for all four antibodies being purified.

The eluate 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 1 Table 4.

10

Table 4 Eluate Concentration of Different Antibodies Using Various Wash
Solutions

Wash Solution

Antibody Wi-AS W2-N7 W3-Arg/NG

 mAb-Qg 17.3 17.7 2R.4
mAbBy 12.6 T 21.0

toa

mAb-Bp 235 Hav 21
mab-Va L 151 14.3 16.4

Table 4 shows that the eluate concentration s also influenced by the wash

J—
(¥4

buffer applied during ALC. For three of the four mAbs (mAbs Qg, By and Va),
washing with W3-Arg/N9 results 1o higher eluate concenirations than washing with
WI1-AS or W2-N7. The average eluate concentration for the four antibodies 1s lowest
after the W1-AS wash (17.1 w'L), followed by the W2-N7 wash {(17.3 g/L) and
highest after the wash with W3-Arg/Ne (21.7 g/l

20 The reduction m host cell protein (HCP) in the cluates after the Protein A
purification of the four different mAbs, using the three different wash solutions shown
in Table 2, arc 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.

ot
S

253 Table5 Reduction in HCP in Eluate for Different Antibodies Using Various
Wash Solutions

t

[ Wash Solution

18
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Antibody WIAS W2-N7 W3-Arg/NY
mAb-Ug H 130 164 278
mAb-By ' 1.40 168 735
mab-RBp 177 1RS ' 253
mAb-Va .94 e 133

With respect to the impurity removal, based on the data in Table S a clear
order can be established between the three wash buffers. The lowest HCP reduction
is obtained with the low pH wash W1-AS, followed by the wash with salt wash W2-
N7 and the highest removal factor is obtained with the arginine-NaCl combination
bufter at pH 9.0 (W3-Arg/N9). Expressed in logarithmic order of removal, an
average of 1.4 logs is obtained after washing with W1-AS5, 1.55 logs with W2-N7 and
the highest removal of 2.2 logs is achieved with W3-Arg/N9,

The lovel 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 Tahle 2, are shown below in Table 6, The level of HMW species
in the eluates is expressed as a percentage (%) of the total protein in the eluates.

Vable &  Level of HMW Species in Eluate for Different Antibodies Using
Various Wash Solutions

Wash Solution
Antibody | Wi-AS WI-NT
AB-Og 37 38 i 0.8
mAb-Ry 2.1 0.7 0.4
mAb-Bp R 10.4 10 9.8
mAb-Va 4.1 ' 25 1.6

Table 6 shows that the level of HMW species is very heterogencous for the 4
different mAbs and the removal of HMWSs is mAb-dependent. Overall, the W1-AS
wash solution 1s the least effective washing solution. Better resulis are obtained with
the W2-N7 wash solution and the fowest HMW wvalues in the ALC eluate are
consistently found with the W3-Arg/N9 wash solution. Three mAbs (mAbs Qg, By
and Va) respond with a 2.6 to 3.9-fold reduction in HMWs comparing the W1-AS
wash versus the W3-Arg/N9 wash, whereas mAb-Bp only showed a marginal
reduction.

ig
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A summary of the findings for the experiments sumimarized 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 ALL Wash Solutions for Four mAbs

Yield {9]

HCP [LRV] MW [%]

Acetate pH 5.0 &5 38621 (.04 4.1
Va MaCipH 7.9 7.9 14.3 34522 0.9% 29
3% 6 15618

Qg' Acetate pH 5.0 %1.2 173 20393 1.500237 4.7
Qg NaCipH 7.0 3 179 14673 16432 1.8

ArpgNaCl pH 9.0

Aceiate pH 3.0
MaClpHl 7.0
Arg/NaC

2, 5 1401614
198 1SR8E: 1.67714%
; * 2150263

By \eatate pH 5.0 23,5 B83 Hix
Bp NaClpH 7.0 g2.5 172 GEES 1.883287 19
Bp Arg/NaCl pH 9.0 B33 21.2 1343 2530244 9.8

Cong. = gluate concentration: HCE = host ool profein: HMW = high molecular weight species; LRV =
log reduction valee; NA = gotapplivable.

Lxample 2: Comparison of Various Arginine/Salt Wash Solutions

In this example, the effectiveness of additional wash solutions, comtaining
different amouonts ol nonbuffering salt and/or arginine at different pH values, to
remove impurities dusing affinity liquid chromatography (ALC) 1s compared. The

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

Table 8 Operating Conditioas for Protein A Column

Step Bufter ¥ Res. thne *
i {wmin}
Hquilibration 1 20 mbi NaH, POy ’521331;‘(}4, pH 7.6 3 4
Equilibration 2 Tdentical to wash buffer 1 3 4
Load Cell-free harvest Qs 4
Wash } Yariable {Sce Table §) a3 4
Wash 2 20 mM NaF,PONaHPO,, pH 7.0 3 4
Elation S0 oM Acetio acid 5 4
cp 0.1 M NaOH 3 4

20
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Step Butfer v Res. time *
7 7 *x {min}
Storage 20 mdd Acetie acid'Sodium aoetate, 2% Benzylalicohol, s 4
pH 58

* Res. Time = residence time; *%: OV, column volume

The wash solutions compared in this Example are set forth below in Table 9:

Table % Additional Variant Wash Solutions for First Wash

Selutien Buffer Abbreviation ﬂf Sufi’er
3 20 mdt MatL PO NaHP O, 1000 M NaCi,rpH 7.0 W2NT |

2 20 md Nabl PO/ N HPO, 150 mM NaCl pH 7.0 WO, 1AM NT

3 250 oM Arginine-HCL ~18 % ;M Tris-HCL pH 80 Wi-Argl

4 ~18 % i Triss L 250 mM Arginine-HCL, 1 M NaCl, Wo-Arg™N8

pi 8.0

Ly

¥ The exact concentration was fiot measured {1 M Tris base [(hydroxvmethyl) aminomethane] was

used to adjust the pH}

The four wash solutions shown wn Table 9 allow direct comparison of a low
norbutfering salt wash solution (W4-0.15M N7, containing 150 mM NaCl) to a high
1€ nonbuffering salt wash solution {W2-N7, containing 1M NaCl), as well as comparison
of a wash solution containing arginine alone at pH 8.0 {WS-Arg8} to a wash solution
containing the combination of nonbuffering sali with arginine at basic pH (W6-
Arg/Ng).
The percent vield, percent HMW species in eluate, and reduction in HCP
15 {expressed as LRV) for puriication of mAb-By, using the four different wash
solutions shown in Table 9, as well as the combination of the argimine alone wash
{W5-Arg®) with the high salt alone wash {W2-N7), are shown below in Table 10.

Table 16 Parification Values for mAb-By Using Varfous Wash Solutions

YWash Solution
Wa-0.158 | WZ-NTLW || WS-Argh.
| Purification Value WS- Areh SRS We-ArgiNg
Yield (%) 08,4 100 993 974 370
AW (%) 16 ) 05 6.3 5.3
HCP (LRV) Y81 219 735 257 27
21
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* LW = washing was.performed for 12 column 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
5 impurities, both HMWs and HCPs, are the wash solution that contains both arginine
and high nonbuffering salt at basic pH (W6-Arg/NR) or the combined use of the wash
solutions that contain arginine at basic pH {(W5-Argg) and high noubuffering salt
{W2-NT).
Washing with a rather physiological wash solution, W4d-0.15M N7, reduces
10 the HCPs by 64-fold {1.81 logs) as compared to the starting material that is foaded
onto the column. In contrast, washing with a nonbuffering salt-arginine combination
at pH 8 {W6-Arg/NRj results in a reduction by 498-fold (2.7 logs).
The reduction of HMWs follows a similar trend. Washing with the wash
solution comtaining 20 mM sodium phosphate, 150 mM NaCl, pH 7.0 (W4-0,15M
1§ NT)results in 1.6 % HMWy in the eluate, whereas washing with the nonbuffering

salt-arginine combination {W6-Arg/N&) reduces this value by more than 3-fold.

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

In this exampie, 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 bguid chromatography (ALC) using the conditions set forth in
Table § in Example 2, 18 performed oo a cellular harvest of mAb-Va, with slightly
different levels of HMW and HCPs.

The wash selutions compared in this Example are set forth below in Table 11:

25 Table 11 Wash Solutions with Varving p¥ Values for ¥irst Wask {on maAb-Va)
Solutinn Buffer Abbreviation of
e R o Buffer
i 20 mbt NabLPONa HPG,, 1000 ;M NaCl pH 7.0 W2-N7
2 13.2 mM Na, HPO,, 230 mM Arginime HCL 1 M MNaClLpH 7.0 Wo-Arg N7
3 ~28% mM * Tris, 230 mM Arginine-HCL 1 M NaCl plt 5.9 Wih-Arg/NE.Q

* No NaOH was used for pH adjustment
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The percent yield, percent HMW species in efuate, and reduction in HCP
{expressed as LRV) for purification of mAb-Va, using the three different wash

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

Table 12 Comparison of FPhysiological pH with Basic pH on Purification
Values for mAb-Va
Wash Solution
Purification Vaiue W2-N7 W6-Arg/N7 Wak-Arg/N8.9
Yield (56) 00,5 954 96
BMW {95) 24 T8 14
HCP {IRV) 0.87 1.48 L6l

The high nonbuffering salt alone wash solution, W2-N7, serves as a baseline
control wash to establish the HCP/HMW removal ability of the arginine/nonbuffering
salt combination at approximately physiclogical pH 7.0 {wash solution Wo-Arg/N7)
and at basic pH 8.9 (wash solution W3ib-Arg/N8.9). A small but noticeable reduction
in HMW levels from 1.6 {o 1.4 % is observed at the higher pH (pH 8.9) as compared
to the fower pH {pH 7.0} More evident is the effect on the HCP removal. Here, the
iower pH wash (pH 7.0) reduces the HCPs by 1.48 logs, whereas the high pH wash
{pH 8.9) redoces the value by 1.61 logs, underlining the superiority of the high pH

wash in impurity removal capacity.

Example 4: Comparison of Arginine/Salt Wash Solution to Other Wash
Solutions

In this example, other wash solutions, containing Tween 80, amino acids other
than arginine or high concentrations of Tris, are compared to the
arginine/nonbuifering salt wash solutions. In this example, an analysis of the pH as a
parameter of the wash solutions on the remeval of HOPs and HMWs 15 conducted and
shovws the supenonty of basic pH conditions. Affimty hqud chromatography (ALC)
using the conditions set forth in Table 1 in Example 1, is performed on a cellular
harvest of mAb-Va, with slightly ditferent levels of HMW and HCPs.

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

oud
L
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Table 13 Wash Solutions with Varving Components for First Wash
Solution Buffer Abﬁreviaﬁon of
buffer
1 20 mM NaH:PO,/Na:HPOq, 1000 mM NaCl pH 7.0 W2-N7
2 20 mM NaMyPOyNaHPO,, 1000 mM NaCl, pH 7.0 W2.N7 LW*

3 20 mM NaHPO/NasHPO,, 1000 mM NaClL 0.1 % W7-N7-T&0
{wiv) Tween8Q, pH 7.0
4 20 mM NaHPO/NapyHPO,, 1000 oM NaCL 01 M WENT-OI MG
Glveine, Trig *#¥
5 500 mM Tris, pH 8.9 WQ-0.5 M Tris
$.9 LW
& 289 mM Trig, 250 mM Argiome-HCL T M NaCl pH W3h-Arg/NR.9

§.9

LW = washing was performed for 1.2 column voluthes instead of 6. ¥¥ pH adjusted with 1 Mostock

solution, cone. not measured.

The percent yield, percent HMW species in elaate, and reduction in HCP
{expressed as LRV for porification of mAb-Va, using the six different wash solutions

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

Table i4 Cemparison of Wash Selution Uomponsnts on Purification Valuss
for mAb-Va o
¥ash Solution
Purification WG4 M Wik
wa-nNy WENTLW P | WENTT80 | WeRTE NG o v
Yelue  Tris82LWT | Arp/NBY
Yield (%) 1040.5 1509 Y 98.7 98.1 94
HMW (%) 24 1 23 » 2.5 3.1 3 1.4
THCP (LRVY | 087 142 134 1.24 1.07 161

* 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/N&.9) is the nyost efficient wash solution in removing both HMWSs and

HCPs, as compared to other wash solutions 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).

Example §: Comparison of Arginine/Nonbufforing Salt Wash Solution at High
pH to Salt Alowe at Low and High pH

In this example, the effectiveness of the arginine/nonbuffering salt wash
solution at a high pH 1s compared to a nonbuffering salt solution at high and low pHs.
Specitically, the following conditions are evaluated and compared: (1) nonbuffering
salt wash solution at & low pH (i.¢..7.0), (2) nonbuffering salt wash soluiion at a high
pH {i.¢., 9.0}, and (3) nonbuffering salt wash solation in combination with arginine at
a high 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
advantageous. The wash solutions compared in this Example are set forth below in

Table 15:

Table 15 Wash Solutions with Varying Components for First Wash

Solutlon  Buffer Abbreviation
7 7 7 of buffer

1 20 mM NaH POy Nay HPO4, 1000 mM NaCl, pH 7.0 W2-N7

2 20 mM NaH:POyw/NapHPOy, 1000 mM NaCl, NaOH, pH 9.0 * WI0-N9

LS

SO mM Tris, 250 mM Arginine-HCE, T M NaCl, NaOH, pH 2.0 * W3-Arg/N9

*, pH adjusted to 9.0 with 32 9% stock solution of NaOH.

Affinity liquid chromatography {(ALC) using the conditions set forth in Table 1 in
Example 1, is performed on a cellular harvest of maAb-By, using different levels of

HMWs and HCPs with minimal variations, as detailed below in Table 16.

Table 16 Operating Conditions for Protein A Columu
Step Buffer Oy Res, Thme ** Comment
7 {nnin}
Bguilibratton 20 mM NalH.Na-H-PQ,,  3/6% 4
pH 7.0
Load Cell-free harvest 4 36 mg/mi Resin
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Step Buffer ¢y Res, Time Conurent
N ) {rmdn)

Wash | See Table 15 & 4

Wash 2 8] 3 4

Elution 20 mM Acenre acid, pH 5i4% 4 FOO-100 mAL at 280 nm

Iq# Ao
CIp 0.1 M NaOH 4 4
Storage 20w Na~acetale, 2% Sig* 4

Benzyladkohol, pH 31

*, for the run with wash solution W3-Arg/IN9, 8 CV were uséd for equilibration and 4 'V were used
for elution and storage. ¥, Res, Time = restdence thme,  #%% g tof 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 monoclonal antibody and, {(4)
AlL-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 Valugs
for mAbh-By

Wash Selution  pone, (o) HMW (%) LMW (%) HCP (sg/mpg MAD  Yield (%)

Starting maierial 2,32 NA NA 370962 (100
WY 2R00A19.84% I RRR R g4 $I15/6783F TOGRMND®
W0-N9 20.2820.10%  1.201.0% 0.5/0.8% BOR4/T8B4* FO1L.9/ND
Wl-Are/NO 2053 0.8 0.1 2110 0. 3/NDR

*_ the second value corresponds 1o a second measurement after (ltration through 6.7 yg fler.

Specifically, Table 17 shows that the arginine/nonbuffering salt wash solution at lngh
pH of 9.0 {W3-Arg/N9)} is the mwost efficient wash solution for removing HMWs,
EMWs and HOPs, as compared to other wash solutions containing nonbuffering salt
atone {W2-N7 and W10-N9}, independent of thew pH. In particular, washing with the
arginine/nonhaffering salt wash solution at a pH of 9.0 reduced the HOPs by at least
3-told and the LMWSs by at least 4-fold, as compared to washing with the

nonbuftering salt alone at a pH of 7 (W2-N7) or a pH of 9 (W10-N9).

Example 6: Comparisen of Ranges of Arginine and NaCl Concentrations and
pH for the Argining/Salt Wash Scolutien
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In this example, additional arginine and non-buffering salt concentrations and
pH washing conditions are investigated to determine their effective on removing
impurities during affinity liquid chromatography (ALC).  The wash solutions

compared in this Example are zet forth below in Table 18;

Table 18 Wash Solutions with Varying Components for First Wash
Sclution  Buaffer Abbreviation of
: 7 ) buffer 7
1 6.78 M MaCl, 230 mM L-Arginime/ Tris pH 8.5 * WH-Arg/N8.5
2 1.35 M NaClL 250 mM L-ArginingTrig, pH 9.5 % WI2-Aeg/™N9.5
3 S0 mM Tris, S00 md Arginine-HUE, T M NaCl, NaOH, pH 9.0 % WI3-Arg/ND
4 10 mM Tris, 100 mM Arginine-HCL, T M NaCl, NaOH, pH 79,{3”* W Arp/G

* pH adiusted with § M NaOH; %, huffer obtained through S-fold dilution of W13-Arg/NS and pH
adjustorent to 9.0 with § M NaQH

ALL 18 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 Cperating Conditions for Protein A Colomn (at 4 min res, time)
Step Baffer Y Comment
Eguilibration 20 M NaH2~NaZb-PO4 pH 7.0 &
Lioad Cell-free harvest 38 mpfol resin
Wash 1 See Table 18 J.5¥77 GviptaEs
Wash 2 £0 3
Elution 30 M acetic acid, phl 3.5 38 8%F or Jighws F00-500 mAlliom at
30 M acetg acid, pH 3.8 FErEFErEx 280 mn
iy .1 M. NaQH i3EEEF Up flow
Storage 28 md Na-acetate; 2% Benzylalkohol, 4 Up flow
pH 51

*, for ram with wash solution WH-8re/N8 5; ¥*, for run with wash solution W12-Arg/N9.5; "% pH
adivsted with T M Tris; 5% for run with wash solution W13-Arg/NO and WId-Arg/INg, ¥ o4
adiusted with 8 M NaOH. ‘Res. Time = residence time.

The parameters of {1} SEC-derived antibody concentration {g/1.), (2} percent HMW
and LMW species {96), (3) HCP level expressed in ng/mg monoclonal antibody, and

(4) ALC-derived percent yield in the ALC eluate were measured after purification of

o
e |
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mAb-By using either of the two different wash solutions shown in Table 18, These

results are shown below in Table 20,

Table 26 Efficiency of the wash buffer af different NaCl concentrations and
pH fevels for the purification of mAb-By (two different starting materials)

Applied wask §(niut"wn :;‘:;i’?:?:;?; ?;:: W i};’j“ HCP (ng/mg) zgii) (7o)
Starting material 1.6 NA NA 602398 {108}
WIZ-Arg/ N5 EEN I 24 0.3 4637 100.4
W1l-Arg/Ng.3 3242 2.1 0.5 G922 1002

Starting material 28 Na NA 311761 £100)
W13-Arg/NG 16.15 1.7 8.1 1367 987
WI4-ArgNY 1631 17 01 s 95,9

o~
-

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} arginme and a lower concentration of nonbuffering salt (0.75 M NaCl} at a pH of
8.5, {2} argnine and @ higher concentration of nonbuffering salt {1.25 M Nacl) at a
pH of 9.5 or (3) either low (e.g.. 100 mM) or high {e.g., 500 mM) concentrations of
arginine, results ina strong reduction of HOPs (in average >2 logs reduction), without

compromising the vield.

2]
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What is olaimied is:

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 {1} arginine, or an arginine derivative, and (i1} 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 (1) arginine, or an arginine derivative, and (ii) a
nonbuffering salt.

The method of claim 2, wherein the wash solution comprises Arginine-HCl.

The method of claim 2, wherein the nonbuffering salt is sodinwm chloride
{Nal’l).

The method of claim 1, wherein the AC matrix is washed with two wash
solutions, a first wash solution and a second wash solution, whersin:
{a) the first wash solution comprises arginine, or an arginine
derivative, and the second wash solution comprises a nonbuftering
salt; or
{b} the first wash solution comprises a nonbuffering salt and the

second wash solution comprises arginine, or an arginine derivative.

The method of anty one of claims -3, wherein the protein of interest is an

antibody or antibody fragment that hinds 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 AC matrix.

A method of producing & 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 Protemn A columng

29
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1L

b} washing the Protein A column with a wash solution comprising (i)
Arginine-HCl, at a concentration in a range of 0.05-0.85 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

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

The method of claim any one of claims 1-8, wherein the Arginine-HCl is at a
concentration of or about 0.25 M.

. The method of any one of claims 1-9, wherein the sodium chloride is at a

concentration of or about 1 M.

The method of any one of clatms 1-10 , whersin the pH of the one or more
wash solutions is greater than 8.0

. The method of any one of claims 1-11, wherein the pH of the one or more

wash solutions is int a range of about 8.3-9.5.

. The method of claim 12, wherein the pH of the one more wash solutions 1s 9.0

. The method of any one of claims 7-13, wheretn the impurities comprise high

molecular weight (HMW) species.

. The method of any one of claims 7-13, wheretn the impurities comprise host

cell proteing (HOPs).
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