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WASH SOLUTION AND METHOD 

FOR AFFINITY CHROMATOGRAPHY 

Background of the Invention 

5 

10 

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, 

the 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, includinu: high molecular weight species (14MWs), low molecular 

weight species (LM Vs) 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 el ation 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...impurities 

(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. 

25 

30 

A 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 Fe fusion proteins. Various wash solutions have been 

described' for removal of impurities from Protein A colunms, including wash solutions 

containing one of the followingl hydrophobic electrolytes (e.g., 

tetramethylammoniurn Chloride, tetraethylammonium chloride, tetrapropylammonium 

chloride or tetrabutylammonium chloride at pH 5.0-7.0), solvents (e.g.,. 5-20% 

isopropanol or polypropylene; hex.ylene glycol), urea (e.g., at a. concentration of 1-4 
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M), detergents (e;,g., 0.1-1. ''ii Tween 20 or Tween 80). polymers (e.g., 5-15% 

polyethylene glycol such as PEG400 or PEG8000) or highly concentrated buffer 

solutions such as Tris, HC1, acetate, sulfite, 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., Shukia, A.A. and 

5 Hinckley; P. (2005) Biotechnol. Pro . ,24:11154121; U.S. Patent Nos. 6,127,5.26 and 

10 

6,333,398 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, 

Protein 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 polymer (e.g., polyethylene glycol), have also been 

described (U.S. Patent No. 6,870,034 by Breese et al.). 

Barron et at. describe an intermediate wash solution for. Protein A 

15 chromatography containing 0.5 to 2.0 M arginine in a phosphate/acetate buffer at pH 

5.0-7.5 (optimally IM arginine, 0. IM phosphate/acetate buffer at pH 5.0). This 

arainine wash step is repotted. to remove HCP 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 al., "Improving Purity on Protein A Affinity Media Through Use of an Arginine 

Intermediate Wash 'Step", httpliwww,priorartdata.base.com/IPCOM/000127319).  

Sun et al. also describe washing of 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 01 of 4.5-8.0 (U.S. Patent 

25 PUblication Nos. 20080064860 and 20080064861; PCT Publication No. WO 

2008/031020). 

ArginIne has also been used to elute proteins from affinity chromatography 

columns and other .types of purification columns. For example, Arakawa et al. 

describe methods of eluting.  antibodies from a Protein A column using an elution 

30 buffer containing 0.5-2.0 M arginine at pH 4.1-5.0 (Arakawa ci al. (2004) Protein 

EApression aria Purification 36:244-248; Tsumoto, IC et al. (2004) Biotechnol. Prog. 

20:1301-1308; U.S. Patent Publication No. 20050176109). Additionally, U.S. Patent 

2 
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No. 7,501,495 by Ejima et al. describes methods of eluting proteins from a gel 

filtration column by using a developing solution containing arginine, hydrochloride. 

(Those ei al. describe methods of eluting proteins of interest from underivatized silica 

'using an arginine gradient as the eluant (Chose, S. et al. (2004) Biotech. Bioeng. 

5 §7:413-423). LIS, Patent Publication No. 20030050450 by Coffin= 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 CHIC) and the column is washed with a butler 

containing arginine. 

10 
Sutninqn,  of the Invention 

This invention provides an efficient and robust wash solution for affinity 

chromatography, as well as washing methods using this solution. This wash solution 

is applied in a washing step prior to the elution step, and its use results in high yields 

15 

20. 

and.high concentrations of the protein of interest doted 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 matrix. This wash solution 

is. characterized by the presence of both arginine (or an arginine derivative and a 

nonbuffering salt, such as a halogen salt. Preferably, the wash solution is at. high pH, 

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 

25 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 d.erivative, 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 

30 the one or more wash solutions and the protein of interest i.s eluted from the AC 

matrix after washing with the one or more wash solutions, in particular, to remove. 

impurities from the AC matrix. 

j 
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In a preferred embodiment, the AC matrix is a Protein A column. In various 

other embodiments, the AC matrix can be, tbr example, selected from the group 

consisting of a Protein G column, a Protein A/G column, a Protein L column, an 

immobilized metal ion affinity chromatography °MAC) column, a calmodulin resin 

5 column, a MEP HyperCelTm  column, a column that binds maltose binding protein 

(MEM, a column that binds glutathione-S-transferase (CST) 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 A.0 matrix, such as a Protein A column, although 

other proteins that bind to the affinity matrices described herein are also suitable for 

10 purification according to the methods of the invention. 

In a preferred embodiment, the one or more wash solutions comprise 

15 

Arginine-HCI, 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-Ha 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. M or about 03 M. In other embodiments, the one or 

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

from the group. consisting of acetyl argiriirie, N-alpha-hutyroyl-arginine, agmatine, 

arginie acid and N-alpha-pyvaloyl arginine. Preferably, the arainine or arginine 

derivative comprises L-arginine, although D-arginine is also encompassed. 

20 in a preferred embodiment, the nonbuffering salt in the one or more wash 

solutions is sodium chloride (NaC1), preferably.  at a concentration in a range of 0.1-2.0 

M. In particular embodiments, NaCi is present at a concentration of 0.75 M or about 

0.75'M, LO M or about 1.0 M, 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 

25 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 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 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. 

4 
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The arginine and nonbuffering salt wash combination described herein 

preferably is applied in a single wash solution that contains both components (i.e., the 

AC matrix is washed with one wash solution that comprises both (i) arginine or an 

arginine derivative; and (ii) a nonbuffering salt). Alternatively; two wash solutions, 

5 	one containing arginine or an arginine 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 nonbuffering salt. In another embodiment, the 

first wash solution comprises a nonbuffering salt and the second wash 'solution 

comprises arginine or an argininc. derivative, 

The washing method of the invention. is effective in removing a variety of 

impurities, including highmolecular weight'(HMW) species and host cell proteins 

15. 	.(11CPs). 	 . 

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 4 column with a wash solution comprising (i) 

20 	Arginine-HC1, at a concentration in a 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 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. In 

particUlar embodiments, Arginine-FIC1 is present at a concentration of 0.1 M or about 

25 	0.1 M, 0.25 M or about 025 M, or 0.5 M or about 0.5 M. In particular embodiments, 

NaCi 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, 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 

Detailed Demciption of the Invention 

5 
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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 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 

10 nonbuffering 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 Na,. 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 

15 retaining the pH of a wash so/ution(s) under the applied conditions. In a preferred 

embodiment, the nonbuffering salt is a halogen salt (.,.1.g., comprising Cl 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 

20 the group consisting of NaCl., .KC1, CaC12  and MgCl. 	In a particularly preferred 

embodiment, the nonbuffering salt is sodium chloride (NaCI). Typically„ the 

nonbuffering salt is used at a "high" concentration of at least 1 .M, Other suitable 

concentrations and concentration ranges are described. further below. 

This new combination of wash components removes considerably more. 

25 impurities than commonly used procedures without affecting recovery. Iii 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 highmolecular weight (HMW) species and low 

molecular weight UMW) species, is a crucial factor during downstream processing of 

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

6 
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multi-stage purification process for a protein of interest. (e.g., an antibody) and the 

purity of the protein 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 

5 proportionally 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 

10 potentially 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 

15 loading densities. Accordingly, in a Referred 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 

20 invention is based on. a mixture of arginine (or arginine derivative) and a nonbuffering 

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 he the result of 

25 non-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 combinaion 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. 

30 With 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 

7 
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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 nonbufferine salt used in the wash solution has the capacity to break 

5 ionic interactions between charged contaminants (impurities) tethered nonspedlicany 

to charged residues on one or more components of the affinity chrom.atography 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 humid 

immobilized on the matrix), while not disrupting the specific binding of the bound. 

10 target to the immobilized ligand. 

With respect to the elkets of arginine in the wash solution, it has been 

reported that arginine is able to solubilize certain precipitated proteins (Iitnetsu, M. et 

al, (2005) Biochem. Beophvs. Res. COMRitin. 328:189-197; Tsumoto, K, et al. (2003) 

Bloc hem. .84.)ph ys. Res. Commun. 312:1383-1386), reduce the formation of 

15 aggregates (Arakawa, T. et al. (2003) Biothem. Biopijys. Res. Commun. 304:148- 

152), and reduce nonspecific adsorption of proteins to surfaces (Ejim.a. 1'). et a. l. 

(2005) 3: Chmmatogr. A: 1.094:49-55), While not intending to be limited by 

mechanism, the reduction of protein aggregation may originate from the masking of 

hydrophobic patches on the proteins, which interact with arginine. This interaction 

20 may take place between the .guanidium group on arginine and tryptophan groups on 

proteins, or through the formation of 	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 Bri's and HMWS, whereas stable proteins including 

25 monomeric 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 

30 interest or the solid support of the affinity matrix. 

Accordingly, in one aspect, 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 (ii) a 

nonbuffering 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.  

5 

10 

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, 

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 

agarose beads ('such as commercially available Sepharosernatrices), and a glass 

matrix, such as porous glass beads (such as commercially available PmSep matrices). 

Binding of the protein of interest to the AC matrix typically is achieved by 

15 column Chromatography. That is, the AC matrix is. formeci• into a column, a 

biochemical mixture containing a protein of interest is flowed through the column, 

Ibliowed by washing of the column by flowing through the column one or MOTO wash 

solutions, followed by elution of the protein of interest. from the column by flowing 

through the column an elution buffer. 

20 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 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 

25 impurities and again recovered (e:g., by centrifugation) and the protein of interest is 

eluted from the solid phase medium. 

In yet another embodiment, 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 fi-om the column. 

9 
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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 he 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 

5 	as.the target attached to the solid phase a bacterial cell wall protein, Protein. A, that 

specifically binds the CH, and CH 3  domains within the Fe region of certain 

immunoglobulins. 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, 

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 

15 	MabSelect, MahSelect. Xtra, MabSelect Sure, rProtein A Sepharose FP, rmpProtein A 

Sepharose l'F, Protein A Sepharose CL-4B and nProtein A Sepharose 4 FP (all 

commercially available from GE Healthcare); ProSep A,.PmSep-vA High Capacity, 

ProSep-vA Ultra and ProSep-Va Ultra Plus (all commercially available from 

Millipore); Pores A and Mabcapture A (both commercially available from Poros); 

20 	IPA-3 0, IPA-400 and IPA-500 (all commercially available from .RepliGen Corp.); 

A ffigel protein A and Affiprep protein A (both commercially available from Bio- 

Rad); MABsorbent A IP and MABsorbent A2P (both commercially available from 

Affinity Chromatography Ltd.); Protein. A Ceramic Hyper D F (commercially 

available -from Pall Corporation); Ultralink Immobilized protein A and Agarose 

25 	protein A (both commercially available from PIERCE); and Protein A Ceflthru 300 

and Protein A Ultraflow (both commercially available from Stercmen Bioseparations). 

In addition to Protein A chromatogaphy, 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 U column, a Protein A/G column or a 

30 	Protein L whim, 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 

10 
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matrix, a. Protein A/CT matrix or a Protein L matrix can be used to purify antibodies, 

antibody fragments comprising an Fe region and Fe 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 

5 affinity chromatography (IMAC) column (for purification of proteins with an. affinity 

for metal ions, suth as histidine-tagged proteins), a calmodulin resin column (for 

purification of proteins tagged with calmodulin binding peptide (CBP)), a MEP 

HypereelTm  column (a cellulose matrix that selectively binds immunoglobulin), a 

column that binds maltose binding protein (MB?) (such as a Dextrin Sepharose 

1(l resin that selectively binds proteins tagged with .MBP) , a column that binds 

ghitathione-S-transferase (GST) (such as a Glutathione SepharoseTm  resin that 

selectively binds proteins tagged with GSA') and a. column. that. binds Strep-Tag .11 

(such as . a Strep-TactinTm  Sepharose resin that selectively binds proteins tagged with 

Strep-Tag.11), 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 

specifically binds to the antibody affixed to the solid phase. 

While the invention 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 al-gin/pc which can be used in the present invention may be the 

natural amino acid arginine (e.g., L-arginine), D-argininc or an. arginine derivative. 

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

25 acetyl arginine and N-alpha-butyroyl-arginine, agmnatine, 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 like. 

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 'NI, 0.1 M, 0.15 M, 0.2 M, 0.25 M, 

0.3 M. 0.35 M, 0.4 NI., 0.45 M, 0.5 Nil, 0.55 M, 0.6 M, 0.65 M, 0,7 M, 0.75 M, 0.8 tsel, 

0.85 M, 0.9 M, 0.95 M, 1,0 M, LI M, 1.15 M, 1.20M, 1.25 M, 1.30 M, 1.35 M„ 1.40 

11 
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M. 1.45 M, 1.5 M, 1.55 M, 1.6 M, .1.65 .M, 1.7 M, 1.75 M, 1.8 .N.4, 1.85 M, 1.9 M,1.95 

M, or 2.0 M), more preferably between 0.05 and 0,85 M (which is the upper solubility 

of arginine in water at 200  C) (e.g., 0.05 M, 0.1 M.. 0.15 M, 0.2 M, 0.25 M., 0.3 M, 

0.35 M, 0.4 M. 0.45 M, 0.5 M, 0.55 M, 0.6 M, 0.65 M, 0.7 M, 0.75 M„ 0.8 M or 0.85 

5 M), most preferably between 0.1 and 0.5 M. (e.g., 0.1. M. 0.15 M, 0.2 M, 0.25 M.. 0.3 

M, 0.35 M, 0.4 M, 0,45 M or 0.5 M). In various embodiments, the concentration. of 

arginine or arginine derivative can be, for example, 0.05 M, 0.1 M, 0.2M, 0.251, 

0.3M, 0.4 M., 0.5 M, 0.6 M, 0.7M or 0.8M, or between 0.1 M and 0.5 M. In certain 

embodiments, the concentration of arginine or arginine derivative in the wash solution 

10 is 0.25 lvi 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 M or about 0.5 

M. 

The wash solutions of the invention also comprise a nonbuffering salt, as 

described above, Which is of a type and at a concentration sufficient to break ionic 

15 interactions between impurities and one or more components of 	affinity matrix. In 

a preferred embodiment, the nonbuffering salt is a halogen salt. In a particularly 

preferred embodiment, the nonbuffering .salt is sodium chloride (NaCl). In other 

embodiments, the nonbuffering salt can be, for example, potassium chloride . (1(0); 

calcium chloride (CaCl2) or magnesium chloride (MgCl).2 	The concentration of 

20 nonbuffering salt in the wash solution typically is between 0..1 M. and 2.0 M (e.g., 0.1. 

M, 0.15 .M, 0.2 NI, 0.25 M, 0..3 M„ 0.35 M, 0.4 M., 0.45 M, 0.5 M, 0.55 NI, 0.6 M, 0,65 

M, 0,7 M, 0.75 M. 0.8 M, 0.85 .M, 0.9 M, 0.95 lvi, 1.0 M, 1.1 M, 1.15 M 1.20 M, 1.25 

25 

M, 1.30 M. 1.35 M, 1.40 M, 1.45 K 1.5 M1 1..55 M„ 1.6 M, 1.65 M, 1.7 M, 1..75 M, 

1.8 M, 1.85. M, 1.9 M. 1.95 M, or 2..0 M). or between 0..5 M and 1.5 M (e.g., 0.5 M, 

0.55 M, 0.6 M, 0.65 M. 0.7 M, 0.75 M. 0.8 M, 0.85 M, 0.9 M, 0.95 N4,. 1.0 NI, 1..1 NI, 

1.15 M, 1.2 M, 1.25 M, L3 M, 1.35 M, 1.4 M, 1.45 M, or 1.5 M), or between 1 M and. 

2 IVI (e.g.,. I M, 1,1 NI, 1.15 M, 1.2 M, 1.25 M, 1,3 M, 1.35 MI, 1.4 M., 1.45 M, 1.5 M, 

1.55 M, 1.6 M, 1.65 M, 1.7 M, 1.75 M., 1,8 M, 1.85 M., 1..9 Ivi 1..95 M, or 2 M). In 

certain embodiments, the concentration of nonbuffering salt in the wash solution is 1 

30 M or greater. In particular embodiments, the nonbuffering salt in the wash solution 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. 

12 
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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 

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 

5 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- 

10 8,0, or a pl-I 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 fiyr 

adjusting and/or maintaining the- pH. Non-limiting examples of typical buffers that 

can be included in the wash solutionfs) include Tris 

15 (tris(hydroxyrnethyl)methylaminc), bis-Tris, bis-Tris propane, histidinei 	. 

triethanolatnine, diethanolamin.e, Ibrmate, acetate, IVES (2-(N-

morpholino)ethanesulfonic acid), phosphate, HEPES (4-2-hydrox.yethy1-1 - 

piperazineethanesullonic acid), citrate, MOPS (3-4N-morpholino)propanesulfonic 

acid), TAPS (3- {[tris(hydroxymethyl)methyflarninolpropanesulfonic acid), l3ieine 

20 (N,N-bis(2-hydroxyethy1)g1ycine), Tricine (N-tris(hydroxymethypmethylglycine), 

TES (2- f[tris(hydroxymethyl)meth)TjaminoIethanesultbnic acid), PIPES (piperazine- 

N,N'-bis(2-ethanesulfbnic acid), cacodylate (dimethylarsinic acid) and SSC (saline 

sodium citrate). 

The arginine and nonbuffering salt wash combination described herein 

25 preferably is applied in a single wash solution that contains both components. 

Alternatively, two wash solutions, one containing arginine or arginine derivative 

(preferably at high pH) and the other containin.g 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 

solution comprises arginine, or an arginine derivative, (preferably at a pH greater than 

8.0) and the second wash solution comprises a nonbuffering salt. In another 

13 
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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 p1-1 conditions for the wash 

S solutions are as described above. 

The washing method of the invention is effective in removing a variety 

ofimpurities, including high molecular weight (I-IMW) species and host cell proteins 

(1-1CPs). As described in detail in the Examples, the wash solutions of the invention 

are effective in reducing both HMW species and 1-HCPs in the eluate, while achieving 

10 a high percent yield of the protein of interest in the eluate and a high. concentration of 

the protein of interest in the dilate. 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 IININV species in the eluate, which. 

1.5 can be expressed as the % FINIW in the eluate, in various embodiments use of the 

washing method described herein results in a %'.HM'W 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 liCPs in the &tate,. which can be expressed as the 

logarithmic reduction value (I.KV), in various embodiments use of the washing 

20 method described herein results in an I.R.V.  for HCPs in the eluate that is at least 1.1, 

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 

2.7. 

Although the invention is described herein with respect to .a washing step 

during affinity chromatography, it will. be readily apparent to the ordinarily skilled 

25 artisan 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 

14 
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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 I and 2. Additionally, after the washing 

5 

10 

step(s) as mentioned above, the methods of the invention can include one or more 

additional washings steps) 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, 

and the ordinarily skilled artisan can readily determine such conditions using methods 

and infimnation 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 

elution buffers thr the purification of antibodies on Protein A columns are set forth in 

Examples 1 and 2. 

15 In another aspect, the invention provides preferred methods for removing 

impurities from antibody-containing mixtures during Protein .A purification of the 

antibody. Accordingly, the invention provides a method of producing a purified 

antibody, or antibody fialament, 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 (i) 

Arginine-HCI at a concentration in a range of 0.05-2.0 IVI (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 

'..)5 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. U. 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 

30 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 1.M. 

15 
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Preferred pHs and pH ranges also areas 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. 

5 
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 

E. ample I.: Comparison of Arginine/Nonbuffering Salt Wash Solution to Other 

Wash Solutions 

15 
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 nonbuffering salt 

20 but no arginine at pli 7.0, and the third containing both nonbuffering salt and arginine 

at pH 9.0. 

Clarified, mammalian cell culture supernatants containing 'between 1.5 and 2.5 

WI: 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 below in Table 1: 

Table I 	Operating Conditions for Protein A Column 

Step 	Buffer 	 CV 	Res. time * 
*C 	(min) 	,.... 	......_ 

Equilibration 	20 nilvt Nall2P0.41Na2H1104, pH 7.0 	 6 	4 

Load 	Cell-free harvest 	 q.s. 	4 

Wash .1 	Variable: (See Table 2) 	 :3 	4 

Wash 2 	20 ralviNall,PO4/.NadIP0.1:  pH 7.0 	 3 	4 

Elution 	20311M Acetic acid 	 4 	4 

C1P 	0.1 M Na011 	 3 	4 

16 
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Step 	Huffer 	 CV 	Res, time * 
* 

Storage 	20 niN1-  Acetic acid/Sodium acetate, 2% BenzylalkoM, pH 5.1 	4 	4 

5 

1.0 

1.5 

20 

* Res. Time 	residence time; 

The equilibrated. 

with wash solution 1, 

wash solution 2 (20 mIN.4 

The eluate is analyzed 

liMW/T.,MW by analytical 

by enzyme-linked immunosorbent 

various wash solutions 

Table.2 	Variant 

Soiution 	Boffer 

**: CV, colutnn volume 

column is loaded with 

described in Table 2 below, 

N'ai-bPO4iNa21:',E)04, 

for its antibody concentration 

size exclusion chromatography 

assay; developed 

compared for the first 

Wash Solutions for 

clarified harvest and 

Ibliowed by a second 

pH 7..0), and then eFuted. 

by analytical 

(SEC) 

on the same 

wash are shown below 

First Wash 

is first washed 

wash with 

at low pH. 

AIX, for 

and for RCP content 

cell line. The 

in Table 2: 

Abbreviation. of buffer 

1 	 20 mM sodium acetate, 6 mivt acetic 

7 	 20 raM Nall7PtD4INa2H.PC.),4, 1000 tChM 

3 	 50 n3M Trig, 250 taM. Arginine-HCI, 
pH 9,0 

acid pH 5.0 	W I -A5 

NCI, pH 7.0 	W2-N7 

1 ivf NaCI,NaOH * 	W3-ArltiN9 

purification of four different monoclonal 

Wash solutions shown in Table 2, are 

Antibodies* Using 'Various Wash 

* pH adjusted with 32 % MOH solution 

The percent yields for the. Protein A 

antibodies (m.A.b), using the three different. 

shown below in Table 3.. 

Table 3 	Percent Yields of Different 
Solutions 

L Wash Solution 

W2-N7 WI-A5   T 
	  W3-A.rga2 Antibody 

inAb-Q8 81.2 	 101.3 
-----i 

97.8 

In.Ab-By 86,6 	 96.5 97.6 

tuALI-131 
............"-.............,•4•,....4• 	• 

mAb-Va 

95.7 

96.5 

hat washing with. either 

5.0) or W2-N7 (containing 

92.5 

97.9 

95.8 

98,6 

Table 3 shows'  

salt or arginine, at pH 

WI -A.5 (containing no nonbuffering 

nonbuffe.ring salt but no arginine, at 

1.7 
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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-N7 results in yields 

5 

10 

15 

20 

25 

fluctuating between 92 and 101 %. In contrast, washing with W3-ArgIN9, containing 

both nonbuffering salt and arginine, at pH 9.0 results in consistently high yields, 

above 96%. for all four antibodies being purified. 

The eluate concentrations (in OA after the Protein. A purification of the four 

different mAbs, using the three different wash solutions shown in Table 2, are shown 

below in Table 4. 

Table 4 	Eluate Concentration of Different Antibodies Using Various Wash 
Solutions  

Wash Solutjon 

Antibody • WI-A5 	,•• , , 	W2-N7 	Wa4r.e/N9 
.•• 

mAb-Qg 

mitb-13y 

17.3 	i 	17.7 28.1 

21.0 12.6 L 	19.8 

mAll-Bp ,,--.. . 5 ,,,... 	 17..2. 
	1 	 

21.2 

mAb-Va 15.1 
1 	

14.3 1.6.4 

Table 4 shows that -the eluate concentration is also influenced by the wash 

buffer applied during.ALC. For three of the four mAbs (rnAbs Qg, By and Va.), 

washing •with W3-Arg/N9 results in higher eluate concentrations than washing with 

WI -A5 or W2-N7, The average eluate concentration for the four antibodies is lowest 

after the. Wl-A5 wash. (17.1 11-111,), followed by the W2-N7 wash (17.3 gip and 

highest after the wash with W3-Arg/N9 (21..7 gil.,). 

The- reduction in host cell. protein (HC.P) in the dilates after the. Pmtein A. 

purification of the four different rnAbs, using the three different wash solutions shown 

in Table 2, are shown below in Table 5. The reduction in IICP is expressed as the 

logarithmic reduction value (I.R.V) with respect to the values in the cellular harvest. 

Table 5 	Reduction in HCP in Elnate for Different Antibodies Using Various 
Wash Solutions 

1— 	---- 
L 

Wash Solution 
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5 

TO 

15.  

20 

All tly211.1 WI-AS W2-N7 W3-Ari.v:Y. 2 
in.Ab-Qg 1.50 1.64 

 	-----4 

2.75 

mikb-B y 1.40 L65 2..15 

ITIAb-Bp 1.77 L8$ 	 2.53.  

mAb-Va 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-NaCI 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 I -A5, 1.55 logs with W2.-N7 and 

the highest removal of 2.2 logs is achieved with W3-A.tgIN9. 

The level of high molecular weight (1-1MW) species in the eluates after the 

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

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

in the eluates is expressed as a percentage (%0. of the total protein in the eluates. 

Table 6 	Level of 1.1MW Species in Eluate for Different Antibodies Using 
Various Wash Solutions 

Wash Solution 

Mast% WI-AS W2-N7 	f 	9 fRirgiN9 

niAb-Qg 4.7 3,S 	i 	0.8 

.En.Ab-Ely 2.1 0.7 0.4 

rnAb,13p 10.4 10 9: a 	H 

1.6 	-] [ mAb-Va. 
	., 

4.1 
. 

2.9 
,. 	 ] 

Table 6 shows that the level of Wv1W species is very heterogeneous for the 4 

different mAbs and the removal of EIMWs is mAh-dependent. Overall, the W1-A5 

wash solution is the least effective washing solution. :Better results are obtained with 

the W2-N7 wash solution and the lowest liN4W values in the AIX eluate are 

consistently found with the AV3-ArgiN9 wash solution. Three mAbs (mAbs Qg, By 

and Va) respond with a 2.6 to 5.9-fbld reduction in HMWs comparing the W1 -A5 

wash versus the W3-Arg/N9 wash, whereas mAh-Bp only showed a marginal 

reduction. 
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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 ALC Wash Solutions for Four mAbs 
rnAb 	Wash buffer 	Yield [%J 	„Conc. [gil., 	HCP [ppm] 	HCP [LRV) 	HMW [%] 

„:.:.,.. . , 	AA. 	, ................................................................................................................ ARIONE,SMM 
V a 	Acetate pli 5.0 	96.5 	15.1 	38620 	0.94 	4.1 
Va 	NaCI pll 7.0 	97.9 	14.1 	34522 	0,99 	2.9 
Va 	ArgiNaa pH 9.0 	98.6 	16.4 	15618 	1.33. 	1.6 Of eiWk-qqkzr ............... 0`.-oiWx\ 7"''''"WpgatTetRaM,FiVr "ece VammwittImItmuczAnzi:m: *iastt‘aMCON: 	,..„0.,,..%W.'40:: • •, ,...,...,, .,.,:Atg-g1ik.....,Itke?4.,&;.„...„N•x,„M.itaWka.Q.UkaA),-,1:.?,VesMilF.MAM 
Qg 	Acetate pH 5.0 	81.2 	17.3 	20393 	1.500237 	4.7 
Qg 	NaC1 pH 7.0 	101.3 	1.7.7 	14673 	L$432 	3,8 
Qg 	ArzNaCI. pH 9.0 	97.8 	28.4 	1150 	2.749021 	0,8 "li 1OVIrlSITAt1mi 	" 	'''' 	"SI 	1STDMAi 	igVlett MMARraaAtrkv,r,M31,M,V(AMFAgNMMi" 	-Ad;I,%igp.*tW, 0k, . 	Ak* 1 Rgoozimit 	p.vAa.k>afag.,.. 	.....,N.: 	::06,.4:mAt 	. 	.o,:is0oi 
By 

	
Acetate pH 5.0 	86.6 	12.6 	.20955 	L401614 	2.1 

By 	NaCI pH 7.0 	96.5 	19.8 	11111 	1.677:149 	0.7 
By 	Arg/Naa. pH .9.0 	97.6_ 	. 	.21.0 	3738. 	2.150263 	0.4 raq 	•••--wwro,r,:::,:rmwmz,..mgatowirtfwirwaksczwiwts. 	wv.rtmow,nsr,tiw.mr:smnmakm.,?1:4.m.to-vm-N.,:,swp-mo. 1.663::.:* iredlidaliabSigtOgiZ' ,Mar44:-.-,x:„..A.0*M:PagiONM.WM>. -VinMONSIARN1 
Bp 	Acetate pH 5,0 	95,7 	23.5 	8830 	1.7727 	10,4 
Bp 	MaCI 017.0 	92.5 	17.2 	6845 	L883287 	10 
Bp. 	Arg,./NaCI pH 9.0 	95,8 	21,2 	1543 	2.530294 	9.8 

5 Co c. ,,, eluate concentration; HCP ..,, host cell paltein.; HWY 	high molecular weight species; ...KV 
log reduction value; NA ,:, not applicable. 

example 2: Comparison of Various Arginine/Sait Wash. Solutions 

10 In this example, the effectiveness of additional wash solutions, containing 

different amounts of nonhuffering salt and/or argi.nine at different pH values, to 

remove impurities during affinity liquid chromatography (ALC) is compared. The 

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

Table 8Operating Conditions for Protein A Coin= 

Step 	Bilffer 	 CV 	.Res. time 9; 
•,,,* 	(WO 

Equilibration 1 	20 mM Nall2PQ.4iNa2BP04, pH 7.0 	 3 	4 
Equilibration 2 	Identical to wash barter 1 	 3 	4 
Load 	Cell-tree harvest 	 q.s. 	4 
Wash 1 	Variable: (See Table 9) 	 6 	4 
Wash 2 	20 nalvi Nall2PO4/Na211PO4, pH 7.0 	 3 	4 
Elation 	50 taM Acetic acid 	 5 	4 
C IP 	0.1 M NaOR 	 3 	4 

20 
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Step 	 Buffer 	 CV 	R.es. time * 
*44. 	(min) 

Storage 	20 tnM Acetic acid/Sodium acetate, 2% Benzylalkohol, 	5 	4 
pH 5.1 

Res. Time = residence time,: ": Cy, column volume 

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

Tame 9A4 diiional variant Wash Solutions for First Wash 

&dation 	Buifer 	 Abbreviation of buffer 

1 	 20 mlvl NaHR0.4/NalliPO4., 1000 inM Naa, pH 7:0 	W2-N7 

2. 	 20111M NaH7.PO4/NagiPO4, 150 niNIT,laCI, pH 7.0 	W4-0,15M N7 

3 	 250 mivi Arginine-HC1, —18 * mM Tris-HC1. pH 5.0 	W5-Arg8 

4 	 -48.* inM. Tris-H.C1, 250 21.1v1 Arainthe-HC1, 1 M NaCl, 	W6-ArgIN8 
pH 8.0 

5 

10 

1.5 

* The exact concentration was tot measured (1 M iris base Rhydroxymethyl) aminomethanel was 

used to adjust the pH) 

The four wash solutions shown in. Table 9 allow direct comparison of a low 

nonbuffering salt wash solution (W4-0,15M N7, containing 150 mM Nael) to a high 

notibuffering salt wash solution (W2-N7, containing IM NaCl), as well as comparison 

of a. wash solution containing arginine alone at pH 8.0 (W5-.ArgS) to a wash solution 

containing the combination of nonbuffering salt with arginine at basic pH (We-

Area.). 

The percent yield, percent 1-1MW species imeluate, and reduction in 11CP 

(expressed as LRV) for purification of mAb-13y, 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 'Fable 1Q. 

Table 10 	Parification Values for mAh-By Using Various Wash Solutions 
1......4,... 

Wash Solution 
_ 	____, 

Ptirification Valite 
W4-0. 15M W2-N7 LW i 	 W5-.44-28, 

W.6,-Arg,/N8 ' 
— 

W5-Ard 
i 

Yield (%) 

... 	 4-. 
FICP (IRV) 

98.4 100 

'7.19 

99.3 	z 	97 4 : 	. 	• 97.9 
$ 

„ 1.81. - 2.35- 	2.57 - ---1 ...,  
..._i 
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* LW = washing 

Table 

all washing conditions„ 

	

5 	impurities, both 

and high nonbuffering 

solutions that 

(W2-N7). 

Washing 

	

10 	the HCPs by 64-fnld 

onto the column. 

at pH 8 (W6-ArgIN8) 

solution containing 

	

15 	N7) results in 

salt-arginine coMbination 

Example 3: 

The reduction 

was performed for 12 column volumes instead a6. 

1.0 shows that the percent yield of the antibody remains above 97% for 

Moreover, the most efficient wash solutions for removal of 

HMWs and HCPs, are the wash solution that contains both arginine 

salt at basic pH (W6-Arg'N8)  or the combined use of the. wash 

contain arginine at basic pH (W5-Arg8) and high nonbuffering salt 

with. a rather physiological wash solution, W4-0.15M N7, reduces 

(1.81. logs) as compared to the starting material that is loaded. 

In contrast, washing with a nonbufferin.g salt-arginine combination 

results in a reduction by 498-fold (2.7 logs). 

of EIMWs follows a similar trend. Washing. with the wash 

20 mM sodium phosphate, 150 mM Na `I, pH 7.0 (W4-0.15M 

1.6 c!-1). HMWs in the el irate, whereas washing with the nonbuffering 

(W6-ArgiN8) reduces this value by more than 5-fold. 

Comparison of Basic pH to Physiological pH in Wash Solutions 

example, an analysis of the pH as a parameter of the wash. solutions on 

HCPs and HMWs is conducted and shows the superiority of basic pH 

liquid chromatography (A LC) using the conditions set firth in 

2, is performed on a cellular harvest of mA:brVa, with slightly 

of HMW and HCPs. 

solutions compared in. this Example are sot forth below in Table 11 : 

Wash Solutions with Varying pH Values for First Wash (on ntAb-Va) 
* _____ 	 V.,.••••••.... 

In this 

20 	the removal of 

conditions. Affinity 

Table 8 hi Example 

different levels 

The wash 

25 	Table 11 

Solution 	Isuffer Abbreviati.011 of 
buffer 

1 	20 mM Nalf2PO4/Na2/11104, 1000 triM NaCi., 

2 	13.2 tn.N4 Nki4PO4, 250 MGM Argiaiuie Ha, I 

3 	-289 ruNi '1' Tris, 250 roM Arginine-HC1, I M 

pH 7,0 

M NaC!, pH 7.0 

NaCI, pa 8.9 

W2-N7 

W6-Aru/N7 

W3b-Arg/N8.9 

* N(T-1Ti 	----7a01-1 was used for pH adjustment 
-- 
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5 

10 

15 

20 

25 

(expressed as L.RV) for purification of m.Ab-Va, using the three different wash 

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

Table 1.2 	Comparison of Physiological pH with Basic pH on Purification 
Values for mAb-Va 

Wash Solution 

• Pi rtficAtion Value W2-N7 W67-AreiN7 W3b-ArgiN8.9 
---, - 

Yield (%) 100.5 99.4 99 	 i 

H.ww 0.40 2.4 1.6 1 .4 

:ICI':ICI'
—  

(1.1W) 0.87 1.48 L6/ 
, 

The high nonbuffering 

control wash to establish 

salt combination at approximately 

and at basic pH 8.9 (wash 

in HAM levels from 1.6. 

to the lower pH (pH 7.0). 

lower pH wash .(pH 7.0) 

(pH'  8.9) reduces the value 

wash in impurity removal 

-x-iprapie 4: Comparison 

salt alone wash solution, W2 N7, serves as a baseline 

the - RCP/F{1\4W removal ability of the arginine/nonbuffering 

physiological pH 7.0 (wash. solution. W6-ArgfN7) 

solution W3b-.ArgIN8,9).. A. small but noticeable reduction 

to 1.4 % is observed at the higher pH (pH. 8.9) as compared 

More evident is the effect on. 'the HCP.removal, Here, the. 

reduces the HCPs by 1.48 logs, whereas the high pH wash 

by 1.61 logs, underlining the superiority of the high pH 

capacity. 

of Arginine/Salt Wash Solution to Other Wash 

other wash solutions, containing Tween.80, amino acids other 

of Tris,. are compared to the 

salt wash solutions. In this example, an analysis of the pH as a 

solutions on the removal of HCPs and HMWs is 'conducted and 

o f basic pH conditions. Affinity liquid chromatography (ALC) 

forth in Table I in. Example 1, is performed on a cellular 

slightly different levels of HMW and HCPs. 

compared in this Example are set forth below in Table 13: 

Solutions 

in this example, 

than arginine or high concentrations 

arginine/nonbuffering 

parameter of the wash 

shows the superiority 

using the conditions set 

harvest of mAb-Va, with 

The wash solutions 
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Table 13 
	

Wash Solutions with. Varying Components for First Wash 

Solution 	.Buffer 	 Abbreviation of 

buffer 

1. 	20 mM. NaH2PO4/Na2liPa4, 1000 inM NaC1, pH 7.0 	W2-N7 

2 	20 mlyl. Naii.P041NalHPO4, 1000 mM Na0, pH 7.0 	W2-N7 LW* 

3 	20 RiM NallbPO4/Na4-1PO4, WOO iiiM NaC1, 0,1 %. 	W7-N7-T80 

(w/ v) Tween80, pH 7.0 

4 	2G niM NaH2PO4/Na2}4PO4, WOO mM NaC1, 0.1 M 	W8-N7-0.1 M. G 

Glycine, Tris ** 

5 	500 niM Tris, pH 8.9 	 W9-0.5 M Tris 

8.9 LW* 

6 	289 rnM Tris, 250 naM: Arginine-HC1, 1. M NaC1, pH 	W3b-Arg/N8.9 

8.9 

5 

10 

15 

* Lw - washing was performed for 12 -cola= volumes instead of 6. " pH adjusted with 1 N1 stock 

solution,conc. not measured. 

The percent: yield, percent HMW species in eluate„ and reduction in 1.-K .!P 

(expressed as LIINT) for 13-tuff-wagon of mAb-Va, using the six different wash solutions 

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

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

- 	--F 
Wash Solution 

Purification 	' 
W2-N7 W2-N7 LW * W7-N7-T80 ... wg-Ni.o.i M 0 

I -tx_pa, NV941A NI 	t 	,,•;•,.-r- 	‘ 
' 

Valut Tris /1-9.,IAV -1̀ 1trgf.N8,9 

100.5 100.9 99 983 yield (%) ---iiiri—-----W— 

, 	I1N1 W (%) 2.4 

0.87 

23 2.5 3.1 

1.24 

3 	
1 
I 	1.4 

	

- 	 
L07 	i 	1.61 1.4 2   

........L34 
H CP 

 
(1.. 'RV) 

* LW ,,, washing was performed for 12 column lolames instead of 6. 

Table 14 shows that the arginine/nonhuffering salt wash solution at high pH 

(W3b-Arg/N8.9) is the most efficient wash solution in removing both EIMWs and 

HCPs, as compared to other wash solutions containing high nonbufferin.g salt alone 
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(W2-N7), Tween 

G) or high. concentrations 

txample-5: 

80 (W7-N7-T80), other amino acids such as glycine (W8--N7-0.I M 

of Iris (W9-0.5 M Iris 8.9 LW). 

Comparison of Arginine/Nonbuffering Salt Wash Solution at High 

at Low and High pH 

example, the effectiveness af the arginine/nonbuffering salt wash 

high pH. is compared to a nonbuffering salt solution at high and. low pHs. 

the following conditions are evaluated and compared: (1)  nonbuffering 

at. a low pli (i.e,,7 .0), (2) nonbuffering salt wash solution at a high 

and (3) nonbuffering salt wash solution in combination with arginine at 

9.0). Additional:1-y, the effect of arginine on the removal of HMWs, 

HCPs is analyzed, and shows that using the.nonbuffering salt solution in 

with arginine at basic pH conditions is particularly effective and 

Tie wash solutions compared in this Example are set forth below in 

Wash Solutions with 'Varying Comments for First Wash 

pH to Salt .Alone 

In this 

solution at a 

Specifically, 

salt wash solution 

pH (Le., 9.0), 

a high pH (i.e., 

1.M.Ws and. 

combination 

advantageous. 

Table 1.5: 

Table 15 	 

Solution 	Buffer 	 Abbreviation 
of buffer 

I 	20 inM NaH2PO4iNa21-1PO4, 1000 nityl NaCI, pFi 7.0 	 W2-N7 

20 mM NaH2PO4/Na-41PO4, 1000 friM NaCI, NaOH, pH 9.0 * 	WI 0-N9 

3 	50 inM Tris, 250 mM  .Arginine-HC1, 1 M NaCI, NaOH, pH 9.0 * 	W3-.Arg/N9 

*, 01 adjusted to 9.0 with 32 % stock solution of Na011. 

Affinity liquid Chromatography (ALC) using the conditions set forth in Table I in 

Example I. is performed on a cellular harvest of mAb-By, using different levels of 

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

Table 16 	Operating Conditions for Protein A Column .. 	_ 
step Buffer 	 CV 	Res. Time '." 	Coanrnent 

(min) 

Equilibration 

Load 

20 ruM NalITINa3l1-PO4, 	3/6* 	4 
pH 7.0 

Cell-free harvest 	 4 	36 mg/mi Resin 
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Step 	Buffer 	 CV 	Res. Time 	Comment 
Wu) . 

Wash 1 	See Table 15 	 fi 	4 
Wash 2 	13Q 	 3 	4 
Elution 	20 raM Acetic acid, 'pH 	5/4* 	4 	100400 mikt.} at 280 11111 

te it* 

CTP 	0:1 M NaOH 	 4 	4 
Storage 	20 TIM Na,•acetate, 2% 	514* 	4 

BenzylaikOhol, pH 5.1 
*, for the run with wash solution W3-Arg110, 6 CV were used for equilibration and 4 CV wcrc used 
for elution and storage. **, Res: Time ”: residence. time. 	***. tf.v,  tel duel (as is). 

The parameters of (1) SEC-derived antibody concentration (gIL),  (2) percent HMV 

and LMW species, () HCP level expressed in nufmg monoclonal antibody and, (4) 

ALC-derived percent yield in the ALC eluate were measured for purification of mAb-

By, using the three different wash solutions shown in Table 15. The results are shown 

below in Table 17. 

Table 17 	Comparison of Wash Solution Components on Purification Values 
for mAb-By  
Wash Sohlthan 	Corm (g,t1G) 	fr.viWe/e) 	Liv1W (%) 	11(1' (xtgirng.MAb) 	Yield (%) 

Starting material 	2.32 	NA 	NA 	370962. 	(100) 

W2.-N7 	20.00/19,84* 	1.3/0.9" 	0.4i0.4* 	9315/6783* 	100.8,ND* 

WI0-N9 	20.28/.20.1V 	1.211.0* 	0.510.5* 	398417884* 	101.91ND* 

W3-A g/N9 	20.55 	0.3 	0.1 	 2110 	100.3IND* 

*, the second value corresponds to a second. measuremea t. after filtration through 0.2 p.m filter. 

Specifically. Table 17 shows that the arginineinonbuffering salt wash solution at high 

pH of 9.0 (W3-ArgiN9) is the most efficient wash solution for removing HMWs, 

L.MWs and H.C.Ps, as compared to other wash solutions containing nonbuffering salt 

alone (W2-N7 and W10-1\19), independent of their pH. in particular, washing 'With the 

arginineinonbuffering salt wash solution at a pH. of 9.0 reduced the HCPs by at. least 

3-fold and the ILMWs by at least 4-fold, as compared to washina with the 

nonbuffering salt alone at a pH of 7 (W2-N7) or a p11 of 9 (W 10-N9): 

:sAmol,A: Comparison of Ranges of Arginine and NaCI Concentrations and .F,. 

pH for the Arginine/Salt Wash Solution 
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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 set forth below in Table 18: 

Table.  18  	Wash. Solutions with 'Varying Components for First Wash 

Solution 	Buffer 	 Abbreviation s)f 
buffer 

1 	0.75 M NaCl, 250 mM 1,-Arginineffris pH 8.5 * 	 W11-ArgiN8.5 

2 	1.25 M NaC1, 250 rtiM .1.-Argini23earis, p1-1 9.5 * 	 W12-AreN9.5 

3 	50 tnM Tris, 500 niNi Arginine-lia, 1 M NaCI, NaOH, pH 9.0 * 	W13-ArgiN9 

4 	10 trtM 	ris, 100 rnM. Arginine-HC1„ I M  NaCI, NaOH, pH 9.0 * 	\\14-AreN9  *.* 

*,. pH adjusted with 8 .M NaOH; **, buffer obtained through 5-fold dilution of W13-ArgiN9 and pH. 
adjustMent to 9.0 with 8 M NaOH. 

MC is 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 .HCP's with 

minimal variations, as detailed below in Table 19. 

Table 19 	Operatingconditions for Protein A Column (at 4 mi res. tin e)4'  

Step 	Buffer 	 CV 	Comment 

Equilibration 	20 mM Nal-T2-/Na2H-PO4, pH 7.0 	 6 

Load 	Cell-free  harvest 	 38 tnelnil resin 

Wu $11 I 	 See Table 18 	 4.P/7.5"MM** 

Wash 2 	EQ 	 3 

Elution 	50 ral =e tic acid, pH 3.5 */**/*** or 	4/6**** 	500-500 trtAUfern. at 
50 niM act-;:tic acid, pH 3.8 ****1***** 	 280 um 

CT 	 0.1 M.Na011 	 4a****. 	Up flow 

Storage 	:20 mM. Na-acetate, 2% Benzylalkaol, 	4 	Up flow 
211 5.1 

*. for run with wash so.lutiork W I 1-Atiz.N8.5; **, for run with wash solution WI 2-ArgiN9.5; "*, pH 
adjusted with 1 M Trig; ****, for run with wa$h solution W13-ArgiN9 and. W14-AreN9; ***** pH 
adjusted with 8 M NaOTT. 'Res. Time = residence time. 

The parameters of (1) SEC-derived antibody concentration (g1I.:), (2) percent BMW 

and JAW species (%), (3) NCI' level expressed in ngling monoclonal antibody, and 

(4) ALC-derived percent yield in the Al C eluate were measured after purification. of 
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rnAb-By using either of the two difkrent wash solutions shown in Table lg. These 

results are. shown below in Table 20. 

Table 20 	Efficiency of the wash buffer at different INael concentrations and 
04 levels for thunrification of inAb-Byltwo different starting,nutterials) 

Concentration 	UMW LMW Applied wash solution 	 HCP (t-tgling) 	
Vieki 	(%) 

(ratml). (SEC) 	(%) 	(%) 	 (ALC) 

Slatting material 	 2.6 	 NA. 	NA 	602398 	(100) 

W.-12 ArgiN9.5 	 '37,35 	 2.1 	0.3 	4637 	100.4 

W1.1-.ArqiN8.5 	 ''',42 	 .7..1 	0.5 	9922. 	100,2 	 

Starting material 	 2.91 	 NA 	NA 	311761 	(100) 

W13-AreN9 	 16.15 	 1.7 	0.1 	1367 	98.7 

W14-Argi.N9 	 16.31 	 1.7 	0.1 	3405. 	95,9 

The data shown in Table 2.0 kinderscores the efficacy of the arginincinonbuffering salt 

wash solution at high pH, for use in for affinity. liquid chromatography. Washing with 

(1) arginine and a lower concentration of nonbuffering salt (0.75 M NaCI) at a pH of 

8.5, (2) arginine and a higher concentration. of nonbuffering salt. (1.25 M Naa) at a 

pH of 9,5 or (3) either low (e.g., 100 iniVI) or high (e.g.,. 500 mM) concentrations of 

arginine, results in a strong reduction of HCPs (in average >2 logs reduction), without 

compromising the yield. 
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What is claimed is: 

1.  A method of producing a. purified protein of interest using an affinity 

5 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 (ii) a nonbuffering salt, 

prior to elution of the protein of interest from the AC matrix. 

10 2.  The method of claim I, wherein the AC matrix is washed with one wash 

solution that comprises both (1) arginine, or an arginine derivative, and (ii) a 

nonbuffering salt. 

3.  The method. of claim 2, wherein the wash solution comprises Arginine-Ha. 
15 

4.  The method of Claim 2, wherein the nonbuffering salt is sodium chloride 

(Naa). 

5.  The method of claim 1, wherein the AC matrix is washed with two wash 

20 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 

(h) the first wash solution comprises a nonbuffe.rina salt. and the 

25 second wash solution comprises arginine, or an arginine derivative. 

6.  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. 

30 7.  The method of claim. any one of claims 1-6, wherein the one or more wash 

solutions remove impurities from the AC matrix. 

8.  A method of producing a purified antibody, or antibody fragment, using a 

Protein A column, the method comprising 

35 a) 	loading a mixture comprising the antibody, or antibody fragment, onto 

the Protein A column; 
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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 
5 c) elating the antibody, or antibody fragment, from the Protein A column.. 

9. 	The method of claim any one of claims 1-8, wherein the Arginirie-HCI is at a 

concentration of or about 0.25 M. 

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

concentration of or about 1. M. 

11. The method of any one of claims 1-10 , wherein the pFi of the one or more 

wash solutions is greater than 8.0 
1 5  

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 on.e more wash solutions is 9.0 
20 

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

MoleCular weight (HMW) species. 

.15. The method of any 'One of claims .7-13, wherein the impurities comprise host 

25 cell. proteins (HCPs). 
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