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A. METHOD OF .DETERMINING VIRUS REMOVAL FROM A SAMPLE 
CONTAINING A TARGET PROTEIN USING ACTIVAT.ED CARBON 

Field of the .Invention 

[00011 The present invention relates to methodsof deterning whether activated 

carbon can be used thr the removal of viruses from a sample containing a target 

protein. 

Baeligro.und  

[00021 The most commonly used processes for purifying target proteins such as, e.g., 

monoclonal antibodies,.typieally employ an engineered cell line (e.a., a mammalian 

or a non-mammalian cell. line) capable of expressing the.target protein. Such a target 

protein may either be secreted into the cell culture. media or it may be expressed 

intracellularly and recovered following lysis of cells expressing the protein. 

[0003] The target protein.typically needs to be subjected to .a. series of purification 

steps to separate the target protein from various impurities, e.g., cells, cell debris, 

DNA, host. cell proteins etc. 

[0004] A typical. purification process usually entails subjecting the cell culture - e(.1 or 

media (in case .of a secretory target protein) or cell 1 sate On case of an intracellular' 

target protein) to aVariety Of Steps, including one or more chromatography steps to. 

isolate .or purify the target protein.. For example, in case of a secretory target protein, 

.e:g., a monoclonal antibody,. the cell culture media is typically subjected to a. 

clarification step followed by a capture step followed by one or more. of a cation 

exchange bindlelute chromatography step and. an anion exchange chromatography • 

step. 

[0005] CH() cells are commonly used for the production of monoclonal antibodies. 

A typical CHO cell culture teed contains 103  to 10 viruses or virus-like particles and 

the removal of such viruses or virus like particles is especially' important during the 

purification process, as many of the target proteins are therapeutic. proteins which are 

directly administered. to patients. Generally, virus removal is evaluated based.on the 

amount of total virus removal achieved by the entire purification process, which is 

desirable to be equal to or exceeding 18 logs, especially in cases where regulataiy 

approval is.  required. 

[00061 Generally, each step of a typical purification process is shown to remove some 

amount of viruses, however, the amount is usually less than 18 logs; and theretbre, 
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A. METHOD OF DETERMINING VIRUS REMOVAL FROM A SAMPLE 
CONTAINING A TARGET PROTEIN USING ACTIVATED CARBON 

Field of the Invention 

[0001] The present invention relates to methods-.of determining whether activated 

carbon can be used for the removal of viruses from a sample containing a target 

protein. 

Background 

[0002] The most commonly used processes 'for purifying, target proteins such as, e.g.. 

monoclonal antibodies, typically employ an engineered cell line (e.g.. a mammalian 

or a non-mammalian cell. line) capable of expressing the-target protein. Such a target 

protein may either be secreted 'into the cell culture media or it may be expressed 

intraceliularly and recovered following lysis of cells expressing the protein. 

[0003 ] The target protein typically needs to be subjected to a series of purification 

steps to separate the target protein from various impurities, e.g., cells, cell, debris, 

DN A, host cell proteins etc. 

[0004] A typical purification process usually entails subjecting the cell culture feed or 

media (in case of a secretory target protein) or cell lysate (in case of an intracellular 

'target protein) to a'variety of steps, including one or more chromatography steps to 

isolate or purify the target protein. For example, in case of a .secretory target protein, 

e.g., a monoclonal antibody, the cell culture media is typically subjected to a 

clarification, step followed by a capture step followed by one or more of a cation 

exchange bind/elute chromatography step and an anion exchange chromatography 

step. 

[0005] CHO cells are commonly used for the production of monoclonal anti bodies. 

A typical CHO cell culture feed contains 10'to 10 viruses or virus-like particles and 

the removal of such viruses or virus-like particles is especially important during the 

purification process, as many of the target proteins are therapeutic- proteins which are 

directly administered.to patients. Generally, virus removal is evaluated based.on the 

amount of total virus removal achieved by the entire purification process, which is 

desirable to be equal to or exceeding 18 logs, especially in cases where regulatory 

approval is required, 

[0006] Generally, each step of a typical purification process is shown to remove some 

amount of viruses, however, the amount is usually less than 18 logs; and therefore. 
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additional purification steps must be included in the process for adequate virus 

removal. It is. important to establish whether or not a particular purification step can 

remove a certain amount of virus in order to ensure that adequate virus removal is 

achieved by the:. various purification steps in a purification process. 

[0007] Guidance for virus safety evaluation of samples, e.g.,. biotechnology products, 

can be found in "Harmoriized Tripartate Guideline.: Q5A Viral Safety of 

Biotechnology Products Derived From Cell Lines of Human. or Animal Origin. Fed. 

Reg. 63(185) 24 September 1998," prepared under the auspices of the international 

Conference on Harmonization of Technical Requirements for Registration of
. 
 

Pharmaceuticals.  for Human Use (ICH), 

[0008] Aetivated carbon has previously been used in . water purification applications 

to remove Viruses as well has been incorporated in filtration units for non-specific 

removal of stibstances, -which may include virnses, from biological fluids, e.g., blood 

(e.g„ see, US. Patent No. 8,123,940.) 

[0009] Further, U.S. Patent Application Serial No. 13/565,463, filing date. August 2, 

2012,. incorporated by reference herein in its entirety, describes the use of activated 

carbon in combination with other media for removal of proteinaceous impurities (e.g., 

host cell proteins) and :.DNA from a sample . containing a biornolec.ule of interest (e.g., 

an antibody). 

[OM '01 Lastly, U.S. Provisional Patent Application Serial No. 61/769,269, filing date 

February 26,2013., incorporated by reference herein, describes the use of activated 

carbon for the selective removal of a protein from a mixture of proteins by changing. 

solution conditions. 

Summary of the invention 

[00111 The present invention is based, at least in part, on the surprising and 

unexpected discovery that activated carbon can be used for reducing the amount of 

viruses in case of certain samples containing a target protein, e.g., a monoclonal, 

antibody. Although, activated carbon has previously been described as removing 

some viruses during water purification, the samples that are -treated with activated 

carbon generally have a low concentration of protein or no protein at all. The present.  

invention is based, at least in part, on the unexpected and 'surprising discovery that 

activated carbon. specifically binds viruses, including parvoviruses, retroviruses and 

retrovirus-like particles, in certain samples that include a high protein concentration. 

(e.g., cell culture teed or cell lysate containing a target protein to beeisolated). 
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additional purification steps must be included in the process for adequate virus 

removal. It is.important to establish whether or not a particular purification step can 

remove a certain amount of virus in order to ensure that adequate virus removal is 

achieved by the various purification steps in a purification process. 

[0007] Guidance for virus safety evaluation of samples, e.g.. biotechnology products, 

can be found in ''Harmonized Tripariate Guideline: Q5A Viral Safety of 

Biotechnology Products Derived From Cell lines of Human, or Animal Origin, Fed. 

Reg. 63(185) 24 September 1998," prepared under the auspices of the International 

Conference on Harmonization of Technical Requirements .tor Registration of 

Pharmaceuticals for Human Use (ICH). 

[0008] Activated carbon has previously been used in.water purification applications 

to remove viruses as well has been incorporated in filtration units for non-specific 

removal' of substances, which may include viruses, from biological fluids, e.g., blood 

(e.g., see, US. Patent No. 8,123,940) 

[0009] Further, U.S. Patent Application Serial No. 13/565,463, tiling date August 2, 

201.2, incorporated by reference herein in Its entirety, describes the use of activated 

carbon in combination with other media for removal of proteinaceous impurities (e.g., 

host cell proteins) and I3N A from a sample containing a biomolecule of Interest (e.g., 

an antibody), 

[005 0] Lastly, U.S. Provisional Patent Application Serial No. 61/769,269, tiling date 

February 26, .2013, incorporated by reference herein, describes the use of activated 

carbon for the selective removal of a protein from a mixture of proteins by changing 

solution conditions. 

Summary' of the Invention 

[0011] The present invention is based, at least in part, on the surprising, and 

unexpected discovery that activated, carbon can be used for reducing the amount of 

viruses in case of certain samples containing a target protein, e.g., a monoclonal 

antibody. Although, activated carbon has previously been described as removing 

some viruses during water purification, the samples that are treated with activated 

carbon generally have a low concentration of protein or no protein at ail. The present 

invention is based, at least in pari, on the unexpected and surprising discovery than 

activated carbon, specifically binds viruses, including parvoviruses, retroviruses and 

retrovims-iike particles, in certain samples that include a high protein, concentration, 

(e.g., cell culture feed or cell lysate containing a target protein to be isolated). 
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:Therefore, the inclusion of activated carbon in certain purification processes can result 

in the potential elimination of one or more expensive chromatography steps (e.g., a 

cation exchange bindlelute chromatography step) that are typically used during 

protein puiiihation. 

[0012] In. various embodiments a method for determining whether activated carbon 

can be.  used for the removal of viruSes from a sample containing a target protein is 

provided, where the .method comprising the steps of: (a) providing a portion of the 

sample comprising a target .protein; (h) adding a virus to the portion of the sample in 

the amount ranging from 1.04  to 10. 9  PFUlmli,; (b) flowing the portion of the sample.. 

through a column packed with activated earbon;. (c) collecting one or more fractions 

containing the target protein from the column: and (d) measuring the Virus. amount in 

the one or more fractions, wherein a reduction in. the virus amount in one or more 

fractions by at least 3,0 LRV is indicative that activated carbon can he 'used . for 

removing viruses from the sample. 

[00131 In some embodiments the sample comprises .a protein concentration equal to 

or greater-  than 0.2 g/ L. :In some embodiments, the sample comprises a pH in the 

range of 3.0-10.0 and/or a salt concentration less.  than 0.5M. 

[0014] in some embodiments, the sample comprises a cell culture feed. In a 

particular .embodiment, the cell culture feed is a CHO cell culture feed. 

[0015] in some embodiments, the sample comprises a cell culture feed that has been 

subjected to clarification. Clarification methods include, but are not limited to„ 

centrifugation, settling, depth. .filtration, screen filtration, flocculation, use..of a. 

Stimulus responsive polymer and )11. change. 

[0016] In some embodiments, the sample .compriSeS an eluate recovered froma 

Protein A chromatography step used during the purification of the target protein. 

[00171 In some embodiments, the sample comprises a eell.lysate obtained from cells 

expressing a target protein intracellularly. 

[001.81 In some embodiments, the target protein is a recombinant protein. Exemplary 

target proteins include, but are not limited to, .immunoglobulins, e.g., a _monoclonal 

antibody, Fe-containing proteins as well as non-immuneglobulin proteins. 

[0019] In a particular embodiment, the target protein is a therapeutic protein. 

Brief Description of the .Drawings 

[0020] Figure 1 is a graph depicting the results of experiments to determine if a 

parvovirus, represented by minute virus of mice (MVM), can be removed from a 
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Therefore, the inclusion of activated carbon in certain purification processes can result 
in the potential elimination of one or .more expensive chromatography steps (e.g., a 
cation exchange bind/'eiute .chromatography step) that are typically used during 
protein purification. 
[0012] In. various embodiments, a method lor determining whether activated carbon 
can be used for the removal of viruses from a sample containing a target protein is 
provided, where the method comprising the steps of: (a) providing a portion of the 
sample comprising a target protein ; (b) adding a virus to the portion of the sample in 
the amount ranging from 104 to 10"' PFU/mL: (b) flowing the portion of the sample-
through a column packed with activated carbon; (e) collecting one or more fractions 
containing the target protein from the column; and (d) measuring, the virus amount in 
the one or more fractions, wherein, a reduction in the vims amount in one or more 
fractions by at least 3,0 LRV is indicative that activated carbon can be used for 
removing viruses from the sample. 
[0013] In some embodiments the sample comprises a protein concentration equal to 
or greater than 0.2 g/L. In some embodiments, the sample comprises a pH in the 
range of 3.0-10.0 and/or a salt concentration less than 0.5M. 
[0014] In some embodiments, the sample comprises-a ceil culture feed.. In. a 
particular .embodiment, the cell culture feed is a CHO cell culture feed. 
[0015] In some embodiments, the sample comprises a cell culture feed that has been 
subjected to clarification. Clarification methods include, but are not limited to, 
centrifugation, settling, depth nitration, screen filtration, floceulation, use .of a 
stimulus responsive polymer and pH change. 
[0016] in some embodiments, the sample comprises an eluate recovered from a 
Protein A chromatography step used during the purification of the target protein. 
[0017} In some embodiments, the sample comprises a cell, lysate obtained from cells 
expressing a target: protein intracellularly. 
[003 8] In some embodiments, the target'protein is a recombinant protein. Exemplary 
target proteins include, but are not limited to, immunoglobulins, e.g., a monoclonal 
antibody, Fc-contalning proteins as well as non-immunoglobulin proteins, 
[0019] In a particular embodiment, the target protein is a therapeutic protein. 
Brief Description of the Drawings 
[0020] Figure: 1 is a graph depicting the results of experiments to determine if a 
parvovirus, represented by minute virus of mice (MVM), can. be removed .from a 
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solution of monoclonal. antibody by flowing the solution though a column. of activated 

carbon. as observed for four different types of Monoclonal antibody samples. MVM 

is removed in an amount greater than. 5.0 LRV for two separate monoclonal antibody 

solutions, MAB1 and. MABIV, at column. loads of 1.0 kg/.L and 2.0 kg/L. However, 

MVM. is not removed in an. amount above 1.0 LRV for . ENVO other monoclonal 

antibody solutions, MAB1I .and NLABM„ at column loads of 0.5 kg/L., 1.0 kgi .., and 

2.0 kg/L. The X-akis depicts the amount (in kgs) of the monoclonal antibody that is 

loaded onto the .column per liter (L) of activated carbon at the point a fraction is taken 

and the Y-axis depicts the log, reduction value of the .MVM Virus in the fraction. The 

upward pointing arrows indicate that the concentration of virus in the sample is below 

the limits of detection .to.r the fraction. 

[00211 Figure 2 is a graph depicting the results of experiments to determine if a 

retrovirus or retrovirus-like particle, represented by xenotropic murine leukemia virus 

(VA/WIN), can. he removed from a solution of a monoclonal antibody by .flowing 

though a. column of activated carbon, as observed for four different types of 

monoclonal antibody samples. XlVtui.V is removed in an amount greater than 3.0 

LPN fbr MARI antibody solution at column loads of 0.5 legile, 1.0 kgfl., and 1.5 kg/L. 

XlvluLV is. removed in. an amount greater than 5.0 LRV at column loads of 0.2 k. ,/.L, 

0.5 kg/L, and 1,0 kg/1., in ease of antibody solutions, MABIL MABIII and MARIS/. 

The X-axis depicts. the amount (in kgs).of the monoclonal antibody that is loaded onto 

the column per liter (L.) of activated carbon at the point a fraction is taken and the Y-

axis.depicts. the log reduction value of the X.MuLY virus in ..the fraction. The. upward 

pointing arrows indicate that the concentration of virus in the sample is below the 

limits of detection for the fraction.. 

Detailed Description 

{0022] As discussed above, the present invention is based, at least in part, on the 

novel and unexpected discovery that activated carbon can be used for the removal of 

viruses from certain high protein concentration samples such. as, e.g., certain cell 

culture feeds or cell lysates comprising a target protein to be purified, 

[0023] The typical concentrations of virus in a bioreactor feed containing a 

therapeutic protein are generally very low. However, these low levels may still be 

dangerous to a patient being, treated with the purified therapeutic protein. In order to 

ensure adequate removal of viruses during protein purification, it is important to 

determine. whether a certain purification step will remove viruses froin. a sample 
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solution of monoclonal antibody by flowing the solution though a column of activated 

carbon, as observed for .four different types of monoclonal' antibody samples. MVM 

is removed in an amount greater than. 5,0 LRV for two separate monoclonal antibody 

solutions, MAB1 and. MABIV, at column loads of 1.0 kg/L and 2.0 kg/L, However, 

MVM is not removed in an.amount above 1.0 LRV for two other monoclonal 

antibody solutions, MABII and MABIll, at column loads of 0.5 kg/L, 1.0 kg/L, and 

2.0 kg/L, The X-axis depicts the amount (in kgs) of the monoclonal antibody that is 

loaded onto the-column per liter (L) of acti vated carbon, at the point a fraction is taken 

and the Y-axis depicts the log reduction value of the MVM vims In the fraction. The 

upward pointing arrows indicate thai the concentration of virus in the sample is below 

the limits of detection for the fraction. 

[0021] Figure 2 is a graph depicting the results of experiments to determine if a 

retrovirus or retrovirus-Iike particle, represented by xenotropic murine leukemia virus 

(XMuLV), can be removed from a solution of a monoclonal antibody by flowing 

though a column of activated carbon, as observed for four different types of 

monoclonal antibody samples, XMuLV 'is removed in an amount greater than 3,0 

LRV for MAR! antibody solution at column loads of 0,5 kg/L, 1.0 kg/L, and L5 kg/L. 

XMuLV is removed in an amount greater than 5,0 LRV at column loads of 0.2 kg/L, 

0.5 kg/L, and 1,0 kg/L, in case of antibody solutions, MABTI, MABHI and MAB I V. 

The X-axis depicts the amount (in kgs) of the monoclonal antibody that, is loaded onto 

the column per liter (L) of activated carbon at the point a fraction is taken and the Y-

axis depicts the log reduction val ue of the XMuLV virus in the fraction. The upward 

pointing arrows indicate that the concentration of virus in the sample is below the 

limits of detection for the fraction. 

Detailed Description 

[0022] As discussed above, the present invention is based, at least in part, on the 

novel and unexpected discovery that activated, carbon can be used for the removal of 

viruses from certain high protein concentration samples such, as, e.g., certain, cell 

culture feeds or eel! iysaies comprising a target protein to be purified, 

[0023 ] The typical concentrations of virus in a bioreaetor feed containing a 

therapeutic protein are generally very low. However, these low levels may still be 

dangerous to a patient being treated with the purified therapeutic protein. In order to 

ensure adequate removal of viruses .during protein purification, it is important to 

determine whether a certain purification step will remove viruses from a sample 
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containing a protein to be. purified and also determine the amount..of the virus 

removed by such purificatiOn.step. 

[0024] In order to do SO., a representative virus is spiked into a solution containing a 

therapeutic protein at a known concentration and then the virus spiked solution of 

therapeutic protein is be subjected to a certain purification step. Following the 

purification step, the amount of the representative virus in the solution is determined. 

Adequate virus removal by the purification step is indicated by the level of virus 

being, lower than detection limits kir that. virus or being, undetectable in the solution 

following the purification step. Parvoviruses and retroviruses are two types of viruses 

that are .generally measured during the purification .of therapeutic proteins expressed 

in ClIQ cells. 

[00251 Typically, a method used to determine the amount of virus removed from a 

sample containing a protein during? aa purification step employs a portion of the sample. 

instead of the entire sample volume. Once a determination 'is made that a particular 

purification step is able to remove viruses from a portion of a sample containing a 

target protein, it can be assumed that the purification step will. remove viruses from 

the sample, as long as the ratio of the purification media employed and the target 

protein are kept the same.. 

[0026] The present invention. provides Methods for determining whether activated 

carbon can be used for the removal of certain viruses from certain samples. As 

demonstrated in the Examples herein, .usinu the methods described herein, it can be 

determined whether .activated carbon is able to remove viruses. front a particular 

sample containing a target protein. Therefore, for those samples containing. a. target 

protein, where 'activated Carbon. is able to remOve viruses, activated. carbon can 

subsequently be incorporated in the purification process. for that sample. 

[0027] In order that the present disclosure may be more readily understood, certain 

terms are first defined. Additional definitions are set .forth 'throughout the detailed 

description. 

L 	Definitions 

[0028] The term 'active carbon" or "activated carbon," as used interchangeably 

herein, refers to a carbonaceous material which has been subjected to a process to 

enhance its pore structure. Activated carbon is sometimes also.referred to as activated 

charcoal Activated carbons are porous solids with very high surface areas. They can 

be derived from a variety of sources including coal, wood, coconut husk., nutshells, 
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containing a protein to be purified and also determine the amount .of the virus 

removed by such purification step. 

[0024] In order to do so, a representative virus is spiked into a solution containing a 

therapeutic protein at a known, concentration' and then the virus spiked solution of 

therapeutic protein is be subjected to a certain purification, step. Following the 

purification step, the amount of the representative virus in the solution is determined. 

Adequate virus removal by the purification step is indicated by the level of virus 

being lower than detection limits .for that virus or being undetectable in the solution 

following the purification step. Parvoviruses and retroviruses are two types of viruses 

that are .generally measured during the purification .of therapeutic proteins expressed 

in CHO cells, 

[0025] Typically, a method used to determine the amount of vims removed from a 

sample containing a protein during a purification step employs a portion of the sample 

instead of the entire sample volume. Once a determination is made thai a. particular 

purification step is able to remove viruses from a portion of a sample containing a 

target protein, it can. be assumed thai the purification step will, remove viruses from 

the sample, as long as the ratio of the purification media employed and the target 

protein are kept the same, 

[0026] The present invention, provides methods for determining whether acti vated 

carbon can be used for the removal of certain viruses front certain samples. As 

demonstrated in the Examples herein, using the methods described herein, it can be 

determined whether activated carbon is able to remove viruses from a particular 

sample containing a target protein. Therefore, for those samples containing a target 

protein, where activated carbon is able to remove viruses, activated carbon can 

subsequently be incorporated in the purification process for that sample. 

[0027] In order that the present disclosure may be more readily understood, certain 

terms are first defined. Additional definitions are set forth throughout the detailed 

description.. 

Definitions 

[0028] The term "active carbon" or "activated, carbon,5' as used interchangeably 

herein, refers to a carbonaceous material which has been subjected to a process to 

enhance its pore structure. Activated carbon is sometimes also referred to as activated 

charcoal. Activated carbons are porous solids with very high surface areas; They can 

be derived from a variety of sources including coal, wood, coconut husk, nutshells, 
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and peat. Activated carbon can be produced from these materials using physical 

activation involving heating under a controlled atmosphere or chemical activation 

Using strong acids, bases, or oxidants. The activation processes produce a porous 

structure with high surface areas that give activated. carbon high capacities for 

impurity removal. Activation processes can be modified to control the acidity of the 

surface. 

[0029] Typical activation processes involve subjecting a carbon Source, such as, resin 

wastes, coal, coal coke, petroleum coke, lignites, polymeric material, and 

lignocellulosic materials including pulp and paper, residues from pulp production, 

wood (like wood chips, sawdust, and wood floor), nut shell (like almond shell and 

coconut shell), kernel, and fruit pits (like olive and cherry stones) to a thermal process 

(e.g., with an oxidizing gas) or a chemical process (e.g., with phosphoric acid or metal 

salts, such as zinc chloride). An exemplary process involving chemical activation of 

wood-based carbon with phosphoric acid (H3PO4) is disclosed in U.S. Patent No. Re, 

31,093, Which resulted in an improvement in the carbon's decolorizing and. gas 

adsorbing abilities. Also, U.S. Patent No, 5,162,286 teaches phosphoric acid 

activation of wood-based material which is particularly dense. and which contains a 

relatively high (30%) lignin content, such as nut shell, fruit stone, and kernel. 

Phosphoric acid activation of lignocellulose material is also discussed in U.S. Patent 

No. 5,204,310, as a step in preparing carbons of high activity and high density. The 

teachings of each of the patents listed in this paragraph are incorporated by reference 

herein in their entirety. 

1.0030] In contrast to most other adsorbing materials, activated. carbon is believed to 

interact with molecules using relatively weak. Van der Waals or London dispersion 

forces. Typical commercial activated carbon products exhibit a surface area of at.  

least 30() .m2/g, as measured by the nitrogen adsorption based Brunauer-Emmett- 

Tel ler ("BET") method, Which is method veil known in the art. 

[003 i il Although, active or activated. carbon has been previously employed in  

processes for purifying liquids and gases as well as for purifying a reconibinantly 

expressed antibody from other impurities by binding to impurities, it has not beep. 

previously employed for removing viruses, especially parvoviruses and retroviruses, 

from high protein concentration samples (i.e., >0.2 WI. protein concentration). 

consequently, activated carbon provides a cost effective solution, in some instances, 
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and peat. Activated carbon can be produced from 'these- materials using physical 

activation involving heating under a controlled atmosphere or chemical activation 

using strong acids, bases, or .oxidants. The activation, processes produce a porous 

structure with high surface areas that give activated carbon high capacities for 

impurity removal. Activation processes can he modified to control the acidity of the 

surface. 

[0029] Typical activation processes involve subjecting a carbon source, such as, resin 

wastes, coal, coal coke, petroleum coke, lignites, polymeric materials, and 

lignoeellulosic materials including pulp and paper, residues from, pulp production, 

wood (like wood chips, sawdust, and wood flour), nut shell (like almond shell and 

coconut shell), kernel, mid fruit pits {like olive and cherry stones) to a thermal process 

(e.g., with an oxidizing gas) or a chemical, process (e.g.-, with phosphoric acid or metal 

salts, such as zinc chloride). An exemplary process involving chemical activation of 

wood-based carbon with phosphoric acid (H3PO4) is disclosed in U.S. Patent No. Re. 

31,093, which resulted in an improvement in the carbon's decolorizing and gas 

adsorbing abilities. Also, U.S. Patent No. 5,162,286 teaches phosphoric acid 

activation of wood-based material which is particularly dense and which contains a 

relatively high (30%) lignin content, such as nut shell, fruit stone, and kernel. 

Phosphoric acid acti vation of lignocellulose material is also discussed in U.S. Patent 

No. 5,204,310, as a step in preparing carbons of high activity and high density. The 

teachings of each, of the patents listed in this paragraph are incorporated by reference 

herein in their entirety. 

[0030] In contrast to most other adsorbing materials, activated carbon is believed to 

interact with molecules using relatively weak Van. det Waals or London dispersion 

forces. Typical commercial activated carbon products exhibit a surface area of at 

least 300 m7g, as measured by the nitrogen adsorption based Brunauer-Hmmett-

Telier ("BET") method, which is method well known in the art, 

[0031] Although, active or activated carbon has been previously employed in 

processes for purifying liquids and gases as well as for purifying a recombinanily 

expressed antibody from other impurities by binding to impurities, it has not been 

previously employed for removing viruses, especially parvoviruses and retroviruses, 

from high, protein concentration samples (i.e., >0.2 g/I, protein concentration). 

Consequently, activated carbon provides a cost effective solution, in some instances, 
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far the removal of viruses during processes for purifying therapeutic proteins, e.g„ 

monoclonal cacti bodies. 

[0032] The present invention provides methods. to determine whether or not. activated 

carbon can be used for removal of viruses from a. sample containing a target protein. 

Because activated carbon does not result in effective removal of viruses in ease of all 

samples, based on the methods provided herein, it can he readily determined as to. in. 

case of which samples, activated . carbon can be used for removal of viruses or a 

particular type of virus. 

[0033] The terms "Protein of intereSt" and "target protein," as used interchangeably 

herein, refer to a protein or polypeptide, which is to be purified from a. composition 

containing . viruses. In same em.bodiments, the target protein is a. therapeutic protein 

to, be administered to.a patient. 

[0034] In general, the overall purity of the target protein increases as a result of virus 

removal. The target protein may he an . immunaglobulin or a non-immunogiobulin 

protein and may be a secretory protein or an intracellular protein. In some 

embodiments, the target protein is an immunoglobulin protein, e.g.,. a monoclonal 

anti body. 

[0035] Other examples of target proteins include recombinant proteins which include, 

but are not limited to, recombinant human growth hormone, recombinant human 

insulin, recombinant follicle-stimulating hormone, recombinant factor VII (anti-  

hemophilic factor), recombinant human ery-thropoietin, recombinant granulocyte 

colony-stimulatin2; factor, recombinant .alpha-galactosidase a., recombinant 

iduronidase, recombinant gaisulfase, recombinant domase alfa, recombinant tissue 

plasminogen activator, recombinant human interferons, recombinant insulin-like. 

.growth factor I, .and. recombinant. asparaginase. 

[0036] in other embodiments of this invention, target proteins are proteins derived 

from human blood or other physiological fluids. Examples of such proteins include., 

but not limited to, immunoglobulins 0 and NI, Factor WIT, Factor IX, antithrombin 

TH., and 'alpha- I - anti trypsin, 

[0037] The term "immunoglobulin, • '1g," or "Ig.G" or "antibody" (used 

interchangeably herein) refers to a protein having a basic four-polypeptide chain 

structure consisting of two heavy and two light chains, said chains being stabilized, 

for example, by interchain disulfide bonds, which .has the ability to specifically bind 

antigen. The term "Single-chain immunogiObalin" or "single-chain antibody" used 
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for the removal of viruses during processes for purifying therapeutic proteins, e.g., 

monoclonal antibodies. 

[0032] The present invention provides methods to determine whether or not activated 

carbon can he used for removal of viruses from a sample containing a target protein. 

Because activated carbon does not result in effective removal of viruses in ease of all 

samples, based on the methods provided herein, it can be readily determined as to. in 

case of which samples, activated carbon can be used for removal of viruses or a 

particular type of vims. 

[0033] The terms "protein of interest" and "target protein," as used interchangeably 

herein, refer to a protein or polypeptide, which is to be purified from a composition 

containing viruses. In some embodiments, the target protein is a therapeutic protein 

to be administered to.a patient. 

[0034] In general, the overall purity of the target protein increases as a result of virus 

removal. The target protein may be an immunoglobulin or a non-immiraoglobuim 

protein and may be a secretory protein or an intracellular protein. In some 

embodiments, the target protein is an immunoglobulin protein, e.g,,a monoclonal 

antibody, 

[0035] Other examples of target proteins include recombinant proteins which include, 

but are not limited to, recombinant human growth hormone, recombinant human 

insulin, recombinant fol licle-stimulating hormone, recombinant factor VII (anti­

hemophilic factor), recombinant human erythropoietin, recombinant granulocyte 

colony-stimula ting factor, recombinant alpSia-galactosidase a, recombinant 

iduronidase, recombinant galsulfase, recombinant dornase alfa, recombinant tissue 

plasminogen activator, recombinant human interferons, recombinant insulin-like 

growth factor 1, and recombinant asparaginase. 

[0036] In other embodiments of this invention, target proteins are proteins derived 

from human blood or other .physiological fluids. Examples of such proteins include, 

but not limited to, .immunoglobulins G and M, Factor V1II, Factor IX, antithrombin 

III, and alpha-I-antitrypsin, 

[0037] The term "immunoglobulin," "ig" or "IgG" or "antibody" (used 

interchangeably herein) refers to a protein having a basic four-polypeptide chain 

structure consisting of two heavy and two light chains, said chains being stabilized, 

for example, by interchain disulfide bonds, which has the ability to specifically bind 

antigen. The term "single-chain immunoglobulin" or "single-chain antibody" (used 
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interchangeably herein) refers to a protein having a two-polypeptide chain structure 

consisting of a heavy and a light chain, said chains being stabilized, for example, by 

interchain peptide linkers, which has the ability to specifically bind antigen. The term 

'domain' refers to a globular region of a heavy or light chain polypeptide comprising 

peptide loops.  (e.g., comprising '3 to .4 peptide loops) Stabilized, forexample, by ft-

pleated sheet and/Or intrachain disulfide bond. Domains are further referred to herein 

as "constant" or`  variable", based. on the relative lack of sequence variation within the 

domains of various. class members in. the case of a ''constanr domain, or the 

significant variation within the domains of various class members in the case of a 

"variable" domain. Antibody or polypeptide. "domains" are often referred to 

interchangeably in. the art as antibody or polypeptide regions". The "constant" 

domains of .antibodv light chains are referred to interchangeably as "light chain 

constant regions", "light chain constant domains', "CT".  regions or "CL" domains. 

The "constant" domains of antibody heavy 'ehainS are referred to interchangeably as 

"heavy chain constant regions", "heavy chain constant domains", "Cfrregions or 

"CH" domains. The "variable" domains of antibody light chains ate referred to 

interchangeably as "light chain variable..regions", "light chain variable domains", 

"VI.," regions or "VI.:' domains. T.he "variable' domains of antibody heavy chains 

are referred to interchangeably as "heavy chain variable regions", "heavy chain 

variable domains", "VW regions or "V.1-I" domains. 

[0038] immunoglobulins or antibodies may be monoclonal or polyelonal and. may 

exist. 1n monomeric or polymeric !bran for example, IgNI antibodies which exist in 

pentameric form and/or igA antibodies which exist in monomeric, dimeric or 

multimeric form. .Immunodobulins or antibodies may also include multispecific 

antibodies (e.g., bispecific antibodies). 

[0039] The term "Fe region" and "Fetegion containing protein" means that the 

protein contains heavy and/or light chain constant regions or domains (CH and el, 

regions as defined previously) of an irinnunogiobulin.. Proteins containing an "Fe 

region" can possess the .effector functions of an immunogiobulin constant domain. 

An "Fe region" such as Cl-I2/CI-I3  regions, can bind selectively to affinity ligands such 

as Protein .A or fimctional variants thereof In some embodiments, an Fe region 

containing protein specifically binds Protein A. or a functional derivative, varmint or 

WO 2015/005961 PCT/US2014/032940 

interchangeably herein) refers to a protein having a two-polypeptide chain structure 

consisting of a heavy and a Sight chain, said chains being stabilized, for example, by 

interchain peptide linkers, which has the ability to specifically bind antigen. The terra 

"domain" refers to a globular region of a heavy or light chain polypeptide comprising 

peptide loops (e.g.*, comprising 3 to 4 peptide loops) stabilized, for example, by [3~ 

pleated sheet and/or intracharn disulfide bond. Domains are further referred to herein 

as "constant" or "variable", based on the relative lack of sequence variation within the 

domains of various class members in the case of a "constant" domain, or the 

significant variation within the domains of various class members in the case of a-

"variable" domain. Antibody or polypeptide "domains" are often referred to 

interchangeably in the art as antibody or polypeptide "regions". The "constant" 

domains of antibody light chains are referred to interchangeably as "light chain 

constant regions", "Light chain constant domains'; "CL" regions or "C-L"domains. 

The "constant" domains of antibody heavy chains are referred to interchangeably as 

"heavy chain constant regions", "heavy chain constant domains", 4*CH" regions or 

"CTT domains. The 'Variable" domains of antibody light chains art'referred to 

interchangeably as "light chain variable regions", "light chain variable domains'; 

"VL" regions or "VL" domains. The "variable" domains of antibody heavy chains 

are referred to interchangeably as "heavy chain variable regions", "heavy chain 

variable domains". "VH" regions or MVH" domains. 

[0038] Immunoglobulins of-antibodies may be monoclonal or polyclonal and may 

exist in monomelic or polymeric form, for example, IgM antibodies which exist in 

pentamerie form and/or IgA antibodies which exist in monomeric, dimeric or 

multlmeric form. Immunoglobulins or antibodies may also include multispecifk 

antibodies (e.g., bispeeiflc antibodies)., 

[0039] The term "Fc region" and "Fc. region containing protein'" means that the 

protein contains heavy and/or light chain constant regions or domains (CH and CL 

regions as defined previously ) of an immunoglobulin. Proteins containing an "Fc 

region" can possess the effector functions of an immunoglobulin constant domain. 

An "Fc region" such as CH2/CH3 regions, can bind selectively to affinity Uganda suc-h 

as Protein A or functional variants thereof. In some embodiments, an Fc region 

containing protein specifically binds Protein. A or a functional derivative, variant or 
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fragment thereof. In other embodiments,.an Fc region containing protein specifically 

binds. Protein 'G or Protein L. or functional derivatives, variants or fragments thereof. 

[0040] As discussed above, in. sonic embodiments, a target protein is an Fe region 

containing protein, e.g., an. im.munoglobulin. in some embodiments, an Fe region 

containing protein is a recombinant protein which includes :the Fe. region of an 

immunoglobulin. fused to. 	another -polypeptide or a fragment thereof 

[0041. ] Generally, an immunoglobulin or antibody is directed against an "antigee Of 

interest. Preferably, the antigen is a biologically important polypeptide and 

administration of the antibody to a. mammal suffering from a disease or disorder can 

result in a therapeutic benefit in that mammal, 

[0042] The -term "monoclonal antibody" or "Mab." as used interchangeably herein, 

refers to an antibody obtai.ned from a population of substantially homogeneous 

antibodies, i.e., the individual antibodies in the population are identical except for 

possible naturally occurring mutations that may be present in minor amounts. 

Monoclonal antibodies are highly specific,. being directed against a single antigenic 

site. Furthermore, in contrast to conventional (polyclonal) antibody preparations 

which typically include different antibodies directed against different:determinants 

(epitopes), each monoclonal antibody is directed against a single. determinant on the 

antigen. The modifier "monoclonal" indicates he character of the antibody' as being, 

obtained from a substantially homogeneous population. of antibodies, and is not to be 

construed as requiring production of the antibody by any particular method. For 

example, the monoclonal antibodies to he used in accordance with the present 

invention may he made by the. hybridoma method first described by 'Kohleret al., 

Nature 256:495 (1.975), or.  may be. made by recombinant DNA .methods (see, e.g., 

U.S. Patent-  No. 4,8.16,567). "Monoclonal antibodies" may also be isolated from 

tiliage antibody libraries using the techniques described in Clackson et al., Nature 

35.2:624-628 (1991) and Marks 04., J, Mol'. Biol. 222:581-597 (1991). Monoclonal 

antibodies may also be referred to as "MAbs" or "'nabs" or "mAbs" or "MABs." 

[0043] Monoclonal antibodies may further include "chimeric" antibodies 

(immunogl.obulins) in which a. portion of the heavy ardor light chain is identical with 

or homologou.s to corresponding sequences in antibodies derived from a particular 

species or belonging to a particular antibody class or subclass, while the remainder of 

the chain(s) is identical with or homologous to corresponding sequences in antibodies 

derived from another species or belonging to another antibody class or subclass, as 
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fragment thereof. In other embodiments, an Fc region containing protein specifically 

binds Protein G or Protein L, or functional derivatives, variants or fragments thereof. 

[0040] As discussed above, in some embodiments, a target protein is an Fc region 

containing protein, e.g., an immunoglobulin. In some embodiments, an Fc region 

containing protein is a recombinant protein which includes the Fc region of an 

immunoglobulin fused to another polypeptide or a fragment thereof. 

[0041] Generally, an immunoglobulin, or antibody is directed against an "antigen'' of 

interest. Preferably, the antigen is a biologically important polypeptide and 

administration of the antibody to a mammal suffering from a disease or disorder can 

result in a therapeutic benefit in that mammal. 

[0042] The term "monoclonal antibody" or "Mab," as used interchangeably herein, 

refers to an antibody obtained from a population of substantially homogeneous 

antibodies, ie,, the individual antibodies in the population are identical except for 

possible naturally occurring mutations that may be present in minor amounts. 

Monoclonal antibodies are highly specific, being directed against a single antigenic 

site. Furthermore, in contrast to conventional (polyclonal) antibody preparations 

which typically include different antibodies directed against different determinants 

(epitopes), each monoclonal antibody is directed against a single determinant on the 

antigen. The modifier "monoclonal" indicates the character of the antibody as being 

obtained from a substantially homogeneous population of antibodies, and is not to be 

construed as requiring production of the antibody by any particular method. For 

example, the monoclonal antibodies to be used in accordance with the present 

invention may be made by the hvbridoma method first described by Kohlere? «/., 

Nature 256:495 (1975), or may be made by recombinant DNA methods (see, e.g., 

U.S. Patent No. 4,816,567). "Monoclonal antibodies" may also be isolated from 

phage antibody libraries using the techniques described in Ciackson et ah, Nature 

352:624-628 (1991) and Marks ei ai., J. Mol, .Biol 222:581-597 (1991). Monoclonal 

antibodies may also be referred to as "MAbs" or "mabs" or "mAbs" or "MABs." 

[0043] Monoclonal antibodies may further include "chimeric" antibodies 

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with 

or homologous to corresponding sequences in antibodies derived from a particular 

species or belonging to a particular antibody class or subclass, while the remainder of 

the chain(s) is identical with or homologous to corresponding sequences in antibodies 

derived .from another species or belonging to another antibody class or subclass, as 
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well as fragments  of such antibodies, so long as they exhibit the desired biological 

activity (U.S. Patent No. 4,816,567; and Morrison et al 	Proc. 'Natl. Acad.. Sci. USA 

.81:68.51-6855 (1984)). 

{00441 "Humanized" forms of non-human (e.g., murine) antibodies are chimeric 

antibodies which contain minimal sequence derived frOm non-human 

immunoglobulin. for the most part, humanized antibodies are human. 

immuno<globulins (recipient antibody) in which hypervariable region residues of the 

recipient are replaced by hypervariable region residues from a non-human. species 

(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired 

specificity,. affinity, and capacity. In sortie instances, Fv framework region (FR) 

residues of the human immunoglobulin are replaced by corresponding non-human 

residues. Furthermore, humanized .antibodies.may comprise residues which are not 

found in the recipient antibody or in the donor antibody. These modifications arc 

made to further refine antibody performance. in general, the humanized antibody will 

comprise.substantially all Of at least one, and typically two, variable domains, in 

which all or substantially all of the hypervariable loops correspond to those of a non-

human immunoglobulin and all or substantially all of the FR regions are those of a. 

human immunoglobulin. sequence. l'he humanized antibody may comprise at least a 

portion of an immunoglobulin constant region (Fe), typically that of a human 

immunoglobutin.. For further details, see jones et al., Nature 321:522-525 (1986); 

Riechmann et al.. Nature 332:323-32.9 (1988); and Presta, Curr. Op. Struct. Biol. 

2:593-596 (1992). 

[0045:1 The term "solution or "sample," as used herein, refers to a composition 

containing a target. protein which is subjected. to virus removal using activated carbon, 

once it iS demonstrated using the methods described herein that activated carbon can 

be used for removing viruses from the composition. in. some embodiments, the 

sample comprises cell culture feed, for example, feed from a mammalian cell culture 

(e.g., CHO cells) expressing . a secretory target protein, e.g., a..monoclonal antibody. 

In. some embodiments, the sample comprises a cell lysate obtained from mammalian 

or non-marnmalian cells expressing.a target protein intracellularly, in some 

embodiments, the sample comprises a cell culture feed that has been subjected to 

clarification. in some embodiments, the sample comprises an eluate from a Protein A 

affinity chromatography column. Sample s also encompass non-mammalian 

expression systems used for producing a protein of interest or target protein.. 
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well as fragments of such antibodies, so long as they exhibit the desired biological 

activity (U.S. .Patent No. 4,816,567; and Morrison et al, Proc, Natl. Acad.. S'ci. USA 

81:6851-6855(1984)}, 

[0044] "Humanized" forms of-non-human (e.g., murine) antibodies are- chimeric 

antibodies which contain minimal sequence derived from non-human 

immunoglobulin. For the most part, humanized antibodies are human, 

immunoglobulins (recipient antibody) in which hypervariabie region residues of the 

recipient are replaced by hypervariabie region residues from a non-human species 

(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired 

specificity, affinity, and capacity. In some instances, Fv framework region (FR) 

residues of the h uman immunoglobulin are replaced by corresponding non-human 

residues. Furthermore, humanized antibodies may comprise residues which are not 

found in the recipient antibody or in the donor antibody. These modifications are 

made to further refine antibody performance. In general, the humanized antibody will 

comprise substantially ail of at least one, and typically two, variable domains, in 

which all or substantially all of the hypervariabie loops correspond to those of a .non-

human immunoglobulin arid all or substantially all of the FR regions are those of a 

human immunoglobulin sequence. The humanized antibody may comprise at least a 

portion of an immunoglobulin constant region (Fc), typically that of a human 

immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986); 

Riechniann ei al.. Nature 332:323-329 (1988); and Presta,. Curr. Op. Struct. Biol, 

2:593-596 (1992). 

[0045] The term '"solution" or "sample," as used herein, refers to a composition 

containing a target protein which is subjected, to virus removal using activated carbon, 

once it is demonstrated using the methods described herein that activated carbon can 

be used for removing viruses from the composition. In. some embodiments, the 

sample comprises cell culture feed, for example, feed, from a. mammalian cell culture 

(e.g., CHO cells) expressing a secretory target protein, e.g., a monoclonal antibody.. 

In. some embodiments, the sample comprises a cell lysate obtained from mammalian 

or non-mammalian cells expressing a. target protein intraeeSlularly, In some 

embodiments, the sample comprises, a cell culture feed that has been subjected to 

clarification. In some embodiments, the sample comprises an eluate from a Protein A 

affinity chromatography column. Samples also-encompass non-mammalian 

expression systems used for producing a protein of interest or target protein. 
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[0046] The term ''non-mammalian expreSsion systems," as used herein, refers to all 

host cells or organisms employed .to generate therapeutic proteins, where the host 

cells or organisms are of non-mammalian origin. Examples of non-.mamtnalian 

ex.preSsion systems used for producing a protein of interest or target protein include 

yeast such as, Saceharomyces cerevisiae and Pichiapastoris, bacteria such as 

acherichia coil, Bacillus megaterium, Brevihacillus choshinensis, insect cells such as 

i'podopterafrugiperda cells, Baculovirus infected insect cells, and algae cells. 

[0047] 'The term "portion. of a sample" 'refers to part of a sample containing a target 

protein which is used to determine. whether. activated carbon can he used to remove 

viruses from. the sample, as described. herein. tn. general, once it is demonstrated. that 

activated carbon is able to remove viruses or a certain type. of virus from a part of a 

sample containing a target protein, activated carbon can then be incorporated into a 

purification process for the target. protein in Order to remove viruses or a certain type. 

of virus from the sample. 

[0048] The terms ''clarify, 	'clarification," and "clarification step," as used herein, 

refers to a process step for removing suspended particles and or colfoids, thereby to 

reduce turbidity, of a target protein containing solution, as measured in NUJ 

nepheiometric turbidity units). Clarification can beachieved by a varieiy of means, 

including centrifugation or filtration. Centrifugation could he done in a batch or 

continuous mode, while filtration could be done in a normal flow (e.g. depth 

filtration) or -tangential. flow mode. In processes used in the industry today, 

.centrifugatiomis typically followed by depth filtration intended to remove insoluble 

impurities, which may not have been removed by centrifugation. Furthermore, 

methods fbr enhancing clarification efficiency can be used, e.g. precipitation. 

Precipitation of impurities can he performed by various means such as by 

flocetilation, pH adjustment (acid precipitation), temperature shifts, phase change due 

to stimulus-responsive polymers or small molecules, or any combinations of these 

Methods. In some.embodiments described herein. clarification involves any 

combinations of two or more of centrifugation, filtration, depth filtration and 

precipitation, 

[00491 The terms "purifying,- 	increasing the purity'," "separating," or "isolating, • as 

used interchangeably herein, refer to increasing the ratio. of target protein to one. or 

more viruses in a sample by removing the one or more viruses from the sample. 

Typically, once it is determined, that activated carbon can be used fur removing 
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[0046] The term "non-mammalian expression systems," as used herein, refers to all 

host cells or organisms employed to generate therapeutic proteins, where the host 

cells or organisms are of non-mammalian origin. Examples of nob-mammalian 

expression systems used for producing a protein of interest or target protein include 

yeast such-as, Saccharomyces cerevisiae and Pichia pastoris, bacteria such as 

Escherichia mli. Bacillus megatermm. Brevihacillus choshimnsis, insect ceils such as 

Spodopiera frugiperda cells, Baculovirus infected insect cells, and algae cells, 

[0047] The'term "porti on, of a sample"'refers to part of a sample containing a target 

protein, which is used to determine whether activated carbon can be used to remove 

viruses from the sample, as described herein. In general, once it is demonstrated, that 

activated carbon is able to remove viruses or a certain type of virus from a part of a 

sample containing a target protein, activated carbon can then be incorporated into a 

purification process for the target protein in order to remove viruses or a certain type 

of virus from the sample. 

[0048] The terms "clarify,'' "clarification," and "clarification step," as used herein, 

refers to a process step for removing suspended particles and or colloids, thereby to 

reduce turbidity, of a target protein containing sol ution, as-measured in NTU 

(nephelometric turbidity units). Clarification can be achieved by a variety of .means, 

including cenirifugation or filtration, Centrifugation could be done in a batch or 

continuous mode, while filtration could be done in a normal flow (e.g. depth 

filtration) or tangential flow mode. In processes used in the industry today, 

eentrifugation is typically followed by depth filtration intended to remove insoluble 

impurities, which may not have been removed by eentrifugation. Furthermore, 

methods for enhancing, clarification efficiency can be used, e.g. precipitation. 

Precipitation of impurities can be performed by various means such as by 

flocculation, pH adjustment '(acid precipitation), temperature shifts, phase change due 

to stimulus-responsive polymers or small molecules, or any combinations of these 

methods. In some- embodiments described herein, clarification involves any 

combinations of two or more of cenirifugation. filtration, depth filtration and 

precipitation, 

[0049] The terms "purifying," "increasing the purity," "separating," or "isolating," as 

used interchangeably herein, refer to increasi ng the ratio, of target protein to one or 

more viruses in a sample by removing the one or more viruses from the sample. 

Typically, once it is determined that activated carbon can be used for removing 



WO 2015/005961 
	

PCT/US2014/032940 

viruses from a sample containing a target protein, as described herein, activated 

carbon is included. in the process for purifying that target protein, thereby to increase 

the purity of the target protein. 

[00501 The. term "virus" or"viruses" refers to small infectious agents or particles that 

can replicate only inside a living cell. They are generally composed of nucleic acid 

(RNA or DNA) enclosed inside a protein capsid, and Optionally, a lipid envelope. 

[00511 The. term "parvovirus" refers to linear, non-segmented single-stranded DNA 

nonenveloped viruses, with an average genome size of 5000 'nucleotides and a 

diameter of 18-26 nm. An exemplary parvovirus used in the methods described 

herein is minute virus of.mice. 

[0052] The term "retrovirus" refers to an .RNA virus . which is capable of integrating 

its genetic information into the genomic. DNA of infected cells via a reverse-

transcribed DNA intermediate. The term "retrovirus-like particle" refers to particles 

generated by cells that have portions of retrovirus-derived DNA. in their genome. 

These particles resemble retroviruses, but are often noninfectious. Thexenotropic 

murine. leukemia virus, used in the Examples herein, represents a model retrovirus or 

retroviru.s-like particle. 

[00531 As used herein,. the termremove," "removing," ' 	moval, "reduce," 

"reducing" or "reduction, 	as used interchangeably herein, refer to lowering the 

amount of one or more viruses in a sample which contains a target 'protein to be 

purified. As demonstrated herein, activated. carbon can be used to remove one or 

more viruses from certain samples .containing a . target protein to be purified, 

100541 The terms "flow-through process," "flow-through mode," and "flow-through 

chromatography," as used interchangeably herein, refer to a .product separation 

technique in which at least one product in a 'sample i.s intended to flow through 

activated carbon (e.g., target protein), while at. least one potential component binds to 

the activated carbon (e.g.,. viruses). 

[0055] The sample intended to flow through is generally referred to as the "mobile 

phase." The "flow-through mode" is generally an isocratic operation (i.e., a process 

during Which the. composition of the mobile phase is not changed). The media used 

for flow-through is usually pre-equilibrated With the same buffer solution that 

contains the target protein molecule. After purification, the media can. be flushed with 

additional quantity of the same buffer to increase the product r'ecover'y. 
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viruses from a sample containing a target protein, as described herein, activated 

carbon is included, in. the process for purifying that target protein, thereby to increase 

the purity of the target protein. 

[0050] The term "virus" or "viruses'" refers to small, infectious agents or particles thai 

can replicate only inside a living cell. They are generally composed of nucleic acid 

(RNA or .DNA) enclosed inside a protein capsid. and optionally, a lipid envelope, 

[0051] The term "parvovirus" refers to linear, non-segmented single-stranded DNA 

nonenveloped viruses, with an. average genome size of 5000 'nucleotides-and a 

diameter of 18-26 nm. An exemplary parvovirus used in the methods described 

herein is minute virus of mice, 

[0052] The term "retrovirus" refers to an RNA. virus which is capable of integrating 

its genetic information into the genomic DNA of infected cells via a reverse-

transcribed DNA intermediate. The term "retrovirus-like particle" refers to particles 

generated by cells thai have portions of reirovirus-derived DNA in their genome. 

These particles resemble retroviruses, but are often noninfectious. The xenotropic 

murine, leukemia virus, used in the Examples herein, represents a model retrovirus or 

retrovirus-like particle, 

[0053] As used herein, the term "remove," "removing," "removal," "reduce.." 

"reducing" or "reduction," as used interchangeably herein, refer to lowering the 

amount of one or more viruses in a sample which contains a target'protein to be 

purified. As demonstrated herein, activated carbon can be used to remove one or 

more viruses from certain samples containing a target protein to be purified. 

[0054] Hie'terms "flow-through process," "flow-through mode," and "flow-through 

chromatography , '" as used interchangeably herein, refer to a .product separation 

technique in which at least one product in a sample is intended to flow-through 

activated carbon (e.g., target protein), while at least one potential component binds to 

the activated carbon (e.g., viruses). 

[0055] The sample intended to flow through is generally referred to as-'the "mobile 

phase," The "flow-through mode" is generally an isocratic operation (i.e., a process 

during which the-composition of the mobile phase is not changed). The media used 

for .flow-through is usually pre-equilibrated with the same buffer solution thai 

contains the target protein molecule. After purification, the media can. be flushed with 

additional quantity of the same buffer to Increase the product recovery. 
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[0056] 	The tem "buffer" refers -ft) a solution that resists changes in pH by the action 

of its acidhase conjugate components. Various buffers which can be employed in. the 

methods described herein are described in Buffers. A Guide for the Preparation and 

Use of Buffers. IP Biological Systems, Guettroy,„ D., ed. Calbioehem Corporation 

(1.975). Different buffers maintain different ranges of pH. for example. phosphate 

buffer is usually used for pH between 6.0 and 8.0, while for a higher pH. a borate 

buffer can he used, and for lower pH, a carbonate buffer can be used. Persons of 

ordinary skill in the art will be able to readily identify a suitable buffer to use. 

depending on the pH to be maintained. Non-limiting examples of buffers that carp he 

used in the methods according.  to the present invention include .Ml S, MOPS, 

MOPS°, Cris, HEN'S, phosphate, acetate, citrate, succinate, carbonate,. borate., and 

ammonium buffers, as well as combinations of these. 

[0057] 	The term "wash buffer" or "equilibration buffer" are used interchangeably 

.herein, refers to a buffer used. to wash or re-equilibrate the actiVated carbon material 

prior to contacting a sample with the activated carbon. 

[005.8] 	The term "conductivity" refers to the ability of an aqueous solution to 

conduct an electric current between two electrodes. In. solution, the current flows by 

ion transport. Therefore. With an increasing amount of ions present in the aqueous 

solution, the soldtion will have a higher conductivity. The unit of measurement for 

conductivity is milliSiemens per centimeter (mSicm. or mS), and can be measured 

using a commercially available conductivity meter (e.g.., sold by Orion). The 

conductivity of a solution may be altered by changing the concentration of ions 

therein. For example, the concentration of a buffering agent and/or concentration of a. 

salt (e.g. NaCI or KCl) in the solution may be altered. in order to achieve the desired 

conductivity. Preferably, the salt .concentration of .the various buffers is.modified to 

achieve the desired conductivity as in the Examples below. 

[00591 	The term "fraction" or "fractions" refers to a small volume of liquid 

.collected after subjecting .a sample containing a target protein. to'a purification step, 

e.g., flowing the sample through an activated carbon column, in the methods 

described herein, fractions are collected from an activated carbon column following 

the loading of the column with a portion of a sample containing a target protein. A 

fraction is used to monitor the amount of impurities, such as viruses, that are passing 

through the column at .a particular point. It is typically expected that the amount of 

impurities that pass through a. column will increase as the amount of the protein 
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[0056J The term "buffer" refers to a 'solution that resists changes in pH by the action 

of its acid-base conjugate components. Various buffers which can be employed in the 

methods described herein are described in Buffers. A Guide for the Preparation and 

Use of Buffers in Biological Systems, Gueftroy, ,.D„ ed, Calbiochem Corporation 

(1975). Different buffers maintain different ranges of pH, for example phosphate 

buffer is usually used for pH between 6,0 and 8.0, while for a higher pH, a borate 

buffer can be used, and for lower pH, a .carbonate buffer can be used. Persons of 

ordinary skill in the art will be able to readily identify a suitable buffer to use, 

depending on the pH to be maintained. Non-limiting examples of buffers that can be 

used in the methods according to the present invention include MES, MOPS, 

MOPSO, Tris, HEPES, phosphate, acetate, citrate, succinate, carbonate, borate, and 

ammonium buffers, as well as combinations of these, 

[0057] The term "wash buffer* or "equilibration buffer" are used interchangeably 

herein, refers to a buffer used to wash or re-eqoilibrate the activated carbon material 

prior to contacting a sample with the activated carbon, 

[0058] The term "conductivity" refers to the ability of an aqueous solution to 

conduct an electric current between two electrodes. In solution, the current flows by 

ion transport. Therefore, with an increasing amount of ions present in the aqueous 

solution, the solution will have a higher conductivity. The unit of measurement for 

conductivity is miiliSiemens per centimeter (mS/cm or mS), and can be measured 

using a commercially available conductivity meter (e.g.., sold by Orion). The 

conductivity of a solution may be altered by changing the concentration of ions 

therein. For example, the concentration of a buffering agent and/or concentration of a 

salt (e.g. NaCl or KC1) in the solution may be altered, in order to achieve the desired 

conductivity. Preferably, the salt concentration of the various buffers is modified to 

achieve the desired conductivity as in the Examples below, 

[0059] The term 'Traction" or "Tractions'' refers to a small volume of liquid 

collected after subjecting a sample containing a target protein to a purification step, 

e.g., flowing the sample through an activated carbon column, in the methods 

described herein, fractions are collected from an activated carbon column following 

the loading of.the column with a portion of a sample containing a target protein. A 

fraction is used to monitor the amount of impurities, such as viruses, that are passing 

through the column at a particular point. It is typically expected that the amount of 

impurities that pass through a column will increase as the amount of the protein 
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passed through the column is increased. The amount of protein in a sample which 

may be processed by a known amount of material used in. a purification step, e.g., 

activated carbon, can be determined by collecting one or more fractions and 

determining the level Of impurities, e.g., viruses, removed by that known amount of 

Ire aterial. 

[0060] 	The term ." 'btu= load" or "load," as used herein, is the value 

corresponding .to. the mass of thelarget. protein in solution that has passed through a 

column divided by the volume of the column. The mass of the target protein that has 

passed through the column is calculated by multiplying the concentration of the target 

protein. in a sample by the volume of sample collected from the column.. 

[0061 j 	The term "log removal value" or "IRV" is a value that represents..the levels 

of impurities removed. by a column when a known amount of impurity is passed 

through. LRV = to ;(C) - log(Co, where Cis the concentration of impurities in. the 

'.e.d solution and Cr, is the concentration of impurities in the feed. solution after it has 

that.has passed through the column. 

IL 	Exemplary Activated Carbon Materials for Use in the Methods Described 

Herein  

[0062] 	Based on the Methods described herein which employ activated carbon, it 

can be determined whether or not activated carbon can be used for the removal of 

viruses, including parvoviruses and retroviruses, from a sample containing a target 

protein. In some embodiments, activated carbon comprises activated charcoal. 

Activated carbon can be derived from a variety:of sources including, but not limited. 

to, coal, wood, coconut husk, nutshells, and peat, Activated carbon can be produced. 

from these materials by physical activation. involving heat under a controlled 

atmosphere Or by chemical activation using strong acids, bases, or oxidants. The 

activation processes produce a porous structure with a high surface area that gives 

activated carbon a greater capacity for impurity removal. Activation processes can be 

modified to control the acidity of the surface. 

[00631 	Activated carbon is available from a wide variety of commercial sources and 

conies in. a illifriber of grades and formats. Some of thecommereial suppliers of 

activated carbon include companies such as MeadWestVaco Corp., Richmond, VA, 

USA; Norit. Americas .lric Marshall, TX, USA; C.algon Carbon Corp...Pittsburgh, 

PA, USA. 
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passed through the column is increased. The amount 'of protein in a sample which 

may be processed by a known amount of material used in a purification step, e.g.. 

activated carbon, cars be determined by collecting one or more fractions and 

determining'the level of impurities, e.g., viruses, removed by that known amount of 

material 

[0060] The term "column load" or 'load," as used herein, is the value 

corresponding to the mass of the target protein in solution that has passed through a 

column divided by the volume of the column. The mass of the target protein that has 

passed through the column is calculated by multiplying the concentration of the target 

protein in a sample by the volume of sample collected from the column. 

[0061 j The term "log removal value" or "LRV" is a value that represents the levels 

of impurities removed by a column when a known amount of impurity is passed 

through. LRV = Iog(C# - log(CP), where C/is the concentration of impurities in the 

feed solution and Cpis the concentration of impurities in the feed solution after it has 

that has passed through the column. 

Ii Exemplary Activated Carbon Materials for Use in the Methods Described 

Herein 

[0062] Based on the methods described herein which employ activated carbon, it 

can be determined whether or not activated carbon can be used for the removal of 

viruses, including parvoviruses and retroviruses, from a sample containing a target 

protein. In some embodiments, activated carbon comprises activated charcoal. 

Activated carbon can be derived from a variety :of sources including, but not limited 

to, coal, wood, coconut husk, nutshells, and peat. Activated carbon can be produced 

from these materials by physical activation. Involving heat under a controlled 

atmosphere or by chemical activation using strong acids, bases, or oxidants. The 

activation processes produce a porous structure with a high surface area that gives 

activated carbon a greater capacity for impurity removal. Activation processes can be 

modified to control the acidity of the surface. 

[0063] Activated carbon is available from a wide variety of commercial sources and. 

comes in a number of grades and formats. Some of the .commercial suppliers of 

activated carbon include companies such as MeadWestVaco Corp., Richmond, VA, 

USA; Norit Americas Inc., Marshall, TX, USA; Calgon Carbon Corp., Pittsburgh, 

PA, USA. 
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{00641 	In some embodiments described herein, activated carbon is incorporated in a 

cellulose-containing fibrous media. 

[0065] 	Commercially" available activated carbon materials that may 	e employed in 

the methods according to the present invention include, but are not limited to, Nuchar 

LID activated carbon (MeadWestVaco Corporation, Richmond, VA,USA); Nuchar 

SA 20 (MeadWestVaco Corporation, Richmond, VA, USA); Nuchar SN 

(MeadWestVaco Corporation. Richmond, VA, USA); Nuchar WV -B 30 

(MeadWestVaco Corporation, Richmond, VA., USA); RGC Powder activated carbon 

( MeadWestVaco Corporation, Richmond, VA, I. 	Norit Damp KB-G activated 

carbon (Norit Americas Inc., Marshall, Texas, USA); Norit COP Super activated 

carbon (Norit Americas Inc.,. Marshall, Texas, USA); Norit A Supra USP (Norit 

Americas Inc., Marshall, Texas, USA); Norit E Supra US!? (NOrit Americas Inc.., 

Marshall, Texas, USA); Norit C GRAN (Norit Americas inc, Marshall, Texas, USA); 

.Norit SX Ultra (Norit Americas Inc., Marshall, Texas, USA); and Chemviron Pulsorb 

PGC activated carbon (Chemviron Carbon, Fehty, Belgium). 

[0066] 	Two major formats ofactivated carbon are powdered and granular. 

Powdered activated. carbon contains small and usually less than 1 mm diameter 

particles, and is most commonly used for purification of liquids. Granular activated 

carbon has a larger particle size and consequently a smaller surface area, so it is 

preferred for use in gas purifiCation. Where the rate of diffusion is faster. 

[00671 	An important consideration for safety with use of activated carbon in 

consumer applications (such as water, food, beverage, and pharmaceutical 

purification) is reduction and control of extractable compounds. Activated carbon 

intended for drinking water and food contact applications is usually made in 

compliance with safety standard ANSINSF Standard 61 that covers all indirect 

additives to water. Also, MEV standard test method 136385 describes determining 

acid extractable content in aetivated carbon by ashing and could be used to study and 

minimize the level of extractables from activated carbon. 

[0068] 	A range of activated carbon types is available for various applications. For 

example. MeadWestVaco Corp. supplies at least twelve types of powdered activated 

carbon that vary by their capacity, surface acidity, pore accessibility to target 

molecules, and intended application. It is generally desirable to maximize the 

capacity of adtivated carbon for impurity removal. 
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[0064] In some embodiments described herein, activated carbon is incorporated in a 

cellulose-containing fibrous media, 

[0065] Commercially available activated carbon materials that may be employed in 

the methods according to the present invention include, but are not limited to, Nuchar 

HD activated carbon (MeadWestVaco Corporation, Richmond, VA, USA); Nuchar 

SA 20 (MeadWestV'aco Corporation, Richmond, VA, USA); Nuchar.SN 

(MeadWestVaco Corporation, Richmond, VA, USA); Nuchar WV-B 30 

(MeadWestVaco Corporation, Richmond, VA, USA); RGC Powder activated carbon 

(MeadWestVaco'Corporation, Richmond, VA, USA); Norit Darco KB-G activated 

carbon (Norit Americas Inc., Marshall, Texas, USA); Norit CGP Super activated 

carbon (Norit Americas Inc.,.Marshall, Texas, USA); Norit A Supra IJSP (Norii 

Americas inc., Marshall, Texas, USA); Norit E Supra USP (Norit Americas Inc.., 

Marshall, Texas, USA); Norit C GRAN (Norit Americas Inc., .Marshall, Texas, USA); 

Norit SX Ultra (Norit. Americas Inc., Marshall, Texas, USA); and Chemviron Pulsorb 

PGC activated carbon (Chemviron Carbon, Feluy, Belgium), 

[0066] Two major formats of activated carbon .are powdered and granular.. 

Powdered activated carbon contains small and usually less than I mm-diameter 

particles, and is most commonly used for purification of liquids. Granular activated 

carbon has a larger particle size and consequently a smaller surface area, so it is 

preferred for use in gas purification where the rate of diffusion is faster. 

[0067] An important consideration for safety with use of activated carbon in 

consumer applications (such as water, food, beverage, and pharmaceutical 

purification) is reduction and control of extractabie compounds. Activated carbon 

intended ibr drinking water and food contact applications is usually made in 

compliance with safety standard ANSI/NSF Standard 61 that covers all indirect 

additives to water. Also, ASTM standard test method D6385 describes determining 

acid extractabie content in activated carbon by ashing and could be used to study and 

minimize the level of extractahles from activated carbon. 

[0068] A range of activated carbon types is available for various applications. For 

example, MeadWestVaco Corp. supplies at least twelve types of powdered activated 

carbon that vary by their capacity, surface acidity, pore accessibility to target 

molecules, and Intended application. It is generally desirable to maximize the 

capacity of activated carbon for impurity removal. 
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in. 	ExeinDitiiIi Viruses Used in the Methods Described. herein 

100691 	Exemplary viruses that may.  'be used in the methods described herein, 

include but are not limited to, Adenovirus, Calicivinis, Transmissible Gastroenteritis 

Virus, Bovine Diarrhea Virus, West Nile Virus, Duck Hepatitis B Virus, 

Cytomegalovirus, Herpes Simplex Virus, Infectious Bovine Rhinotrac.heitis Virus, 

Pseudorabies Virus, Influenza Virus, Simian Virus Type 40, Parainfluenza Virus, 

Human. Parvovirus, Minute Virus of Mice, Porcine Parvovirus, Canine Parvovirus, 

Encephdlomyoearditis Virus, Hepatitis A Virus, Poiioviru.s, Bovine Entemvirus, 

Porcine Enterovitus, Vaccinia Virus, Reovirus, Marine Leukemia Virus (Xenotropic„ 

Amphotropic, Ecotropic). Human ..immunodeficiency Virus, Vesicular Stomatitis 

Virus, Sindbis Virus and Serriliki Forest Virus. 

[0070] 	A virus is added to a portion of a sample containing a target protein in the 

amount ranging from 104  to 10.8  PFLI/m1„ or ICID50/mL prior m the portion of 

sample being contacted with activated carbon, as..descrihed herein.. 

[0071] 	In sonic embodiments, the minute virus of mice, which represents a 

parvovirus is added to a portion of sample .containina a target protein, In other 

embodiments, the .x.enotropic =rine leukemia virus, which represents a retrovims or 

a retrovirus-like particle, is added to a portion of sample containing a target protein. 

IV. Flow-through Processes Using Activated Carbon  

[00721 	One.general . flow-through procedure Which may be used for determining the 

removal of viruses using activated carbon is described below. 

[00731 	In some embodiments, a chromatography device, e.g., .a. column, is loaded 

with an aqueous slurry of activated carbon. Activated carbon can also 'be loaded into 

a device, e.g., a column,. as a dry powder and then wetted with an aqueous solution. 

However, sometimes it may be challenging to remove Small air bubbles from in. 

between the activated carbouparticles when the column is.dry packed. The column is 

then equilibrated with a buffer having the same pH. as the sample. containing the target 

protein. The sample is subsequently passed through the activated carbon 'Column at a 

flow-rate . that results in a column residence time of between 15 sees and. 10.0 mins, 

The ciliate containing the target protein is subsequently collected.  

V. Methods of Measuring the Amount of 'Viruses in Samples 

[00741 	Once .a portion 'of sample is treated with activated carbon, as described 

herein, the amount of virus remaining in, the sample is measured using One or more 

methods described herein or those known in the art. These methods include, but are 
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01. Exemplary Viruses Used m the Methods Described herein 

[0069] Exemplary viruses that may be used In the methods described herein, 

include but are not limited to. Adenovirus, Calic-ivirus, Transmissible Gastroenteritis 

Virus, Bovine Diarrhea. Virus, West Nile Virus, Duck Hepatitis B Virus, 

Cytomegalovirus, Herpes Simplex Virus, infectious Bovine Rhinotfacheitis Virus, 

Pseudorabies Virus, Influenza Virus. Simian Virus Type 40, Parainfluenza Virus, 

Human Parvovirus, Minute Virus of Mice, Porcine Parvovirus, Canine Parvovirus, 

Encephaioniyocarditis Virus, Hepatitis A Vims, Poiiovirus, Bovine Enterovirus, 

Porcine Enterovirus, Vaccinia Vims. Reovirus. Murine Leukemia Virus ('Xenotropic, 

Amphotropic, Ecotropie). Human Immunodeficiency Virus, Vesicular Stomatitis 

Virus, Sindbis Virus and Senillkl Forest Virus, 

[0070 J A virus is added to a portion of a sample containing a target protein in the 

amount ranging from 104 to 10* PFO/mL or TCID50/mL prior to the portion of 

sample being contacted with activated carbon, as described herein. 

[0071j In some embodiments, the minute virus of mice, which represents a 

parvovirus, is added to a portion of sample .containing a target protein. In other 

embodiments, the xenotropic murine leukemia virus, which represents a retrovirus or 

a retrdvirus-like particle, is added to a portion of-sample containing a target protein. 

IV. Flow-through Processes Using Activated Carbon 

[0072] One• general'flow-through procedure which may be used for determining the 

removal of viruses using activated carbon is described below. 

[0073] In some embodiments, a chromatography device, e.g., a column, is loaded 

with an aqueous slurry of activated carbon. Activated carbon can also be loaded into 

a device, e.g., a column,, as a dry powder and then wetted with an aqueous solution. 

However, sometimes it may be challenging to remove small air bubbles from in. 

between the activated carbon.particles when the column is.dry packed. The column is 

then equilibrated with a buffer having the same- pH as the sample containing the target 

protein. The sample is subsequently passed through the activated carbon column at a 

flow-rate that results in a column residence time of between 15 sees and 10.0 mins. 

The eluate containing the target protein is subsequently collected; 

V, Methods of Measimisg the Amount of Viruses in Samples 

[0074] Once a portion of sample is treated with activated carbon, as descri bed 

herein, the amount of virus remaining in. the sample is measured using one or more 

methods described, herein or those known in the art. These methods include, but are 
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not limited to, 50% tissue culture infectious dose (TCID50) assay, plaque-forming 

unit assay, focus-forining unit assay, 50% lethal dose assay,hernaggintination assay, 

florescent focus assay (HA), bicinchoninic acid assay (BCA), sinOe radial 

immunodiffusion assay (SR1D), quantitative po.lvmerase chain reaction (gPCR.),  

enzyme-linked immunosorbent assay (HASA), transmission electron microscopy. 

Generally, the method that is used would be dependent on the virus that is being 

measured or detected. Some of the assays which may be incorporated in the methods 

described herein are described below. 

[0075] 	50% tissue culture infective dose cl(lJD50) is an endpoint dilution assay 

which quantifies the amount of virus required to kill 50% of infected. host cells or to 

produce a cytopathic effect in 50% of inoculated tissue culture cells. Following 

incubation, the percentage of cell death (i.e. infected cells) is manually observed and 

recorded. for each virus dilution and the results are used to mathematically calculate 

the -rcipso. 
[0076] 	Viral. plaque-forming unit assays determine the number of plaque forming 

units (PFUs) in a sample by spreading various dilutions of the sample across 

confluent MOW layers of host cells, and then, after a suitable incubation period 

(generally 3-14 days}, counting the number of plaques in the monolayer. 

[00771 	A,50% lethal dose (LDSO) assay is conducted by administering dilutions of a 

sample into suitable host animals to determine the dose that is sufficient to kill 50% of 

the animals. 

[.0078] 	The henutgglutination assay may be used. to quantify certain viruses(e..g. 

influenza) by incubating serial dilutions of the sample with a 1% erythrocyte solution 

for one hour and then visually determining the virus dilution at which agglutination 

first occurs. 

[00791 	.Fluorescent focus assays are conducted. similarly to plaque-forming unit 

assays, except that the number of infectious units is .determined by staining the cell 

:monolayer with fluorescent antibodies that specifically bind to virus components. 

Fluorescence microscopy is used to count and quantify how many cells are infected. 

[0080] 	A bicinchoninic acid assay (BCA) quantifies virus by measurement of the 

total amount of protein. in a smple. BCA reagent. is added to the sample, and a 

protein's peptide bonds quantitatively reduce Cu?  to Cul+, which produces a light. 

bine color. BCA chelates Cul ' at a 2:1 ratio resulting.  in a more intensely colored 

species that .absorbs at 562 .nm. Absorbance of a sample at 562 rim is used to 
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not limited to, 50% tissue culture infectious dose (TCID50) assay, plaque-forming 

unit assay, focus-fomiing unit assay, 50% lethal dose assay,hemagglutination assay, 

fiorescent focus assay (FFA), bicinchonimc acid assay (BCA), single radial 

immunodiffusion assay (SRID), quantitative polymerase chain reaction (qPCR), 

enzyme-linked immunosorbent assay (ELISA), transmission electron microscopy. 

Generally, the method that is" used would be dependent on the virus that is being 

measured or detected. Some of the assays which may be incorporated in the methods 

described herein are described below. 

[0075] 50% tissue culture infective dose (TCID50) is an. endpoint dilution assay 

which quantifies the amount of virus required to kill 50% of infected host cells or to 

produce a eytopathic effect in 50% of inoculated tissue culture cells. Following 

incubation, the percentage of cel.! death (i.e. infected cells) is .manually observed and 

recorded, for each virus dilution and the results are used to mathematically calculate 

the TCID50. 

[0076] Viral, plaque-forming unit assays determine the number of plaque forming 

units (PFUs) in a sample by spreading various dilutions of the sample across 

confluent monolayers of host cells, and then, after a suitable- incubation period 

(generally 3-14 days), counting the number of plaques in the .monolayer. 

[0077] A 50% lethal dose (LD50) assay is conducted, by administering dilutions of a 

sample into suitable host animals to determine the dose that is sufficient to kill. 50% of 

the animals. 

[0078] The hemagglutination assay may be used to quantify certain viruses (e.g. 

influenza) by incubating serial dilutions of the sample with, a 1% erythrocyte solution 

for one hour and then visually determining the virus dilution at which agglutination 

first occurs, 

[0079] Fluorescent focus assays are conducted, similarly to plaque-forming unit 

assays, except that the number of infectious units is determined by staining the cell 

monolayer with fluorescent antibodies that specifically bind to virus components. 

Fluorescence microscopy is used to count and quantify how many cells are infected, 

[0080] A bkinchortirtic acid assay (BCA) quantifies virus by measurement, of the 

total amount of protein, in a snvple. BCA reagent is added to the sample, and a 

protein's peptide bonds quantitatively reduce Cif to Cu \ which produces a light 

blue color. BCA chelates Cu5' at a 2:1 ratio resulting in a more intensely colored 

species that absorbs at 562 nra. Absorbance of a. sample at. 562 nm is used, to 
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determine the. bulk protein concentration in the sample. Assay results are compared 

with. known standard curves after analysis with a spectrophotometer or plate reader. 

100811 	Single radial immunodiffusion assay (SUE)), also known as the Mancini 

method, is a protein assay that detects the amount of specific viral antigen by 

immunodiffusion in a semi-solid medium (e.g.. agar). The medium contains an 

antiserum specific to the antigen of interest and the antigen is.plaCed in the center of 

the disc. As the antigen diffuses into the medium it creates a precipitate ring that 

grows until a equilibrium is reached. Assay tittle can range from 10 hours to several 

days depending on the equilibration time of the antigen and antibody. The zone 

diameter from the ring is linearly related to the log of protein concentration and is 

compared to zone. diameters for known protein standards for quantification. 

[0082] 	Quantitative poIymerase chain reaction (APC.R) is a technique that measures 

the amount of specific nucleic acid. sequences in a sample. By using probes specific 

for viral genetic sequences, the number of viral genomes in a sample may be counted. 

[00831 	Transmission electron.  microscopy (TEM) may also be used to quantify virus 

by generation. of high resolution magnified images of the sample. 'LW images can 

show individual virus particles and quantitative image. analysis can be used to 

determine virus concentration. 

[00841 	This invention is further illustrated by the following examples. which should 

not be construed as limiting. The contents of all references, patents and published 

patent applications cited throughout -this application, as well as the Figures. are 

incorporated herein by reference.  

Exa in ri les  

Example 1. 	The production of Minute Virus of Mice. 

{008.51 	This example describes the process to prepare minute virus of mice 

(.MVM), which represents a parvovirus. The WM is subsequently spiked. into 

solutions of MAB and its selecthie removal by activated carbon is examined. 

861 	Hi 	titer MVM iS generated by infecting confluent A9 cells (ATCC CCL- 

1.4) in Advanced/F12 Dulbecco's Modified Eagle's. Medium (DMEM) Invitrogen 

(Catalog no. 12634-028) containing 1% (v/v- ) fetal bovine scrum (F13S) with penicillin 

(0.2 Units/nil), streptomycin (0.21,1g/mL), and. 2.0 mM L-glutamine. Following 

incubation at 37 'C and 5% carbon dioxide for 3 days, the media is replaced with. the 

same medium containing no serum and infection is continued tOr 7 more days, 
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determine the bulk protein concentration in the sample. Assay results are compared 

with, known standard curves after analysis with a spectrophotometer or plate reader. 

[0081] Single radial immunodiffusion assay (SRID). also known as the Mancini 

method, is a protein assay that detects the amount of specific viral antigen by 

immunodiffusion in a semi-solid medium (e.g. agar). The medium contains an 

.antiserum specific to the antigen of interest and the antigen is placed in the center of 

the disc. As the antigen diffuses into the-medium it creates a precipitate ring thai 

grows until a equilibrium is reached. Assay time can range from 10 hours to several 

days depending on the equilibration time of the antigen and antibody. The zone 

diameter from the ring is linearly related to the log of protein Concentration and is 

compared to zone, diameters for known protein standards for quantification. 

[0082] Quantitative polymerase chain reaction (qPCR) is a technique that measures 

the amount of specific nucleic acid sequences in a sample. By using probes specific 

for viral genetic sequences, the number of viral genomes in a sample may be counted. 

[0083] Transmission electron microscopy (TEM) may also be used to quantify virus 

by generation of high resolution magnified images of the sample. TEM' images can. 

show individual virus particles and quantitative image analysis can be used to 

determine virus concentration, 

[0084] This invention is further illustrated by the following examples which should 

not he construed as limiting. The contents of all references, patents and published 

patent applications cited throughout this application, as well as the Figures, are 

incorporated herein by reference. 

Example 1. The production of Minute Virus of Mice 

[0085] This example describes the process to prepare minute virus of mice 

('MVM), which represents a parvovirus. The MVM is subsequently spiked into 

solutions of MAB and its selective removal by activated carbon, is examined. 

[0086] High.'titer MVM is generated by infecting confluent A9 cells (ATCC CGL-

1,4) in Advanced/F12 Dulbecco's Modified Eagle's Medium (DMEM) Invltrogen 

(Catalog no. 12634-028) containing 1'% (v/v) fetal bovine serum (FBS) with penicillin 

(0,2 Umts/mL), streptomycin (0.2 pg/mL), and 2.0 mM L-gluiamine. Following 

incubation at 37 °C and 5% carbon dioxide for 3 days, the media is replaced with, the 

same medium, containing no serum and infection is continued for 7 more days. 
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[0087] 	Cell lysates are harvested and clarified by centrifugation (300 g for 20 

minutes) and subsequently concentrated by. ultrafiltration (EMI) Millipore 

Corporation, Catalog no., UF(710008). Final concentration is obtained by 

ultracentriftlgation for 4 hours at 112,000 . g using an. SW28.rotor in a Beckman 

Centrifuge. Virus pellets are resuspended in THE buffer .(1 OmM Tris„ 100 mM NaCI, 

1mM MIA at pli 7.5) bethre a final polishing step using flow through cation 

exchange chromatography. Purified virus is stored in buffer at -8() 9C for use in 

spiking studies. 

Exam.ple 2. 	Determination of Minute Virus of Mice concentrations 

[0088] 	This example describes the process to determine the amount .of minute virus 

of mice (MVM) Ina solution.. This process can be used to determine no* much MVM 

spiked into solutions of MAl13 remains after treatment by activated carbon. 

[0089] 	MVM titers are determined using a. tissue culture infectious dose 50% 

(TC11_)50) assay as described in Bolton et al., Biotechnot Appl. Bioehem, Vol. 42, 

2005, 1.33-142. Test samples are diluted to mitigate cytotoxicity and viral 

interference followed by 10-fOld serial dilutions prepared NO th cell culture medium 

and 100 RI aliquots of each dilution are added. to each of 1.6 wells of a 96-well 

mierotiter plate containing sub-confluent 324K. PT cells (obtained from Professor P. 

Tattersall, Department of Laboratory Medicine and Genetics. Yale University School 

of Medicine, New Haven,. CT. USA). Following incubation at 37 'C.. in 5% CO2  for 

10-12 days, infected wells are visually assessed for tytopathie effect (CPE) and titers 

are. determined using Spearman-Karber methods (Spearman, C. British Journal of 

Psychology, Vol .2, 1908, 227-242; .(Garber; G., Arch. Exp. Pathol. Pharmak. 'Vol 162, 

1931, 480-483). Where low counts are. expected (filtrate samples),.large volume 

plating techniques are also used.. Depending on the frequency of observed CPE, titer 

of these samples is estimated using one of several different accepted statistical 

methods. Log reduction values .(L.RVs) are calculated by determining the log 10 of 

the viral load upstream and. subtracting the log 10 .of the total virus in the filtrate, 

Example 3. 	-il he. production of Xenotropic Murinc leukemia virus 

[0090] 	This example describes the process to prepare xenotropic murine leukemia. 

virus (XMuLV). which represents retrovirus or retro-virus-like particles. The XMULV 

is subsequently spiked into solutions of MAB and .its selective.removal by activated 

carbon is examined. 
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[0.087] Cell Iysates are harvested .and clarified by centiifugation (300 g for 20 

minutes) and subsequently concentrated by ultrafiltration (BMD Millipore 

Corporation, Catalog no. UFC7J0Q08). Final concentration is obtained by 

ultracentrifogation for 4 hours at .112.000 g using an SW28 rotor in a Beckman 

Centrifuge. Virus pellets are resuspended in TNE buffer (lOmM Iris, 100 raM NaCl, 

ImM' EDTA at pH 7.5) before a final polishing step using flow through cation 

exchange chromatography. Purified virus is stored in buffer at -80 °C for use in 

spiking studies. 

Example 2. Determination of Minute Virus of Mice concentrations 

[0088| This example describes the process to determine the amount-of minute virus 

of mice (MVM) in a solu tion.This process can be used to determine how much MVM 

spiked into solutions of MAB remains after treatment by activated carbon. 

[0089] MVM titers are determined using a tissue culture infectious dose 50% 

(TCID50) assay as described in Bolton et al., Blotechnol, Appl. Biochem, Vol. 42, 

2005,133-142. Test samples are diluted to mitigate cytotoxicity and viral 

interference followed by 10-fold serial dilutions prepared with cell culture medium 

and 100 fil aliquots of each dilution are added to each of 16 wells of a 96-well 

microliter plate containing sub-confluent 324K. PT cells (obtained from Professor P. 

Tattersail, Department of Laboratory Medicine and Genetics, Yale University School 

of Medicine, New Haven, CT, USA). Following incubation at 37 °€ in 5% CO? for 

10-12 days, infected wells are visually assessed for cytopaihie effect (CPE) and titers 

are determined using Spearnian-Karber methods (Spearman, C.(, British Journal of 

Psychology. Vol 2,1908, 227-242; Karber, G., Arch., Exp. Pathol, Pharmak. Vol 162. 

1931, 480-483). Where low counts are expected (filtrate samples), large volume 

plating techniques are also used. Depending on the frequency of observed CPE, titer 

of these samples is estimated using one of several different accepted statistical 

methods. Log reduction values (LRVs) are calculated by determining the log 10 of 

the viral load upstream and subtracting the log 10 of the total virus in the filtrate. 

Example 3. The production of Xenotropic Murine leukemia virus 

[0090] This example describes the process to prepare xenotropic murine leukemia 

virus (XMuLV), which represents retrovirus or retrovirus-like particles. The XMnLV 

is subsequently spiked into solutions of MAB and its selective removal by activated 

carbon is examined. 
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[00911 	l ighly purified Xlvad,V is produced by infecting a single flask of MVILti 

cells (Mink lung cells ATCC CCL-64) in the presence of DM EM supplemented with 

10% (vi') fetal bovine serum (F13S) with penicillin (0.2 Unitsfmt,), streptomycin (0.2 

uglmL), and 2 inM 1.,-.:),:lutarnine. This infected flask of cells undergoes repeated 

passaging and expansion in DIEM supplemented with 2.5% (v/v) fetal bovine serum 

(F.13S) With penicillin (0.2 Units/MIA. Streptomycin (0.2 ug/m1,), and 2 miM if, 

glutamine. The cell culture fluid of infected monolayers is harvested and the flasks 

are find with Advanced/F12 Dulbeeco.'s Modified Eagles Medium (Adv DMEM) 

Invitrogen (catalog no. 12634-028) containing penicillin (0.2 UnitsimL), 

streptomycin (0,2 1.1.g/mL),.and 2 mM ',glutamine, Following incubation at 37 'C 

5% CO) for 2 days the cell culture fluid of infected monolayers is harvested and the 

monolayers are fed again with Adv DMEM with penicillin (0.2 Units/mL)„ 

streptomycin (0.2 jaglin ..), and 2 .m.M L-glutamine. 

[00921 	Following incubation at 37 'C and 5% carbon dioxide for 2 days, the cell 

culture fluid is harvested, All cell culture fluids are clarified by low speed 

centrifugation (300 g for 20 minutes), filtered through 0.454m Durapore filter and 

purified by centrifugation at 9500xg.for 2 hours using, GSA rotor in Somali 

centrifuge. Pelleted virus is resuspended in protein-free storage buffer and. stored. at - 

80°C until ready for use in spiking studies. 

Example 4. 	Determination of Xenotropic Murine leukemia virus 

concentrations 

[0093] 	This example describes the process.  to determine,  the amount of xenotropic 

murine leukemia. virus (XMuLV) in a solution. This process is used to determine how 

much NMul..V spiked into solutions of MAB remains after treatment with activated 

carbon. 

[0094] 	XiMuLV titers are deterinined using a tissue culture infectious dose 50% 

(`l ciD5g) assay as described in Bolton et al., Biotechnol. Appl. 13iochem. Vol. 42, 

2005,133-142. Test samples are diluted to mitigate cytotOxicity and viral interference 

followed by preparation. of 10-fold serial dilutions with. cell culture medium, and 100 

pi aliquots of each dilution are added to each of 16 wells of a 96-well microliter plate 

containing sub-confluent PG4 cells (ATCC CRL-2032). The plates are then 

spinoculated in centrifuge.(1800 rpm for 60 mins). Following incubation at 37°C in 

5% CO2 for 7 days, infected wells are visually assessed. for eytopathie effect (CPE) 

and titers are determined using the Spearman-K'drber methods (Spearman, C., British 
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[0091] Highly purified XMuLV is produced by infecting a single flask of MV1 Lu 

cells (Mink lung .cells ATCC CCL-64) in the presence ofDMEM supplemented with. 

10% (v/v) fetal bovine serum (FBS) with penicillin (0.2 Units/mL). streptomycin (0.2 

fig/mL). arid 2 mM L-giutamine. This infected flask of cells undergoes repeated 

passaging and expansion in DMEM supplemented with .2.5% (v/v) fetal bovine serum 

(FBS) with penicillin (0.2 Uhits/mL),.'streptomycin (0,2 pg/tnL), and'2 mM L-

glutamine. 'The cell culture .fluid of infected monolayers is harvested, and the flasks 

are led with Advanced/F32 Dulbecco's Modified Eagle's Medium (Adv DMEM) 

Inviirogen (Catalog no. 12634-028) containing penicillin (0.2 Units/ml,), 

streptomycin (0.2 ug/ml,), and 2 mM L-glutamine. Following incubation at 37 C"'C 

5% CCb for 2 days, the cell culture fluid of infected monolayers is harvested and the 

monolayers-are fed again with Adv DMEM with penicillin (0.2 Units/mL). 

streptomycin (0,2 pg/raL), and 2 mM L-glutamine. 

[009.21 Following incubation at 37 °C and 5% carbon dioxide for 2. days, the ceil 

culture fluid .is harvested. All cell culture fluids are clarified by low speed, 

centrifogatioe (300 gfor 20 minutes), filtered through 0.45 pm Durapore filter and 

purified by centrifugaiion at 9.500xg for 2 hours using GSA rotor In Sorvali 

centrifuge. Pelleted virus is resusperided in protein-free storage buffer and stored, at -

80°C until ready for use in spiking studies. 

Example 4. Determination of Xenotropic Marine leukemia virus 

concentrations 

[0093] This example describes the process to determine the amount of xenotropic 

murine leukemia virus (XMuLV) in a solution. This process is used to determine how 

much .XMULV spiked into solutions of MAB remains.after treatment with activated 

carbon. 

[0094] XMuLV titers are determined using a tissue culture infectious dose 50% 

(TCID50) assay as described in Bolton et al, Biotedmol, Appl. Bioehem. Vol. 42, 

2005, 133-142. Test samples are diluted to mitigate cytotoxicity and viral interference 

followed by preparation of 1 0-fold serial dilutions with, cell culture medium, and 100 

pi aliquots of each dilution axe added to each of 16 wells of a 96-well microliter plate-

containing sub-confluent PG4 cells (ATCCCRL-2032). The plates are then 

spinoeulated in centrifuge (1800 rpm for 60 mins). Following incubation, at 37°C In 

5% COj for 7 days, infected wells are visually assessed, for cytopathic effect (CPE) 

and titers are determined using the Spearman-KSrber methods (Spearman, C,, British 
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Journal of Psychology, Vol 2. 1908. 227-242.  Mirber, G.„ Arch. Exp. Pat lot. 

Pharmak. Vol 162, 1931, 480-483). Where low counts arc expected (filtrate samples), 

large volume plating techniques are also used. Depending on the frequency of 

observed CPE„ titer of these samples is estimated using one of several different 

accepted statistical methods. Log reduction values (LIZ.V) is calculated by 

determining the log 10 of the viral load upstream and subtracting the lo!!  10 of the 

total virus in the filtrate. 

Example 5. 	Method to determine whether activated carbon can be used to 

selectively remove a parvovirus from a MARI monoclonal 

antibody solution 

100951 	This is a representative eXample that demonstrates a Method to determine if 

a parvovirus, represented by minute virus of mice (MVM), is removed from a solution 

containing a monoclonal antibody (i.e., MABI) by flowing through a column of 

activated carbon. The results indicate that activated carbon can be used to selectively 

remove a parvovirus from a MARI monoclonal antibody solution. 

[0096] 	A solution of MABE is spiked with MVM and then flowed through an 

activated carbon column, as described below. 

[0097] 	MART produced from CHO cell is clarified and subsequentlysubjected to 

Protein A affinity chromatography (eluted with 25 rnM acetic acid, 25 mM giycine 

HCI). The pH of the Protein A elute is adjusted. to pH 7;0 with 1 M Tris base and the 

oluate is filtered  through a Stericup-GP 0.22 pm Millipore Express PLUS membrane 

(I 1., catalogue.  umber: SCG.Pli02112, EMD Millipore Corporation, i3illerica. MA, 

01821 USA). MARE feed at pH 7.0 is spiked with Ultrapure grade of MVM that is 

produced according to the procedure described in Example 1 to a target amount of 2.0 

E+06 ICID50/mL, The spiked feed is filtered through a. 0.22 prix GP express filter 

before contact with activated carbon. 

[0098] 	A glass chromatography column (Omnifit Benchmark Column 10 nu 	€00 

iiim, 10 riun diameter, 100 nun length,. SKU: 006BCC-10-10-AF, Diba IndustriM 

Danbury, CT 06810, US) is loaded with 200 mg oftSluchar HI) activated carbon 

(MeadWestVaco Corporation. Richmond, VA, USA) slurried in water. The column is 

packed by flowing. water through it, which results in a packed column volume of 0.8 

mi.,. 

[0099] 	The activated carbon column is pre-equilibrated with about 10 CV If 25 

m114 Iris at pH 7,0. Virus Spiked .MAID feed is pumped through .the activated carbon 
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Journal of Psychology, Vol 2, 1908,227-242; Karber, G,s Arch. Exp. Pathol. 

Pharmak. Vol 162, 1931, 480-483). Where low counts are expected (filtrate samples), 

large volume plating techniques are also used. Depending on the frequency of 

observed CPE, ti ter of these samples is estimated using one of several different 

accepted statistical methods. Log reduction values (LRV) is calculated fey 

determining the log 10 o f the viral load upstream and subtracting the log 10 of the 

total virus in the filtrate. 

Example 5, Method to determine whether activated carbon can be used to 

selectively remove a parvovirus from a MABI monoclonal 

antibody solution 

[0095] This is a representative example that demonstrates a method to determine if 

a parvovirus, represented by minute virus of mice (MVM), is removed from a solution 

containing a monoclonal, antibody (i.e., MABI) by flowing through a column of 

activated carbon. The results indicate that activated carbon can be used to selectively 

remove a parvovirus from a MABI monoclonal antibody solution, 

[0096] A solution of MABI is spiked with MVM and then flowed through an 

activated carbon column, as described below. 

[0097] MABI produced from CHO cell is clarified and subsequently subjected to 

Protein A affinity chromatography (eiuted with 25111M acetic acid, 25 mM glycine 

HC1), The pH of the Protein A ehiate is adjusted to pH 7.0 with 1 M Tris base and the 

eluate is filtered through a Stericup~GP 0.22 ^m Msllipore Express PLUS membrane 

(1 L. catalogue number: SCGPU02RB, HMD Millipo.re Corporation, Biii.erica, MA, 

01821, USA). MABI feed, at pH 7,0 is spiked, with Ultrapure grade of MVM that is 

produced according to the procedure described In Example 1 to a target amount of 2.0 

E+06 TCTDso/mL. The spiked feed is filtered through a 0.22 pm GP express filter 

before contact with activated carbon. 

[0098] A glass chromatography column (Omnitit Benchmark Column 10 mm/100 

mm, 10 mm diameter, 100 mm length, SK.U: 006BCC-10-1Q-AF, Diba Industries, 

Danbury, CT 06810, US) is loaded with 200 nig of Nuchar LID activated carbon 

(MeadWestVaco Corporation. Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which results in a packed column volume of 0.8 

mL, 

[0099] The activated carbon column is pre-equilihrated with about. .10 CV of 25 

mM Tris at pH 7.0, Virus spiked MAB feed is pumped through, the activated carbon 

2! 
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column at' MUmin (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 1,0 kg/L and :A kg/L. 

The samples are .titrated by virus infectivity assay, as described in Example 2. As 

summarized in Table I and Figure 1, this experiment.demonstrates that. greater than 

5.() LIZ)/ of a parvovirus, represented by MVM, are removed from a solution of 

MABI by flowing the solution though a column of activated carbon.at column loads 

of 1.0 kg/L and 2.0 kg/L. Accordingly, activated carbon can be used to selectively 

remove a parl,:'ovirus from asolution containing MAUL 

Table .1. LRV of WM removed from MABI containing solution, measured in 

fractions collected at various column loads of.MABI on the activated carbon column. 

The experiment is run in duplicate and the value listed is an average of those two 

values. Note that the concentration of MVM in the fractions is below the levels of 

detection. 

Column. load of MABI 
LRV of MVM from 

on activated carbon 
MAI3I 

(kg/L) 

	

1.0 	 >5.03 

	

0 	 >5.13. 

Example 6. 	Method to. determine whether activated carbon can be used tee 

selectively remove a. pamovirus front a MARII monoclonal 

antibody solution 

[001001 	This is a 'second representative example along with Example 5 that 

demonstrates a method to determine if a parvovirus, represented by minute virus of 

mice (MVM), is removed froin a solution containing monoclonal antibody (i.e., 

it 	by flowing through a column of activated. carbon.. The reSIIIIS indicate that 

activated carbon cannot be used for selectively removing a parvovirus from a MAB11. 

monoclonal antibody solution. 

[00101 .1 	A soiuti on of MABII is spiked with .MV1v1 and subsequently flowed 

through an activated carbon column., as described below. 

[001021 	MABII produced from CHO cells is clarified and then subjected to Protein 

A column chromatography (eluted with 25 n. 	"I. acetic acid, 25 mM glyeine .IICI). ;he 

pH of the Protein A eluate is adjusted to pH 7.0 with 	NI Trig`, base and filtered 

throu.(21•a Stetieup-GP 0.22 Ism Millipore E.xpress PLITS me.mbrane (1 L, catalogue 
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column at 1 toL/min (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 1,0 kg/L and 2,0 kg/L, 

The samples are titrated by virus infectivity assay, as described in Example 2, As 

summarized in Table I and Figure I, this experiment demonstrates that greater than 

5.0 LRV of a parvovirus, represented by MVM, are removed from a solution of 

MABI by .flowing the solution though a column of activated, carbon at column loads 

of 1.0 kg/L and 2.0 kg/L. Accordingly, activated carbon can be used to selectively 

remove a parvovirus from a-solution containing MABL 

Tabic I. LRV of MVM removed from MABI containing solution, measured in 

fractions collected at various column loads of .MABI on the activated carbon column. 

The experiment is run in duplicate and the value listed is an average of those two 

values. Note that the concentration of MVM in the fractions is below the levels of 

detection. 

Column. load of M ABI 
LRV of MVM from 

on activated carbon 
MABI 

(kg/L) 

1.0 

2,0 

Example (», Method to determine whether activated carbon can be used to 

selectively remove a parv ovirus from a MABI! monoclonal 

antibody solution 

[00100] This is a second representative example -along with .Example 5 that 

demonstrates a method to determine if a parvovirus, represented, by minute virus of 

mice (MVM/). is removed from a solution containing .monoclonal antibody (i.e., 

MAB.fi) by flowing through a column of activated carbon. The results indicate that 

acti vated carbon cannot be used for selectively removing a parvovirus from a MABH 

monoclonal antibody solution, 

[00101 ] A solution of MABH is spiked with MVM and subsequently flowed, 

through an activated carbon column, as described below. 

[00102] MABIi produced from CHO cells is clarified, and then subjected to Protein 

A column, chromatography (eiuted with 25 mM acetic acid, 25 mM glycine HC1). The 

pH of the Protein A eiuate is adjusted to pH 7.0 with 1 M Tris base and filtered 

through a Stericup-GP 0.22 fifn Millipore Express PLUS membrane (1 L, catalogue 

>5.03 

>5.13 

72 
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number: SCGIPUO2R.E, EMD Millipore Corporation, Billerica, MA, 01821, USA). 

The feed is dialyzed into 25 ml1,1 Iris pH 7.0 twice with dialysis tubing (Standard RC 

Dialysis Trial Kits, Speetra/Por 1-3, 3.5K MW CO, 54 min FLAT WIDTH, serial 

number: 132725, Spectrum Laboratories, inc. Rancho Dominguez, CA, 90220 USA). 

The solution is then filtered through a Stericup-GP 0.22 1.€111 Millipore Express PLUS 

membrane (1 11,, catalogue number: SCGPU02RE,EMD Millipore Corporation, 

Billerica, MA, 01821, USA). The dialyzed MABII teed at pH 7.0 is spiked with 

Ultrapure grade of [AVM that is produced according to the procedure described in 

Example 1 to a target amount of 2.0 E±06 ICID54/ML. The spiked feed is then 

filtered through a 0.22 .ttli GP express filter before contacting with activated carbon. 

[00103] 	A glass chromatography column ((?mnifit Benchmark. ..A I-  ) 1 .umn 10 min/100 

mm, 10 mm diameter, 100 aim letivb, SKU: 006BCC-10-10-AF, Diba Industries, 

Danbury, CI 06810, US) is loaded with 200 mg of Nuchar 1-II) activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which results in a packed. column volume of 0.8 

ITIL. 

[001041 	The activated carbon column is pre-equilibrated with about 10 CV of 25 

mM Iris at pH 7.0. Virus spiked mAb feed is pumped through the activated carbon 

column at 1 mUmin (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are: collected from the effluent at column loads of 0.5 kg/L, 1.0 kg/L, and 2.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in hxample 

2. 

1001051 	As summarized in Table 11 and Figure 1, this experiment demonstrates that 

less than 1.0 IiRV of parvovirus-like particles, represented by Minute Virus of Mice 

(WM), are removed from a solution of MABII by flowing the solution though a 

column of activated carbon at column loads of 0.5 kg/L, .1A) k I., and 2.0 kg/L. The 

results indicate that activated Carbon cannot be Used to selectively remove a 

parvovirus from a MABII monoclonal antibody solution. 
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number; SCGPU02RB, EMD MiHipore Corporation, Billerica, MA, 01821, USA). 

The feed is dialyzed into 25 mM Tris pH 7.0 twice with dialysis tubing (Standard R.C 

Dialysis Trial Kits, Spectra/Ppr 1-3, 3.5K M WGO, 54 mm FLAT WIDTH, serial 

number: 132725, Spectrum Laboratories, Inc. Raftcho Dominguez, CA, 90220 USA). 

The solution is then filtered through a Stericup-GP 0.22 Jim. MiHipore Express PLUS 

.membrane (1 L, catalogue number: SCGPU02RE, EM.D MiHipore Corporation-, 

Bif(erica, MA, 01821, USA). The dialyzed MABII feed at pH 7.0 is spiked with 

Ultrapure grade of MVM that is produced according to the procedure described in 

Example 1 to a target amount of 2 ,0 £+06 TClDs«/niL, The spiked feed is then 

filtered through a 0,22 ,um GP express filter before contacting with activated carbon. 

[00103] A glass chromatography column (Oranitlt Benchmark Column 10 mm/100 

mm, 10 mm diameter, 100 mm length, SKU: 006BCC-10-10-AF, Diba Industries, 

•anbury, CT 0681.0, US) is loaded with 20.0 mg of Nuchar I II) activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column Is 

packed by flowing, water through it, which results in a packed column volume of 0.8 

ml.,-, 

[00104] The activated carbon column is pre-equilibrated with, about. 10 CV of 25 

mM Tris at pH 7.0. Virus spiked mAb feed is pumped tlirough the. activated carbon 

column at 1 mL/min (0.8 CV/min) with Watson. Martow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 0.5 kg/L, 1.0 kg/L, and 2.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in Example 
9 

[00105] As summarized in Table 11 and Figure 1, this experiment demonstrates that 

less than 1.0 LRV of -parvovirus-like particles, represented by Minute Virus of Mice 

(MVM), are -removed from a solution of MABII by flowing the solution though a 

column of activated carbon at column loads of 0,5 kg/L, J .0 kg/L and 2.0 kg/L. The 

results indicate that activated carbon cannot be used to selectively remove a 

parvovirus from a MABII monoclonal antibody solution. 
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Table H. L;R: of 	NI removed from 	Bfl in .fractions collected. at various 

column. loads of MABII on the activated carbon column. 

Column toad of MABII 
LRV of MVM from 

on activated carbon 
MABII 

(kg! L.) 

	

0.5 	 0.96 

	

1..0 	 0.90 

	

2.0 	 0.52 

Example 7. 	Method to determine whether activate( 	arbon can be used to 

selectively' remove a parvovirus from a MARIII monoclonal 

antibody solution 

[001061 	This is a . third representative example along with Example 5 and Example 6 

that demonstrates a method to determine if a parvovirus, represented by MVM, is 

removed from a solution Containing a monoclonal antibody (i.e., MABIII).by flowing 

through .a column .of activated carbon.. The results indicate that activated carbon. 

cannot be used to selectively remove a parvovirus from a .MARIII monoclonal 

antibody solution., 

1001071 	A solution of MAIIIII is spiked with tilVM ancf itletflowed through a 

column of activated . carhon,..as described below. 

[0010$] 	MABIII is provided as a clarified cell culture by Merck Serono. MAME is 

captured. with Protein A chromatography (eluting with 2()  mM glycine-hydrochloride 

buffer at pH 2.6). The PH of the •MABIII ciliate is adjusted to pH 7.0 with I M Tris. 

base and the solution is then filtered through a Stericup-GP 0.22 .tin Millipore. 

Express PLUS membrane (I L, catalogue number: SCGPUO2RE, EMD Millipore. 

Corporation, Billerica, MA, 01821, USA). The feed is dialyzed into 25 inM iris pH 

7.0 twice \,0.th dialysis tubing (Standard RC Dialysis Trial Kits, SpectraiPor 1-3, 3„5K 

IVIWCO, 54.mm FLAT WIDTH, serial number: 132725, Spectrum Laboratories, Inc. 

Rancho Dominguez, CA, 90220 USA). The solution is subsequently 'filtered through 

a Stericup-GP 022 Ilin Millipore Express PLUS menibrane (1 L, catalogue ituntber: 

SCGPUO2RE. EMD Millipore. Corporation, Billerica, MA, 01821, USA). 

[00109] 	MA:Riff teed at pH 7.0. is spiked with Ultrapure grade of MVM that is 

produced according to the procedure described in Example 1, to a target spike of 
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Table 0. LR.V of MVM removed from MABII hi fractions collected at various 

column loads of MABH on the acti vated carbon column. 

Column load of M ABII 
LRV of MV M from 

on activated carbon 
MABII 

(kg/L) 

0.5 0.96 
1.0 0.90 

2.0 0.52 

Example 7. Method to determine whether activated carbon can be used to 

selectively remove a parvovirus from a MABIII monoclonal 

antibody solution 

[00.106] This is a third representative example along with Example 5 and Example 6 

that demonstrates a method to determine if a parvovirus, represented by MVM, is 

removed from a solution containing a monoclonal antibody (i.e., MABII J). by flowing 

through a column of activated carbon. The results indicate that activated carbon 

cannot be used to selectively remove a parvovirus from a MABIII monoclonal 

antibody so 1 ution. 

[00107] A solution of MABIII is spiked with MVM and then flowed through a 

column of activated carbon, as described below. 

[00108] MABIII is provided as a clarified cell culture by Merck Serono. MABIII is 

captured with Protein A chromatography (eluting with 20 mM glycine-hydrochloride 

buffer at pH 2,6), The pH of the MABIII eluate is adjusted to pH 7.0 with 1 M Tris 

base and the solution is then filtered, through a Stericup-GP 0.22 jim MiHipore 

Express PLUS membrane (1 L. catalogue number: SCGPU02RE, EM.D MiHipore 

Corporation, Billerica, MA, 01821, USA). The feed is dialyzed into 25 mM Tris pH 

7.0 twice with dialysis tubing (Standard RC Dialysis Trial Kits, Spectra/Por 1-3, 3.5K 

M WCO, 54 .mm FLAT WIDTH, serial number: 132725, Spectrum Laboratories, Inc. 

Rancho Dominguez, CA, 9022.0 USA). The solution is subsequently filtered through 

a Stericup-GP 0.22 pin .MiHipore Express PLUS membrane (1 L, catalogue number: 

SCGPU02RE, EMD MiHipore Corporation, Billeriea, MA, 01821, USA). 

[00109] MABIII feed at pH 7.0 is spiked with Ultrapure grade of MVM that is 

produced according to the procedure described in Example 1, to a target spike of 

0,1 
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. 2.0E-'416 TCID50/friL, The spiked feed is then filtered through a 0.22 pm GP express 

filter  before contacting with activated carbon.. 

[001101 	A glass chromatography column (Offinifit Benchmark Column 10 Mtn/ 100) 

mart, 10 mm diameter, 100 mm length, SKID: 006BCC710-10-AF, Diba 'Industries, 

Danbury, CT 06810, US) is loaded with 201) nig of Nuehar W) activated carbon 

(Mead.WestVaco Corporation, Richmond, VA, USA) slurried in .water. The column is 

packed by flowing water through it, which. resulted in a packed column volume of 0.8 

mi- 

[0011:11 	The activated carbon colt tun is pre-equilibrated with about 1.0 CV of 2.5 

iiiiiM Tris at pl-i TO. Virus spiked MA.13 feed is pumped through. the activated carbon. 

column at 1 mtimin (O.S CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the -effluent at column loads of 0.5 kg/1,„ 1.0 -kg/1„, and 2.0 

k.g1.1- The samples are titrated using a virus infectivity assay, as described in Example 

2.. 

[00112] 	AS.suminari2ted in Table 111 and Figure 1, this experiment demonstrates that 

less than. 1.0 Li n/ of parvovirus-like particles, represented by Minute Virus of Mice 

(MVM)„ are removed from a solution of MABIII by flowing the solution though a 

column of.acti vated carbon at column.Ioads of 0.5 kg/L, 1.0 kgli, and 2,0 kgiL. The 

results of this method indicate that activated carbon cannot be used to selectively 

remove parvovirtts-like particles from a MABEL' monoclonal antibody solution, 

Table .111, :.1_,RV of MVM removed from .MABIII in fractions collected at various 

column loads of MABlit on an activated carbon column.. 

Column load of MA BIll 
1_,RV bf .M.V.M 

on activated carbon 
from MABiti 

(kg!L) 

	

0.5 	 0.15 

	

1.0 	 0.15 

	

2.0 	 0.15 

Exam le 8. 	Method to determine whether activated carbon. can he used to 

selectively remove a parvavirus from a MABIV monoclonal 

antibody solution 

[001.13] 	This is nforth representative example along with Example 5., Example 6, 

and Example 7 that demonstrates a method to determine if a parvovirus„ represented 

"5 
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2.0E+06 TCIDsij/niL. The spiked feed is then filtered through a 0.22 pm GP express 

filter before-contacting with activated carbon. 

[00110] A glass chromatography column (Gmrnfit Benchmark Column 10 mm/100 

mm, 10 mm diameter, 100 mm length, SKU: 006BCC-10-10-AF, Diba Industries, 

Danbury, CT 0681CK US) is loaded with 200 rag of Nuchar HD activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by .flowing water through it, which resulted in a packed column volume of 0.8 

mL. 

[00111 ] The activated carbon column is pre~equil.ibra.ted with about 10 CV of 2.5 

mM Tris at pH 7.0. Virus spiked MAB feed is pumped through, the activated carbon 

column at 1 mL/min (0.8 CV/min) with Watson Marlow cassette pumps, 2 ml 

fractions are collected from the effluent at column loads of 0.5 kg/L. 1.0 kg/L, and 2.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in Example 
'1 

[00112j As summarized in Table I'll and Figure 1, this experiment demonstrates that 

less than 1.0 LRV of parvovirus-like particles, represented by Minute Virus of Mice 

(MVM), are removed from a solution of MABIII by flowing the solution though a 

column of activated carbon at column loads of 0.5 kg/L, 1.0 kg/L and 2.0 kg/L. The 

results of this method indicate that activated carbon cannot be used to selectively 

remove parvovirus-like particles from a MABIII monoclonal antibody solution, 

Table III , LR V of MVM removed from MABIII in fractions collected at various 

column loads of MABIII on an activated carbon column, 

Column load of MABIII 
LRV of MVM 

on acti vated carbon 
from MABIII 

(kg/L) 

0.5 0,15 

1.0 0.15 

2.0 0.15 

Example 8, Method to determine whether activated carbon can be used to 

selectively remove a parvovirus from a MABIV monoclonal 

antibody solution 

[001.13] This is a forth representative example along with Example 5, Example 6, 

and Example 7 that demonstrates a method to determine if a parvovirus, represented 

25 



WO 2015/005961 
	

PCT/US2014/032940 

by MVM, is removed from a solution containing a monoclonal antibody (i.e... 

MARIN') by flowinu through a column of activated carbon. The results indicate that 

activated carbon can he used to selectively remove a parvovirus from a MAB1V 

monoclonal antibody solution. 

[001.14] 	A solution of MABIV is spiked with MVM and then flowed through a 

column of activated carbon, as described below. 

[00115] 	MAB1V monoclonal antibody is obtained from Merck Serono 

Biodevelopment as a 10 14/L aqueous solution containing 10 ml\4. citric acid, 100 mM 

glycine. 100 inM sodium chloride, and 0.01 fo Tween. The feed is dialyzed into 25 

niM Tris pH 7.0 twice with dialysis tubing (Standard RC Dialysis Trial Kits, 

Spectra/Por I'-3, 3.5K MWCO, 54 mm FLAT WID.III,..serial number: 132725, 

Spectrum Laboratories Inc., Rancho Dominguez, CA, 90220 USA). The solution is 

filtered through a Sterieup-GP 0.22 nn Millipore Express PLUS membrane (I L, 

catalogue nun ben SCCiPUO2RE, EMD Millipore Corporation, Billerica, MA, 01821, 

USA). MAB1V feed at pH 7.0 is spiked with .1Jltrapure grade of MVM that is 

produced according to the procedure described in Example 1 to a target spike of 2.0 

E+06 TCID50/mL. The spiked feed is then filtered through a 0.22 .tm GP express 

filter before contacting with activated carbon. 

[00116] 	A glass Chromatography column (Omnifit Benchmark. Column 10 trun1100 

mm, 10 mm diameter, 100 mm length. SKU: 006BCC- 10-10-AF, Diba. Industries, 

Danbury, CT 06810, US) is loaded with 200 mg of Nuchar :1-1D activated carbon: 

(MeadWestVaco Corporation, Richmond, VA, USA) Slurried in water. The column is 

packed by flowing water through it, Which results in a packed column volume of 0.8 

inL. 

[00117] 	The activated carbon column is then pre-equilibrated with about 10 CV of 

'25 inA4 Tris at pH 7.0. Virus spiked MAB feed is pumped through the activated 

carbon column. at 1 mi./min (0.8 CV/min) with Watson Marlow cassette pumps. 2. ml 

fractions are collected from the effluent at column loads of 1,0 kg/L and 2.0 kg.` L. The 

samples are titrated using a virus infectivity assay, as described in Example 2. 

[00118] 	As summarized in Table IV and. Figure L this experiment demonstrates that 

greater than 5.0 LRV of a parvoviru.s, represented by MV NI, is removed from a 

solution of MABINT by flowing the solution though a column of activated carbon at 

column loads of 1.0 kg/L and 2.0 kg/L. The results indicate that activated carbon can 

WO 2015/005961 PCT/US2014/032940 

by MVM, is removed from a solution containing a monoclonal antibody (i.e., 

MABIV) by flowing through a column of acti vated carbon. The results indicate that 

activated carbon can be used to selectively remove a parvovirus from a MABIV 

monoclonal antibody solution. 

[00114 j A solution of MABIV is spiked with MVM and then flowed through a 

column of activated carbon, as described below. 

[00! 15] MABIV monoclonal, antibody is obtained from Merck Serono 

Biodeveiopment as a 10 g/L aqueous solution containing 10 mM citric acid, 100 mM 

glycine, 100 mM sodium chloride, and 0.01% Tween. The feed is dialyzed into 25 

mM Tris pH 7.0 twice with dialysis tubing (Standard RC Dialysis Trial Kits, 

Spectra/For I ~3, 3.5K MWCO, 54 mm FLAT WIDTH, serial number: 132725, 

Spectrum Laboratories Inc.. Rancho Dominguez. CA, 90220 USA). The solution .is 

filtered through a Stericup-G.P 0.22 fim MiHipore Express FLU'S membrane (1 L, 

catalogue number: SCGPU02RE, EMD MiHipore Corporation, Bille.riea, MA, 01821. 

USA). MABIV feed at pH 7.0 is spiked with Ultrapure grade of MVM that is 

produced according to the procedure described in Example 1 to a target spike of 2.0 

E-t-06 TCIDso/'mL. The spiked feed is then filtered through a 0.22 GP express 

filter before contacting with activated carbon. 

[00116] A glass chromatography column (Omnifit.Benchmark Column .10 mm/100 

mm, 10 mm diameter, 100 mm length. SKU: OO6BCC-10-1O-AF, Diba Industries, 

Danbury, CT 06810, US) is loaded with 200 mg of Nuchar HD activated carbon: 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it which results in a packed column volume of 0.8 

nd... 

[00117] The activated carbon column is then pre-eqoilibrated with about 10 CV of 

25 mM Tris at pH 7,0. Vims spiked MAB feed is pumped through the activated 

carbon column at 1 mL/min (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of L0 kg/L and 2.0 .kg/L. The 

samples are titrated using a, virus infectivity assay, as described in Example .2. 

[00118] As summarized in Table IV and Figure 1, this experiment demonstrates that 

greater than 5.0 LRV of a parvovirus, represented by MVM, is removed from a 

solution of MABIV by .flowing .the solution though a column of activated carbon at 

column loads of 1.0 kg/L and. 2.0 kg/L, The results indicate that activated carbon can 

26 
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be used to Selectively res. ovve a. parvoyirus from a MABIV monoclonal ant body 

solution. 

Ta.ble li.V,ILKV.  of MVM removed from MABIV in fractions collected at various 

column loads of MABIV on  the activated carbon column. The :experiment was run in 

duplicate and the value listed is an average of those twOvaluos. Note that the 

concentration .of MVM in the fractions is below the levels of detection. 

Column load of MAIRIV 
1_,RV of MVM 

on activated 'carbon. 
from MABIV 

(kg:IL) 

I.() 	 >5.38 

2,0 	 ' 5.38 

Example 9. 	Method to determine whether activated.carbon can he used to 

selectively remove retroviroses and/or retrovirns-like particles 

from a MIAM monoclonal antibody solution 

[001191 	This is aiepresentativeexample that demonstrates .a method to determine if 

retroviruses and/or retmvirus-like particles, represented by xenotropic murine 

letikeMia virus (XMULV), are removed from a solution containing monoclonal 

antibody (i.e., MAK) by flowing through a. column of activated carbon. The results 

indicate that activated carbon can be used to selectively remove retroviruses and 

retroVirus-like particles from .a MA31 monoclonal antibody solution. 

[00120] 	A solution of MAB 1 is spiked . with XMuLV and flowed through a column 

of activated carbon, as described below. 

[00121.1 	MAB.I produced in CUO cells is clarified and then isolated using Protein A 

column chromatography (el uted with 25 naM acetic acid, 25 mM glycine :IWO. The 

p.1-I of the Protein.A elutate is adjusted to pH 7.0 with I M Iris base and the solution 

is filtered through a Stericup-GP 0:22 pm Millipore txpress. PLUS membrane (1 L, 

catalogue number: SCGVUOZRE, EMI) Millipore Corporation, 13illerica, MA, 91821, 

USA). MARI feed at pH 7.0 is spiked with 'TIT purified XMuLV that is produced 

according to the procedure described in Example 3 to a target.. spike of 1.0E+05 

TCID50/..m.L. The spiked feed is filtered through a Q.4 	.tin Durapore filter before 

contacting with activated carbon. 

[001221 	A glass chromatography column (Omni it Benchmark Column 10 mm/I 00 

mm„ 10 mm diameter, 101) mm length, SKI.: 006BCC-10-10-.AF, Diba industries, 
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be used to selectively remove a parvovirus from a MABIV monoclonal antibody 

solution. 

Table IV. LRV of MVM removed from MABIV in fractions collected at various 

column loads of MABIV on the activated carbon column. The experiment was run in 

duplicate and the value listed is an average of those two values. Note that the 

concentration of MVM m the fractions is below the levels of detection. 

Column load of MABIV 
LRV of MVM 

on activated carbon 
from MABIV 

1.0 >5.38 

2,0 >5,38 

Example 9. Method to determine whether activated carbon can be used to 

selectively remove retroviruses and/or reirovirus-like particles 

from a M ABI monoclonal antibody solution 

[00119] This, is a representative example that demonstrates a method to determine if 

retroviruses and/or retro virus-like particles, represented by xenotropic murine 

leukemia virus (XMuLV), are removed from a solution containing monoclonal 

antibody (i.e., MABI) by flowing through a column of activated carbon. The results 

indicate that activated carbon can be used to selectively remove retroviruses and 

retrovirus-like particles from a MABI monoclonal antibody solution. 

[00120] A solution of MAB 1 is spiked with XMuLV and flowed through a column 

of acti vated carbon, as described below, 

[00121J MABI produced in CHO cells is clarified and then isolated using Protein A 

column chromatography (eiuted with 25 mM acetic acid.-25 mM glycine HO). The 

p.H of the Protein A elutate is adjusted to pH 7,0 with I M Tris base and the solution 

is filtered through a Stericup-GP 0.22 urn MiHipore Express PLUS membrane (1 L, 

catalogue number: SCGPU02RE, EMD MiHipore Corporation, Billerica, MA, .01821, 

USA). M ABI feed at pH 7,0 is spiked with TFF purified XMuLV that is produced 

according to the procedure described in Example 3 to a target spike of 1. .0E+05 

TClD^/mL, The spiked feed is filtered through a 0.45 urn Durapore filter before 

contacting with activated carbon. 

[00122] A glass chromatography column (Qmmfit Benchmark Column 10 mm/100 

mm, 10 mm diameter, 100 mm length, SKU: 006BCC-10-10-AF, Diba Industries, 
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Danbury, CT 06810, US) is loaded with 200 mg: of Nuchar HD activated carbon 

(Mead-West Taco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which results in a packed column volume of 0.8 

In L. 

[0012] 	The activated carbon column was is pre-equilibrated with about 10 CY of 

2.5 niM Tris at pH 7.0. Virus spiked MAI3 feed is pumped through the activated 

carbon column at 1 mLlmin (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 0.5 kg/L. 1.0 kg/L, and 1.5 

kg,,IL. The samples are titrated using a virus infectivity assay, as. described ill Example 

4, 

[00124] 	As summarized in Table V and Figure 2. this experiment demonstrates drat 

greater than 3.0 LRV of retroviruses and retrovirus-like particles, represented by 

XMIILV, are removed from a solution of MABI by flowing the solution though a 

column of activated carbon at column loads of 0.5 kg/L, 1.0 kg/L. and 1.5 kgit. The 

results indicate that activated carbon can be used to selectively remove retrovirus-like 

particles from a MAIM Monoclonal antibody solution. 

Table V. LRV of NMI:1LN removed from MABI in fractions collected at various 

column loads of MABI on an activated carbon column. The experiment Was run, in 

duplicate and the value listed is an average of those two values. Note that the 

concentration of X MuLV in the fractions is below the levels of detection. 

Column load of MABI 	LRV of X MuLN 

on activated carbon 	from MA.B1 

(kg/L) 

	

0.5 	 ?1.85 

	

1.0 	 >1.85 

	

1.5 	 >3.85 

28. 
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Danbury, CT 06810, US) is loaded with 200 mg of Nuchar HD activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which results in a packed column volume of 0.8 

mL 

[00123] The activated carbon column was is pre-equilibrated with about 1.0 CV of 

25 mM Tris at pH 7,0. Virus spiked M AB feed is pumped through the activated 

carbon column at I mL/min (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads-of 0,5 kg/L-, 1.0 kg/L, and 1.5 

kg/L. The samples are titrated using a virus- infectivity assay, as. described in Example. 

4, 

[00124] As summarized in Table V and Fi gure 2, this experiment, demonstrates, that, 

greater than 3.0 LRV of retroviruses and retro virus-like particles, represented by 

XMuLV. are removed from a solution of MABI by flowing the solution though a 

column of activated carbon at column loads of 0.5 kg/L, 1.0 kg/L, and 1.5 kg/L. The 

results indicate thai activated carbon can be used to selectively remove retrovirus-like 

particles from a MABI monoclonal antibody solution. 

Table V. LRV of XMuLV removed from MABI in fractions collected at various 

column loads of MABI on an activated carbon column. The experiment was run in 

duplicate and the value. listed is an average of those two values. Note that the 

concentration of XMuLV in the fractions is below the levels of detection. 

Column load of MABI LRV of XMuLV 

on activated carbon from MABI 

(kg/L) 

0.5 3.85 

.1.0 3.85 

3.85 

28 
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Example .11. Method to determine whether activated carbon can be used to 

selectively remove retrovirueses and/or retrovirus-like particles 

from a MABH monoclonal antibody solution 

[001251 	This is a second representative example along with Example 9 that 

demonstrates a method to determine if retroviruses and retroVitrus-like particieS, 

represented by XMuLV, are removed from a. solution containing monoclonal antibody 

(i.e., MABII) by flowing through a column of activated carbon, The results indicate 

that activated carbon can be used to selectively remove retroviruses and retrovirus-

like particles from a MABII monoclonal antibody solution. 

[001261 	A solution of MABIl is spiked with XMuLV and flowed through a column 

of activated carbon, as described below. 

[001271 	MABII produced in CEO cell is clarified and then isolated using Protein A 

column chromatography (eluted with 25 niM acetic acid, 25 mM glycine HC1). The 

pH of the Protein. A eluateis adjusted to pli 7.0 with I M Tris base and then the 

solution is filtered through a Stericup-GP 0.22 nm Millipore Express PLUS 

membrane (1 L, catalogue number: SCGPUO2RE, EMD Millipore Corporation, 

Billerica, MA. 01821, USA). The feed is subsequently dialyzed into 25 mM Tris pH 

7.0 twice with dialysis tubing (Standard RC DialySis Trial Kits:, Spectra!Por 1-3..3.5K 

MWCO 54 mm FLAT WIDTH, serial number: 132725:. Spectrum Laboratories.1ne., 

Rancho Doininguez, CA,90220 USA). The solution is filtered through a Stericup-UP 

0.22 pm Millipore Express PLUS membrane (1 L,:catalogue number: SCGPUO2RE:, 

EMD Millipore Corporation, Billeriea, MA, 01321, USA). 

[00128] 	MAB11 	ed at pH 7.0 is spiked with Ultrapure grade of XMull,V that is 

produced according to the procedure described in Example.3 to a target spike of 

1.0E+06 TCED50/ML. The spiked feed is filtered through a _. ,.,. n 4 4,- arn DUrapOre filter 

before contacting with activated carbon. 

[001291 	A Blass chromatography column (Oinnifit Benchmark Column 10 mm./100 

runt. 10 mm diameter, 100 mm length, SKU:.096BCC-10-10-AF. Diba Industries, 

Danbury, CT. 068.10. US) is loaded with 200 tug of Nuchar HD activated carbon 

(MeadWestVaco Corpotation, Richmond, VA. USA) slurried in water: The column is 

packed, by flowing water through it, which results in a packed column volume of 0,8 

tnL 

1001301 	The activated carbon column is pre-quilibrated with about 10 CV of 25 mM 

Tris at pH 7.0. Virus spiked MA.B feed is pumped through the activated carbon 
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Example 10, Method to determine whether activated carbon can be used to 

selectively remove retrovirucjes and/or retrovirus-like particles 

from a MABII monoclonal antibody solution 

[00! 25] This is a second representative example along with Example 9 that 

demonstrates a method to determine if retroviruses and retro virus-like particles, 

represented by XMuLV, are removed 'from a solution containing monoclonal antibody 

(i.e.. MABI I) by flowing through a column of activated carbon, The results indicate 

'that activated carbon can be used to selectively remove retroviruses and retrovirus-

like particles from a .MABII monoclonal antibody solution. 

[00126] A solution -of MABII is spiked with XMuLV and flowed tlirough a column 

of activated carbon, as described below. 

[00127] MABII produced in CHO cell is clarified and then isolated using Protein A 

column chromatography (eiuted with 25 mM acetic acid. 25 mM glycine HQ). The 

pH of the Protein A. eluateis adjusted to pH 7.0 with 1 M Tris base and then the 

solution is filtered through a Sierieup-GP 0.22 prn MiHipore Express PLUS 

membrane (I L, catalogue number: SCGPU02RE, EMD MiHipore Corporation, 

Billerica, MA, 01.821, USA). The feed is subsequently dialyzed into 25 mM Tris pH 

7,0 twice with dialysis tubing (Standard RC Dialysis Trial Kits, Speetra/Por 1.-3, 3.5K 

MWCO, 54 mm FLAT WIDTH, serial number: 132725:, Spectrum Laboratories. Inc., 

Rancho Dominguez, CA, .90220 USA). The solution is filtered through a Stericup-GP 

0.22 jim MiHipore Express PLUS membrane (1 L, catalogue number: SCGPU02RE, 

EMD MiHipore Corporation, Billerica, MA, 01821, USA), 

[0.0128] MABII feed at pH 7,0 is spiked with Ultrapure grade of XMuLV that is 

produced according to the procedure described in Example,3 to a target spike of 

f .0E-H)6 TCIDso/mL. The spiked feed is filtered through a 0.45 um Durapore filter 

before contacting with activated carbon, 

[00129] A glass chromatography column (Omnifit Benchmark Column 10 mm/'100 

mm. 10 mm diameter, 1.00 mm length, SKU: 006BCC-10-10-AF, Diba. Industries, 

Banbury, CT 06810, US) is loaded with 200 mg of Nuchar HD activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which results in a packed column volume of 0.8 

raL. 

[00130] The activated carbon column is pre-quilibrated with, about '10 CV of 25 mM' 

"Iris at pH 7.0, Virus spiked MAB feed is pumped through the activated carbon 
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column at I mUmin (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 02 kg/L., 0.5 kg/L, and 1.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in Example 

4. 

[001311 	As summarized in Fable VI and Figure 2, this experiment demonstrates that 

greater than 5.0 I.:RV of retroviruses and retrovirus-like particles, represented. by 

XMuLV, are removed from a solution of MABII by flowing, the solution though a 

column of activated carbon at column loads of 0.2 kgfL, 0.5 kg/.L.. and 1.0 kg..1. The 

results indicate that activated carbon can be used to selectively remove retroviruses 

and retrovirus-like particles from a MABII monoclonal antibody solution, 

Table VI. IRV of XMuLV removed from1MABII in fractions collected at various 

Column loads of MABII on the activated carbon. column. Note that the concentration 

of XMuLV in 	fractions is below the levels of detection. 

Column load of MARI]. 
ERA/ of XiMullAT 

on activated carbon 
from MABI.I 

(La) 

	

0.2 	 :-:-.5.54 

	

0.5 	 >5.54 

	

1.0 	 - 5.54 

Example H. Method to determine whether activat 4 carbon can he used to 

selectively remove retroviruses and/or' retroviros-like particles 

from a MABII I monoclonal antibody solution 

100132] 	This is a third representative example along with Example 9 and Example 

f C3 demonstrates a method to determine if .retroviruses and retro virUs4ike particles, 

represented by XMuLV, are removed from a. solution containing a. monoclonal 

antibody (i..e.. MABIll) by flowing through a column of activated carbon, The results 

indicate that activated carbon can be used to selectively remove retroviruses and 

retrovirus-likeparticles from a MABIII monoclonal antibody solution. 

[00133] 	A solutiOn of MABEE is spiked With xmunr and flowed through .a c lWW1 

of activated carbon, as described below, 

[001341 	MABIll is provided by Merck. Serono as a clarified cell culture. It is 

captured using Protein. A chromatography (eluting with 2() mM glycine-hydrochloride 
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column at I mL/min (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 0.2 kg/L 0.5 kg/L. and' 1.0 

kg/L. The samples are titrated using a vims infectivity assay, as described in Example 

4. 

[00131 ] As summarized in Table VI and Figure 2. this experiment demonstrates that 

greater than 5.0 LRV of retroviruses and retrovirus-like particles, represented by 

XMuLV, are removed from a solution of MABII by flowing the solution though a 

column of activated carbon at column loads of 0,2 kg/L, 0,5 kg/L. and L0 kg/L. The 

results indicate that activated carbon can be used to selectively remove retroviruses 

and retrovirus-like particles from a MABII monoclonal antibody solution. 

Table VI. LRV of XMuLV removed from MA BO in fractions collected at various 

column loads of MABII on the activated carbon, column. Note that the concentration 

of XMuLV in the fractions is below the levels of detection. 

Column load of MABII 
LRV of XMuLV 

on activated carbon. 
from MABII 

(kg/L) 

0,2 >5.54 

0,5 >5.54 

1.0 >5,54 

Example 11. Method to determine whether activated carbon can be used to 

selectively remove retroviruses and/or retrovirus-like particles 

from a MABIII monoclonal antibody solution 

[00132] This is a third representative example along with Example 9 and Example 

10 demonstrates a method to determine if retroviruses and retro virus-like particles, 

represented by XMuLV, are removed from a solution containing a monoclonal 

antibody (i.e., MABIII) by flowing through a column of activated, carbon. The results 

indicate that activated carbon can be used to selectively remove retroviruses and 

retrovirus-like panicles from a. MABIII monoclonal antibody solution, 

[00133] A solution of MAB HI is spiked with XMuLV and flowed through, a column 

of activated carbon, as described below, 

[00134 j MABIII is provided by Merck Sero.no as a clarified cell culture. It is 

captured using Protein. A chromatography (elating with 20 mM glycine-hydrochloride 
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buffer at pH 2.6). The ,Inate has high levels of HCP and is therefore .purified a 

second time using. Protein A column chromatography. Before loading -the 

chromatography .column, the sodium chloride concentration of the MABIE solution is 

increased to 0.5 M. The MA..BITI antibody is then elated with 25 rn.M acetic acid, 25 

TUM glycine HCI. The pH of the MAIIIIteluate i.s adjusted to pH 7.0 With I M Tris 

base and the. solution is filtered through a. Stcricup-GP 0.2.2 um Millipore Express 

PLUS membrane (1. L, catalogUe number: SCGPUOIRE, EMI:) Millipore Corporation, 

Billerica, MA, 0.1821, USA). The feed is dialyzed into 25 [TIM Tris pH 7.0 twice with 

dialysis .tubing (Standard RC Dialysis Trial Kits, Spectra/POT' 	-3, 15K MWCO, 54. 

Min FLA.'T WIDTH, serial number: 132725, Spectrum Laboratories, Inc, Rancho 

Dominguez, CA, .90220 USA). The solution is, filtered through a Stericup-GP 0.22 

.im . Millipore Express PLUS membrane (1 L, catalogue number: SCGPUO2RE, EMD 

Millipore Corporation, Billerica, MA, 01821., USA). 

[00135] 	MA:B I.11 teed at pH 7.0 is spiked with Ultrapure grade of .XMITEN that is 

produced according to the procedure described in Example 3 to a target spike of 

1.0E+06 TeID50./mL. The spiked feed is filtered through a 0A5 p.m .Durapore filter 

 contacting With activated carbon. 

[00136] 	A glass Chromatography COWITITI (Omni fit Benchmark Column 10 nun/.100 

nun, 10 mm diameter, 100 mm length, SKU: 00613CC-10-10-.AF, Diha .Industries, 

Datibtay,.CT . 06810, US) is loaded with 200 .mg of Nuchar HD activated carbon 

(.MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it, which resultS in. a packed column volume of 0.8 

mL. 

[00137] 	The activated carbon .column. is pre-equilibrated . with about 10 CV of 25 

aiM Tris at pH 7.0. Virus spiked .MA.B feed is pumped through the activated carbon 

column at 1 mLltnin (0.8 CV/min).with Watson MarIOW cassette pumps 2. ml 

fractions are collected from the effluent at column load§.of 0..2 kg-/L, 0.5 kg/1...„ and. 1.0 

kg/L. The samples are titrated using a virus infectivity assay., as described in Example 

4. 

[00138] 	As summarized in TableV1I and Figure 2, this experiment demonstrates 

that .greater than 5.0 LRV of retroviruses and retrovirus-like particles, represented by 

X.MULV, are removed fronta solution of MABEH by flowing the solution.. though a 

column of activated carbon at column loads of 0.2 kg./1.„ 0.5 kgil„ and 1.0 kg/L. The 
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buffer at pH 2.6). The eluate Iras high levels of HCP and is therefore purified a 

second time using Protein A column chromatography. Before loading the 

chromatography column, the sodium chloride concentration of the MABII! solution is 

increased to 0,5 M. The MABIII antibody is then eiuted with-25 mM acetic acid, 25 

mM glycine HCl. The pH of the MABIII-eluate is adjusted to pH 7.0 with I M Tris 

base and the solution is filtered through a Stericup-GP 0.22 fim MiHipore Express 

PLUS membrane (1 L? catalogue number: SCGPU02RE. EMD MiHipore Corporation, 

Billerica, MA, 01821, USA). The feed is dialyzed into 25 mM Tris pH 7.0 twice with 

dialysis tubing (Standard RC Dialysis Trial Kits, Spectra/Por 1-3. 3.5K M'W'CO. 5.4 

mm FLAT WIDTH, serial number: 132725, Spectrum Laboratories, Inc. Rancho 

Dominguez, CA, .90220 -USA). The solution is filtered through a Stericup-GP 0.22 

pm MiHipore Express PLUS membrane (I L, catalogue number: SCGPU02RE, EMD 

MiHipore Corporation, Billerica, MA, 01821, USA). 

[00135] MAB III feed at pH 7.0 is spiked with Ultrapure grade of XMuL V that is 

produced according to the procedure described in Example 3 to a target spike of 

1.0E+06 TCIDjo/mL, The spiked feed is filtered through a 0,45 pm Durapore filter 

before contacting with activated carbon. 

[00136] A glass chromatography column (Omnifit Benchmark Column 10 mm/100 

mm. 10 mm diameter, 100 mm length, SKU: 006BCC-10-10-AF, Diba industries, 

Danbury, CT 06810, LIS) is loaded with 200 mg of Nuchar III) activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water through it which .results in. a packed column volume of 0.8 

ml,. 

[001.37] The- activated carbon column is pre-equiiibrated with about 10 CV of 25 

mM Tris at pH 7,0, Virus spiked MAB feed is pumped through the activated carbon 

column at 1 mL/min. (0.8 CV/min) with Watson Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads-of 0..2 kg/L, 0.5 kg/L, and. 1.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in Example 

4. 

[00138] As .summarized in Table VII and Figure 2, this experiment demonstrates 

that greater than 5.0 LRV of retroviruses and retrovirus-like particles, represented by 

XMuLV. are removed from a solution of MAB III bv flowing the solution .though a 

column of acti vated carbon at column loads of 0.2 kg/L, 0.3 kg/L, and 1.0 kg/L. The 
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results indicate that activated carbon can be. used to selectively remove retroviruses 

and retrovirus-like particles from. a A.13111monoclobal antibody-  solution. 

Table VII. .L.RV.of XIVInLV removed from MAI3III in fractions collected. at various 

column loads of MABIll un an. 'activated carbon column. Note that the concentration. 

of XMuLV in the fractions is below the levels of detection. 

Column load of MABIII 
LRV of XMuLAT from 

on activated carbon 
MA:13111. 

(kgL. 

0.2 	 >5.10 

0.5 	 >5.10- 

LO 	 ?5_10 

Example 12. Method to determine whether aertivated carbon can be used to 

selectively remove retroviruses and/or retrovirus-like particles 

from a MABIV monoclonal antibody solution. 

[00139j 	This is a forth representative example along with Example 9., Example 10, 

and Example 11 that demonstrates a method to determine if retroviruses and 

retrovirus-like particles, represented by XMuLV, are removed from a solution 

containing a monoclonal .antibody (i.e., MABIV) by flowing through a column. t f 

activated carbon. The results indicate that activated carbon can be used to selectively 

retnove retroviruses and retrovirus-like particles from a MABIV .monoclonal antibody 

solution. 

[001401 	A solution .of MABIV is spiked with .XIMUL V and flowed. through a colail 1 

of activated carbon, as described below. 

[001411 	. MABIV monoclonal antibody is obtained from Merck Serono. 

:13iocievelopment as a 10 g;  `I, aqueous solution containing 10 tnivt citric acid, 100 mI\4 

glyeine, 100 mM sodium. chloride, and 0.01% of Tween. The feedis then dialyzed 

into 25 tnN1 Tris pli TO twice with dialysis tubing (Standard. RC Dialysis Trial Kits, 

Spectra/Pot 1-3,3.5K MATO, 54 ram FLAT WIDTH, serial number: 132725, 

Spectrum Laboratories Inc., Rancho Dominguez, CA, 90220 USA). The solution is 

filtered through a Stericup-GP 0.22 pm Millipore Express PLOS membrane 4.1 L, 

catalogue number: SCCiPtiO2R]; , EMD Millipore Corporation, Billerica, MA, 01821, 

USA). MABIV feed at pH 7.0 is spiked. with Ultrapure grade of XMa.LV that is 

WO 2015/005961 PCT/US2014/032940 

results indicate that activated carbon can be used to selectively remove- retroviruses 

and retrovirus-like particles from a MABIILmonoclobal antibody solution. 

Table VII. LRV-of XMuLV removed from MABIII in fractions collected at various 

column loads of MABIII on an acti vated carbon column. Note that the concentration 

of XMuLV in the fractions is below the levels of detection. 

Column load of MABII! 
LRV of XMuLV from 

on activated carbon 
MABIII 

(kg/L) 

0.2 >5.10 

0,5 >5.10 

1.0 >5.10 

Example 12. Method to determine whether activated carbon can be used to 

selectively remove retroviruses arid/or retrovirus-like particles 

from a MABIV monoclonal antibody solution 

[00139] This is a forth representative example along with Example 9, Example 10, 

and Example 11 that demonstrates a method to determine if retroviruses and 

retrovirus-like particles, represented by XMuLV, are removed from a solution 

containing -a monoclonal antibody (i.e., MABIV) by flowing through -a column of 

activaled carbon. The results indicate that activated carbon can be used to selectively: 

remove retroviruses and retrovirus-like particles from a MABIV monoclonal antibody 

solution. 

[00140] A solution of MABIV is spiked with XMuLV and flowed through a column 

of activated carbon, as described below. 

[00141] MABIV monoclonal antibody is obtained from Merck Serono 

Biodevelopment as a 10 g/L aqueous solution containing 10 mM citric acid, 100 mM 

glycine, 100 mM! sodium, chloride, and 0.01% of Tween. The feed is then dialyzed 

into 25 mM Tris pH 7.0 twice with dialysis tubing (Standard. RC Dialysis Trial Kits, 

Spectra/Por 1-3, 3.5K MWCO, 54 mm FLAT WIDTH, serial number: 132725, 

Spectrum Laboratories inc., Rancho Dominguez, CA, 90220 USA). The solution Is 

filtered through a Stericup-GP 0.22 jim MiHipore Express PLUS membrane (1 L, 

catalogue number: SCGPU02RB, EMD MiHipore Corporation, Billerica, MA, 01.82.1, 

LJSA). MABIV feed at pH 7.0 is spiked with Ultrapure grade of XMuLV that is 
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produced according to the procedure described in Example 3 to a target spike of 

1..0E+06 TcmsoimL The spiked feed. is filtered through a 0.45 um I)urapore filter 

before contacting with activated carbon. 

[00142] 	A glass chromatography column (Omnifit Benchn arkColumn 10 mm ll 00 

mm,.1.0 mm diameter, 100 mm length, SKU: 006BCC-10-10-AF, Dibalndustries, 

Danbury, CT 06810, US) is loaded. with .200 mg of Nuchar HD activated carbon 

(MeadWestN.raco Corporation, Richmond, VA, USA) slurried. in water. The column is 

packed by flowing water through it, which results in a packed column volume of 0.8 

ITIL. 

[00143] 	The activated carbon column is pre-equilibrated with about 10 CV of 25 

rni\li Tris at pH 7,0. Virus spiked 'MALI feed. is pumped through the activated carbon 

column at 1 la/min (0.8 CV.Imin) with Watson Marlow cassette pumps. 2m1 

fractions are collected. from the effluent at .column loads of 0.2 kgfi_: 0.5 k.gtL, and .1,0 

lc /L. The samples are titrated -using a virus infectivity assay, as described in Example 

4. 

[001441 	As summarized in Table VIII and Figure 2, this experiment demonstrates 

that greater than 5:0 1-,RV of retroviruses and retrovirus-like particles, represented by 

(75,(MuLV, are removed from a solution Of.MABIV by flowing the solution though a. 

column of activated carbon using at coluinnloads of 0.2 ..ket„ 0.5 kg/  I.: and 1.0 kg/I„ 

The results indicate that activated. carbon can he used to selectively remove 

retroviruses and..retroviruS-like particles from a MAI3.1V monoclonal ..antibody 

solution. 

Table Vil 11: LRV of XMni_Al removed from MABIN in fractions collected at various 

column loads of MABIV on a activated_ carbon column, The experiment was run in 

duplicate and. the value listed is an .averagi;,' of those two values. Note that the 

concentration of XkluE,V in the fractions is below the levels of detection. 

Column load of MABIV 
LRV of XkluLY .from 

on activated carbon 
MABIV 

(kg I„) 

	

0.2 	 .,:.5,29 

	

0.5 	 .5.29 

	

1.0 	 5.29 
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produced according to the procedure described in Example 3 to a target spike of 

L0E+06 TCIDso/mL. The spiked feed, is filtered through, a 0.45 ji.m Durapore filter 

before contacting with activated carbon. 

[00142] A glass chromatography column (Omnifit Benchmark Column 10 mm/100 

mm, 1.0 mm diameter, 100 mm length, SKU: 006B.CC-10-10-AF, Diba. Industries, 

Danbury. CT 06810, US) is loaded with 200 mg of Nuchar HD activated carbon 

(MeadWestVaco Corporation, Richmond, VA, USA) slurried in water. The column is 

packed by flowing water tlirough it, which results in a packed column volume of 0.8 

mL. 

[00143] The activated carbon column is pre-equilibrated with, about 10 CV of 25 

KIM Tris at pH 7,0. Virus spiked MAB feed is pumped through the acti vated carbon 

column at I mL/min. (0.8 CV/min) with Watson .Marlow cassette pumps. 2 ml 

fractions are collected from the effluent at column loads of 0.2 kg/L, 0.5 kg/L, and'1.0 

kg/L. The samples are titrated using a virus infectivity assay, as described in Example 

4. 

[00144] As summarized in Table VIII and Figure 2, this experiment demonstrates 

that greater than 5.0 LRV of retroviruses and retrovirus-like particles, represented by 

(XMuLV, are removed from a solution of .MABIV by flowing the solution though a 

column of activated carbon using at column, loads of 0.2 kg/L, 0.5 kg/L, and 1.0 kg/L, 

The results indicate that activated carbon can. be used to selectively remove 

retroviruses and retrovirus-like particles from a MABIV monoclonal antibody 

solution. 

Table VIII. LRV of XMuLV removed from MABIV in fractions collected at various 

column loads of MABIV on a activated carbon column. The experiment was run in 

duplicate and. the value listed is an average of those two values. Note that the 

concentration ofXMuLV in the fractions is below the levels of detection. 

Column load of MABIV 
LRV of XMuLV from 

on activated carbon 
MABIV 

(kg/L) 

0.2 

0.5 

1.0 

>5.29 

>5,29 

>5.29 
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[00145] 	The specification is most thoroughly understood in light of the teachings of 

the references cited within the specificatidn Which are hereby incorporated by 

reference. The embodiments within the sp. cification provide an illustration of 

embodiments in this invention and should not be construed to limit its scope. The 

skilled artisan readily recognizes that many other embodiments are encompassed by 

this invention. All publications and inventions are incorporated by reference in their 

entirety. To the extent that the material incorporated by reference contradicts or is 

inconsistent with the present specification, the present specification will supercede 

any such material. The. citation of any references herein is not an. admission that such 

references are prior art to the present invention. 

[001461 	Unless. otherwise indicated, .all numbers expressing quantities of 

ingredients, cell culture, treatment conditions, and so forth used in the..specifica 'on, 

including claims, are to be understood as being modified in all instances by the term 

"about:" Accordingly, unless otherwise indicated to the contrary, the numerical 

parameters are approximations .and may vary depending upon the desired properties 

sought to be obtained by the present invention. Unless otherwise indicated, the term 

"at least" preceding a series of elements is to be understood to refer to every element 

in the series. Those skilled in the.art Will recognize, or he able to ascertain using no 

more than routine experimentation, many equivalents to the specific embodiments of 

the invention described herein. Sikh equivalents are intended to. he encompassed by 

the following claims. 

[00.147] 	Many modifications and variations of this invention can be made without 

departing from. its spirit and scope, as will be apparent to those skilled in the art. The 

specific embodiments described herein are offered by way of example only and are. 

not meant to be limiting in any way. It is intended that the specification and examples 

be considered as exemplary only, with a. true scope and spirit Of the invention being 

indicated. by the following claims. 
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[00145 j The specification is most thoroughly understood in light of the teachings of 

the references cited within the specification which are hereby Incorporated by 

reference. The embodiments within the specification provide an illustration of 

embodiments in this invention and should not be construed to limit its scope. The 

skilled artisan readily recognizes that many other embodiments are encompassed by 

this invention. All publications and Inventions are incorporated by reference in their 

entirety. To the extent that the material incorporated by .reference contradicts or is 

inconsistent with the present specification, the present, specification will supercede 

any such material. The citation of any references herein is not an. admission that such 

references are prior art to the present invention. 

[00146] Unless otherwise indicated, ail numbers expressing quantities of 

ingredients, cell culture, treatment conditions, and so .forth used in the specification, 

including claims, are to be understood as being modified in all instances by the term 

"about," Accordingly, unless otherwise indicated to the contrary, the numerical 

parameters are approximations and may vary depending upon the desired properties 

sought to be obtained by the present invention. Unless otherwise indicated, the term 

"at leas!" preceding a series of elements is to be understood to refer to every element 

in the series. Those skilled in the art will recognize, or be able to ascertain using no 

more than routine experimentation, many equivalents to the specific embodiments of 

the invention described herein. Such equivalents are intended to be encompassed by 

the following claims. 

[00147] Many modifications and variations of this invention can be made without 

departing from its spirit and scope, as will be apparent to those skilled in the art. The 

specific embodiments described herein are offered by way of example only and are-

not meant to he limiting in any way. it is intended that the specification and examples 

be considered as exemplary only, with a true scope and spirit of the invention being 

indicated by the following claims. 
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CLNIMS.  

A method or determing whether activated carbon can be used for the 

removal . of viruses froni•a sample containing a•target protein, the method 

comprising the steps of: 

(a) .providing a portion c 	a sample .comprising a target protein; 

(b) .addi hg a. virus to the portion of the. sar.nple inthe amount ranging. from 101  

to 10 P.FLI/m1„; 

(h) .`lowing the portion of the sample through a. column pac ked with activated 

carbon; 

(c) collecting one or more flow- brough fractions from the coin:am.; and 

(d) measuring the virus amount. in the one or more flow-through fractions, 

wherein a reduction in the virus amount in the one or more flow-through 

tractions by at least 3.0 L.RV.  is indicative that activated carbon can be used for 

the removal of viruses from the sample, 

The method of claim 1. wherein the sample comprises a protein concentration 

equal to or greater than. 0.2 g/I.,. 

..). The method of claim 1, wherein. the sample comprises a protein concentration 

equal to or greater than 0,5 g/L.. 

• 4. The method of claim. 1,. wherein the sample comprises a protein concentration 

equal to or greater than. I gill,. 

The method of claim 1. wherein the sample comprises a pH in the range of 

3.0-10.0 and/or .a salt concentration less than. 0.5M. 

. The method of claim 1, wherein the virus is selected from the group consisting 

of a retrovirus„ a retrovirus-like. particle, .and a. parvovirus. 

. The method ,if claim .1, wherein the virus is selected from minute virus of 

mice and xenotropic .murine leukemia virus, 

The method of claim 1, wherein the..sample comprises a cell culture feed. 

. The method of claim 6, wherein the cell culture feed isa CH() cell culture 

feed. 

10. The method of claim 1 wherein the target protein is a recombinant protein. 

11 The method of claim 1, wherein. the target protein is a therapeutic protein.. 

12.  The method of claim? 1, wherein the target. protein is an antibody. 

13.  The Method of claim. 1.0, wherein the antibody 1s a monoclonal antibody.. 
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CLAIMS' 

3., A method for determing whether activated carbon can be used for the 

removal of viruses from a sample containing a target protein, the method 

comprising the steps of: 

(a) providing a portion of a sample comprising a target protein; 

(b) adding a virus to the portion of the sample in the amount ranging from JO4 

to 109 PFU/mL; 

(b) flowing the portion of the sample through a column packed with activated 

carbon; 

(c) collecting one or more flow-through tractions from the column; and 

(d) measuring the virus amount in the one or more flow-through fractions, 

wherein a reduction in the virus amount in the one or more flow-through 

'fractions by-at least 3.0 LRV is indicative that activated carbon can be used for 

the removal of viruses from the sample, 

2. The method of claim 1, wherein the sample comprises a protein concentration 

equal to or greater than. 0,2 g/L. 

3. The method of claim .1, wherein the sample comprises a protein concentration 

equal to or greater than 0,5 g/L. 

4. The method of claim 1, wherein the sample comprises a protein concentration 

equal to or greater than. 1 g/L, 

5. The method of claim 1, wherein the sample comprises a pH in the range of 

3.0-10.0: and/or a salt concentration less than 0.5M. 

6. The method of claim 1, wherein the virus is selected from the group consisting 

of a retrovirus,, a retrovirus-like. particle, and a parvovirus. 

7. The method of claim 1, wherein the virus is selected from minute virus of 

mice and xenotropic murine leukemia virus, 

8. The method of claim 1, wherein the sample comprises a cell culture feed. 

9. The method of claim 6, wherein the cell culture feed is a CHO cell, culture 

feed. 

10. The method of claim 1, wherein the target protein is a recombinant protein. 

11. The method of claim 1, wherein, the target, protein is a therapeutic protein, 

12. The method of claim L wherein the target protein is an antibody, 

13. The method of claim 1.0, wherein the antibody is a monoclonal antibody. 
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1.4. The method al claim 1. herein the sample con-"prises a clarified cell culture 

feed. 

15.  The method of claim 14, Wherein clarified cell culture feed is obtained using 

one or more methods selected from centriliigation, settling, depth filtration, 

screen filtration, flocculation, use of a. sti mu lt.S responsive polymers and pH 

change. 

16.  The method of chum 1, wherein the sample comprises an eluate obtained 

from a Protein A chromatography column, wherein the eluate comprises the 

target protein. 

17.  The method. of claim 1, wherein step (d) employs one or more methods 

selected from the group consisting of 50% tissue culture infectious dose 

(TCID5 0) assay, plaque-forming unit assay, focus-forming unit assay, lethal 

close. 50% assay, hemagglutination assay, fluorescent focus assay (FFA), 

bieinchoninic acid assay (MA), single radial itimmtiodiffusion assay (SRII  

quantitative polymerase chain reaction (q PORI), enzyme-linked 

imanillosorbent assay (ELISA), and transmission electron microscopy. 

WO 2015/005961 PCT/US2014/032940 

14. The method of claim 1, wherein the sample comprises a clarified ceil culture 

feed, 

15. The method of claim 14, wherein clarified cell culture feed is obtained using 

one or more methods selected from eenirilegation, settling, depth n itration, 

screen filtration, fiocculation, use of a. "stimulus responsive polymers and pH 

change. 

16. The method of claim 1, wherein the sample comprises an eluate obtained 

from a Protein A chromatography column, wherein the eluate comprises the 

target protein. 

17. The method of claim 1. wherein step (d) employs one or more methods 

selected from the group consisting of 50% tissue-'culture infectious dose 

(TGID50) assay, plaque-forming unit assay, focus-forming unit assay, lethal 

dose 50% assay, hemagglutination assay, fluorescent focus assay (PFA), 

bicinehoninic acid assay (BCA), single radial immunodiffiision assay (SRID), 

quantitative polymerase chain reaction (qPCR), enzyme-linked 

immunosorbent assay (E.LISA), and transmission electron microscopy. 
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