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METHODS FOR INACTIVATING VIRUSES DURING A PROTEIN 
PURIFICATION PROCESS 

Related Applications 
[0001] The present application claims the benefit of priority of U,S> Provisional 
Patent Application No. 61/666,145, filing date June 29, 2012, the entire content of 
which Is incorporated by reference herein in its entirety. 

Field of the Invention 
[0002] The present invention provides in-line methods for inactivating viruses 
during a protein purification process. 

Background of the Invention 
[0003] Large-scal e and economic purifica tion of therapeutic proteins and 
especially monoclonal antibodies is an increasingly important problem for the 
biotechnology industry. Generally, proteins arc produced by cell culture, using 
either mammalian or 'bacterial eel! lines engineered to produce the protein of interest 
such-as a monoclonal antibody. However, once produced, the proteins have to be 
separated from various impurities such as, host cell proteins (HCPs). endotoxins, 
viruses, ON'A etc, 
[0004] in a typical purification process, once a protein of interest is expressed, in 
ceil culture, the cell culture feed is subjected to a clarification step for removal of 
cell debris. The clarified cell culture feed containing the protein of interest is then 
subjected.to one or more chromatography steps, which may include an affinity 
chromatography step or a cation exchange chromatography step. In order to ensure 
safety of a protein of interest, especially in case of a therapeutic candidate, it is 
necessary to inactivate any viruses which may be present in a sample containing the 
protein of interest during the purification, process. Generally, vims maetlvation is 
performed after a chromatography step (e.g., after affinity chromatography or after 
cation exchange chromatography). Typically, in a large scale process, following a 
chromatography step, an elation pool containing; the protein of interest is collected 
in a large tank or reservoir and subjected to a virus inactivatlon step/process for an 
extended period of time with mixing, which may take several hours to a day or 
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longer, m order to achieve complete inactivation of any viruses thai may be present 

in the elation pool 

[0005] Several virus inaetivation techniques are known in the art including, 

temperature* pH, radiation and exposure to certain chemical agents. 

Summary 

[0006] The present invention.provides .methods of virus imictmition during a 

protein purification process, which have several advantages over the methods 

currently being used in the industry during protein purification. Specifically, the 

methods described herein obviate the need for using large tanks or reservoirs for 

performing the virus inaetivation step during a protein purification process; reduce 

the overall time required for virus inactivatlon as well as reduce the overall physical 

space required to run. the virus inactivatson operation during a protein purification 

process, which in turn reduces the overall footprint for the whole purification 

process. 

[0007] In some embodiments, a method for inactivating one or more viruses in. a 

sample in a purification process is provided, where the method comprises 

continuously mixing the sample with one or more virus inactivating agents as the 

sample flows from the first unit operation to the second unit operation. 

[0008] In some embodiments, the first unit operation comprises bind and el.ute 

chromatography and the second unit operation comprises a flow-through 

purification process, An exemplary bind and elute chromatography unit operation 

includes, hut is not limited to. Protein A affinity chromatography, 

[0009] In some embodiments, the .flow-through puri fication process comprises 

two or more matrices selected from the group consisting of activated carbon, anion 

exchange chromatography media, cation exchange chromatography media and a 

virus filtration media,. 

[0010] la some embodiments, the sample comprises a Protein A eluate 

comprising a target molecule. Exemplary target molecules include, e.g., antibodies. 

[001. i J In some embodiments, the sample is mixed with one or more virus 

inactivating agents using one or more in-line static mixers. In other embodiments, 

the sample is mixed with one or more virus inactivating agents using one or more 

surge tanks. When static mixers are used, the flow of sample is in the laminar 

range. 
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[0012j In xo.me embodiments, one or more virus inactivating agents are selected 

from the group consisting of an acid, a salt, a solvent and a detergent, 

[0013] In some embodiments, a method of inactivating one or more viruses in a 

Protein A eluate is provided, where the method comprises mixing the eluate with 

one or more virus motivating agents using an in-line static mixer, wherein 

complete virus inaetivation is achieved in less than 10 minutes or less than 5 

minutes or less than 2 minutes or less than 1 minute. 

[0014] In other embodiments, a method of inactivating one or more viruses hi a 

Protein A eluate is provided, where the method comprises mixing the eluate with 

one or more vims inactivating agents using a surge tank, where complete virus 

inaetivation is achieved in less than one hour or less than 30 minutes, 

[0013] In some embodiments, a method for inactivating one or more viruses 

comprises: (a) subjecting a sample comprising a target protein (e.g., an antibody) to 

a Protein A affinity chromatography process, thereby to obtain an eluate; and (b) 

continuously transferring the eluate to an in-line static mixer to mix one or more 

virus inacti vating agents with the eluate tor a duration of time which is equal to or 

less than 10 minutes, thereby to inactivate one or more viruses, 

[001.6] In some embodiments, the Protein A eluate which Is subjected to virus 

inaetivation methods described herein is obtained following a Protein A affinity 

chromatography process performed in batch mode. In other embodiments, the 

Protein A affinity chromatography process is performed in a continuous mode, hi 

some embodiments, continuous mode comprises a continuous multi-column, 

chromatography process. 

[0017] In some embodiments, one or more virus inactivating agents an acid, used 

to perform a solution change. 

[0018] In some embodiments, the eluate is continuously transferred to a How-

through purification process step following virus inaetivation, in that the output 

from the static mixer flows directly into a flow through purification step, which may 

Include use of two or more matrices selected from activated carbon, anion exchange 

media, cation exchange media and virus filtration media. 

[0019] In other embodiments, the eluate is stored following virus inaetivation for 

an extended period of time (e.g., 12 to 24 hours or overnight) in a pool or storage 

tank, before it is subjected to the next unit operation or process step, e,g., a flow-
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through •purification process step or a cation exchange bind and elms 

chromatography step, 

[0020] In some embodiments described herein, the virus inaetivation methods 

described herein are a part of a larger protein purification process, which may 

include several, steps including,, but not limited to, e.g., culturing cells expressing 

protein in a bioreactor; subjecting the cell culture to clarification, which may 

employ one or more of precipitation, eenirifugation -and/or depth filtration; 

transferring the clarified ceil culture io a bind and elute chromatography capture 

step (e.g.. Protein A affinity chromatography); subjecting the Protein A eluate to a 

virus inaetivation method, as described herein; subjecting the output from virus 

inaetivation to a flow-through purification process, which employs two or more 

matrices selected from activated carbon, anion exchange chromatography media, 

cation exchange chromatography media and vims filtration media: and formulating 

the protein in the flow-through from, the flow-through purification step using 

diafiitrafion/eoncentration and sterile filtration. Additional details of such processes 

can be found, e.g., in co-pending application having reference no, PI2/107, filed 

concurrently herewith, and the entire contents of which are incorporated by 

reference herein. 

[00211 in some embodiments, a fluid sample continuously flows through the 

entire process, as described above, from one step to the next. 

Brief Description of the Primings 

[0022] Figure 1 is a schematic depiction of an experimental set up for virus 

inaeti vation using two in-line static mixers. The set up shown includes; (a) a 

peristaltic pump for sample feed, fh) two syringe pumps to deliver acid and base, e) 

two in-line pB probes, and (si) two static mixers. The flow rates are predetermined 

in batch, mode based on the amount of acid/base needed to achieve the desi red pll. 

The residence time for virus inaetivation is altered by having tubes of appropriate 

diameter and length after each static mixer and before the pH probe. 

Detailed Description of the Invention 

[0023] Biopharmaeeutieai manufacturing requires the Inaetivation or removal of 

viruses (coming .from animal derived components, including mammalian.cells) for 

drug safety and to meet the standards set forth by the Food and Drug Administration 
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(FDA). Typical processes involve a number of viral clearance steps thai 

cumulatively provide the necessary protection. 

[0024] Some processes used in the industry involve titration of the solution 

containing the target protein to a low pH in order to cause destruction of any 

enveloped viruses and viral components, Generally, the sample containing the 

target protein must be retained at these conditions for an extended period of time, 

both because time is needed tor virus inactivatlon but also - and more importantly -

to ensure homogeneous mixing for effective virus inaetivation. Therefore, in ease 

of large scale processes, the sample containing the target protein must be incubated 

for an extended period .of time at. a low pH in order to promote efficient virus 

inaetivation often with mixing. See, e.g., Shukla et ah, I. Chromatography- B„ 848 

(2007) 28-39, which describes virus inaetivation using incubation of a protein 

sample for a suitable duration of time at lo w pH. 

[0025] The pH conditions are established as a balance between a low pH value 

that is sufficient to cause inaetivation and a high enough, value to avoid denaturation. 

of the target protein. Additionally, the sample must be exposed for a certain amount 

of time to cause a significant reduction, usually 2 to 6 I..RV in virus activity values 

(See, e.g., Miesegaes et al, "Analysis of viral clearance unit operations for 

monoclonal antibodies.'' Biotechnology and Bioengineering, Vol, .106, pg 238-246 

(2010)), 

10026] The three parameters that are considered important for a virus inaetivation 

process are pH value, exposure time and temperature, assuming homogeneous 

mixing is present. In ease of large-scale processes, mixing poses a challenge due to 

large volumes and additional parameters, such as mix rate and mass transfer, also 

become important. 

[0027] hi ease of he region containing proteins (e.g., monoclonal antibodies), virus 

inaetivation is usually performed following elation from a bind and eluie 

chromatography process step (e.g.. Protein A affinity chromatography or cation 

exchange chromatography ) because the pH of the elation pool is closer to the 

desirable pfl for virus inaetivation. For example, in processes used in the industry 

today, the Protein A chromatography elation pool typically has a pH In the 3,5 to 

4.0 range and the cation exchange bind and elate chromatography elusion pool 

typically has a pH about 5.0, 
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[0028] la most processes used in the industry today, the elation pool containing 

the target protein is adjusted to the pH desired for virus inaeti vation and held there 

for a certain length of time, the combination of pH and time having been shown to 

result in virus inaetivation. Longer times are more effective for virus inaetivation, 

especially in case of a large-scale process, however, longer times are also known to 

cause protein damage. Extended exposure to low pH may result in precipitation, and 

formation, of aggregates, which is undesirable and often requires- the use of a depth 

filter and/or a sterile filter to remove such precipitates and aggregates. 

In. addition, to fow~pH induced product quality issues, agitation in pool tanks can 

also cause aggregation. Proper mixing is essential in order to homogenize protein 

pools, and is especially important during manufacturing when protein solutions need 

to be treated with acid/base or buffer to adjust pH and/or conductivity (See, e,g,, 

Vazquez-Rev et al,, "Aggregates in monoclonal antibody manufacturing processes," 

Biotechnology and Bioengineering, Vol 108, Issue 7, pages 1494-1 SOS (2011}). 

[0029] Several studies have shown that shear due to agitation alone may not cause 

protein aggregation, but may he facilitated, by stirring in the presence of a gas-liquid 

interface (See, e.g., Maliler et al,, "Protein aggregation: Pathways, induction factors 

and analysis,'' J. Pharm, Sei, 98(9);2909- 2934 (2009), Harrison et al, "Stability of 

a single-chain. Pv antibody fragment when, exposed to a. high shear en vironment 

combined with air-liquid interfaces," Biotechnol. Bioeng. 59:517-519 f 199$)), For 

example, the aforementioned studies have shown that loss in activity for a single-

chain Fv antibody fragment results upon stirring the protein in an incompletely 

filled vessel. Further, these studies showed that protein activity was not lost in the 

fermentation broth in the presence of antifoam in the fermentation broth. However, 

addition ofantifbam may not-he the ideal solution, especially since it would add 

additional purification steps and processing time to a purification process, 

[0030] The present invention provides novel and improved methods for virus 

inaetivation (also referred to as viVI" herein) during, a protein purification process, 

which reduces the overall time for virus inaetivation, the cost as well as the overall 

physical footprint associated with a protein purification process, 

[0031] The methods described herein are able to achieve virus inaetivation in a 

continuous manner, which significantly reduces the time associated with virus 

inaetivation relative to most conventional processes, and in turn, reduces the time 

for the overall purification process, 
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100321 In some embodiments described herein the methods according to the 

present invention employ one or more in-line static mixers for achieving virus 

inaetivation. lis other embodiments, the methods according to the present invention 

employs one or more surge tanks for achieving vims inaetivation. The methods 

described herein facilitate the running of a whole purification process in a 

continuous manner, i.e.. the sample containing the target protein can continuously 

flow from one process step for unit operation) to the next process step (or unit 

operation), without the need to stop the Ho w of the sample after a process step. 

Accordingly, in some embodiments according to the present invention, the elation 

pool from an upstream hind and elate chromatography process step (e.g.. Protein A 

affinity chromatography or cation exchange chromatography I can he subjected to 

virus inaetivation in-line, using a static mixer and the sample flows continuously 

into the next process step (e.g., a flow-through purification process step). 

Accordingly, unlike conventional processes, the elation pool does not have to be 

mixed or incubated with a virus inactivating agent for an extended period of time in 

a pool tank or a vessel before moving on to the next process step In the purification 

process. 

[0033] Notably, static mixers have been described for mixing a sample as it is 

exposed to radiation for inactivating pathogens (see, e.g., U.S. Publication No, 

20040131497 and PCT Publication No, WO2O02O928O6), or mixing a blood sample 

with a vims inaetivation agent using a static mixer (see, e.g.. PCT Publication No. 

W0200405&046); however, there appears to be no teaching or suggestion in the art 

of the use of static mixers for achieving virus inaetivation during a protein 

purification, process, as the sample flows from one unit operation to another. 

[0034] The methods described herein offer several advantages over the 

conventional processes used in the industry today, some of which are described 

below. 

[0035] The virus inaetivation methods described herein are able to achieve more 

efficient mixing of the sample containing the target protein with a. suitable virus 

.inactivating agent (e.g.. low phi) in less time than most conventional processes. 

10036] Due to a shorter processing time, any potential adverse effect on the target 

protein quality Is minimized. For example, it has been shown that extended 

exposure to low pH conditions can result in affecting the quality of the target 

protein, e.g.. by causing protein aggregates as well other detrimental changes (See, 
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e,g,, Wang et al. "Antibody structure, instability and formulation," J. Pbanrs, Sci. 

Vol, 96, pg. 1-26 (200?)). By having a shorter exposure time to conditions that may 

potentially be detrimental to product quality, any damage to the product quality can 

be .minimized or avoided, 

[0037] The present Invention Is based, at least in part, on a surprising and 

unexpected observation that even when the flow of the sample is in the laminar How 

range (e.g., at slow flow-rate), efficient mixing as wet! as efficient virus-inaetivation 

eau be achieved. Specifically, in case of the some methods described herein, 

because of use of in-line static mixers, the flow-rate of the sample can he controlled 

such that to place the flow-rate in the laminar flow range. This allows for a more 

predictable inaetivation compared to higher flow-rates, which contributes to 

turbulence and leads to a narrower optimum operating window. This result is 

unexpected as generally, a higher flow-rate is required to achieve efficient mixing, 

[0038] A process operating in the laminar flow range can be better controlled, as 

.mixing does not depend on the presence of turbulence. For example, if the 

upstream flow conditions require a reduction in the flow rate, the in-line mixing 

process may fall out of the turbulent regime and lose some of its mixing efficiency. 

However, If the efficiency Is dominated by the laminar flow which exists over the 

entire flow range, efficiency will not softer, 

[0039] The methods described herein also offer more control over the process 

parameters. In other words, because the methods described herein offer more 

control over the pH conditions, they offer more control over the entire process and 

enable a more robust process In -general 

10040] In addition to some of the foregoing advantages, the methods described 

herein also result in a smaller physical footprint of the process, e.g., by eliminating 

the need to use a pool tank for virus inaetivation. In general, there is a growing 

demand for more flexible manufacturing processes that improve efficiency by 

reducing the overal l physical footprint of the process (i,e>, floor space). The 

methods described herein are able to reduce the overall footprint of a purification 

process by replacing large pool tanks tbat are typically used for virus inaetivation 

with in-line static mixers or surge tanks, which are much smaller than pool tanks, 

[0041] The methods described herein result in the elimination, of an entire unit 

operation in a purification process. For example, as discussed above, generally, 

virus Inaetivation is performed in a large pool tank. In most conventional processes, 

S 
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the eluate from the upstream bifid and elate chromatography step is collected m a 

pool tank, often without any mixing capabilities. Accordingly, the sample (i.e., the 

elation pool) has to be transferred to a proper pool tank with mixing capabilities. 

The pH is then adjusted to the desirable value, followed by one to two hours of 

incubation or longer, at the desirable pH value. Following mixing, the pH has to 

again be adjusted to the pH which is suitable for the next process step, which Is 

usually a higher pH than for virus Inaetivation. One (sterile) or two (depth and 

sterile) filtration steps may also be used to remove any turbidity from the virus 

inacti vatlon sample prior to subjecting the sample to the subsequent step. Often, 

each of these steps may be performed over the course of a day and const itute an. 

entire separate unit operation, 

[0042] in some embodiments, shorter exposure results in less or no turbidity, 

therefore eliminating the need for subsequent filtration steps. The methods 

described herein significantly simplify conventional purification processes by 

eliminating the entire unit operation which involves using a pool tank for vims 

inaetivation, 

[0043] The methods described herein offer easier scalability. Sealing a batch pool 

tank system Involves increasing the stabilization time as well as the mixing 

efficiency which Is based on the underlying mixing system (e.g., an impeller). For 

example, if the pool tank volume is increased by a factor of 10, then the mixing 

efficiency would have to be increased by a factor of 10 in order to retain the same 

mix time. Again, the mixing time, should be minimized to safeguard the protein, 

while maximized to achieve a certain LEV inactivatlon. In many eases, a mixer 

cannot be scaled up to an equal mixing efficiency because of limitations on the 

impeller size and available motor R.PIVL The present invention significantly 

increases the mixing efficiency and offers scalability based on a dimensionless. 

number called Reynolds number (Re) which depends on. the dimensions of the pipe 

or connecting tube which includes the in-line static mixer, the flow velocity, liquid 

density and viscosity. Reynolds number is defined as tbe ratio of density X static 

mixer diameter X flow rate to viscosity. Mixing efficiency can be improved by 

increasing the number of mixing elements of the static mixer. Better scalability and 

more predictive performance reduce the process parameters down to only pli and 

time and eliminate the dependency of success on mixing efficiency. 
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[0044] In-line static mixing, as described hereto, allows a solution to be modified 

in a very short time, thereby eliminating much of the stabilization time. This allows 

the entire process to be compressed ant! results to a working volume ihat is 

reasonable for sealing and design purposes. The properties of the sample fluid can 

be changed by introducing a virus activation, fluid into the main fluid stream through 

a T-valve or a manifold system. Once the fluid is in the newly desired condition, the 

required residence time at the inaetivation pH can be guaranteed by increasing the 

residence time in a tube after static mixer either by increasing the length, or diameter 

of tube or both. At the end of the required residence time, a secondary modification 

can be done to bring the fluid back into a condition that is desirable for the protein 

and the next process step, 

[0045] -The virus inaetivation methods described herein facilitate a purification 

process to be run in a continuous mode, as described in more detail herein, 

[0046] In order that the present, invention may be more readily understood, certain 

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

description. 

i« IMSMMS 
[0047] The term "'static miser," as used herein, refers to. a device for mixing two 

fluid materials, typically liquids (e.g., a sample containing a target protein or an 

eluate from a bind and elute chromatography process step). The device typically 

includes mixer elements (also referred to as non-moving elements) contained in 

cylindrical (tube) housing. The overall system design incorporates a method for 

delivering two streams of fluids into the static mixer. As the streams move through 

the mixer, the non-moving elements of the static mixer continuously blend the 

materials. Complete mixing depends on many variables including properties of the 

fluids, tube inner diameter, number of mixer elements and their design, In various 

embodiments described herein, a static mixer is used In-line. 

[0048] The term "in-line" or 'In-line operation'" refers to a process of moving a 

liquid sample through a tube or some other conduit without storage in a vessel. 

Accordingly, in some embodiments according to the present invention, a static 

mixer is used in a "in-line operation" in a tube through which a liquid sample 

containing a target protein, is moved from one process step to another. 

|0Q49| The terra '"virus inactivatlorf" or ^VF refers to the treatment of a sample 

containing one or more viruses in a manner such that the one or more viruses are no 
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longer able u> replicate or are rendered inactive. Virus inaetivation may be achieved 
by physical means, e.g., heat, ultraviolet light, ultrasonic vibration. or using 
chemical means, e.g., pH change or addition of a chemical Virus inaetivation is 
typically a process step which is used during most protein purification processes, 
especially in case of purification of therapeutic proteins. In methods described 
herein, VI is performed using one or more in-line static mixers or surge tanks. It is 
understood that failure to detect one or more viruses in a sample using standard 
assays known In the art and those described herein, is indicative of complete 
inaetivation of the one or more viruses following treatment of the sample with one 
or more virus inactivating agents. 
[0050] The term "virus inactivating agent" or "virus inaetivation agent,"' refers to 
any physical or chemical means capable of rendering one or more viruses inactive 
or unable to replicate, A virus inactivating agent, as used in the methods described 
herein may Include a solution condition change (e.g., phi, conductivity, temperature, 
etc) or the addition of a solvent/detergent, a salt, a polymer, a. small molecule, a 
drug molecule or any other suitable entity etc., which interacts with one or more 
viruses in a sample or a physical means (e.g., exposure to 1JV light, vibration, etc.), 
such that exposure to the virus Inactivating agent renders one or more viruses 
inactive or incapable of replicating. In a particular embodiment, a virus inaetivation 
agent Is a pH change, where the virus Inactivating agent is mixed with a sample 
containing a target .molecule (e.g., an eluate from a Protein. A. bind and elnte 
chromatography step) using an In-line static mixer or a surge tank. 
[005 S J The term "virus removal" refers to the treatment of a virus-eont&Imng 
solution such that viruses are removed from the solution. Virus removal may be 
done through sieving (e.g. using a nanoftltration membrane with an appropriate pore 
size) or through adsorption (e.g. using a chromatographic device with media of a 
charge opposite f rom that of the virus). 
[0052] The term "turbulent flow" refers to movement of a fl uid, in which 
subcurrents in the fluid display turbulence, moving in irregular patterns, while the 
overall flow is in one direction. Turbulent flow is common in non-viscous fluids 
moving at high velocities. 
[0053] The term "laminar flow" refers to smooth, orderly movement of a fluid. In 
which there is no turbulence, and any given subcurren't moves more or less in 
parallel, with any other nearby suheurreni, Laminar How is common, in viscous 
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fluids, especially those moving at low velocities, In some embodiments according 

to the methods described herein, laminar flow is employed. 

[0054] The term "pool tank"" as used herein refers to any container, vessel, 

reservoir, tank or bag, which is used between process steps and has a ske/volume to 

enable collection of the entire volume of output from a process step, Pool tanks 

nmy he used for holding or storing or manipulating solution conditions of the entire 

volume of output from a process step, in various embodiments according to the 

present invention, the methods described herein obviate the need to use one or more 

pool tanks. 

[0055] l.n some embodiments, the methods described herein may use one or more 

surge tanks, 

[0056] The term "surge tank" as used herein refers to any container or vessel or 

bag, which is used between process steps; where the output from a process step 

.flows through the surge tank onto the next process step in. a purification, process. 

Accordingly, a surge tank is different from a pool tank, in that it is not intended to 

hold or collect the entire volume of output from a process step; but instead enables 

continuous flow of output front one process step to the next. In some embodiments, 

the volume of a surge tank used between two process steps in a methods described 

herein, is no more than 25% of the entire volume of the output from, a process step, 

in another embodiment, the volume of a surge tank is no more than 10% of die 

entire volume of the output from a process step. In some other embodiments, the 

volume of a surge tank, is less than 3.5%, or less than 30%, or less than 25%, or less 

than 20%, or less than 15%, or less than 10% of the entire volume of a cell culture 

in a bioreaetor, which constitutes the starting material from which a target molecule 

is to he purified. In some embodiments, virus inaetivation, as described herein, is 

achieved via a surge tank, where a surge tank is employed for mixing a suitable 

virus inaetivation agent with a sample containing a target protein (e.g., eluate from a 

Protein A hind and elnte chromatography step), 

[0057] The term ''connected process" refers to a process for purifying a target 

molecule, where the process comprises two or more process steps (or unit 

operations), which are in direct fluid communication with, each other, such that fluid 

material continuously flows through the process step (or unit operations) in the 
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process and is In simultaneous contact with two or more unit operations during the 
normal operation of the process. It is understood that at times, at least one process 
step (or unit operation) in the process may be temporarily isolated from the other 
process steps (or mn.it operations) by a barrier such as a valve in the closed position. 
This temporary isolation of individual unit operations may be necessary, for 
example, during start up or shut down, of the process or during removal/replacement 
of individual unit operations. 

[0058] "Protein A" and "ProA" are used interchangeably herein and encompasses 
Protein A recovered from a native source thereof Protein A produced synthetically 
(e.g., by peptide synthesis or by recombinant techniques), and variants thereof 
which retain the ability to bind proteins which have a.CHj/CHb region, such as an 
Pc region. Protein A can be purchased commercially from Repligen, Pharmacia and 
Fermatech. Protein A is generally immobi lized on a solid phase support material. 
The term MProA* also refers to an affinity chromatography resin or column 
containing chromatographicsolid-support matrix to which is covalently attached 
Protein A. In a particular embodiment. Protein A used in. the methods according to 
the present invention is an. alkaline stable form of Protein A. In a particular 
embodiment, Protein A includes one or more Protein A domains or a functional 
variants or .fragments thereof,, as described In II,S, Patent Applications Mos. US 
12/653,888, filed December 18. 2009, and 13/489,999 Filed June 6,2012, both 
incorporated by reference herein, which relate to cither wild-type muMmeric forms 
of B, 2 or € domains or muliimeric variants o f one or more domains of Protein A 
(e.g., B, Z or € domain pentamers) with each domain having a truncation of 3 or 4 
amino acids from the N-terminus, where a domain may additionally include a 
mutation to. reduce or eliminate Fab binding, 

[0059] A functional derivative, fragment or variant of Protein A used in the 
methods according to the present invention may be characterized by a binding 
constant of at least KMO"8 M» and preferably K>T0"9 M, for the Fe region of mouse 
JgG2a or human IgG'L An interaction obtained with such value for the binding 
constant is termed "high affinity binding" In the present context. Preferably, 'such 
functional derivative or variant of Protein A comprises at least part of a functional 
igG binding domain of wild-type Protein A , selected from the natural, domains E. I>, 
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A, B, C or engineered mutants thereof which have retained IgG binding 
functionality, 

HK)60| In various embodiments according to the present Invention, the Protein A is 
immobilized on a solid support, 

[0061] The terms "solid support,"' "solid phase," ^mstlrhC ami ''chromatography 
matrix," as used interchangeably herein, generally refers to any kind of particulate 
sorbent, resin or other solid phase (e.g,, a membrane, non-woven, monolith, etc.) 
which in a separation process acts as the adsorbent to separate a target molecule 
(e.g., an Fe region containing protein such as an immunoglobulin) from other 
molecules present in a mixture. Usually, the target molecule is separated from other 
molecules as a result of differences in rates at which the individual molecules of the 
mixture migrate through the matrix under the influence of a moving phase. The 
matrix consisting of resin particles can be put in columns or cartridges. Examples 
of materials for forming the matrix include polysaccharides (such as agarose and 
cellulose); and other mechanic-ally stable matrices such as silica (e.g. controlled pore 
glass), poly(styrenedivinyi)benEene, polyacrylamide, ceramic particles and 
derivatives of any of the above, Typically the matrix carries one or more types of 
ligands. However, instances exist where the matrix alone is the chromatographic 
media (e.g., activated carbon, hydrox.yapa.tite, silica, etc.) 

(0062] A "Ugand" is a functional .group that is attached to the chromatography 
matrix and that determines the binding properties of the matrix,. Examples of 
"Hgands" include, hut are not limited to. Ion exchange groups, hydrophobic 
inte.racii.on groups, hydropMlie interaction groups, thiophilic interactions groups, 
metal affinity groups, affinity groups, bloaffinky groups, and mixed mode groups 
(combinations of the aforementioned). Some Uganda that can be used herein 
include, hut are not limited to, strong cation exchange groups, such as sidphopropyi, 
sulfonic acid: strong anion exchange groups, such-as trimethylammomu-m chloride; 
weak cation exchange groups, such as caxboxylic acid; weak anion exchange 
groups, such'as N$N diethylami.no or DEAE; hydrophobic interaction groups, such 
as phenyl, butyl, propyl, hexyk and affinity groups, such as Protein A, Protein G, 
and Protein L In various embodiments according to the invention, the ligand is 
Protein A or a variant or fragment thereof. 

14 
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[0063] The term "chromatography," as used herein, refers to any kind of technique 
which separates the product of interest (e.g., a therapeutic protein or antibody) from 
contaminants and/or protein aggregates in a hlopharmaeeutical preparation. 

[0064] The term "affinity chromatography" refers to a protein separation technique 
in which a target protein (e.g., a Fc region containing protein of interest or antibody) 
is •specifically bound to a ligand (e.g.. Protein A), which is typically immobilized 
onto a solid support (the ligand immobilized on the solid support is referred to 
herein as a "chromatography matrix"). T he target protein generally retains its 
specific binding affinity for the ligand during the chromatographic steps, while 
other solutes and/or proteins in the mixture do not bind appreciably or specifically 
to the ligand. Binding of the target protein to the immobilized ligand allows 
impurities including contaminating proteins or protein impurities (e.g,, HCPs) to be 
passed through the chromatography matrix while the target protein remains 
specifically bound to the Immobilized ligand on the solid support material: however, 
some non-specific binding of the contaminating proteins onto the matrix is typically 
observed. The chromatography matrix is typically washed one or more times with a 
suitable wash buffer, in order to remove the non~speeifieal.!y bound proteins (e.g., 
HCPs) and other impurities, before eluting the bound protein from the matrix. The 
specifically bound protein of interest is subsequently eluted from the matrix using a 
suitable elution buffer which facilitates the separation of the protein of interest from 
the .matrix, In embodiments according to the present invention, one or more 
intermediate was!? steps are eliminated from such a process, without decreasing the 
purify of the eluted. target protein. In other words, in. some embodiments according 
to the present invention, a protein of interest is allowed to bind to a Protein A 
containing chromatography matrix and is subsequently eluted, without having the 
need for one or more intermediate wash steps; however, the purity of the protein of 
interest in the Protein A elation poo! is not affected. In other embodiments, the 
number of intermediate wash steps are reduced compared to a process which would 
normally use a certain number of wash steps in order to achieve a certain level of 
purity of the protein o f interest in the Protein A elation pool . In various 
embodiments according to the present invention, the level of host cell proteins is 
reduced in the Protein A elution pool despite the elimination of or reduction in the 
number of intermediate wash steps. 

15 
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[0065] The terms "ion-exchange" and "ion-exchange chromatography," as used 
interchangeably herein, refer to the chromatographic process in which a solute or 
analyte of interest in a mixture, interacts with a charged compound linked (such as 
by eovalent attachment} to a solid phase ion exchange material, such that the solute 
or analyle of interest interacts non-specifically with the charged compound more or 
less as compared to the solute impurities or contaminants is the mixture. The 
contaminating solutes in the mixture elate from a column of the ion exchange 
material faster or slower than the solute of interest or are bound to or excluded from 
the resin relative to the solute of interest 'ion-exchange chromatography" includes 
cation exchange, anion exchange, and mixed mode ton exchange chromatography. 
For example, cation exchange chromatography can bind the target molecule (e.g., a 
Fc region containing target protein) followed by elation (cation exchange bind and 
elate chromatography or isCIEX") or can predominately bind the impurities while 
the target molecule "flows through" the column {cation exchange flow through 
chromatography or "FT- OEX''). In case of anion exchange chromatography, the 
solid phase material can bind the target molecule (e.g., an Fc region containing 
target protein) followed by elution. or can predominately bind the impurities while 
the target molecule "flows through" the column. 

[0066] The term "ion exchange matrix"' refers to a chromatography matrix that is 
negatively charged (i.e., a cation exchange resin) or positively charged (i.e., an 
anion exchange resin),. The charge may be provided by attaching one or more 
charged ligands to the matrix, e.g. by eovalent linking. Alternatively, or in addition., 
the charge may be an inherent property of the matrix (e.g. as is the ease for silica, 
which has an overall negative charge). 

[006?] A "cation exchange matrix" refers to a chromatography matrix which is 
negatively charged, and which, has free cations for exchange with cations in an 
aqueous solution contacted with the matrix, A negatively charged ligand attached to 
the solid phase to form the cation exchange matrix may, for example, be a 
'carboxylase or sulfonate. Commercially available cation exchange resins include 
carboxy--niethyS~cellulose, sulphopropyl (SP) immobilized on agarose (e.g., SP~ 
SEPHAROSE FAST FLOW™ or SP-SBFHAROSE HIGH PERFORMANCE^, 
from GE Healthcare) and sulphonyl Immobilized on agarose (e.g. S-SBPHAROSE 
F AST' FLOW™ from GE Healthcare). Additional examples include Fractoge® 
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BMD SO.*, FraetogeM-: HMD SB Righcap, Bshnsuno# S and Fractoge® BMD (X)O 
(BMD Millipore), 

[0068] A "mixed mode ion exchange matrix" or "mixed mode matrix" refers to a 
chromatography matrix which is covalently modified with, cationic and/or anionic 
and hydrophobic moieties, A commercially available mixed mode ion exchange 
resin is BAKBRSOND ABX™ (J. T. Baker, Philhpsbnrg, NJ'.) containing weak 
cation exchange groups, a low concentration of anion exchange groups, and 
hydrophobic ligands attached to a silica gel solid phase support matrix.. Mixed 
mode cation exchange materials typically have cation exchange and hydrophobic 
moieties. Suitable mixed mode cation exchange materials are C-apto® MMC (GE 
Healthcare) and Eshmuno® HCX (Merck Millipore}, Mixed mode anion exchange 
materials typically have anion exchange and hydrophobic moieties. Suitable mixed 
mode anion exchange materials are Capto# Adhere (GE Healthcare}. 

[00691 The term "'anion exchange matrix'* is used herein to refer to a 
chromatography matrix which Is positively charged., e.g. having one or more 
positively charged ligands, such as quaternary amino groups, attached thereto. 
Commercially available anion exchange resins include DEAE cellulose, QA.E 
SEPHADEX™ and FAST Q SEPHAROSB™ (GE Healthcare), Additional 
examples include Fraetoge® BMD TMAE, Fractogel® EMD TMAE higbeap, 
Eshmnnol) Q and Fracloge® BMD DEAE (Merck Millipore). 

[0070] 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 of interest contained in a 
biopharmaeeutieai preparation along with one or more impurities is intended to flow 
through a material, which usually binds the one or more impurities, where the 
product of interest usually flows-through, 

fO0?'l I The terms "'bind and elute process," "bind and elute mode," and "bind and 
elute chromatography;"' as used interchangeably herein, refer to a product separation 
technique in which at least one product of interest contained in a biopharmaeeutkal 
preparation along with one or more impurities is contacted with a solid support 
under conditions which facilitate the binding of the product of interest to the solid 
support. The product of interest is subsequently eluted from the solid support. In 
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some embodiments according to the methods described herein, a solid support 
having Protein A attached to the .solid support is contacted with a sample containing 
•a product of interest and one or more impurities under suitable conditions which 
facilitate the binding of the product of interest to the Protein A on the solid support, 
where the one or more impurities are not expected to specifically bind to the solid 
support. The product of interest is subsequently eluted from the Protein A 
containing solid support, in an attempt to separate the product of interest tro.ro the 
one or more impurities. In the methods described herein, subsequent to elution, the 
Protein A elution pool is subjected to virus inaetivation using one or more static 
mixers or a surge tank, as described herein, where the virus inactivatlon can be 
achieved in a matter of minutes to about an hour, relative to .conventional processes 
where virus inaetivation often takes several hours. 

[0072] The terms "contaminant," •'impurity," and "debris," as used. 
Interchangeably herein, refer to any foreign or objectionable molecule, including a 
biological macromoleeule such as a DNA, an RNAS one or more host cell proteins, 
endotoxins, lipids, aggregates and one or more additives which may be present in a 
sample containing the product of interest that Is being separated from one or more 
of the foreign or objectionable molecules. Additionally, such a contaminant may 
include any reagent which is used in a step which, may occur prior to the separation 
process,. 

[0073] The terms "'Chinese hamster ovary eel! protein" and "CHOP" are used 
Interchangeably to refer to a mixture of host cell proteins ("HCP") derived from a. 
Chinese hamster ovary ("CHO") cell culture, The HCP or CHOP is generally 
present, as an impurity in a cell culture medium or lysate (e.e, a harvested cell 
culture fluid fHCCF'l) comprising a protein of interest such as an antibody or an 
Fe-containing protein expressed in a CHO cell). The amount of CHOP present in a 
mixture comprising a pro tein of interest provides a measure of the degree of purity 
for the protein of interest. HCP or CHOP includes, but is not limited to, a protein of 
interest expressed by the host cell, such as a CHO host cell. Typically, the amount 
of CHOP in a protein mixture is expressed in parts per million relative? to the 
amount of the protein of interest in the mixture., ft is understood that where the host 
cell is another cell type, e.g., a mammalian cell besides CHO, an E. coil, a yeast, an 
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insect cell or a plant cell, HCP refers to the proteins, other than target protein, 

found in a Ivsate of the host cell, 

[0074] The term "parts per .million'' or "ppm" are used interchangeably herein to 

refer to a measure of purity of a target protein purified by a method of the invention. 

The units ppm refer to the amount of HCP or CHOP in nanograms/milligram per 

protein of interest in miliigrams/miililiter (i.e., CHOP ppm:::(CHOP «g/ml,)/(protem 

of interest mg/mL), where the proteins are in solution). 

[0075] The terms '"clarify,'' "clarification,5' 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 molecule containing solution, as measured in 

NTIJ {nephelometric turbidity units). Clarification can be achieved by a variety of 

means, including eentri&gation or filtration, Centrifugation could be done in a 

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

depth filtration) or tangential How mode, in processes used in the industry today, 

centrifugation is typically followed by depth filters Intended to remove insoluble 

imparities* which may not have been removed, by centrifugation. Furthermore, 

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

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

fihceulaiion, 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, in some embodiments, the processes and systems described herein 

obviate the need for centrifugation. 

[0076] 'The terms "purifying," "separating," or "isolating," as used 

interchangeably herein, refer to increasing the degree of purity of a polypeptide or 

protein of interest or a target protein from a composition or sample comprising the 

protein of interest and one or more impurities. Typically, the degree of purity of the 

protein of interest is increased by removing {completely or partially) at least one 

impurity from the composition, A "purification step" may he part of an overall 

purification, process resulting in a "homogeneous" composition or sample, which is 

used herein to refer to a composition or sample comprising less than 1.00 ppm HCP 

in a composition comprising the protein of interest, alternatively less than 90 ppm,. 
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less than SO ppm, less than 70 ppm, less than 6(5 ppm, less than 50 ppm, less than 40 

ppm, less than 30 ppm, less than 20 ppm, less than 10 ppm, less than 5 ppm, or less 

than 3 ppm of HCP, 

[0077] In some embodiments according to the present' invention, the product of 

interest is an immunoglobulin, 

[0078] The term 'immunoglobulin," "Ig* or "antibody" (used interchangeably 

herein) refers to a protein having a basic fo'or-polypepiide chain structure consisting 

of two heavy and two light chains, said chains being stabilized, for example, by 

interchain disulfide bonds, which lias the ability io specifically bind antigen. The 

term "single-chain 'immunoglobulin" or "single-chain antibody'- (used 

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) stabilised, for 

example, by p-pieatcd sheet and/or intrachain disulfide- bond. Domains arc further 

referred to herein as "constant5* or "variable*, based on the relative lack of sequence 

variation within the domains of various class members in the cast? of a "'constant'*' 

domain, or the significant variation within the domains of various class members in 

the case of a"variable" domain. Antibody or polypept i de "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 'iight 

chain constant regions", 'light chain constant domains", "CL" regions or "€!„•'* 

domains. The "constant" domains of anti body heavy chains are referred io 

interchangeably as "heavy chain constant regions", "heavy chain constant 'domains", 

"CH" regions or "CH" domains, The "variable'* domains of antibody light chains 

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

variable domains", "VL" regions or "VI," domains. The "variable" domains of 

antibody heavy chains are referred to interchangeably as "heavy chain variable 

regions", "heavy chain variable domains", "¥H" regions or "VH" domains. 

[0079] Immunoglobulins or antibodies may be monoclonal or polyclonal and may 

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

peniameric form and/or IgA antibodies which exist in monomeric, dlmeric or 
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.mulUmeric form. The term "fragment" refers io a pari or portion of an antibody or 

antibody chain comprising fewer ammo acid residues than m intact or complete 

antibody or antibody chain. Fragments can be obtained via chemical or enzymatic 

treatment of an Intact or complete antibody or anti body chain. Fragments can also 

be obtained by recombinant means. Exemplary fragments include Fab, Fab", 

F(a!r }2, Fc and/or Fv fragments. 

[0080] The term "'antigen-binding fragment" refers to a polypeptide portion of an 

immunoglobulin or antibody that hinds an antigen or competes with intact antibody 

(i.e.-, with the intact antibody .from which they were derived) for antigen binding 

(i.e.. specific binding). Binding fragments can be produced by recombinant DNA 

techniques, or by enzy matic or chemical clea vage of intact immunoglobulins. 

Binding fragments include Fab, Fab1, FCabi?, Fv, single chains, and single-chain 

antibodies. 

[0081 ] 'The protein of interest which is purified according to the methods 

described herein is one which comprises a CH.2/CH3 region and therefore is 

amenable to purification by Protein A chromatography. The term WCH2/CH3 region1* 

when used herein refers to those amino acid residues in the Fc region of an 

immunoglobulin molecule which Interact with Protein A. Examples of C»2/Cjf3 

region or Fc region-containing proteins include antibodies, imrnuiooadhesins and 

fusion proteins comprising a protein of Interest fused to, or conj ugated with, a 

C«2/C«3 region or Fc region. 

[0082] In a particular embodiment, methods according to the claimed invention 

are used for purifying a fragment of an antibody which is an Fe-region containing 

fragment. 

[0083] The term "Fe region"' and 4Tc region containing protein'" means thai 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 ligands 

such 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 fragment thereof; In other embodiments, an Fc region containing protein 
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specifically Mods Protein <5 or Protein L, or functional derivatives. variants or 

fragments thereof. 

[0084] 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 di sorder can. 

resist in a therapeutic benefit in that mammal. 

[0085] The term "monoclonal antibody" as used herein refers to an antibody 

obtained from a population of substantially homogeneous antibodies, ie„ the 

individual antibodies comprising the .population am identical except for possible 

naturally occurring mutations that may he 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 substantial ly homogeneous population of antibodi es, and is not to 

he 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 he made by the hyhridoma method first described by ICohler et aL 

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

U.S. Patent No, 4,81.6,567). "Monoclonal antibodies" may also be isolated from 

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

352:624-628 (1991) and Marks et al,, J. MoL Biol. 222:381-59? (1991). 

[0086] 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 ehain(s) is identical with or homologous to corresponding 

sequences in antibodies derived from another species or belonging to another 

antibody class or subclass, as well as fragments of such antibodies, so long as they 

exhibit the desired biological activity (U,S, Patent Ho. 4,816,567; and Morrison et 

aL Proc, Natl.. Acad. Set, USA 81:6851-6855 (1984)). 
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[0087] The term "hyperyarlable region" when used herein refers to the amino acid 
residues of an antibody which are responsible for antigen-binding. The 
hypervariable region comprises- amino acid residues- from a Complementarity 
determining region" or "€DRM (i.e.. residues 24-34 (Li), 50-56 (L2) and 89-9? (L3) 
IT? the light chain variable domain and 31-35 (HI), 50-65 (H2) and 95-102 (H3) in 
the heavy chain variable domain: Kabat et al. Sequences of Proteins of 
immunological Interest 5 " Ed. Public Health Service, National Institutes of Health, 
Bethesda, Md. (199!)) and/or those residues .from a "hypervariable loop" (i.e. 
residues 26-32 (LQ, 50-52 (L2) and 91-96 (1,3) in the light chain variable domain 
and 26-32 (HI), 53-55 (132) and 96-101 (H3) in the heavy 'chain variable domain; 
Cbothia and tesk J. MoL Biol. 196:901-9! 7 (1987)), "Framework" or "FR" 
residues are those variable domain residues other than the hypervariable region 
residues as herein defined. 

[0088] vtHumamasxT forms of non-human (e.g,, marine) 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 hypervariable region, residues of the 
recipient are replaced by hypervariable region residues from a non-hum an species 
{donor antibody) such as mouse, rat. rabbit or nonhuman primate having the desired 
specificity, affinity, and capacity. In some instances. Fv framework region (PR) 
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 are 
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 ail or -substantially all of she 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}; 
Riechmann et al. Nature 332:323-329 {1988); and Presta, Curr. Op, Struct. Biol, 
2:593-596 {1992). 
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100891 A "bnffef' is a solution that resists changes in pH by the action of its 
acid-base conjugate components. Various buffers which can be employed 
depending, for example, on the desired pH of the buffer are described in Buffers. A 
Guide for the Preparation and Use of Buffers in Biological Systems, Gneffroy, IX, 
ed. Cal'bfochem Corporation (1975), Nasi- limiting examples of buffers include 
MBS, MOPS, MOPSO, Iris, HEPES, phosphate, acetate, citrate, succinate, and 
ammonium buffers, as well as conibmsiions of these, 

100901 The term "solution," ^compositiorf or "sample," as used herein, refers to 
a mixture of a molecule of interest or target protein (e.g., an Fc region containing 
protein such as an antibody) and one or more impurities, hi some embodiments, the 
sample Is subjected to a clarification step and a Protein A affinity chromatography 
step prior to being subjected to the virus inactivatlon methods described herein. In 
some embodiments, the sample comprises cell culture feed, for example, feed from 
a CI IO cell culture, which is subjected to clarification and a Protein A 
chromatography step prior to virus inaetivation, 
[0091] The term "non-mammalian expression systems" as used herein refers to 
ail host cells or organisms employed to generate therapeutic proteins, where the host 
cells or organisms are of non-mammalian origin. Examples of .non-mammalian, 
expression systems are E. coil and. Piehia pasioris. 
[0092] The term "elttate" or '"elution pool" as used herein, refers to a solution 
containing a molecule of interest obtained via elusion, for example, following bind 
and elute chromatography (e.g., using a Protein A affinity chromatography matrix). 
The eluate may be subjected to one or more additional purification steps. In some 
embodiments according to the present Invention, an elution pool is obtained, which 
contains a target protein,, e.g., an Fc region containing protein, wherein the elution 
pool is subjected to virus inaetivation, as described herein. 
[0093] The term "conductivity" refers to the ability of an aqueous solution to 
conduct an electric current between two electrodes. In solution, the current Hows by 
ion transport. Therefore, with an increasing amount of tons present in the aqueous 
solution, the solution will have a higher conductivity. The unit of measurement for 
conductivity is mllliSelinens 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, f or example, the concentration of .a buffering agent and/or concentration, of 
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a salt (e.g., MaCl or K.CI) in the solution may be altered in order to achieve the 
desired conductivity, in some embodiments, the salt concentration of the various 
buffers is modified to achieve the desired conductivity, 
[0094] The "pP or isoelectric point" of a polypeptide refer to the pH at which 
the polypeptide's positive charge balances its .negative charge, pi can be calculated 
from the net charge of the amino acid residues or sial ic acid residues of attached 
carbohydrates of the polypeptide or can be determined by isoelectric focusing, 
[0095] The term "process step'" or "un.U operation;' as used interchangeably 
herein, refers to the use of one or more methods or devices to achieve a certain 
result in a purification process. Examples of process steps or unit operations which 
may be employed, in a purification process include, but are not limited to, 
clarification, bind and elute chromatography, virus inaetivation, flow-through 
purification, and formulation. It is understood that each of the process steps or unit 
operations may employ more than, one step or method or device to achieve the 
intended result of that process step or unit operation, 
[0096] The terra "continuous process," as used herein, refers to a process for 
purifying a target molecule, which includes two or more process steps (or unit 
operations), such that the output from one process step flows directly into the nest 
process step in the process, without interruption, and where two or more process 
steps can be performed concurrently for at least a portion of their duration. In other 
words, in case of a continuous process, it is not necessary to complete a process step 
before the next process step is started., but a portion, of the sample is always moving 
through the process steps. 
1009?] In some embodiments, the different process steps are connected to be 
operated in a continuous manner, in some embodiments, a virus inactivatlon 
method, as described herein, constitutes a process step in a continuous purification 
process, where a sample flows continuously from a Protein A affinity 
chromatography step to the vims inaetivation step to the next step in the process, 
which is typically a flow-through purification process step. 
[0098] In some embodiments, the virus inactivatlon process step Is performed 
continuously, i,e,, the eluate from the previous bind and elute chromatography step 
ti.e. Protein A affinity chromatography) flows continuously into the virus 
inaetivation. step, which employs one or more static mixers and/or surge tanks, alter 
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which the virus inactivated eluate may be collected in a storage vessel until the next 
process step is performed , 

II. Exemplary Virus Inactivating Agents 
I ... I 

[0099] Vim) inaetivation renders viruses inactive, or unable to replicate or infect, 
which Is important, especially in ease of the target molecule being in tended for 
therapeutic use. According, virus inaetivation is typically used during-a protein 
purification process, especially when the protein is intended lor therapeutic use. 
[00100] Many viruses, contain lipid or protein coats that can be inacti vated by 
chemical alteration. Rather than simply rendering the virus inactive, some viral 
inaetivation processes are able denature the virus completely. Some of the more 
widely used virus inactivatlon processes include, e.g.-, use of one or more of the 
following: sol vent/detergent inaetivation (e.g. with Triton X 100); pasteurization 
(heating); acidic phi inaetivation; and ultraviolet (UV) inaetivation. It is also 
possible to combine two or more of these processes; e.g. , perform acidic pH 
Inaetivation at elevated temperature, 
f00101] Several, virus inactivating agents for biotechnology products are known in 
the art. See, e.g., Gail Sofer,.4*Virus Inaetivation in the 1990s and into the 21st 
Century, Pari 4, Culture Media, Biotechnology Products, and Vaccines/' Biopharrn 
International January 2003, pp. 50-57), some of which are described belo w. 
[001021 Low pH has been shown to inactivate the xenotrople murine leukemia 
virus (XMuLV). In one study, pH 3.5-4.0 was found to be effective at 18-26 °C\ 
and very little difference was..seen in inactivatlon kinetics for pH 3.7 up to pH 4.1. 
At 2-8 °C> however, pll 4,1 Inaetivation. was slower and required up to one hour, 
compared to about 30 minutes for pH 3.7. Further, variability was observed for 
different target molecules being purified. For example, inaetivation time used with 
one target molecule was 60 minutes, whereas for another it. was 120 minutes, and 
further, in ease of one target molecule, the virus XMuLV was not completely 
inactivated even after 120 minutes, Protein concentration also affected the 
inactivatlon kinetics. In buffer only, XMuLV was inactivated in 120 minutes; 
addition of protein prevented complete inaetivation with the same pB, temperature, 
and exposure time. The ionic strength of the inactivating solution appeared to 
mitigate the effect of increasing protein concentration. 
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[001031 In. another study, low pH was investigated for inaetivation of XMuLV and 

pseudorabies virus (PRV) viruses in case of eight different monoclonal -antibodies 

(MS) produced in either Sp2/0 or NS0 mouse ceil lines. The pll values used ranged 

between 3.14 and 3.62, .resulting in LRVs ranging from around 5 to above 6 (i.e. 

virus cannot be measured in the sample). These data are being used to support 

generic virus inactivatlon approaches. A different study of 13 products, mostly but 

not all MAbs, illustrated the ability of pll 3,6-4,0 to inactivate several different 

viruses in five to 60 minutes. 

|00104] Caprylate has been found to inactivate Kpid-enveloped viruses in MAh 

production processes. Cell culture harvest broth containing a Pseudmtmuis exotoxin. 

A-monoelonal antibody conjugate and a Psemiomonas monoclonal 1'gM were each 

spiked with viruses, Herpes simplex virus-1 CI-ISY-1) and Vesicular stomatitis virus 

(V8V) viruses were completely Inactivated at 20S'C in less than 60 minutes. 

However, at 5°C only partial inaetivation ofVSV was shown after 120 minutes. A 

non-ionized form of the caprylate is maintained ever a broad pH range, and the non-

ionized form is effective in viral inaetivation at concentrations between 0.001 and 

0,07 weight %, V-SV and vaccinia virus were inactivated slower than. HSV-1 at pli 

6.3. 

(001051 Detergents have also been, used as a virus inaetivation agent, Triton X-

100 (0.5%, 4 C'C> completely inactivated respiratory syncytial virus (RSV) and 

Friend murine leukemia virus (FrMuLV) viruses within four hours without 

influencing the binding capacity of a number of MAbs, LoglO reduction values 

were >3.S lor FrMuLV and >5.4 for RSV, Other data have shown that MuLV was 

not inactivated by 0,1 to 1% Tween. 

[00106] Solvents/detergents (S/D) are commonly used for virus inaetivation with 

plasma proteins, S/D is also used for inaetivation of enveloped viruses during 

production of recombinant proteins and MAbs, For example, during the production 

of B-domain deleted recombinant factor Vill, S/D Is used for virus inaetivation. 

Although no viruses may be associated with the CHO cell line used for production, 

S/D can. be added after a cation exchange step, Concentrations of 0.3% TNBP and 

1% Triton X--100 are targeted for at least 30 minutes. S/D treatment has been 

shown to completely and rapidly inactivated all the enveloped viruses tested, which 

include parainfluenza-3 virus (PI~3), XMuLV, infectious bovine rhinotracheitis 

virus (IBRj, and malignant catarrhal fever virus (1V1CF). (See, Sofer et al., M) 
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[00107} Beta-propiolaetom; has been proposed for viral inaetivation in miked 
DNA vaccines. It was found that for a 16-hour treatment at 4 °C. the initial 
concentration of ^-propiolactom? should not exceed 0,25% in order to prevent loss 
of gene expression. 
[00108] In some embodiments according to the present Invention, virus 
inaetivation employs exposure of the sample containing the target protein to acidic 
or low pll Accordingly, in some embodiments described herein, virus inaetivation 
employs exposure of the output or eluate from the hind and elute chromatography 
step, which is upstream, of virus inaetivation. to acidic pH in-line using a static 
mixer. The pH used for virus inaetivation is typically less than 5.0, or between 3,0 
and 4.0. In some embodiments, the pll is 3.6 or lower. The duration of time used 
for virus inaetivation, when an in-line static mixer tank, is used, is 10 minutes or 
less, or 5 minutes or less, or 2 minutes or less, or I minute or less. In. other 
embodiments, a surge tank is used between die bind and elute chromatography step 
and the flow-through process step. The duration of time for virus inaetivation. when 
a surge tank is used, Is typically 1 hour or less, or 30 minutes or less. In ease of 
both use of in-line static mixers or surge tanks, the virus inaeti vation enables the 
process to be run continuously, rather than having to collect the sample In a pool 
tank for virus Inaetivation. 

ill. Exemplary Viruses and Determining. Virus Inaetivation 
100109] Virus may be "cleared"' by two main mechanisms: removal (e.g. by 
filtration or chromatography) or inaetivation (e.g. low pH, detergent, or irradiation), 
Regulatory recommendations for htopharmaeeutical. viral clearance can be found in 
several documents issued by the FDA and BMBA. 
[00! 10] The viral clearance capabilities of a process are assessed using sealed-
down versions of individual unit operations, A sample of representative process 
iced is "'spiked'* with a known quantity of virus to simulate a viral contamination, 
and the .amount of virus removed or inactivated by the operation is measured. It is 
recommended that the amount of virus used for the spike should be "as high as 
possible to determine the capacity of the production step to inactivate/remove 
viruses adequately." However, the virus spike volume .must not be so great thai the 
composition of the production material is significantly altered; a 10% spike volume 
Is generally regarded as the maximum acceptable spike, 
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[001111 Virus is generally measured from samples collected before and after 
individual unit operations in a puri.fication process using assays that quantify 

infectious virus particles. Clearance is reported in terms of iheLogui reduction 
achieved (log reduction value or LRV). When a unit operation achieves clearance 
to sue!) a degree that no virus is detected in the processed material the minimal 
LRV is determined using a calculation dependent upon the virus titer in the starting, 
feed and the amount of final material sampled. Consequently, the LRV that can be 
claimed for highly effective clearance steps can be raised, by using high titer virus 
stocks that allow high levels of spike challenge, and large-volume virus assays that 
increase assay sensitivity. Conversely, demonstrable LRV can be lowered when, 
feed materials are cytotoxic or interfere with viral, infection of the detection cells, as 
this may require sample dilution, which decreases assay sensitivity. 
[0011 2| Several methods are known in the art to assay for virus inactivity. The 
Tissue Culture Infectious Dose 50% assay is one such method for counting the 
number of infections viral particles In a sample. The TCIDJO is the quantity of a 
pathogenic agent ( virus) that wil l produce a cytopathie effect in 50% of the cultures 
inoculated. The TClD«o value is proportional to, but not the same as, the number of 
infectious virions in a sample. Titers determined using this method, are typically 
reported as TOE%</mL. 
[00113] When no virus at all is detected, by the assay, a maximum possible titer for 
the sample is determined using a Minimal Limit of Detection (LOD) calculation. 
This calculation considers the sensitivity of the assay and reports the most virus thai 
could be in a sample without the assay detecting any. The result of these 
calculations is a titer reported as "< X'\ meaning that the actual titer in the sample is 
X or lower (to a. 95% certainty). This LOD calculation, depends solely on the 
quantity of sample tested and any predilutions made to the sample before assaying. 
When the titer is reported as ".< X'\ the corresponding Log Reduction. Value (LRV) 
is reported as meaning that the resulting LRV is Y or higher, 
[00114) Viral clearance validation studies are designed to evaluate the ability of a. 
MAb purification process to remove or Inactivate many different kinds of viruses. 
The FDA .recommends use of several, model viruses encompassing large and small 
particles, DMA and RNA genomes, as well as chemically sensitive and resistant 
lipid enveloped and non-enveloped strains. The rationale is that demonstration, of 
robust clearance of an appropriately diverse panel of viruses provides assurance that 
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an undetected, unknown viral .contaminant would also be reduced to minima! levels. 
Four viruses that fit these guidelines are shown in 'Fable 1, which, summarizes the 
properties of a model virus-panel appropriate for M Ah process viral clearance 
validation (adapted from ICH Q5A) 

Table I 

Virus Family Nature 
t Host 

Genom 
e Type 

Envelop 
e 

Diaroeie 
r (nm) 

Shape Resistan 
ee to 
physio-
chemical 
treatment 
$ 

Minute virus 
of msce 

Parvo Mouse DNA no 18-24 Icosohedr 
al 

Very high 

Xenotropic 
murine 
leukemia 
virus 

Retro Mouse RNA yes 80-110 Spherical Low 

Fseudorabse 
s virus 

Heme 
s 

Swine DNA yes 120-200 Spherical Medium 

Reovirus 3 Reo Variou 
s 

DNA no 80-80 Spherical Medium 

[00115f Generally, viral contaminants fall into two broad categories: endogenous 
viruses known to be present in the source material, and adventitious agents that may 
infiltrate the process, 
[00116] The methods described herein can be used for inactivating both of these 
categories of viruses. 

*V. Static 
[00117] Although static mixers are used in other industries for in-line mixing, they 
have not been widely used in the pharmaceutical industry because processes 
generally operate in batch mode. Further, although in-line buffer mixing and. 
dilution techniques have been described for protein purification processes (e.g. in 
commercial systems offered, by TechniKrom, BioRad and GE Healthcare), it has 'not 
been used for virus inaetivation, especially as virus inaetivation is generally 
performed in pool tanks for large scale processes, 
[0011S] One skilled in the art will recognize that numerous static mixing devices 
can be used in the present invention, so long that the mixer disrupts the liquid flow 
in order to enable full mixing. 

30 



WO 2014/004103 PCT/US2013/045677 

[00! 19] Static mixers can combine two functions-in the space of one tube: flow 
dividing and turbulence. The flow dividing function Is accomplished by a series of 
offset safe-dements whereby the fluid exiting one element impinges on the front 
blade of the next which Is offset by 90 degrees. The turbulence is caused, by the 
screw-like shape of the sub-elements which causes the fluid to rotate. Turbulence is 
.induced by the inability of the fluid to move lamlnady with the flow elements and is 
exaggerated by increased flow rates. The measurement of this fktidic mixing 
functionality is given, in the Reynolds number. Re. At low How rates and thus, low 
Re, the static .mixers operate in the laminar flow range. This mixing function allows 
fresh unreacted activation fluid, such as an acidic buffer, to Interact with the vims 
more efficiently and eliminate occlusion of the virus bv old, used acti vation fluid. 
In ease of a hatch mixer, the process is dependent on the efficiency of sweeping 
away old activation fluid and replacing it with the new activation fluid. 
[00! 20] Static mixing devices or static mixers are available in a variety of materials 
(e.g.. stainless steel. Teflon***, copper), in selecting materials lor the static mixers 
used in the methods described herein, it is desirable to select materials that will not 
react with or cause reactions in components of the sample .flowing through the static 
mixer. It is also desirable that the material be durable and amenable to sterilization 
(e.g,, by aut.ociavs.ng or chlorine treatment), especially if the sample is to be 
administered to a human or other animal. A static mixer may be opaque or 
transparent, 
[001.21) in some embodiments according to the methods described herein, a static 
mixer is a part of a system which includes pll and mass flow control sensors at the 
inlet, middle and outlet of the static mixer. The relative flow rates of the sample 
{e.g,, eluate from the upstream bind and elute chromatography step), acid and base 
arc adjusted continuously to guarantee the desirable pH value. Control software is 
used that is based on the previously generated range of data so that the feedback 
algorithm can be model-based and therefore more efficient than traditional systems. 
For example, the inlet sensor cluster, pH and flow rate, can. be used to determine the 
appropriate acid addition feed rate (PA), An additional control algorithm may be 
used that predicts the intended final pfl value at pl l 2,0, if the value is not achieved 
correctly, the pump FA is changed to bring the fluid to the correct value. 'This could 
occur for a number of reasons*.e.g., there being additional buffering capacity within 
the feed from the chromatographic step or the titration value may not fee linear. 
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v* Proms for virus luactiyatfon j».n farJMgg.SWfc Wm* 
[00122] As described above, hi some embodiments according to the methods 

described herein, an' in-line static mixer is used to achieve effective virus 

inaetivation, 

[00123] In order to enable low pH continuous virus inaetivation for a continuous 

process, as described herein, the eluate from the previous bind and elute 

chromatography step in. the purification process (e.g., protein A eluate) is mixed In­

line with aeid (usually 1 to 3 M acetic acid) using a 3-way valve and passed through 

•a static mixer. The static mixer dimensions are chosen so as to enable efficient 

mixing of the aeid and product streams, in order to provide sufficient residence time 

(typically 1-5 mm) for robust virus inaetivation, a tube of sufficient volume may 

follow after the static mixer. The virus inactivated stream is then, mixed with base 

(usually 1-2 M tris-base at pH 11) using a 3~way valve and passed through a static 

mixer to enable mixing to increase the pll to a desirable pH for the next purification 

step in the continuous process, which is typically increased from pH 5 to 8, 

[00124] The static mixer diameter and the number of elements can be chosen to 

enable efficient mixing depending on the total stream flow rate (i.e, feed acid/base 

flow rate), density and viscosity. 1"he How rate is chosen to guarantee adequate 

residence time in conjunction with the static mixer (number and diameter) selection, 

'The scale-up is performed by holding constant the Reynolds number. Re, Notably, 

in methods according to the present invention, the flow rate is maintained low 

enough so that Re remains in the laminar flow range, 

Vi-

[00125] In some embodiments according to the present invention, virus 

inaetivation is achieved using a surge tank, 

[00126] The virus inaetivation methods according to the present invention may be 

used as part of any protein purification process, e.g., a purification process 

performed in a batch mode or a purification process performed in a continuous 

mode. 

[001271 In some embodiments described herein, the virus inaetivation methods are 

pan of a continuous purification process which employs several, process steps (or 
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unit operations) that are present both upstream as well as downstream of the virus 
inaetivation method, 
f'00128] In some embodiments, the bine! ami elute chromatography process step, 
which is typically performed prior to the virus inaetivation step in. a protein 
purification process, is performed in batch mode, A typical batch bind and elute 
chromatography operation employs a large column with multiple runs, usually I to 
10,. to process a batch of clarified ceil culture feed. Accordingly, in some 
embodiments, once a batch process has been run. the elution pool can be collected 
and pumped into a surge tank to perform virus inaetivation. hi case of a batch bind, 
and elute chromatography process, multiple surge tanks may be used for virus 
inaetivation. Because of the smaller ske of the surge tank, a more efficient mixing 
and virus inaeti vation Is achieved, 
[00129] In some other embodiments, the bind and. elute chromatography process 
step is performed in a continuous mode. In a particular embodiment, the continuous 
process is a multiple continuous chromatography process, also referred to as CMC, 
[00 DO] In case of a CMC operation, typically multiple small columns are used; 
with each run several (typical ly 10-50) cycles to process a batch of cell culture feed. 
Because of the small column size and a large number of cycles, a CMC" approach 
has multiple small elutions which require virus inaeti vation. Instead of collecting 
the small elutions in a pool tank for virus inaetivation, in some embodiments, a 
surge tank is used instead, 
[001311 Use of a surge tank, as described herein, provides a better solution 
homogeneity more •efficiently because of its smaller size and better mixing 
capabilities, relative to a pool tank used in conventional processes. The solution is 
then held for a time sufficient enough lor robust virus inaetivation, usually 1 - 30 
minutes or under I hour, i.e. significantly shorter than what is required when using a 
larger pool tank. Alter five hold step, the pH and conductivity are adjusted in the 
surge tank to the desired value set for the next unit operation. The virus inactivated 
solution, is then pumped to feed the next unit operation. Once emptied, the surge 
tank used for virus inaetivation can be used to collect subsequent elutions, in case of 
the CMC process, (liven appropriate timing and. surge tank sizing, only one surge 
tank, might be needed to accomplish virus inaeti vation in ease of the CMC process. 
The individual elutions from the multi-column process are treated, similarly for virus 
inaetivation. 
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|CO! 32] 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, arc incorporated herein by reference. 

[00.133] In this representative experiment, a retrovirus spiked into a solution 
containing a MAb is inactivated by short-time incubation at low pi L 'The goal of 
the experiment is to understand the pi ! and exposure time required for complete 
retrovirus inaetivation in a solution containing high, concentrations of protein 
(antibody). The minimal time required to inactivate X-MuLV is determined at pH's 
ranging from 3,1-3,5. The experiment is performed in test tubes, 'The maximum, 
ex-peri .menial time tested for inaetivation is five minutes using a staiie mixer. 
[00134] The sample used is 20 mg/mL polyclonal IgG (Seraeare) in. 50mM sodium 
acetate buffer at pll 5.3. The precliiution used to avoid cytotoxicity from the buffer 
is 1/50, In order to meet the target of LRV > 4. X-MuLV stock of titer 7.0 
TC!050/mL is used io spike feed to 6,0 log TCIDS0 /ml., (-10% spike). 
Accounting for the 1/50 predilntion and the -i/5 dilution, of the material in the 
process of acidifying and neutralising the sample (1/250 altogether}, this results in 
an observed. LRV of > 4,44 (assuming target spike level is achieved). Assay media 
used is standard X-MuLV titration media: McCoys 4-1% F8S, IX 
penicillin/streptomycin, IX L-glutamine, IX NBA A. The results are summarized in 
Table II below. 
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Table II 

X-MuLV log reduction values (LRV) 

target pH -7 3.10 3,50 

actual pll -7 2,85 336 

1 min not tested >4,36 >4,75 

3 min not tested >4.36 >4.75 

5 min 0.1 M38 £4 75 

[00135] The results clearly indicate that ,X~MuI.V is .rapidly inactivated to the point 
of non-detection within one minute at both pH 2.85 and 3.36, No inaetivation is 
seen at pH ?, The high, protein concentration (20 mg/mL 'Seraeare polyclonal IgG) 
of these buffers Is not an inipediraentto achieving rapid inaetivation (See, e.g.. Kurt 
Brotson et al. "Bracketed Generic Inaetivation of Rodent. Retroviruses by Low pl l 
Treatment for Monoclonal Antibodies and Recombinant Proteins," Biotech,Bioeng, 
Vol. <S2. No. 3 (2003)) 

Example 2. Time dependence of X~M«L¥ low-pit vims Inaetivation in test 
lobes for both polyclonal and monoclonal antibodies 

(00136] In this representative experiment, the same protocol as described in 
Example 1 is followed, in order Io better understand at what pH there is no virus 
inacti.vat.iori, or alternatively, the .minimum pH where there is inaetivation, 
100137! Rt >th polyclonal IgG (Seraeare) and two monoclonal antibodies (MAbOS 
and MAb04) produced in Q IC) cells are used. The results are summarized in Table 
ill below, where the results with ** >" indicate that no virus is detected in the 
sample. 
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MAhS MA004 Seracare Seracare 

time 
(min) 

LRV 
pll 3.7 

time 
(in in) 

LRV :a. 
pSI 3.7 

time 
(inks) 

LRV m 
pH4 

time 
{min} 

LRV m 
pll 5 

1.3 3.2? 1.4 2.5! 10 0.51 10 0 

"2.3 3.45 2.3 2.9 20 1,01 20 0 

5 3.54 5 3.1 30 1.01 30 0 

10 >4.3 10 >4.0 45 1.01 45 0.13 

60 1.26 60 0 

[00138] As result's in Table 111 Indicate thai half a minute is adequate for virus 
inaetivation at pH 3,3. Increasing the pH to 3,6 extends the time needed to 1,1 
minutes. Ten minutes are required at pH above pH 3,6, while at pf:l 4 and above, no 
virus inaetivation is observed even with one hour exposure. 

Example 3, Time dependence of X-MntV low-plf vims InaetivatioB with static 

ffilMS 
[00139] In this representative experiment, the pH and exposure time required for 
complete retrovirus inactivatlon in a high protein (MA'b) feed solution using static 
mixers is investigated. 
[00140] Based on the results in Example I, the possibility of .inactivating a 
retrovirus using in-line static mixers is investigated. The pH of the solution is 
lowered as it flows through a channel by injection of acid at a rate calculated for 
reducing the pB to 3.4. At the downstream end of the channel the pH is adjusted 
back to neutral for the next step in the process. This experiment determines the 
exposure lime needed to inactivate X-MuLY using an in-line technique. The 
experimental setup is shown in figure L 
[00141] The sample used is 9,9 g/f polyclonal igG (Seracare} in 20 mM acetic acid 
buffer at pH 5.0.. The feed spiked with virus is passed through the experimental set­
up shown in Figure 1 tor in-line pH inactivatlon. The set-up consists of (a) a 
peristaltic pump to transfer the sample feed; (b) two syringe pumps to deliver aeid 
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and base; (e) two in-line pH probes; and (d) two sialic mixers. The How rates are 
predetermined in batch mode based on the amount of acid/base needed to achieve 
the pH of interest. The residence time for virus inaetivation is altered by having 
tubes of appropriate diameter and length used after static mixer and before the pi ( 
probe. The results are summarized in Table IV below. 

Table IV 

.Seracare Seracare 

time (mm) LRV % pH 3,3 time <roi«) LEV («) pH. 3,6 

0,5 >3.6 0.6 2.80 

0.9 >3,6 1.1 >3,6 

1.4 >3.6 1.7 >3.6 

2,3" >3.6 2.t >3,6 

3.5 >3,6 4.4 >3.6 

"3 tractions, in succession, for 90 seconds each are collected to ensure 
consistent virus inaetivation in the 4.5 min time frame 

[00142] As summarized in Table IV, complete inaetivation is observed at pll 3.3 
for all the time points. For pH 3.6, time > 1,1 min gives complete inaetivation. In 
addition, the fractions collected at residence times 2,3 and 2,8 min show complete 
virus inaetivation over the 4.5 min time frame of data collection, thereby indicating 
that in-line low pH virus inaetivation is consistent over time. 

Example 4, 

sates 
[00143] In this representative experiment, the pH and exposure time required for 
complete retrovirus inaetivation in a high protein (MAb) feed solution when using 
static mixers is investigated. The experimental setup is shown in Figure I. 
[00144] The sample used is 20 mg/mL polyclonal IgG (Semcare) in 50mM sodium 
acetate buffer at pH 5,3. The predsfution used to avoid cytotoxicity from the buffer 
is 1/50. In order to meet the target of LRV > 4, X-MuLV stock of titer 6,9 
T€iD50/mL is used to spike .feed to 5.6 log TCI DSC) /mL ( -10% spike). Assay 
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media used is standard X-MuLV titration media: McCoys + 1% PBS. IX 
•penkilim/sireptomycin, IX L~ghstami.o.ef IX NEAA, 
[00145] For the acidification and neutralization, 3 M acetic acid and 2 M tris buffer 
are used. Control samples are also generated using only tubes (no static mixer) m 
order to directly cheek the effect of the static mixer. The results are summarized in 
Table V below, 

Table V 

Sample Time Titer (log TCIP50) LEV 
(min) 

pl l 7 Hold >60 3 J a/a 

pH 3.4 with static mixer 0.5 <1.5 >2.2, <4.3 

1 2.9 0.0 

2 <-0.5 >4 5 

3 <-0.5 >4.3 

pH 3 .4 without static mixer 0.25 3.3 0.4 

0.5 3.3 0.5 

1 3.1 0.7 

2 3.0 0.7 

pH 7 with static .mixer 3 4,1 -03 

TFF/UC 2.4 Prep (positive control) n/a. 6.5 «/a. 

{00146] As summarized in Table V, no virus inaetivation is observed for the 
positive control and the two samples exposed to pH 7, either when held in a test 
tube or when passed through a static mixer at the maximum exposure time. 3 mm. 
The samples taken, through the static mixer show complete virus inaetivation at 
times longer than one minute. Static mixer is critical for virus, inaetivation as. very 
little inactivatlon occurs in its absen.ee. At least two minutes at target pH 3,4 is 
required to achieve >4 LRV of X-MuLV, The static mixer itsel f does not cause any 
reactivation at neutral pH. 
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Example 5. Tmu- dependence of X>MuLV vims isiactivation tising eaprylfc 
aeid and detergents in test tabes 

['001.47) .In this experiment, virus inaetivation Is performed hi a test tube in order to 
determine the .minimum time and pH requirements for vims inaetivation when using 
various additives, such as eapryiie aeid and detergents such, as Triton X, Tweeu and 
combinations thereof 

[00148] Both pure Mab in buffer as well as Mab in clarified ceil culture are used in 
this experiment. While the foregoing additives are known to effect virus 
inaetivation, this example demonstrates that by using static mixers, virus 
inaetivation can be obtained in shorter time frame. The results of this representative 
experiment are shown in Table VI. 

Table VI 

Pure MAW)? MAMS eel! culture 

¥im« 
{iKSiO 

Oipryia 
Us 208 
tsM pH 
7 

Capryiai 
« 2« mM 
p.H 5,5 

Trite 
aX-
<8,5 
%) 

Twee TN 
u 0 
(1%) 

Bf/Twi>es! 2 Caprylat 
<• im 
itiiV! pH 
7 

Caprylat 
« 2(1 (» M 
pll 5,5 

trito 
» X 
(ft.5 
%) 

0 0 0 0 0 0 0 0 0 

1 >3.1 >3.1 >1! 0.5 >3 J 2.91 2.63 >3,1 

5 >3.1 >3.1 >3 J 1 >5.1 >3.8 >3.8 >3.1 

10 >3.1 >3.1 >3 A L8 >3-! >3.8 >3,8 >3.1 

20 >3. i >3 J >3 J 2 2 >3.1 >3.8 >3,8 >3.1 

[00149] As shown in Table VI, in 'the case of purified MAb, one minute appears to 
be adequate for complete vims inaetivation with all additives used except for 
Tween. In case of the clarified cell culture, only Triton X at 0.5% results in 
complete virus inaetivation after one minute, while eapryiate at both PH and 
salinities requires a minimum of five minutes. 
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Example 6, Effect of salt ami MAb concentration on X-MuLV virus 

[00150] in this representative experiment, the effect of MAb and salt concentration 
on the minimum time and pH require for vims inactivatlon is investigated. MAb is 
prepared to 21 >8 g/L using 20 mM acetic aeid; pH 3,2 and then, titrated to pB 5.0 
using 10 M NaOH. The conductivity of that solution is 1,4 mS/cm. The lower 
concentrations are made by diluting 'with 20 mM acetic aeid, pH 3.2 and then 
titrated to pi::! 5 using 10 M NaOH. Hie conductivity of these solutions is 1,4 
mS/cm, The high salt solution is adjusted by NaCl addition to a final molarity of 
2SO mM, All solutions are adjusted to pH 3.6 for virus inaetivation using the inline 
static mixer setup, The results are summarised in Table VII, 

Table VII 

IgG] g/L |NaCI| mi time (sec) LRV 

4,4 0 20 2.8 

4.4 0 40 3,5 

4,4 0 60 3,5 

4,4 250 20 3,9 

4,4 250 40 4 

4,4 250 60 4 

21.8 0 20 3,5 

21.8 0 40 >4.3 

21.8 0 60 >4.3 

[00.1511 As summarized in Table ¥11, the most relevant solution is the one with a 
high concentration of MAb and the low salt concentration, which mimics a Protein. 
A elution pool. For such a sample, 40 seconds are found to be sufficient for 
complete virus Inaetivation at a pll of 3.6. 
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Example 7 

[00152] In this representative experiment, the effect of pH on virus inaetivation 
using static mixers is investigated. IgG is prepared to 0 g/L using 20 mM acetic 
aeid., pH 3.2 and then titrated to pLl 5,0 using 10 M NaOH, All solutions are then 
adjusted to the desired pH tbr virus inaetivation using the in-line static mixer setup. 
The results are summarized in Table V111 below. 

Table VII! 

time (see) 

20 

40 

60 

LRV m pe 3,4 

3.2 

>4 

>4 

LRV(«) |>H 3,5 

3.1 

>4 

>4 

LRV m pH 3,6 

3.1 

3.2 

>4 

[00153] As shown in Table VII, about one minute is requited 'for complete virus 
inaetivation al pll 3.6, whereas even shorter times are adequate at lower pH. 

Example *. Bfetttf temperature 

[00154] In this representative experiment, the effect of temperature on virus 
inaetivation is investigated. Generally, in-line virus inaetivation is particularly 
conducive to exposure of the solution to higher temperatures; therefore, it is 
important to determine the effect of temperature on. virus inaetivation, 

[00155] The feed used in this study is 9.9 g/L Seraeare polyclonal IgG in. 20 mM 
sodium acetate, pl l 5.0, Three aliqoots of 25 mL each are transferred into three 
separate 50 nil., centrifuge tubes. To 25 mL of thi s feed, 1.4 mL of 3 M! acetic acid, 
pl l 2,5 is added to bring down the pH to pH 3.7. One of the centrifuge t ubes is left 
at room temp at 22 C. The other two centrifuge tubes are then placed in water baths 
set at 10°C and 3S°€. Upon equilibration, the temperature and pH of the liquid in 
the tubes is measured (see. Table IX below), A 10% virus spike is subsequently 
added to each of the tubes. 5 mL samples are collected at the sti pulated time points 
and 0.4 nil, of 2 rn tris-base, pB 11.0 is added to increase the pB to pfl 7,0. 
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Table IX 

at pll 3.6 # 12°€ Ml m 22°C pn 3M m 33°<: 

.10 

>4.3 

>4-3 

>4.3 

>4.1 

>4.1 

>4.1 

>4,1 

>4.0 

>4.0 

>4.0 

>4.0 

[001.56] The results summarized in. Table IX indicate that, high temperature is 
preferred for virus inaetivation. It is surprising that even with a higher measured pll 
the higher temperature achieves complete inaetivation at the I mirvuie time point. 

Exainplc-S1, Use of static mixers to accelerate till stabilisation 

[00157] S.n this represeitfati ve experiment, the use of static mixers to accelerate pH 
stabilization was investigated. In general, it is desirable that the time needed for the 
pH to reach Its desired value is minimized, 

[00158] In this example, experiments ate done at various flow rates and tube 
lengths and diameters, all selected so that only laminar flow is achieved, i.e. with 
Reynolds number below 100. The starting and target desired pH values are 5,0 ± 9.1 
and 3.3 ±- 0.1, respectively. 

[00159] The time needed to reach the desired target pH value is recorded as a 
function of time or solution volume processed. The volume is expressed in terms of 
tube dead volumes and data is collected at a flow rate of 10 mL/rnm. The results arc 
summarized in Table X below. 

Table X 

Rey nolds # # of dead volumes 
fdimeimcmless units) 

No static mixer 40-50 5 

12 static mixer elements 10-100 3 

24 static mi xer el ements <10 2 
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[00160] T he results shown in Table X. indicate that pH stabilization occurs faster 
when using more static mixer elements* while still remaining well into the laminar 
flow. 

Example JO, M|jevlrayaj^^ 

[00161] In this representative experiment, a clarified cell culture of a MAb is 
subjected to Protein A chromatography. The Protein A eluate is collected in ten 
separate fractions, spanning about three column volumes, Each fraction is separately 
adjusted to two pH values, 33 and 3.6, The amounts of aeid needed to reduce the 
pH to the desired value and of base needed to then .increase the pH to the desired 
value are determined., as described herein, These amounts are different far each 
fraction because the different amounts-of MAb result in di fferent buffering capacity 
for each sample, 

[001.62] A model is then built of the amounts of acid, and base as a function of 
eluate volume. A second experiment is performed where the Protein A eluate is 
continuously -adjusted to the desired pH based on the model built Virus 
concentration is measured following virus inaetivation to confirm that vims 
inaetivation is achieved, 

Example 11, Effect of in-line vims inaetivation on MAb qaaim 

[00163] Irs. this representative experiment, the beneficial effect of shorter exposure 
time on MAb product quality is investigated. Two monoclonal antibodies are 
purified using Protein A chromatography* samples are collected in test tubes and 
immediately incubated at various pH (i,e,< pH 3, 3.3, 3-6 and 4) and times (i.e., L 2, 
5 and. 15 and 90 minutes), 

[00164] The samples are then neutralized and tested for presence of aggregates by 
Size Exclusion Chromatography ( SEC) and 8DS gels and for changes in charge 
variants by weak cation exchange chromatography (WCX-I0), The identity of the 
resulting protein is also analyzed by Liquid Chromatography / Mass Spectrometry 
(LC/yS), 
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[00165J 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 recognises 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 

inconsi stent 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. 

[00166] Unless otherwise indicated, all 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 leasf* 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. 

[001.67] 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 ottered 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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£Mm 
What Is claimed is: 

1, A method for inactivating one or snore viruses in a sample, wherein the 
method comprises continuously mixing the sample with one or more virus 
inactivating agents as the sample flows from the first unit operation to the second unit 
operation during a process for purifying a target molecule, 

2, The method of claim I, wherein the first unit operation comprises bind and 
elute chromatography and the second unit operation comprises a -How-through 
purification process. 

3, The method of claim 2, wherein the bind and elute chromatography comprises 
Protein A affinity chromatography, 

4, The method .of claim 2, wherein the flow-through purification process 
comprises two or more matrices selected from the group consisting of activated 
carbon, anion exchange chromatography media, cation exchange chromatography 
media and a virus filtration media, 

5, The method of claim. L wherein the sample comprises a Protein A eluate. 

6, The method of claim .1, wherein the target molecule is an antibody or an Pe 
region containing protein, 

7, The method of claim. L wherein the sample is mixed with one or more virus 
inactivating agents using one or more in-line static mixers. 

8, The method of claim 1, wherein the sample is mi xed with one or more virus 
inactivating agents using one or more surge tanks, 

9, The method of claim 1, wherein the one or more virus inactivating agents are 
selected from the group consisting (if an add, a salt, a solvent and a detergent. 
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10. The method of claim ?, wherein the flow of sample is In the laminar flow 
range. 

11. A method of inactivating one or mote viruses in a Protein A eluate, the 
method comprising mixing the eluate with one or more virus inactivating agents using 
owe or more in-line static mixers, wherein complete virus inaetivation is achieved in 
less than 10 minutes or less than 5 minutes or less than 3 minutes or less than 1 
minute. 

12. A method of inactivating one or more viruses in a Protein A eluate, the 
method comprising mixing the eluate with one or more virus inactivating.agents using 
a surge tank, wherein complete virus inaetivation is achieved in. less than 1 hour or 
less than 30 uunutes. 

13. A method for inactivating one or more viruses, the method comprising: 
(a) subjecting a sample comprising a target, protein to a Protein A affinity 

chromatography process, thereby to obtain an eluate; and 
(h) continuously transferring the eluate to an in-line static mixer to mix one or 

more virus Inactivating agents with the eluate for a duration of time which is equal to 
or less than 10 minutes, 

thereby to inactivate one or more viruses. 

14. The method of claim 13, wherein the Protein A affinity chromatography 
process is performed in hatch mode, 

f 5. The method of claim 13, wherein the Protein A affinity chromatography 
process is performed m a continuous mode. 

16. The method of claim 15, wherein the process comprises continuous multi-
column chromatography. 

17. The method of claim 13, wherein the one or more virus inactivating agents is 
an acid. 
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18, The method of claim 13, wherein the target protein is an &odhody. 

19, The method of claim 13, further comprising the step of continuously 
transferring output from step (b) into a flow-through purification process step, 

20, The method of claim 19, wherein the How-through purification step comprises 
two or more matrices selected from activated carbon, anion exchange media, cation 
exchange media and virus filter. 
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