METHOBS FOR INACTIVATING VIRUSES BURING A PROTEIN
PURIFICATION PROCESS

Related Applications
{001 The present application claims the beaefit of priovity of UN. Provisional
Patent Application No. 61/666,143, {iling date June 29, 2012, the entive content of

which is incorporated by reference herein in its entirety.

Field of the Invention
FO002] The present inveation provides n-line methods for inactivating vivuses

during o protein purifization process.

Background of the Invention

{003} Large-scale and economic purification of therapeutic protews and
especially monoclonal antiboidies is an increasingly important problem for the
biotechnotopy indastry, Generally, proteins are produced by cell cultare, using
either mammalian or bacterial vell Unes engineered s produce the protein of interest
suel as a monoclonal antibody. Heweser, once produced, the proteins have o be
separated from various impurities such as, host cell protems (HCPs). endotoxins,
viruses, DNA e,

0004] o a wpical purification process. once a protein of interest is expressed in
cell culture, the cell colture foed is subjected to g clarification step for removal of
cell debris. The chunfied cell cultire feed contaming the protein of interest is then
subjected to one or more chromatography steps. which may include an atfintty
chromatography step of g cation exchange chromatography step. In order to ensure
safety of a protein of iterest, especiaily in case of a therapeutic candidate, it is
necessary o inactivate any virases which may be prosent in a sample contaiming the
protein of interest during the purifieation process. Genepally, viras inactivation is
performsed afier a chromatography step {e.g.. alter aflinity chromatography or afler
gatiom exchange chromatography s, Typically, in a large scale process, following a
chromutography step. an elation pool containing the protein of intevest is collected
in @ farge tank or reservoir and sabjected 1o # virgs inactivation step/process for an
extended period of time with mixing, which may take severad hours o aday o
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longer, i order we achicve complete inactivation of eny virases that niay be present
i the elution pool
[DO0OS]  Scveral vivus inactivation echpiques are knowa ia the art inchuding,

wernperatare, ph. radiation and exposare {0 certain chemical agents.

Suginary

10006]  The present invention provides methods of virus inactivation daring a
protein purification process, which have several advamtages over the methods
currently being used in the industry during protein parification. Specifically, the
methods desertbed berein obviate the need for using large tanks or reservorrs for
perforning the virgs inactivation step during & prowein purtfication process: reduce
the overall time required for vitas inasctivation as well as reduce the overall physical
space required to run the virgs inactivation operation during g protein punfication
pravess, which in tum reduces the overall footprint for the whele purification
Process.

[G007]  In some embodiments. a methad for nactivating ene or mowe vivuses i a
sample in a purification process is provided, where the method compnises
continuously mixing the sample with one or more virus inactivating agents as the
saniple fows from the first unit operation to the second unit operation,

{O008]  In some embodiments, the first unit openttion comprises bind and ehawe
chromatography and the second unit operation comprises a low-through
purification process, Aa exemplary bind and elute chromatograpby unit operation
nciudes, but is not Himited to. Protein A ailinily chromatography,

{0009]  In some embodiments, the flow-through muification pocess comprises
tw or more matrices selecied from the group consisting of activated carbon. anion
exchange chromatography media, cation exchange chromatography media aid a
virus filtration media.

{H010]  In some embodiments, the sumple comprises a Protein A clume
comprising 2 target molecule. Exeroplary tget molecudes include, ¢.g., antibodies.
{06111 In some embodiments. the sataple is mined with one or more virus
inactivating agerds using one or more in-line static mixers. {n other embodiments.
the sample s mixed with one or more virus inaeiivading agents uang oRe or more
surge tanks. When static mixers are used. the flow of sample s in the laminas

fange.
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(2] In some embodiments, one or more virus imactivating agents are selected
from the group comsisting of an acid, g salt, & solvent and a detergent.

U013 In some cvbediments, & method of inactivating one or mpee viruses in g
Proteiny A eluate is provided, where the method comprises nyixing the eluate with
(R OF RITe Virus inactivaling agents using an jo-line static mixer, wherein
covaplete virus mactivation is achieved in less than 10 minates or less than 3
rintes o fess than 2 minutes or foss than | minute.

O0E4] I other embodiments, a method of inactivating one of meore vireses ina
Protein A cluste is provided. where the muthod comprises mixing the elugte with
(R OF more Virgs inpctivating agents using a surge tank, where complete vires
mavtivation §s achieved in fess than one hour or fess than 30 minutes.

(0015]  In some embodiments, a method for inactivating one or more viruses
comprises: {a) subjecting a sample comprising a twgst protein (2.8, an antibody } o
a Protein A affinity chromatography process, thereby o obtain an eluate; and ()
comthnuonsly transfraring the cluate 1 ap in-line static mixer 1o mix one of More
virus inactivating agents with the eluate for a duration of time which is egual o ov
tess than 10 minutes, thereby 1o Inactivale one Or NWPe VITUaes,

{00161 In some embodiments, the Protein A clagte which is subjecied to virus
ingctivation methods deseribed herein is obtained following a Protein A affinity
chromatography process performed in batch mode, In other embodiments, the
Protemn A affsmty chromsatography process is performaed im a contingous mode. In
some embodiments, continuons mode comprises 8 continuons multi-column
chromatograply proeess,

HOOT7] 1o some embodiments, one or more virus imactivating agents au avid, used
to perform a solution change.

[0GE8]  In some embodiments, the eluate is continuously transterred 1o a flow-
through purification process step following virus inpctivation. in that the oupat
from the static mixer flows divectly into a flow through purification step. which may
melide use of two or more matrices selected from activated carbon, anton exchange
media, cation exchange media and vires [Hlbation media

{00191 In other embodiments, the ehuate 1s stored following virus inaetivation for
an extended period of time {(e.g.. 12 to 24 hours or overnight) in a pool or storage

tank, betore it is subjected to the next unit operation or process step, e.g.. a flow-



through purification process step or a cation exchangs bind and elute
chromatography step.

f0O20]  In some embodiments described berein, the virgs inactivation methmis
described hevein are 8 part of & larger protein purification process. which may
include several steps inclmding. but not Hmited to, e.g., culturing cells expressing
protein in a biorcactur; subjecting the colf culture 1o clavification. which may
employ one or more of precipitition, contrifugation andfor depth filtration:
transferring the cdlarified cedl culture 1 3 bind and elute chromatography capture
step {e.g., Protein A alfinity chvomatography k. subjjecting the Protein A gluate o a
virus inactivation method. as described herein: subjecting the ontput from vieus
inactivation to @ fow-throngh purification provess, which enploys two or more
matrices selected from avtivated carbon, anjon exchange chromatography media,
cation exchange chromatography media and vieus filuasion media and formulating
the protein in the Now-through from the flow-through puritication step using
diafiliration/concentration and sterile fliration. Additional details of such processes
can be found. e.g. in co-pending application having reference no. P12/107, fled
goneurrently herewith, and the entire contents of which are incorporated by
weference berein,

{0021} o some embodiments. a fluid sumple continuousty flows through the

¢ntite process. as described above, from one step to the pext

Brief Descriptica of the Drawings

00221 Figure 1 is g schematic depiction of an experimental set up for visus
mactivation using tso in-line static mixers. The set op shown inclndes: {a) s
peristaltic pump tor sumple feed, {b) two syringe pumps to deliver acid and base, ¢)
two in-line pH probes, and (d} two static mixers. The flow rates are predetermined
in batch mode based on the amount of acidibase needed o achieve the desived pH.
[he residence time for virus insctivation is aliered by having tubes of appropriate

digmeter and length after ench static mixer and before the pH probe.

Detailed Description of the Invention
{00231 Biopharmacsutical manufacinring requires the inactivation or remeoval of
viruses (conting from animal dentved components, including nusmmadian celis) for

drog safety and o meet the standards set forth by the Food and Drug Administration
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{(FDA} Tupical processes involve g number of viral clearance sieps that
cumulatively provide the pegessary protection,

(3024]  Some processes nsed in the industry invelve titation of the solution
containing the target protein to a low pH in order to cause destruction of any
enveloped viruses and viral compenents, Generally, the sample containing the
Larget prowin must be retained at these conditions for an extended periad of time,
both bevause time is needed for virus inactivation but alse - and more importantly -
1o ensure homogeneous mixing for effective virus inactivation. Therefore, in case
if large scale provesses, the sample comaining the target protein must be incubated
for an extended period of time at @ low pH i order to promote efficient viras
muctivation often with maixing. See. e.g., Shukla et gl 1 Chromatography B.. 848
{20071 28-39, which deseribes virus inactivation using incubstion of & protein
sample for a suttable duration of time at low phi.

{00251 The pH conditions are established gs a balance between a fow pH value
that s sufficient to cause inactivation aud a high enough value to aveid denaturation
of the wrget protein. Additionally, the sample must be exposed for a cortain amount
of Gme fo cause a significant reduction, usually 2 1o 6 LRV in vicus activity values
{See, e.g., Miesegaes et al., “Analysis of viral clearance unit operations for
monocional aitibodies.” Biotechnology and Bioengineering, Vol. 106, pg 238246
(20103

261 1 he three pansmaters that are considered important for 8 vires inactivation
progcess are pH value, exposure time and temperature, assuming bomogeneous
maixing is present. in case of lavge-scale provesses, mixing poses a challenge dee to
large volumes and additional parameters, such as mix rate and muass transfer, alsa
become imporiant.

30271 in case of Fe region containing profeins (e.g.. monncional antthadios), vins
inactivation is usually performed following elution from a bind and elute
chromatography process step {e.g.. Protein A affinity chromatography or cation
exchange chromatographiv ) because the pH of the elution pool is closer o the
desirable pH for vires inactivation. For example. in processes used in the industry
today, the Pyotein A chromutography elution pool typically has a pH inthe 3.5 to
4.0 range and the cation exchange bind and clute chromatography elution pool

tvpreally has a pif about S.40.



{0028]  in most processes used in the indostry ioday, the elution pool contgining
the wrget protein 1s adinsted to she pH desired for viras inactivation and held theee
for a certain length of time, the combination of pH and time having been shown o
vesult in virus inactivation. Louger thnes are were effective for viras inactivation,
especially in case of a lurgesscale process, howeyver, fonger times wre also knowa
cause protein dumage. Pxtended exposure 1o low pH may result in precipitation and
formation of aggregates, which is undesivable and often requires the use of a depth
filter and/or a sterile filter to remove such precipitates and agaregates.

In addision to fow-pH induced product quality bsues, agitation in pool fanks can
also canse aggregation. Proper mising s essential in order to homogenize protein
pools. and is especially important during manatacheing when protein solotions need
to be treated with acid/base or bufler to adiust pH and/or conductivity (See. e.g..
Virguez-Rey et al., “Aggregates in monoclonal antibody mamafacturing processes.”
Ristechnology and Bicenginecering, Vol 108, Issue 7. pages 14941508 (201 i n.
FOU29] Several studies have shown that shear due to agitation alone may not cause
protein aggregation. but may be facilitated by stirring in the presence of a gas-liquid
interface (See. e.g., Mahler et al, “Protein aggregation: Pathways, induction factors
and analysis.” J. Pharm, Sci. 98(9): 2909 2934 (2009), Harrison ¢t al.. “Stability of
a single~chain Fv antibody fragment when exposed o a high shear environmseut
combined with air-hiquid interfaces.” Biotechnol. Biceng. $9:517-519 {1998)). For
example. the aforerocationed studies bave shown that Joss m 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 fost in the
termentation broth in the presence of amtitoam in the fermentation broth. However,
addition of amtifoam may not be the ideal solution, especially sinee i would add
additional pusification steps snd provessing time to g purtfication process.

{0030] The present invention provides novel and improved methods for vivus
inactivation (also referved 1o as “VI herein) dwing a protein purification process.
which reduces the oversll tume for virus inactivation, the cost as well as the overall
physical tostprint assoctated with a protein purification process.

[0031]  The methads described herein are able to achivve virus inaetivation i a
continuous manner, which significantly reduces the thine associated with virus
inactivation relative 1o most conventional processes, and in tumn. reduces the time
for the overall purification process.
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032 In some embodiments deseribed berein the metiods according to the
presend imvention employ one or more n-line satic raixers for achieving viras
mactivation. In other embodiments, the methods acvording 1o the present isvention
gmploys oue of oy surye tanks for achieving virus inactivation. The methods
ddeseribed herein facilitate the runsing of a whole purification process ina
continnous manner, 1.0. the sample contaning the target protein can continuously
fow from one provess step (or unit operation) to the nest process step (or unit
operation), without the seed to stop the Bow of the sample afler a process step.
Aceordingly, in some crubodiments sceording o the present myention. the elution
pool from an upstreary bind and elaie chromatography process step (e.g. Protein A
affisty chromutography or cation exchangs chromatography ) can be subjected 1o
virus inactivation in-line, asing n static mixer and the sample flows continuously
into the next provess step (e.¢.. a fow-through purification process sigp).
Accordingly, unlike conventional processes, the elution poot does pot have to be
miked or incubated with o virus inactiviating agent for an extended period of time in
a pool tank or a vessel before moving on to the oext process siep in the punification
PROCCSS.

[0033] Notably. static muxers have been described for mixing a sumple as it is
exposed to radiation for inactivating pathogens (se¢, ¢.g.. LS. Publication No.
20040131497 and POT Publication No. WO2UU20928063, or niixing & blood sample
with 8 vivus mactivation agent using @ statie noxer (see, e, PUT Publication No.
WOZHH4058046 1 however, there appears to be no teaching or suggestion in the at
of the use of stutic mixers for schioving virus inactivation during & protein
parification process, as the sample Hows from one unit eperation to another.
(00341 The methods deseribed herein offor several advantages over the
conventional processes used in the fadustry today, some of which are deseribed
below.

[G035] The virus inactivation micthods described horein are able to achiove more
efficient mixing of the sample containing the target protein with a suitable virus
mactivating agent (e.2.. low pH) in fess tme than most conventional processes,
{00361 Due to a shorter processing time, any potential adverse effect on the target
protein quality s misimized. For example, it has been shown that extended
gxposure o fow pH conditions can result v affecting the guality of the targer

protefn, e.g.. by causing protein aguregates is well other detrimental changes (See.



o4, Wang et al. “Antibody structure. instability and formudation.” J. Pharm. Sci.
Vol 96, pe. 1-26 (20071, By having a shorter exposure time to conditions that may
potentially be detrimenial 1o product guashiy, any damage to the product quality can
be minimized or aveided.

fOO37] The present mvention is based. at feast in pat, on a surpeising and
unexpected ohservation that even when the flow of the sanple is in the laminar flow
range {e.g. at stow fow-tate). efficient mixing as well as elficient virus insctivation
can be achieved, Speeifically, in case of the sowe methods described herein,
because of use of fe-line static mixers, the How-rate of the sample can be controtied
such that to place the flovw-rte 1o the emingr flow range.  This allows for a more
prediciable inactivation compared 1o higher fow-rates, which contributes to
turbuience and leads to & narrower optimum operating window. This resalt is
anexpected as generally, a higher flow-rate 1s required to achieve efficient mixing.
[OU3R] A process operating  the laminar fow range can be better controlled, as
mixing does not depend on the presence of wrbulence. For example, if the
apsireans flow conditions require 3 reduction in the low rate, the in-live mixing
process may fall owt of the turtndent regime and lose some of 1ty mixing efficiency.
However, if the efficiency is dominated by the laminay flow which exists over the
entire low range, efficiency will not sufier.

(0391 The methods described herein also offer mpre controt over the process
parameters. In other words. because the methods described herein offer more
control over the pH conditioms, they offer more control over the entire process aud
enable & more robust process in general,

{0401 In addition 1o some of the furegoing advantages, the methods described
fwerein also resnlt in a smaller physicul footprint of the provess, e.g.. by eliminating
the peed to use a pool tank for virus insctivation. Tis general, there is a growing
denwind for more flexible manufacturing processes that improve efficiency by
reducing the overall physical ootprint of the process (Le., floor spacer. The
methods deseribed herean are able to reduce the overall footprint of & purifivation
pracess by replacing large pood tanks that are typically used for virys inactivation
with in-line static mixers or surge tanks, which ave minch smaller than pool tanks.
{00411 The methods deseribed berein result in the elimination of an entire umit
operation in a purtfication process, For example. g8 discussed above, generally.
viras inactivation s performed in g large pool tank. In most conventional processes,
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the ehuate from the upsiream bind and elute chromatography step is collected ina
poo! tank. ofien without any mixXing capabilitics. Accordingly. the sample (i.¢.. the
elution pool) has 10 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 fonger, at the desirable pH value. Following mixing, the pH has 1o
again be adjusted 1o the pH which is suitable for the pext process step. which is
usually a higher pH than for virus inactivation. One (sterile) or two (depth and
sterile) filtration steps may alse be used to remove any turbidity from the virus
inactivation sample prior 1o subjecting the sample to the subseguent step. Ofien,
cach of these steps may be performed over the course of a day and constitute an
entire separate unit operation.,

{00421 b some embodinients, shorter exposure resuits in less or no turbidity,
therefore climinating the need for subsequent filtration steps. The methods
described herein significantly simplify conventional purification processes by
climinating the entire unit operation which involves using a pool tnk for virus
inactivation.

{0043} The methods described herein offer casier scalability, Scaling 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 impelier). For
example. it 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 1o retain the same
nux time. Again, the mixing thme should be minimized to safeguard the protein
while maximized to achieve a certain LRV inactivation. In myany cases, a mixer
cannot be scaled up to an equal mixing efficiency because of Hnvitations on the
impeller size and available motor RPM. The present invention significantly
increases the mixing etficiency 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 veloeity, liquid
density and viscosity, Reynolds number is defined a8 the ratio of density X static
mixer diameter X flow rate 1o viscositv. Mixing efficiency can be improved by
increasing the number of mixing clements of the static mixer. Better scalability and
more predictive performance reduce the process parameters down to only pH and

time and climinate the dependency of success on mixing efficiency.




(00441 In-dine stade mixing, as described heredu, allows a solution to be modified
i a very short time, therehy oliminating much of the stabifization time. This allows
the entire process to be compressed and resalls in 8 working volame that is
reasortable for scaling and design purpeses, The properties of the sumple fluid can
e changed by introducing a viras setivation Hoid o the maie fuid stream through
a [-valve or 3 manifold svstem. Onee the flaed is in the newly desived conditon, the
reguired residence time at the inactivation pH can be guaranteed by increasing the
restdence thme fn a fube affer static mixer either by fnorcasing the length or diameter
of tube or both, At the end of the required residencre time, a seanslury modificasion
can be done to bring the fhad back into o condition that is desirable for the proteis
and the next process step.

[O045] The virus inactivation moethods described herein facititate a purification
process (o be run in & contingous mode, as described in more detai] herein.

{3046] [u order that the present invertion may be maore readily understond, centain
erms are first defined. Additional definitions are set forth throughout the detailed
deseription.

I.  Definitions

100471 The tenm “static mixer.” a8 used herein. refers to a device for noxing two
luid materials, typically liquids {¢e.g.. a sample contaiming a target protein of an
eluate from a bind and elute chvomatography process step). The device typieally
inchades mixer elements {also reforred (o as non-moving clements) contained in
eviimdrical (tube) bousing. The overall system design incorporates a method for
deliveriog two sireams of fusds into the static mixer. As the streams move through
the mixer. the nommoving clements of the static mier continuousty blend the
materials, Complete mixing depends on many variables including properties of the
fluids, tube inner diameter, number of mixer elements and theltr design. i vanious
embodiments described herein, a static mixer is ased in-line.

0D48] The term “in-line” or “in-line operation” refors o a process of moving a
fiquid samiple through a tube or some other conduit without storage i a vessel.
Accopdingly. in some embudiments secording 1o the present invention, a static
mixer is used in a "in-lae operation” in a tube through which a Haquid sample
containing & tarpet protein is moved from one process step to another.

{049]  The term “viras inactvation” o “VI7 refers o the treatment of a sample
sontaining one OF More viruses in g manner such that the one or more vituses 8 1o
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longer able to replicate or are rendered insetive, Virus inactivation may be achieved
by physical means, ¢.g.. heat. ultraviolet light, vltrasonic vibration, or using
chemical means, ¢.g.. pH change or addition of a chemical. Virus inactivation is
tvpically a process step which is used during most protein purification processes,
especially in case of purification of therapeutic proteins. In methods described
herein, V1 is performed using one or more in-line static mixers or surge tanks. It is
understood that failure 1o detect one or more viruses in a sample using standard
assays known in the art and those deseribed herein, is indicative of complete
msctivation of the one or mote viruses following treatment of the sampie with one
or more virus inactivating agents,

[0050] The term “virus inactivating agent” or “virus inactivation 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 muay include a sohution condition change (e.g.. pH. conductivity. temperature.
ete) or the addition of a solvent/detergent. a salt. a polymer. a small molecule, a
drug molecule or any other suitable entity ete., which interacts with one or more
viruses in a sample or a physical means {e.g., exposure to UV light, vibration ete.},
such that exposure 1o the virus inactivating agent renders one or more viruses
inactive or incapable of replicating. In a particular embodiment, & virus inactivation
agent is a pH change, where the virus inactivating agent is mixed with & sample
containing a target molecule {e.g.. an cluate from a Protein A bind and elate
chromatography step) using an in-line static mixer or a surge tank.

{0051] The term “virus removal” refers to the treatment of a virus-containing
solution such that viruses are removed from the solution. Virus removal may be
done through sieving (e.2. using a nanofiltration membrane with an appropriate pore
size) or through adsorption (e.g. using a chromatographic device with mediaof a
charge opposite from that of the virus}.

{0052] The term “turbulent flow™ refers 1o movement of a fluid in which
subcurrents in the {luid display turbulence, moving in irvegular 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 1o smooth. orderfy movement of # fluid, in
which there is no turbulence, and any given subcurrent moves more or less in

paralle! with any other nearby subcurrent. Laminar flow 18 common in viscous



fluids, especially those moving at low velocities. In some embodinents according

1o the methods deseribed herein, amingr flow is eaploved.

10034} The term "pool tank™ as used hercin refers (o any container, vessel,
reservoir, tank or bag, which is used betwveen process steps and hus a sixe/volume o
enable collection of the entire volume of cutmat from a process step, Poald tanks
may be used for holding or storing or manipulating selution conditions of the entire
volume of outpat frow & process step. fa various embodiments secording o the
present invention. the methods deseribed herein obviate the need to use one or more

pool tanks.

[OUS3] o some cnbodiments, the methods deseribed herein may uge one ar more

surge tanks.

{0036] The term “surge tak™ as used herein refers (o any container or vessel or
bag. which s used between process steps. where the output from a process step
Hows throapgh the surge lauk onto the bext process siep in a purtiication provess.
Acvordingly, a surge tank is different from a pool tank, in that it is not intended to
hold or colleet the entire vohame of curput froam a process step but instead enables
continuous flow of output from one process step 1o the next. In some embodiments,
the volume of a surge tank used between two process steps in a methods deseribed
herein, is no more than 23% of the entire volume of the catpat From a process step.
b another embodiment. the vohuoe of a surge ek is no mose than 10% of the
entire volume of the output from a process step, In some other embodiments, the
volme of a surge tank s Jess than 35%. or less than 30%, or less than 28%., or loss
than 20%, or fess than 158%. or less than [0% of the entire volume of a cell culinre
1@ bioreacior, which constitutes the starting muterhd from which a target molecule
ix to be purified. In some embodiments. virus inactivation, as described herein, is
achieved via s surge tank, where a surge tank is employed for mixing a suitable
virus inactivation agent with a sample containing a target protein (e.g., ehiate from a
Protein A hind and clute chromatography siepl.

FOOST] The term “conmectod process” refers 1o a process for purtiving a wrget
molecule, where the process comprises Iwo or Miore provess seps (or unit
operations}. which are in divect fluid communication with cach other, such that fluid

material continuousty Hows through the process step {or unit operations) in the
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process ard IS i stmudtaneous contact with Do or more umt aperations duning the
normal operation of the process. It is anderstood thas at times, at feast one process
step Lor unit eperation} in the process may be temporarity iselated from the othey
PEOCCSS steps (or umit operahions) by a barrier such a3 a valve i the closed position.
This wmperary isolation of individual anit operations may be neeessary. for
example, during start up or shut down of the process or during removat/replacement

of individual unil operations,

{0038} “Protein A" and "ProA” are used interchangesbly herein and encompuasses
Protein A recovered from o native sowrce thereoll Protein A produced syathetically
{e.z., by peptide svathesis or by recombinant techmiques), and variants thereof
which retain the ability to bind proteins which have a CHYCH; region, such as an
Fe region. Protein A can be purghased commercially fram Repligen, Pharmacia und
Fermatech., Protein A Is generally immobilized on 2 solid phase support material,
The term “ProA” also refors o an affinity chromatography resin or cohmmn
contaiming chromatographic solid support matviy to which is covalently attached
Protwin A, In a particular embodiment, Protein A wsed i the methady according ©
the present invention s an alkaline stable form of Protein A, In a pwticular
embodiment, Protein A inchades one or more Protein A domaing or a fmctional
variants ov fragments theveof, as deseribed in UK, Patent Applications Nos, LS
12/653 888, filed December 18, 2009, and 13/489,999 Filed hune 6, 2012, both
incorporated by reference hevein, which relate to either wild-type multimerte forms
of B, 7 or € domains or multimeric variants of one or more domains of Pretein A
{e.g.. B, 7 or C domain pentamers) with vach domain having o truncation of 3 or 4
amine actds from the Neterminus, where g domasin may additionally include a

mutation fo reduce or eliminate Fab binding.

JOO591 A functionad devivative, fragment or variant of Profein A used in the
metheds secording to the present invention may be characterized by 1 binding
constant of at least K10 M, and preferably K=10" M. for the Fe region of mouse
1g(i2a or human IgGl. An interaction obtained with such value for the binding
constant is wrmed “high affimty binding”™ in the present context, Preferably, such
functional derivative or variant of Protein A comprises at least part of a funcnonal

(s binding domam of wild-type Protein A, selected from the natural dorains B, T,



A, B, C or engineered mutants thereof which have retained 1gG binding

functionality.

{0607 In various embodiments according 1o the present invention. the Protein A is

immobilized on a solid support.

0061} The werms “solid support.” “solid phase.” “matrix™ and “chromatography
matrix.” as used interchangeably herein, generally refers to any Kind of particulate
sorbent, resin or other solid phase {e.g.. & membrane, non-woven, monolith, etc.)
which in a separation process acts as the adsorbent to separate a target molecule
(¢.&.. an Fe region containing protein such as an immunogiobulin) from other
molecules present in a mixture. Usuaily. 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 inchde polysaccharides (such as agarose and
cetlulosey: and other mechanically stable matrices such as silica (e.2. controlled pore
glass), polvistyrenedivinvhibenzene, polyacrylmmide, coramic particles and
derivatives of any of the above. Typically the matrix carries one or more types of
tigands, However, instances exist where the matrix alone is the chromatographic

media {e.g.. activated carbon, hydroxyapatite, sifica, eic.)

{0062] A “ligand” is a fumctional group that is attached to the chromatography
matrix and that determines the binding properties of the matrix. Examples of
“figands” include, but are not himited to. ion exchange groups, hydrophobic
mmteraction groups, hydrophilic interaction groups. thiophilic interactions groups.
metal aftinity groups, affinity groups. bioaffinity groups, and mixed mode groups
tcombinations of the aforementioned). Some ligands that can be used herein
include, but are not limited to, strong cation exchange groups, such as sulphopropyi.
sultonic ackl; strong anion exchange groups. such as trimethylammonium chioride:
weak cation exchange groups, such as carboxylic acid: weak anion exchange
groups, such as NN diethylamino or BEALL hvdrophobic imeraction groups. such
as phenyi, butyl, propyl, hexyl: and affinity groups. such as Protein A, Protein G,
and Protein L. In various embodiments according (o the invention, the ligand is

Protem A or a vanant or fragment thereof.

e




HG63]  The term “chromatography,” as used hevein, vefers to any kind of techaigue
shich separates the product of interest (¢ g.. a therapeutic protein or antibody ) from

costaminunts and/or protehs aggregates in g bopharmaceutical preparation,

0064} The term “affinity clrommography™ refues to 8 projein separstion technigue
an which g target protein (.2, @ Fe region containing protein of interest or antibody)
i speciticalty bound fo a Bgand {e.g.. Protein A), which is typically immobilized
oo a solid support {the Tgand immobilized on the solid support s refersed to
berein as & “chromatography matvin™y,  The target protein generally retains its
specific binding alfinity for the tgusd during the clhramatographic steps, while
other solutes mrbor proteins in the mixture do not bind appreciably or specifically
tor the figand, Binding of the target protein to the immobilized figand allows
impurities includiog contarminating proteins or protein impurities fe.g.. HUPsjito be
passed through the chromugography matedy while the target protein remains
specifically bound w the immobilized Hgand on the solid suppost material; however,
some non-speeiiic binding of the comtaminating proteins onto the matrix is typically
observed. The chromatography mateix is typically washed one or more times with a
suitable wash bufler, in order to remove the non-specifically bound proteins (e.g.,
HUCPs) and other impurities before eluting the bound protein from the matrix, The
specifically bound protein of interest is subsequently eluted from the matnix asing a
suitable elution batfer which fucilitates the separation of the protein of interest from
the matrix. in embodiments according to the present imvention. one or more
intermwediate wash steps are ehminated from sach a process, without decronsing the
purity of the chated target protein, In other words, 1 some embodiments according
to the present invention, a protein of interest is altowed to bind 1o a Protein A
containing chromatography mawix and is subsequently chued. without having the
need for one or more intermediate wash steps: however, the purity of the protein of
interest in the Pratein A elution pool is not affected. In other embudimments, the
aumber of intermedinte wash steps are reduced compared (o & provess which would
sormuly use u certain number of wash steps i order (o schieve a cortain level of
purity of the protein of interest in the Protein A elution pool. In various
enthodiments according to the present tnvention, the loved of host cell proteins s
reduced in the Protein A elution pool. despite the oliminution of or reduction i the

nunsher of iptermediute wash steps.
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(631 The torms “o-exchange™ and “on-exchange chromatography,” s used
interchangeably herein, refer to the chromatographic process in which a solute or
analyie of interest in a mixiure, interacts with a charged compound linked (such as
by covalent aitachment) 1o a solid phase ion exchange matevial, such that the solute
or analyte of interest interacts non-speeifically with the charged compound more or
ieas as compared o the solute impuritics or contaminants in the mixture. The
contaminating sohaies iy the nuixture elute from a cohmm of the ion exchange
material faster or slower than the solute of interest or are bouad 1o or excluded from
thie resin refative 1o the solute of interest. ~lon-exchange chronuography” includes
catinn exchange, anton exchange. and mixed mode fon exchange chromatography.
For example. cation exchange chromatography can bind the target molecule (e.g. @
Fe region containing target protein} tolfowed by elution (eation exchange bind amd
slute chromatography or “CIEX"} or can predominately bind the impurities while
the target moedecule “Hows through™ the column (cation exchange flow through
chromatography or “FT- CIEX™].  In case of anion exchange chromatography. the
s0lid phase material can bind the target molecule {o.2.. an Fo region containing
targes 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.¢.. ot cation exchimge resin or positively charged (Le. an
anion exchange resin). The charge may be provided by attaching one or more
charged ligands to the mateix. ¢.g. by covalent linking. Alternatively. or in addition.
the charge may be an inherent property of the matrix (e.g. us is the case for siliea,

which hus an overall negative charge).

[0067] A “cation exchange matnx™” reters (o a cheomatography muteix which is
negatively charged, and which has free cations for exchange with eations inan
aqueous sohution contacted with the matrix. A negatively charged higand attached to
the solid phase to form the cation exchange matrix may. for example, be a
carboxvlate or sulfonate. Commerciallv available cation exchange resius include
carboxy-methyvi-celhdose, sulphoprops! (SP) immobilized on agarose {e.g., SP-
SEPHAROSE FAST FLOWM or SP.SEPHAROSE HIGH PERFORMANCE™,
from GE Healtheare} and sulphonyd immobilized on agarvose {o.g. S-SEPHAROSE

FAST FLOW from G Hualtheare),  Additional examples include Fractogel®
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EMD SOy, Fractogel® EMD SE Higheap, bahnwuno® 8 and Fractogel® EMD COO
{(EMI} Milfipore).

(0068] A maived mode ton exchange matrix” or “mixed mode matrix” refers o a
chromatography matrix which is covalently modified with cationic and’or anionic
and hydrophobic moieties. A commercially svailable mixed mode ton exchange
resin s BAKERBOND ABX™ (11, Buker, Plullipsbarg, N L) containing weak
cation exchange groaps, a low concentiation of anton exchange groups, and
aydrophobic Hygands attached to a silica gel solid phase suppos matriy., Mixed
mde cation exchange matenials typically have cation exchange and hydrophobic
moicties. Suuable mixed mode cation exchange matertals are Capto® MMC (GE
Healtheare ) and Eshmuno®® HOX (Merck Millipore). Mixed mode anion exchange
materials typically have anion exchange and hydrophohic mojeties, Suitable mixed

miode anton exchange materials are Capto® Adhere (GF Healtheare),

H00691 The term "anion exchange matrix™ is used herein o refer w a
chromatography matax which Is positively charged. ¢.g. haviug one or more
aositively charged lgands, such as guaternary amine groups, attached thereto.
Commercially available anion exchange resins include DEAE cellulose, QAE
SEPHADEX™ and FAST Q SEPHAROSE™ (GE Healthearey.,  Additional
examples include Fructogel® EMID TMAE, Fractogel® EMD TMAE highcap.
Eshrmumo® €} and Fractogel® FMD DEAE {Merck Millipore.

[T0] The wems “llow-through process.” “How-through mode.” and “{low-
trough chromatography,” as used interchungeably heretn. refey to g product
separation technigue in which a1 least oue prodact of interest contained in @
biopharmaceuticsd prepuration along with one or more imprarities ts intended to flow
through & material, which asually binds the one or more impurities. where the

product of interest usually tlows-through,

[O071] The werms “bind and elute process,” “bind and elute mode.” and “bind and
“lute chromatography.” as used interchangeably herein, refer 1o a product separation
technique to sideh at Jeast one prodact of interest contained in a bopharmaceutical
preparation along with one or more impurities is contacted with a sohid support
under conditions which tacititate the binding of the product of interest 1o the solid

support. The prochset of interest is subsegquently sluted from the solid support. In
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some ervhodiments seeording to the methods described herein, a solid support
having Protein A attached o the solid sapport 1s contagcted with a sample contaiming
a product of imerest and one or more impurities under suitable conditions which
facilitate the binding of the product of interest fo the Frotein A on the solid support.
where the one or more Impurities are not expected 1o specifically bind to the solid
suppotl. The product of interest is subsequensly eluted from the Protein A
containing solid support, it an attempt o separate the product of interest from the
one o more fuparitios. in the methods deseribed herein, subseguent 1o ointion, the
Protein A clodon poot is subjecied 10 virus mactivation using ane or moe s1atic
mixers or a surge tank. as desceribed heretn, where the virus insctivation can be
gchieved in a matter of minates (o ahowt an hour, relative 1o conventional processes

where virus inactivation often jakes several bows.

00721 The tenms “contaminant.” “tpurity.” and “debris,” as used
nterchangeably herein, refer to any foreign or objectionable molecule, inchuding a
mological macromolecule such us a DNAL an KNA. one or musre host cell proteins,
endotoxins, lipids, aggregates and one or more additives which may be present ina
sample contaiming the product of interest that is being separated from one or more
of the foreign or objectionable molecuies.  Addivionally, such a comaminan may
inchude any reagent which is used in o step which mey ocuur prior to the separation

DIOCEsS.

FO073]  The terms “Chinese hamster ovary celt prowen” and “"UHOP™ are used
mterchangeably 1o refor to a mintwee of host eell proteins ("HOP™ ) derived from a
Uhinese hamster ovary (CCHO™) cell culture. The HOP or CHOP is generally
present as an impurity in g cell cultare mediam or lysate {¢. 2., a harvested cell
cultare Haid (CHOCE)) comprising a protein of interest sach as an antibody or an
Fe-containing protewn expressed in @ CHO cell). The amopunt of CHOP present ina
mixture comprising @ protein of interest provides a measure of the degree of purity
for the protetn of interest. HOP op CHOP includes. bat 1s not Himied o, & protein of
interest expressed by the host ool such as a CHO host cell. Typieatly, the amount
of CHOP in a protein mixture s expressed in parts per miltion relative o the
amount of the protein of interest in the mixture. 1t is understood that where the host

cell is another cell type. ¢ g.. 6 mammalian cell besides CHO, an £ coli, o veast, an



insect cell, or a plant cell. HOP refers 10 the proteins, other than target protein.

found i a Dysute of the bost gell,

{074]  The term “parts per million” or “ppn” ave used imterchangenbly herein to
refer to a measure of puniy of a target protean puarified by somethod of the invention.
The units ppm refer to the amount of HOP or CHOP in nanograms/milligram pet
protein of interest n miligrams/millititer ¢, CHOP ppm=(CHOP ng/miyprotein

of interest mp/mib ), where the proteios are in soldion).

0751 The terms “elarify.” “clarification.” and “clarification step.” as used
hevein. refors to & process step for resoving suspended particles sud or colloids,
thereby to reduce wrbidity, of a target molecule containing solution, as measured in
NTU tnephelometric wrbidity anits). Cliwification can be aclueved by a variety of
means, including centrifugation or filtration, Cemrifugation could be done ina
batch or continuous mode, while filtration could be done in a normal flow (e.g.
depth filtration) or tangeatial flow mode, In processes used in the wdustry today,
centrifugation is typically followed by depth filters intended to remove insoluble
impuritics, which may not have been romoved by centrifugation. Furthermore,
methods for enhancing clarification efficiency can be used. e.g. precipitation,
Precipitation of impuritics can be performed by vartous means such as by
floccuiation, pH adjostment (acid precipitation). temperature shifis, phase change
due 1o stimulus-responsive polymers or small molecules, or any combinations ot
these methods. In some embodiments deseribed herein, clarification involves sy
cemmhinations of two or more of contrifugation, fihration. depth {iltration and
pregipitation. In sonw embodiments, the processes and systems deseribed herein

obwviate the need for centrifugation.

{00761 The terms “purifyving,” “separating.” or “iselating.” as used
inferchangesbly herein, refer o increasing the degree of punity of g polypeptide or
protein of interest or a targed protein from g composition or sample comprising the
protein of intevest and one or more impurities. Typically, the degree of purity of the
protein of interest is increased by removing {completely or partiatly ) at least o
inpurity from the composition. A “purification step™ may be part of an gverall
purification provess resulting in a “homogencons” composition or sample, which is
used hevein 1o refer to g composition or sample comprising less than 100 ppm HOP

in & composition comprising the protein of interest, slternitively less than 90 ppmy
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fess than 80 pp, less than 70 ppm. less than 68 ppm, fess than St ppimn, less than 40
ppm. fess than 30 ppm. Tess than 20 ppm, less than 10 ppm. less than S ppm, o less

than 3 ppm of HCP.

G771 [o some embodiments according o the present invention. the product of

mterest 1 an immunoglobuling

IG78]  The term “immunoglobulin,™ “1g™ or "antibody ™ (used interchangeably
ferein) vefurs to & protein baving a basie four-polypeptide chain structure consisting
of two heavy and two tight chains, sad chains beng stabilized, for example, by
mgerchain disudfide bonds, which has the abifity 10 specifically bind antigen. The
rerm “single-chain immupogiobulin” or “single-chain antitbody™ (used
interchangeably hevein} 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
mterchain peptide linkers, which has the ability to specitically bind antigen. The
werm “domain” refers 10 1 globular region of & heavy or light chamn polypeptide
comprising peptide foops (e.g.. comprising 3 to 4 peptide loops) stabilized, for
example, by fepleated sheet andior intrachain disullite bond. Domains are further
referred to herein as “constant” or “variabie™, base¢ on the relative fuek of sequence
variation within the domains of various class menbers in the case of & “constant”™
domain, or the significant variation within the domuins of various class members in
the case of a variable” domain, Antibody or polypeptide “domuains™ are often
referred to interchangeably in the art as antibody or polypeptide “regions”™, The
“constant” domains of antibody hight chains are referred W iiterchangeably as “hight
chain constant regions™, “light chain constant domains™, "CL" regions or “CL”
domains. The “constant” domains of amibody heavy chaing are referred to
interchangeably as “heavy chain constent regions™, “heavy cham constant domains™,
“CHT regions oy “UH™ domains, The “variable” domains of antibody light chains
are referred to interchangeably as “hight chaty vanable regions™, “light chan
variable domains™, VL regions or VL domains, The “variable” domains of
antihody heavy chains are referred W interchangeably as “heavy chain variable

regions”. “heavy chaig variable domains™, "VH™ regions or “VH™ domains.

{0079 Immunoglobuling or antibodies may be monocional or polyelosal and may
exist i monomenic or pelyvmeric torm, for example, 1gM antibodies which exist in
peptmenc form andfor fgA antibodies which exist in monomerie. dimeric or
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muttimenie form. The term “fragment™ refers o a part or portion of an antibody oy
antibody chain comprising fewer amino avid residues than an intact or complete
wdibody ov antibody chain, Pragments van be obtained vig chemical or eneymutic
treatment of an intact or complets antibody or antibody chain. Fragments can also
be obtained by recombinant means. Exemplary fragments inclhude Fab, Fab',

Flab™ 12, Fe and/or Py fragments.

(00801 The term “antigen-hinding fragment™ refers to a polvpeptide portion of an
immumoglobulin or anttbody that binds an antigen or competes with intact antibody
{ie.. with the intact antibody from which they weve derived) for antigen binding
(L. specific binding), Binding fragments can be produced by recombinant DNA
rechnigues. or by smaymatic or chiemical cleavage of intact immunoglobalins,
Biuding fragments include Fab, Faly'| Flab'y, Py, single chains, and single-chain

antihadios,

(00811 The protein of interest which is purified acconding to the methods
Jdescribed herein is one which comprises a Cpd/Cy? region and therefore is
amenable o purification by Protein A chromatography. The term “Cu2/Cid region”
when used hevein refers to those amine acid residues in the Fe region of an
mymunoglobulin molecule which interast with Protein A. Exampies of Cyd/Cid
region or §e region~containing proteins inchude antibodies, immunoadhesins and
fusion proteins comprising u protein of interest fused to. or conjugated with, a

Cu2iCy3 region or F region.

0082} 1o a particular embodiment, methods according to the clatmed vention
are used for purifving a fragment of an antibody which is an Fe-region contalning

fragment.

[0831  The term “Fe region” and “Fe region containing protein” means that the
profein contains heavy andfor light chain constant regions or domuins (CH and CL
regions as detined previously) of an immunoglobilin, Proteins comtaining an “Fe
repion” can possess the effector functions of an immunoglobulin constant domai,
Art Fe region” such as Cn2/Cyy3 regions, can bind seleetively to affinity ligands
such as Protein A or fimctions! variants thereof. In some embodinsens, an Fo
region contatning protein specificatly binds Protein A or a functional derivative,

variant or fragment thereof. o other embodiments, sn Fe region contiiniag prowin
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specitically binds Protein G or Protein L. or functional derivatives, vanants 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 t©o a nmammal suffering from a discase or disorder can

result in a therapeatic benefit in that mammal.

[BORS]  The term “monoclonal antibody™ as used herein refers 1o an antibody
obtained from a population of substantiafly homogeneous antibodies, i e.. the
individual antibodies comprising the population are identical except for possibie
naturafly occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific. being directed against a single antigenic site.
Furthermore, in contrast to conventional (polyclonal) antibody preparations which
vpically include different antibodies directed against different determinants
{epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. The modifier “monocional” indicates the character of the antibody as being
obtained from a substantialty homogencous population of antibodies, and is not 1o
be construed s requiring production of the antibody by any particular method. For
example, the monocional antibodies to be wsed in accordance with the preseant
invention may be made by the hybridoma method first described by Kohler ot all,
Nature 256:495 (1975}, or may be made by recombinant DNA methods (see, e.g.,
U.S. Patent No. 4,816,567). “Monoclonal antibodies™ may also be isolated from
phage antibody libraries using the techniques described in Clackson et al., Nature
352:624-628 (1991) and Marks et al., §. Mol. Biol, 222:581-597 (1991}

[0086] Monoclonal antibodies may farther include “chimeric™ antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical
with or homologous 1o corresponding sequences in antibodies derived from a
particular species or belongiug to a particular antibody class or subclass, while the
remainder of the chain(s) is tdentical 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 tong as they
exhibit the desired biological asctivity (ULS. Patent No. 4.816.567. and Morrison ¢t
al., Proc. Natl. Acad. Sci. USA B1:6851-6855 (1YB4)).

3

——




[0087]  The term “hypervariable region”™ when used herein refers to the amsino acid
residues of an amibody which are responsible for antigen-binding. The
hypervariable region comprises amine acid residues from a “complementarity
determining region” or *CDR™ (i.¢. residues 24-34 (L.1), 50-56 (1.2} and 89-97 (1.3)
in the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in
the heavy chain variable domain: Kabat et al,, Sequences of Proteins of
fmmunological Interest, 5% Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1991)) and/or these residues from a “hypervariable loop™ (i.c.
residues 26-32 (L1 50-52 {L.2) and 91-96 (L3} in the light chain variable domain
and 26-32 (11}, 53-55 (H2) and 96-101 (H3) in the heavy chain variable domaim
Chothia and Lesk J. Mol Biol. 196:201-917 (1987)). “Framework™ or “FR™
residues are those variable domain vesidues other than the hypervariable region

residues as herein defined.

[O0BB]  “Humanized” forms of non-human (¢.g.. murine} antibodies are chimeric
antibodies which contain minimal sequence derived from non-human
mmmunogiobulin, For the most part, humanized antibodies are human
immunoglobulins (recipient antibody) in which hypervariable region restdues of the
recipient are replaced by hypervariable region residues from a non-human species
{donor antibody) such as mouse, rat. rabbit or nonhuman primate baving the desived
specificity. affinity, and capacity. In some instances, Fv framework region (FR)
residues of the human immunoglobulin are replaced by corresponding non-human
residues. Furthermore. humanized antibodies may comprise residues which are not
found in the recipient antibody or in the donor antibody. These madifications are
made to further refine antibody performance. In general, the humanized antibody
will comprise substantially ali of at least one. and typically two, variable domains,
in which all or substantially all of the hypervariable loops correspond to thase of a
non-human immunoglobulin and all or substantially all of the FR regions are those
of a human immunogiobulin sequence. The humanized antibody may conmprise at
least a portion of an immunoglobulin constant region (Fe). typicatly that of & human
immunogiobulin. For further details, sce 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).



{O0RG] A ~bufier” is a sohution that resists changes w pH by the action of iis
acid-base conjugate components. Vartous buffers which can be emploved
depending, for example. on the desived pH of the buffer are described in Buffers. A
Cutde for the Preparation and Use of Buffers in Biological Systems, Gueftroy, D,
ed, Calbiochem Corporation (19751 Noun- limiting examples of baifers inclade
MES, MOPS, MOPSO. Tris, HEPES. phosphate, acetate, citrate. succinate, and
anuyponinn bulters, as well as combinations of these.

10090]  The term “solution,” “composition” of “sample,” as used herein., refers to
a misture of & molecale of nerest or target protein {e.z., an Fo region containing
protedn such as an antibody § and one or more Impurities, In some embodiments. the
sample is subjected 1o a clartfication stiep and a Protein A affinity chromatography
step prior to being subjectad 1o the vires fnsctivition methods deseribed herein. In
some embodivoents, the sample comprises cell cultnre foed, for example, feed from
a CHO cell culture, which is subjected to clarification and a Protein A
chromatography step prior to virus inactivation,

{0091 The term "not-mamnuadian expression systenss™ as used hevein refers o
all host cells or organisms employed W generate therapeutic proteins, where the host
cells or organisms are of non-mammalian origin, Examples of non-mammaliay
expression systems are £ colt and Pichia pastoris.

[0092]  The term “eluate” or “clution pool.” as used herein, refers 1o 8 sohition
containing a molecule of interest obtained via elution, for example, following bind
and chute chromatography {¢.g., using ¢ Protein A aflinity chromatography mutrix).
P eluate may be subjected 10 one or more additional purification steps, In some
svhodiments according to the prosent invention, an elution pool is obtained. which
sonlains a target protein, e.g.. an Fo regilon containing protein, wherein the elution
poal is subjevied 10 virus mactivation, & deseribed hereinn

(093] The term “conductivity” refers (o the ability of an agueous solution to
conduct @y electriv current between two gloctrodes. In solution. the current fows by
fon transpent. Therefore, with an increasing amount of tons present in the aquens
solution. the solution will have a higher conductivity. The unit of measurcment fiw
conductivity s milliSeimens per contimeter (mS/om or mR ) and can be measured
wsing a commercially available conductivity meter (e g.. sold by Orionj. The
conductivity of a solution may be altered by changing the concentration of jons
therein. For example, the concentration of a buffering agent and/or concentration of
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asalt fe g, NaCl or KO in the solution may be altered in ovder o achieve the
desired vonductivity, In some embodimente, the salt concentration of the various
buffers is modified o achieve the desived conductivily

(D04} The “pl” or Nisoelecttie point” of a polvpentide refer to the pif at which
the polypeptide s positive charge balances its negative charge. pl can be caleulated
{rom the net charge of the anino acid residues or sialic acid residues of attached
carbohydrates of the polypeptide or can be determined by boelectric focusing.
{00951 The term "process step” or “unit operaticn,” as used interchangeably
herein, velers w the nse of one or more methods or deviees to achieye @ certaim
result in a purification provess, Examples of process steps or unit operations whick
may be employed in a purification process include, but are not Himited o,
clarilication. bind and ¢late chromatography. virus tnactivation, How-theough
purification and formalation. It is understood that each of the process steps or unit
operations may cnploy more thas ope step or method or device o achieve the
infended result of that process step or voit operation.

[0096]  The torm “continuous process.” as ased herein, refers to a process for
purifving a target molecule, which includes two or more process steps (or unit
operatiens), such that the output from one process step Hows divectly into the nest
provess step in the process, without interruption, and where two Or more process
steps can be performed concurrently for at least s portion of their domtion. In other
words, in case of a continunus process, it is not pecessary to compliele a process step
before the next process step is stvted. tnit a portion of the sample s always moving
through the process steps.

{0971 In some embodiments, the different provess steps are connegted to be
operated in a comtinucus manner. in some embodiments, a virus inactivation
method. as deseribed herely, comatitutes a provess step in a continuous purification
process, where a sample flows continuously from a Protein A alfinity
chromatography step to the virus inuctivation step o the next step in the process,
which is typically a Bow-through purification process step.

(O0OR] I somw ombodiments. the ving inscuvation process step is performed
continnously. Le, the eluate from the previous bind and elute chromatography siep
(1.2, Protein A alfinity chromatography ) flosss contnuousty into the virus

inactivation step, which emplovs ¢ng or more static mixers and/or sarge tanks, after



which the virus inactivated eluate may be collecied in a storage vessel until the next

process step is performed.

I1. Ezxe 'V ‘ating A

[0099]  Viral inactivation renders viruses inactive, or unable o replicate or infect,
which is important. especially in case of the target molecule being intended for
therapeutic use. According, virus inactivation is typically used during s protein
purification process, especially when the protein is intended for therapeutic use,
00100}  Many viruses contain lipid or protein coats that can be inactivated by
chemical alteration. Rather than simply rendering the virus inactive, some viral
mactivation processes are able denature the virus completely, Some of the more
widelv ased virus inactivation processes include, ¢.g., use of one or more of the
foltowing: solvent/detergent inactivation (e.g. with Triton X 100} pasteunization
(heating): acidic pH inactivation: and ultraviolet {U'V) inactivation. It is also
possible io combine two or more of these processes; e.g.. perform acidic pH
inactivation at ¢levated temperature,

{00101]  Several virus inactivating agents for biotechnology products are known in
the art. See, ¢.g., Gail Sofer, “Virps Inactivation in the 1990s . and into the 218t
Century, Part 4, Calture Media, Biotechnotogy Products, and Vaceines.™ Biopharm
international, January 2003, pp. 56-57). some of which are described below.
fO01802]  Low pH has been shown to inactivate the xenotropic murine leukemia
virus (XMul V). In one study. pH 3.5-4.0 was found to be effective at 18-26 °C,
and very little difference was seen in inactivation Kinetics for pH 3.7 up to pH 4.1,
At 2-8 °C, however, pH 4.1 inactivation was slower and required up to one hour,
compared o about 30 minutes for pH 3.7, Further, variability was observed tor
ditferent target molecules being purified. For example, insctivation time used with
one target melecule was 60 mimues, whereas for another it was 120 minutes. and
further. in case of one target molecule. the virus XMul.V was not completely
inactivated even after 120 minutes. Protein concentration also atfected the
inactivation Kinetics. In buffer only, XMul.V was inactivated m 120 minutes:
addition of protein prevented complete inactivation with the same pll emperature,
and exposure time. The fonic strength of the inactivating solution appeared o

mitigate the effect of increcasing protein concentration.




[60103]  In another study, low pH was investigated for inactivation of XMul.V and
pscudorabies virus (PRV viruses in case of cight different monochonal amtibodies
(MS) praduced in vither Sp2A0 or NSO mouse coll ines, The pH values used ranged
between 3,14 and 3,62, resulting in LRVs ranging from around 3 to above 6 (ie.
vitus cannot be measured i the sample). These data are being used to suppont
gEmaic vieus inactivation approaches. A different study of 13 products, mostly but
not all MADbs. illustrated the ability of ph 3.6-4.0 to inachivate several different
virnses in five 1o 60 minutes,

fOG104]  Capryvlate has been found to inactivate lipid-enveloped virnses in MAb
production processes. Cell culture harvest broth containing 8 Psendomonas exotoxin
A-monocional amibody conjugate and a Preudomenas monoclonal IgM were cach
spiked with viruses, Herpes simplex virus-1 (HSV-1) and Vesicular stomatitis viras
(VSV} viruses were completely inactivated at 20°C in less than 60 minutes,
However, at 5°C only partial inactivation of VSV was shown after 120 minutes. A
notfonized form of the caprylate s matmained over a byoad pH range, wad the non-
fonized form is effective in viral ingetivation at concentrations hetween 0.001 and
0.07 weight %, VSV and vaccinia vivus were inactivaied slower than HSV-1 a1 pH
6.3.

{00103]  Deterpenss have also been ased as a viras inasctivation agent. Triton X-
100 (11.5%, 4 °C) completely inactivated respiratory syneytial virus (RSV) and
Friend murine leubemia virus (FrMul. V) viruses within tour hours without
influencing the binding capacity ol 8 number of MAbs, Logll reduction values
were »3.8 for FrMul Vo and »5.4 for RSV, Other daia have shown that MullV was
not inactivated by 001 1o 196 Tween,

{00106]  Solvents/detergents (31 are commonty used for virus inactivation with
plasma proteins. S/ is udso used for inactivation of envelopad viruses daring
prochuction of recombinant protems and MAbs. For example. during the production
of B-domain deleted reconbinant factor VI S7D is ased for vivus inactivation.
Although no viruses may be associated with the CHO cell Bine used for production,
5D can be added after a cation exchange step. Concentrations of 0.3% TNBP and
1% Priton X-100 are targeted for at Jeast 30 numues. S/ treatrnent hag been
shown to completely and rapidly insctivated all the enveloped viruses tested, shich
include parainfluenza-3 vivus (P1-3), XMulV, infectious boving rhinotracheitis
virus (IBR ) amd maligoant catarrhal fover virus (IMUF)L (See. Soler et all, #d)
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{00107]  Beta-propiotactone has been proposed for viral inactivation in naked
DNA vaccines. 1t was found that for a 16-hour treatment at 4 “C. the initial
concentration of B-propiclacione should not exceed 0.25% in order to prevent loss
of gene expression,

[001G8]  In some embodiments according to the present invention, virus
inactivation employs exposure of the sample containing the target protein to acidic
ar low pH. Accordingly. mn some embodiments described herein. virus inactivation
employs exposure of the output or eluate from the bind and elute chromatography
step, which is upstreans of virus mactivation, 1o acidic pH in-line using & static
mixer. The pH used for viras inactivation is typically less than 3.0, or hetween 3.0
and 4.0. In some embodiments, the p is 3.6 or lower. The duration of time used
for virus inactivation. when an in-line static mixer 1ank is used, is 10 minutes or
less, or § minutes or less, or 2 minutes or less, or | minute or less. in other
embodiments, a surge tank is used between the bind and elute chromatography step
and the flow-through process step. The duration of time for virus inactivahon, when
a surge tank is used, is typically 1 howr or less. or 30 minuies or less. In case of
both use of in-line static mixers or surge tanks. the virus mnactivation enables the
process to be run continuously, rather than having to collect the sample in a pool

tank for virus inactivation.

1118 Viruses and Determining Vi :

[D0109]  Virus may be “cleared™ by two main mechanisms: removal (e.g. by
filtration or chromatography ) or inactivation (e.g. low pH. detergent. or irradiation).
Regulatory recommendations for biopharmaceatical viral elearance can be found in
several documents issued by the FDA and EMEA.
106110}  The viral clearance capabilities of a process are assessed using scaled-
down versions of individual unit operations. A sample of representative process
feed is “spiked™ with a known guantity 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 that the
composition of the production material is sigmficantly altered: a 10% spike volume
is generally regarded as the maximum accepiable spike,
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(00111 Viens is generally measured from samples coliected betore and afler
mgdividuat unit operations in 8 purification process nsing ussays that quantily
infoctious vivus particles. Clearance s reported o terms of the Logge redaction
achieved Uog reduction value or LRV When g unit aperation achieves clegrance
to such u degree that no virys is detected in the processed matenial, the minimal
PRV is determined using & calonation dependent upon the visgs Gter in the stating
feed and the amount of fingl matenial sampled. Conseguently, the LRY that can be
claimed for highiy effective clearance steps van be raised by using high titer virus
stocks that allow high levels of spike challengs. sod rgesvohame viras assuys that
ncrease assay sensitivity, Conversely, demonstrable LRY can be lowered when
feed materials are cvtotoxic or interfere with viral infection of the detection cells, as
this may reguire sample difution. which decreases assay sensitivity,

{00112] Neveral methods are known in the art to assay for vires infectivity. The
Fissue Culture Infectious Dose $0% assay is one such method for counting the
namber of infectious virad particles in a sample, The TCIDs 15 the quantity of a
pathogenic agent (virus) that will produce a evtopatiie effect in 30% of the cultures
inocalated. The TCHDs value i3 proportional to, but not the same as. the number of
infectious virions in g sample. Titers determined wsing this method e typieally
reported as TCHke/'mi,

{00113] When no virus al all is detected by the assuy, o maxinuins possible ther for
the sample 18 determined using a Mmnimad Lot of Etection {(LOL caleulation.
This calculation considers the sensitivity of the assay and reponts the most viras that
conld be 1o a sample withowt the assay detecting any. The result of these
cafeulations is a titer reported a8 ~< X7, meaning that the actual titer in the sample s
X or lower {10 a 95% certainty 1. This LOD caleuiation depends solely on the
guantity of sample tested and any predifutions mude © the saaple before assaying.
When the titer is reported as < X7, the corresponding Log Reduction Value (LRV)
is reported 88 72YT, meaning that the resultiog LRV is Y or lngher,

fO0114] Viral clearance validation studies are designed 0 evaluate the ability of &
MAD purification process to remove or inactivate many ditferent Binds of viruses.
Fhe FDA recommends use of several model viruses encompassing large and small
particles, DNA and RNA genortes. as well as chemically sensitive and resistant
fipid enveloped and non-enveloped strains, The sationale is that demonstration of
robust clearance of an appropriaiely diverse paned of viruses provides assurance that
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an undetected, wnknown viral contaminant would also be reduced 1o minbmat levels,
Four viruses that fit these guidelines are shown in Table 1, which summarnizes the
properiics of a model vires panel appropriate for MAb provess virel clearance

validation {adapted from ICH Q5A)

Tablel
WVirgs : Family | Netwea | Genom | Envelop | Diamete | Shape Resistan
CiMost (uType (e f {nmy R i
physio- |
| chemical |
- treatment |
: 8 |
Binute virus | Parvo | Mouse | DNA no 1824 | lcosohadr | Very high |
of mice I e L -
Xenotropic | Relro | Mouse | RNA yES #0-110 | Sphereal | Low
munng
isukemia
“Pseudorabie | Herpe | Swine | DNA | yes 120-200 | Sphencal | Medium
| 8 virus $ {
‘Reovirus 3 | Reo | Vanou | DNA | o 50-8¢ | Spherical | Medium
s @ i {

[00115] CGenerafly. viral contaminants fall ito hwo broad categories; endogenous
virgses known o be present in the source material. and adventtions agents that nsay
infiltrate thi process.

{00116] The methods deseribed herein can be used for insctivating both of these

cafegories of viruses.

iV, Static Mixers

001177 Although sugtic mixers are ysed in other industries for in-ling miking. they
have not been widely used in the pharmuceutical indastry because processes
generally operate in hutch mode, Forther. although w-line bufter mixing and
difution techniques have been described for protein purification processes {e.p. m
comuercial systems offered by TechniKrom, BioRad and GE Healtheare), It has not
been used for virus inactivation, especiaily as virus inactivation i generally
performed in pool tanbs for large scale processes.

(001181 One skilled in the art will recognive that muneros statie nyixing devices
can be used  the present invention. so Jong that the nuixer disrupts the Bauid tlow

i order to enable full mixing.
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{O0118] Static mixers can combine tve functions iy the space of one b flow
dividing aud turbulence. The flow dividing [unction 18 sccomplished by @ series of
affset sub-clements wherehy the fuid exitting oo eloment irpioges on the fromt
blade of the next which is offset by 90 degrees. The wrbalence is caused by the
sorew-hike shape of the sub-clements which causes the fluid 1o rotaie. Turbulence is
induced by the inability of the fluid © move laminady with the flow clements and is
exaggerated by nereased How mates. The mcasurement of this fhuidic mixing
functhionality is given in the Revnolds number, Re. At low flow rates and thus, low
Re, the statie mixers operate in the laminar flow range. This mixing fanction allows
tresh unreacted activation fuid, such as an acidic buffer, (o interact with the virus
more cfficiently and climinate occlusion of the virys by ofd. used activation fhuid.
I case of a batch mixer, the process is dependent on the efficiency of sweeping
away ofd sctivation Hud and replacing it with the new activation fhuid.

{00120} Static mixing devices or static mixers are available in 8 varicty of materials
¢ stamndess steel, Teflon®™, copper). Io selecting materials for the static mixers
used in the methods described herein, # s destrable 1o select materials that will no
react with or cause reactions in components of the sample flowing through the static
sixer. iis also desirable that the material be durable and amenabie 1o sterilization
{¢.g.. by autoclaving or chlorine treatment). especially i the sample is to be
administered 1o a2 hunian or other antimal. A static mixer may be opague or
transparent,

{00121} In some embodiments according 1o the methods deseribed herein, a statie
mixer is a part of & system which includes pH and mass flow control sensors at the
inlet, middle and outlet of the static mixer. The relative flow rates of the sample
{e.g.. eloate from the upstrean bind and elute chromatography step), acid and hase
are adjusied continuonly to guarantee the desirable pH value. Control software is
used that is based on the previously genersted range of data so that the feedback
algorithin can be model-based and therefore more ¢fficient than traditional systems.
For example. the inlet sensor cluster. pH and flow rate, can be used 1o determine the
appropriate acid addition feed rate (V). An additional control algorithm way be
used that prodicts the intended finad pH value ot pH 2,00 1 the value is not achieved
corvectly, the pump 4 15 changed 1o bring the fluid 10 the correct value, This could
peeur for g number of reasons, ¢.g., there being additional bulfering capacity within
the Feed from the chromuatogruphic step or the titration value may not be finear.
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V. Precess for Viras Inactivation Using an In-Lins Static Mizer

(O] As desaribed above, in some embodiments acconding o the methods
deseribed heretin, au indine static mixer is used 1o achivve effective visus
nactivation

1001231 In order 1o enable fow pH continuous virus iaciivation for 8 continuous
process, as deseribed herein, the olaste from the previous bind and elute
chromatography step in the punification process (2.2, protetn A eluate s mixed -
fine with seid (usually 1 1o 3 M gectic acid) using & 3-way valve and passed theongh
a sfatic maiver. The static mixer dimensions are chosen 30 as to enable efficien
mixing of the acid and product streams. In order o provide suffivient residence time
itypically -5 min} for robust vires inactivation, a wbe of sadficient volune may
totlow after the stutic mixer, The vims insctivated strean 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 (o enable mixing to increase the pH to a desirsbie pH for the next purification
step in the continuous process, which is typically increased from pH S to 8.

(001241 The static mixer diameter and the munber of vloments can be chosen ©
enable efficient mixing depending on the total strearn Sow rate (e, feed + ucid/base
tlow rate), density and viscosity. The flow rate is chosen to guaraniee adequate
restdence time in conjunction with the static mixer (monber and diameter ) selection.
The scale-up is performed by holding constant the Reyvaolds number, Re. Notably,
i methods according 1o the present invention, the flow rate is muintained low

enough so that Re remains in the taminar flow range.

Vi Process for Viras Insctivation Using a Surge Taok

(061251 In some embodiments according o the present invention. vinss
mactivation 1a achieved using a surge taok.

[00126] The virus inactivation methods according to the present invention may be
used as part of any protein purtiication process, €.2.. & purtiication process
performed 1o & bateh moede or a punification provess performed m a continuous
mode.

1001271 In some embodiments deseribed herein, the vivus inactivation methods are

part of a continuous puntication process which employs several process steps {or
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wit operations ) that are present both upstream as well as downstream of the virus
wmactivation method.

(ODIZR] e some embodiments. the hind and elute chromatography process step.
which is typically performed prior to the virus fsactivation step in a protem
purification process, is performed 1n batch mode, A tvpival batch bind and elote
chromatography operstion eraploys a large column with muhiple runs. usually | to
10, 1 provess a bateh of clanified cell culture foed, Accordingly, in some
anbodiments, once a bateh process has been run, the elution poeol can be collected
amd pumped 00 2 surge tank o perform virgs nactivation. Ta case of a bateh bind
and elute chromatography process, nuidtiple surge tasks sy be used for visus
inactivation. Beeanse of the smaller size of the surge tank, a more efficient mixing
and virus inactivation is achieved.

{80129] o some other embodiments, the bind and elute chromatography process
step is performed in a continuous moede. In a purticulur embodiment. the continuous
process 1s @ multiple continuous chromatography progess, also referred 1o as CMU,
{00130] In case of a OMC operation, typically multiple small columins are used;
with each run several (typically 10-30) cyeles to process a batch of celt culture feed.
Because of the small column size and a large number of eyeles, a OMO approach
has multiple small elutions which requive virus inactivation. Instead of collecting
the small elutions in a pool tank for virus isactivation. in some embodiments, a
surge tank is used instead.

{00131} Use of a surge tank. as descrtbed herein, provides g better solution
homogeneity more efficiently because of its smaller size and better mixing
capabilities, refatve to a pool tank used in conventionad processes. The solution is
then held for 8 Ume sulficient enoagh for robust vives inactivation, ssually 1 - 30
minutes or under 1 hour, Lo, significantly shorter than what is required when nsing a
larger pool tank, Alter the bold step. the pH and conductivity are adjosted in the
surge tank to the desired value set for the next wmit operation. The virss ingctivated
selution is then pumped to feed the next unit oporation. Once emptied. the surge
tank wsed for virus inpctivation can be used 0 coliect subsequent clutions, in case of
the OMUC process, Given appmpriute timing and swege tank sizing, only one surge
tank might be needed to accomplish virus inactivation i case of the UM provess.
The individuaf elutions from the multi-column process are treared similarly for virus
nactivation.
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01321 This ivvention is Rather Hlustrated by the following examples which
shoudd not be construed as fimiting. The contents of all references. patents and
published patent apphications cited throughowt this application, as well as the

Figures, are incorporated herein by reference.

Examples

Example 1. Time dependence of XoMul ¥V lovepH virgs inactivation in test

tubes
(I3 In this representative experiment, a retrovires spiked into a sohation

containing a MAb is inactivated by short-time incubation a1 low pH. The goud of
the: experhment s to understand the pH and exposure time vequired for complete
retrovivus igactivition in a solution containing high concentrations of protein
{antibody). The mindmal fime required to inactivate X-MuolV is determined at piUs
ranging from 3.1-3.5. The experiment is performed in test {ubes. The maxinm
experimental time tested for ingctivation is five minutes using a static mixer,
[G0134] The sample ased is 20 mg/ml. polvelonal 1gG (Seravare) i 30mM sodiam
acetate butfer at pH 5.3, The preditution used 10 avoid cytotoxicity from the buffer
s 1730, In order to meet the target of LRV > 4, X-Mal.V stock of titer 7.9

FCHD3 ML 15 used to spike feed to 6.0 fog TCHDSO /mb. (~10%5 spike).

Accounting for the /50 predilution and the ~ 173 dilution of the muteriasl in the
process of acidifving and neutraliving the sample (1/250 aliogether), this results in
an ohserved LRV of » 4,44 {assuming target spike fovel is achieved). Assay media
used is standard X-MoLV titration media: MeCoys + 1% FBS, X
penicillin/streptomycin, IX Leghuamine, 1X NEAA, The results are summuarized in
{ubie 11 below.



fable

X-Mual.V log reduction valuss {LRV)

target pii ~7 310 3.50
gotuat ph ~7 2.88 336
{ min tod dested >4.36 >4.73
3 min not fested 24,36 >4.78
8 min .1 24 36 24 75

{01351 The resabis clearly indicate that XeMabLV is rapidly inactivated 1o the poimt
of non-detection within one minute at both pH 283 and 3.36, No inactivation 1§
seen at pH 7. The bigh protein concentration {20 mighl, Seracare polyvelonal TgGy
of these butTers is not an impediment to achieving rapid inactivation (See. ¢.p.. Kurt
Brovson ¢ al. “Bracketed Geperic inactivation of Roders Retroviruses by Low pH
freatment for Monockmal Antibodies and Recombinant Proteins,” Bintech.Bioeng,
Vol. 81, No, 3 (20030

Faample 2, Time dependence of X-Mul.V low-pH virus ingctivation in test
tuhes for hath polvclonal and monoclonad antibodies

[DG136] In this representative experiment, the same projocod as described in

Example 1 is followed, in order 1o better understand at what pH there is no virus
inactivation. or alternatively, the mintmum pH where there is nactivation,

{0137 Both polyclonal 1pG (Seracare and two monoclonal antibodies (MADGS
and MADGA) produced 1 UHO cells are used, The resolts are summarized in Table

B

Hi below, where the resalis with = =" indicate that no virus is detected in the

sample

-t
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Table IH

MABS MALRY Sergeare Seragare
tme | LRV@ | time |LRV@ | time | LRV@ | time | LRV@ |
{min} | pH37 { {min} | pH37 | (min} pH 4 {min} Z pH &
13 | 327 | 14 12t 10 0.51 w6
5 3.54 5 £ Rt .04 30 ’ G
do | 23 | 10 | 20 | 45 | e | s o

{00138] As results in Table U1 indicate that hadl s mimute is adequate for virus
inactivation at pH 3.3, Increasing the pH to 3.6 extends the time needed to 1.1
minptes, Ten mimates are requived at pH above pH 3.6, while at pH 4 and above, no

virys inaetivation is phserved even with one howur exposure,

Example 3 Time dependence of N-Mub. V low-pH viras ingetivation with static
BHICYS

{00139 In this representative experiment, the pH and exposure time reguired for
complete retrovings inactivation in a high protein (MAD) feed sohition using static
miners is investigated.
{00140] Based on the results in Example 1, the possibility of inactivating a
retrovirus using in-line static mixers s investigated, The pH of the solwtion &
fowered as #f flows through a clinmel by injection of acid at a rate caleulated for
rediwing the pH 1o 3.4, At the downstream end of the channel. the pH is adjusted
hack to neutral for the next step in the process.  This experiment determines the
exposure e needed to inaetivate X-Mul V using an in-line wechnigue, The
experimental setup is shown in Figure 1
1001411 The sample used 15 9.9 g1, polyclonal 1gG (Seracare) in 20 mM acetic acid
bufler at pH 5.0. The feed spiked with virus is passed through she experimental set-
up shown in Figure 1 for in-line pH inactivation. The set-up consists oft {a} a

peristaitic pump to transter the sample feed: (b} two syringe pumps to deliver acid



and hase: {¢) two in-line pH probes: and (d) two static mixers, The flow rates are
predetermined in batch mode based on the amount of acid/base needed to achieve
the pii of interest. The residence time for virus inattivation is alivred by having

tubes of appropriate diameter aud lengih used aller static mixer and befbre the pH

probe. The resuits are summartzed in Table 1V below,

Table IV
Seracare Nergears
time {min} LRY @ pH 33 time (min} LRV @ pH 3.6
0.8 >i6 1.6 2.80
09 236 i.d =36
|4 >16 i3 >36
5 236 28 >3.6
33 >36 4.4 >3.6

3 fractions. in succession, for 90 seconds each are collected to ensure
consistent virus mactivation in the 4.3 miin e frame

[00142] As summarized in Table IV, complete insctivation is observed at pH 3.3
for all the time points. For pH 3.6, time 2 1.1 min gives complete inactivation. in
addition, the fractions vollected at residence times 2.3 and 2.8 min show complete
virus inactivation over the 4.5 min thue frame of data collection, therehy hndicating

that fn-line losy pH virus inactivation is consiatent over time.

Example 4. Vime dependence of XoMuLV low-pH vivus inactivation with static

MIERErs

{00143] In this representative experiment. the pH and exposure time reguired for
complete retrovirus insctivation ju a bigh protein { MAD) feed solution when using
static mixers is investigated. The experimental setup is shown in Figure 1,

100144] The semple used is 20 mg/mi. polyclonal 1gG (Seracare) in S0mM sodium
acetate buffer at pH 5.3, The predilation used to avoid cytotoxicity from the buffer
ts 1750, fn order o meet the target of LRV > 4, K-Mul.V stock of titer 6.9
TUHISOAmE. is used 1o spike feed o 5.6 fog TCIDSE /mi (199 spiked. Assay



media nyed is stundurd X-Mul V titration media: MeCoys « 1% FBSLIX
peniciilinystreptomyvein, 1X L-glutamine 1 X NEAA

JO61451 For the acidification and newtralization. 3 M acetic acid and 2 M s huiter
are wsed. Controf samples are also generated nsing only tubss (no static mixer} in
order 1o diveetly cheek the effect of the static mixer. The results are summarized in
Table ¥V below,

Table V
Sample Time Titer {log TCIDS0) LRV
{min}

pH 7 Hold 6l 3.8 wa

pH 3.4 with static nuxer 6.5 <1.5 >2.2.%<4.3
H 2.9 .9
3 “<-{.5 24.3
3 0.8 >3

pH 3.4 svithout static mixer 0.25 33 .4

0.5 3.3 0.3

i 3.1 07
2 3.0 0.7

ph 7 with static mixer 3 4.4 0.3

FFF/UC 2.4 Prep (positive control) na 6.5 wa

(3014061 As summarized in Tuble V. o virus inactivation 15 ohserved for the
positive controd and the two samples exposed to pH 7. either when held in a test
tube or when passed through @ static mizer ot the macinuus exposare time, 3 min
The samples taken through the static mixer show complete virus inactivation at
tises longer than one minute. Static wiixer is critical for vivus inactivation as very
fittle inactivation oocurs in its absence, At least two nirutes at targes pH 34 s
required to achiove >4 LRV of XN-Mubl V. he stane amner itself does not cause any

mactivation gt neoted pH
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Example 5 Time dependence of X-Mub,V virus ingetivation wsing caprylic

geid and detergents in test tubes

ID0T47] fu this expenment, vivus insctivation is perfornsed in g test tobe i order (o
determine the minimum tnwe and pH reguirements for virus inactivation when using
various additives, such as caprvliv acid and detergents such as Triton X, Pweew and

combinations thercoll

i00148] Both pure Mab in butfer as well as Mab in clarified cell culture ave used in
this experiment, While the foregoing additives are known to offect viras
inactivation, this example demonstrates that by using static naixers. virus
mactivation can be obtatved B shorter tme frame,  The results of this representative

experient are shown in Table VL

Table Vi
Pure MAWY MADBOS cell enlture
Time Capryla  Caprylat Trito Toge INBPTween2  Caprylat Oapeviat Trit
{min} te 280 e2imM nX ! G ¢ 236 e2mM n¥
mM pH  pHEA (s (1%} wmht pil pH AR (03
¢ %) ¥ %)
i it 0 { 0 i t ] {t
i >33 >3.1 >34 LI >4 281 163 23k
5 >3.1 >3.1 NAR ] i 234 »3E =K 3.4
10 231 3.1 234 1.8 234 238 #2318 ExR
24 >34 >3.1 3.4 22 234 238 2318 231

{00149 As showar in Table VI in the case of purified MAbD, one minute appears to
e adeguate for complete virus mactivation with all additives used exceps for
Pween. In case of the clarified cell culture. only Triton X at 0.5% resulis in
gomiplete virus inactivation after ong minate, while caprylate at both pH and

salinities requires a minimum of five misutes.



Example 6. Effect of salt and MADb concentration on X-Mal.V virus
insctivation st pH 3.6 asing static mixers

JOUTS6T I this representative experiment. the effect of MAbR and sali concentration
on the minimum time and pH require for vicus inactivation is investigated. MAb s
prepared fo 218 ¢/ asing 20 mM acetic acid, pH 3.2 and thes tirated to pH 5.6
using {8 M NaOH. The conductivity of that solution is 1.4 mSiem. The lower
concentratdons ae made by diluting with 20 mM acetic geid, pH 3.2 and then
ttrated o pH § wsing 10 M NaOH, The conductivity of these solutions is 1.4
m%/em. The high salt solution is adjusted by NaCl addition to a fial molarity of
250 mM. Al solutions are adjusted to pH 3.6 for virus insctivation using the inline

static mixer setup. The resuls ave summarized in Table VL

Tahle VII

HeGl g/l iNaCH mM time {see) LRY
4.4 i 20 2.8
4.4 0 40 3.5
4.4 § 61} 3.5
4 250 20 19
4.4 250 40 4
4.4 250 o6 4
218 0 20 35
218 @ 460 4.3
21.8 O ol 24.3

{00G151] As sunwmarized in Table VIL the most relevant solution is the one with
high concentration of MAD and the low salt concentration, which mimics a Protein
A elution pool.  For such a saniple, 40 seconds ave fousnd 1o be sufficient for

complete virus inactivation at a pH of 3.6,
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Example 7. Effect of pH on X-Mul V vires inactivation using stadic mixers

(521 In this representative gxperiment, the effect of pH on virus inactivation
asing static mixers is investigated, 1gG is prepared 102 /1. using 20 mM acetic
gvid. ph 3.2 and then titrated o pll S0 using 10 M NaOHL All solutions are then
adjnsted to the desired pH for virus isactivation using the in-line static mixer setup,

Fhe resgls ave summanized in Table VT below.

Table Vitl
time (sec) LRV@pH34  LRV@pH35 LRV @ pH36
20 32 34 31
46 >4 >4 3.2
6 3 >4 >4

}
i

{00153} As shown in Table VIL abous one mimse is required for complete virus

inactivation at pH 3.6, whereas even shorter times ave adequate at lower pH.

Example 8. Effect of temperature on X-MuL 'V virus inactivation using low pH

1001341 In this representative experiment, the effect of temperature on visus

inactivation is ipvestigated, Generally. in-ling viras insctivation is particulardy
conducive to exposure of the solution © higher wmperatares: theretore, it is

important to determing the offect of temperature on viras inactivation.

FOO153] The foed used in this study is 9.9 @1 Seracave polvelonal 1gG in 20 mM
sodium sectate. pli 5.0, Three aliguots of 25 ml each are transferved into three
separaie 30 ml. centrifuge tubes. o 23 ml. of this feed. 1.4 mi. of 3 M acetic acid,
pii 2.5 is added 1o bring down the pH 1o pH 3.7, Onc of the centrifuge tubes is feft
at room temp at 22 €, The other two centrifuge tabes ave then placed in water baths
set at 10°C and 35°C. Ulpon equilibration, the temperature and pH of the figuid in
the tubes ts measured (see, Table 1X below), A 10% virus spike is subsequently
added 1o each of the tubes. 3 . samples are coliected at the stipelated time ponts

and 0.4 mi. of 2 m tris-base, pH 11.0 is added to increase the p to pit 7.0.
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Table IX
Time pH 3.6 @ 12°C pH 3.67 @ 22°C pH 378 @ 33°C
{min}

i 3.3 >34 24.0

2 24.3 >4.1 240

3 »4.3 >4.1 24.0

10 >4.3 241 24.0

1001361 The results summarized in Table IX judicate that high temperatare is
preferred for virus inactivation. I is surprising that even with a higher measured pH.

the higher temperature achieves complete inactivation at the | minate Gme point,

{ stabil

Example 9. Use of static

[OUIS7] In this representative experiment, the nse of static mixers to accelerate pH
stabifization was investigated. In general, it is desirable that the time needed for the

pH o reach its desired value s minbmzed.

[GO138] In this example. experiments wre done at various flow rates and wbe
lengths and diameters, all sefected so that only laminar flow is achieved, i.e. with
Reynolds number below 100, The starting and target desived pH values are 3.0 + 1}

and 3.3 = 0.1, respectively.

{00139] The time needed to reach the desired target pH value 15 recovded as a
fanction of time or solution volume precessed. The volume s expressed iy terms of
tube dead voluses and data is collected at a flow rate of 10 mi /Amin. The results are

summarized in Table X below,

Tahle X
Reynolds # # of dead volumes
{dimensionless unifs)
No static mixer 4030 S
12 static mixer clements {G-100 3
24 static mixer elements <§0 2
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{01601 The results shown in Table X mdicate that pH stabilization occurs faster
when using more static mixer clements, whife still remaining well into the laminar

(tow.

Example 16, In-dine virus inactivation on Protein A eluate

{0U161] 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 abwat three column volumes, Bach fraction is separately
adjusted 1o two pH values, 3.3 and 3.6. The amounts of acid needed w reduce the
pH 0 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 for each
fraction because the different amounts of MAD result in different buffering capacity

for each sample.

100162] A model is then built of the amounts of acid and base as a fumction of
sluate volume. A second experiment ts performed where the Protein A eluate is
continuousty adiusted to the desired pH based on the model built. Virus
concentration is measured following virus inactivation to confirm that vims

inactivation is achieved.

Example 11, Effect of in-line viras inactivation on MAD guality

[0163] In 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 (Le. pH 3. 3.3, 3.6 and 4) and times (e 1L 2
3 and 15 and 90 minutes).

{00164] The samples are then neutralized and tested for presence of aggregates by
Size Exclusion Chromatography (SEC) and SDS gels and tor changes in charge
variants by weak cation exchange chromatography (WCX-10). The identity of the
resulting protein is also analyzed by Liquid Chromatography / Mass Spectrometry
¢LO/MS)
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(OO163] The specification is most thoroughly understood in light of the 1eachings
of the references vited ywithin the specification which are hereby incorporated by
reference. The embodiments within the specification provide an dustestion of
embaodiments in this invention and should not be construed 1o Bt its scope. The
skilled anisan readily recognizes that many other embodiments are sacompassed by
this myvertion. AR publications and inventions are incorporated by reference in their
entirety. T the extent that the material incorporated by reference contradicts or is
inconsistent with the prosent specification, the present specificstion will supercede
any such material. The citation of any references herein s not an admission that

such references are prior ant (o the prosent invention.

[G0166] Unless otherwise indicated, all numbers exprossing quantities of
ingredients. cell culture, treatment conditions, and so forth used in the speeification,
meluding claims, are o be understood as being modified in all instances by the e
“about.” Accordingly. unless otherwise indicated o the conteary. the nemerical
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 feast” preceding a series of clements is to be understood o refer 1o every
clement in the series. Those skilted in the art will recognize. or be able 10 ascertain
using ne more than routine experimentation, many equivalents to the specitic
embodiments of the invention described herein, Such equivalents ave intended fo be

encompassed by the following claims.

[00167] Many modifications and variations of this favention can be mwade withowt
departing from its spirit and scope., as will be apparent to those skitled in the art.
The specitic embodiments deseribed herein are offvred by way of example only and
are not meant to be Bmitiog inany way, It is intended that the specification and
exampies be considered as exemplary only, with 8 trie scope and spirit of the

ivention being indicated by the following claims.



Claims

What is claimed is:

1. A method for inactivating one or more 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, wherein the sample is mixed with one or more
virus inactivating agents using one or more in-line static mixers or one or more surge

tanks.
2. The method of claim 1, wherein the first unit operation comprises bind and elute
chromatography and the second unit operation comprises a flow-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 1, wherein the sample comprises a Protein A eluate.

6. The method of claim 1, wherein the target molecule is an antibody or an Fc

region containing protein.

7. The method of claim 1, wherein the one or more virus inactivating agents are

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

8. The method of claim 1, wherein the flow of sample is in the laminar flow range.
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9. Amethod 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

(b) 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.

10.  The method of claim 9, wherein the Protein A affinity chromatography process

is performed in batch mode.

11.  The method of claim 9, wherein the Protein A affinity chromatography process

is performed in a continuous mode.

12. The method of claim 9, wherein the process comprises continuous multi-column
chromatography.

13. The method of claim 9, wherein the one or more virus inactivating agents is an
acid.

14. The method of claim 9, wherein the target protein is an antibody.

15.  The method of claim 9, further comprising the step of continuously transferring

output from step (b) into a flow-through purification process step.
16.  The method of claim 15, wherein the flow-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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