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METHODS FOR INQUTIVATING VIRUSES DURING A PROTEIN
PURIFICATION PROUESS

Related Applications

T The present application claims the beaefit of priovity of UR, Provisional
Patent Application No, 61666, 145, filing date hune 19, 2012, the entive content of

which is incorporated by relerence horein i its entivety,
Field of the Invintion
02T The present invention provides ti-line mothods for inpctivating viruses

during a protein purifivation process,

Backeground of the Invention

03] Large-scale and economic purification of therapautic proteins and
especiatly monoclonal antibodies is an increasingly mportant problems for the
bictechnology indnstry. Generally, proteins ave produced by cell culture, nsing
pither mammalian ov bacterisd cell linex engineored 1o prestucs the protein of interest
such as @ monockonal antthody, Howeser, onde prodoced, the proteins have to be
separated frone various impurities sueh as, host cell proteins {(HCPs), endotoxings,
vivuges, DNA e,
{0004] 1o a typleal purification process, once & protein of interest s exprossed
cell culture, the cell cnltre feed is subjected to g Clarification step for rvemoval of
cell debris, The olarified cell culture feed containing the protein of interest is they
subjected 1o one or more chromatography steps, which may mclude au alfinity
chromatography step of & cation exchangs chromatography step. In order {o ensare
safoty of a protein of intorest, especially in case of a therapeutic candidite, ftis
necessary 1o inachivate any viroses which may be prosent in s sample contaimng the
prosteln of interest durivg the purification provesy, Geperally, vims inactivation is
performed afier a chromatography step {e.g.. alter atlinity chromatogmphy or after
cation exchange chromatography b Typieatly, B g large seale process, following 1
chromatography step au chution pood containing the protein of interest s collected
i @ farge tank or rexervorr gnd sobijveted o v virus ingctivation stepdprocess 10T an

extended pertad of tme with mixing, which may take several howrs o aday or
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fonger, i order e achiove complete mactivation of any virases that may be prosent
i the elation pool,

{00051 Several virus inactivation eehnigues are knowa in the at including,

teraperatare, pH, radiation and exposure 1o certain chemical sgents.

Stumny

{0061 The present invention provides methods of virus inactivation doring a

P
P

protein puriiication procoss, which have several advamtages over the methods
currently being used in the Industry during prs:}'{ein purilication, Spesitically, the
methods deseribod herein obviate the need for using large tanks or reservoirs for
performing the vires inactivation step during a protein purifivation process; redue
the overall time required for virns inactivation as well as reduce the overall phvsicul
space requared 1o run the virus inactivation operstion during s protein punification
provess, which dn turn reduces the overall footprint for the whole pwrification
PROCEES,

fO007] I some smbodiments, & methad for mactivating ong o 5iows virases i a
sample in g purification process is provided, where the method comprises
continuously mixing the sample with o of more virus Insciivating agents ay the
saviple fows from the Hrst unit operation to the second unit operaticn.

{QUOR]  In some ambodiments, the first unit operation comprises hind and ehue
chromatography and the second unit operation comprises a How-through
purification process. An exemplary bind and ehae s;:iimmamg.s‘&;;‘.sh;? unt operation
clndes, but s not Baited o, Protein A alfiniy chromatography,

{009 In some embodiuments, the How-through purification provess comprises
o o more pratrices selecied rem the group consisting of activated carbon, anion
exchange chromatography media, cation exchange chromatogrphy medin and &
virus fhration media,

{0 In some embodiments, the sample comprises 8 Protein A shae
compising a target molecule, Exeraplary target molecules inchade, 0. antibodies.
{0011 In some embodiments, the sample v mixed with one or more virys
inactivating agents using one of more in-line Ratie mixers. In other embodimenis
the sample s mixed with one or more virus iInactivaling agents gsing one or move
surpe tanks, When static mixers arg used, the How of samplde s in the taminar

range.
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0121 fo some embodiments, one or more virus insctivating agents are selected

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

3 o somw ombodiments, g method of insctivaling one or mre viruses in g
Protein A eluste s provided. where the method comprises mrixing the shuate with

one or more visus nactivaiing agents using an in-line static mixer, whereln
connplete vipus nactivation 18 achisved In fess than HY minates or leas thaw 3
minates or eas than 2 ovnutes or less than 1 minute
0] Inother embodiments, & method of Insctivating one or mone viroses in g
Protein A oluate 1§ provided, where the wethed comprises muixing the eluate with
OIS OF IO VIS inactivating agents using a surge ank, where complele viras
activation iy achisved in less than one hour or less than 38 aruaates.
ST o some aoabodiments, a mothad for mactivaling ong o more viruses
comprises: {a} subjecting & sample comprising 8 lavgst protein {2.g., an antiboady} o
a Protein A affinity chromatography process, thereby o oblam an cluate; and (b)
eontinously transfirring the eluais 1o ay in-hoe static MINer 10 70X ORE & MOKR
virgs mactvaling agents with the eluate for a duration of time which w equalio or
less than 10 minuiss, therehy 10 INaciival one oF More viruses.
{00161 In some embodiments, the Protein A cluate which is subjecied o vires
Tnsctivation nithods desertbed herein i olstaingd following a Protein A affinity
chromatography process performed w batch mode. o other embodiments, the
Protein A affinity chronmtography process iy performed in 2 continvous mode, In
some embodiments, continuons mode comprises a continuons multi-column
CHIONREORIRPIY PrOCess,
FUHTY Do some ambodiments, one or more vivus mactivating sgonts an acid, used
tor perform 8 solution change.
PR In some embodiments, the eluate i continuously ransforred 1o a flow-
through purification process step following virus insctivation, in that the ouipat
from the satic mixer Hows divectly into a flow through purification step, which may
welude use of v or more matrives selectad from setivated carbon, anton oxchangs
media, cation exchange media and vires Blivation wedia
FI0IQY Inother smbodiments, the ehuate 1s stored following virus ingetivatinn faw
an exiended poricd of tme (2., 13 1 24 hours or overnight} i a pool or storage

tank, betore i is subjected to the next umt operation or progess step, e.g. & How-

9%
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through purification provess step or a vation exchunge hind wd elhute

chromatography step.

0201 In some smbodimeniy desoribed baredn, the ving tnaciivation methasds
described herein are g part of & larger protein purification progcess, which may

meltude several steps tochnding, bot net Hted o, e, oulturing cells exprossing

prodein g Moreactar: suljecting the coll culturs o clariflcation. which may
emplay onge of more of precipitation, centrifugation sndfor depth filiration;

trapsferring the clarified coll culiure 1o bind and slute chromatography capture

L

. Protein A atfinity chromategraphy )y sulijecting the Protein A cluatb o g

virps inactivation method, ax desortbed herein; subiecting the output o ving
mactivation © g How-through purification process, which emplovs two o mere
matrices selected from setivated carbon, anton exchange chromatogrmphy media,
cation exchange clromstography media and virs filtration media and foronudating
the protein in the Howethrough frony the How-through purification step using
digfiltraton/concentration sl stertle filtration. Additional dotails of such processes
can be found, e.g., in co-pending application having reference no, PLIOT, filed
concurrently hetewith, aad the entire contents of which are incorporated by

vefsrence hersin,

s,

{OU2HY] 1o some embodiments, g Huid sample eontinuousty flows through the

entire process, as deseribed ahove, from one step to the next,

Brief Deseription of the Drasvings
22

Figare 1 ix g sehematic depiction of an experimental set up for virus
inactivation waing bwo in-line static waxers, The setap shown inchades: (@) s
peristaliic pump for smnple feed, {I) two syringe puraps to deliver acid and base, )
twr in~-iine pH probes, and G5 b static mixers, The flow rates are predetermined
i1 batel mode based on the amouot of acidfbase nesded to achiove the desired pil

The residence time for vires insctivation is altored by having tubes of appropriate

diaracter and length alter cach static auixer and belore the pH probe.

Dotatled Description of the Invention

{0231 Biopharmaceuticad manufaciuring regoires the nactivation or removal of

viryses {poming oo aninnd ductved comsponents. nvduding mammalian cellsy for
g safoly and oy meet the standards set Torth by the Food and Drug Administration

4
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{(FBAY Typioal processes invobve a number of wiral clearance steps that
cumudatively provide the negessary protection.

[O024] Some provesses ased v the fndustey tavebve dtation of the solution
constaining the target protein to a low pH in order to cause destruction of any
grviloped virnses and viral components. Generally, the sample containing the
target protein must be retained ot these conditions for an exiended period of time,
both bevausy time is needed for virus inactivation bud alze — and more importanptly —
to enswre homogeneous mixing for effective virus inactivation. Therefore, i case

o~

o farge

cale provesaes, the saople contatuing the favget protein muast be inenbated

’J}

for an exiended period of tioe at & low pH o order to promwte efficieny virus
inactivation often with mixing. Sew. eg., Shukds et al, 1 Chromatography B, 848
{20071 28-39, whach describes virus ingoetivation using incubstion of g protein
sample for a suttable duration of time at low pHL

{00251 The pH conditions are ostablished 85 a halance between g low pH valuwe
that 1y sufficient to cause mactivation and a high enough value to aveid denatoration
of the rpet protein. Additionally, the sample muost be exposed for a cortain amonnt
of fhae to canse 2 significant reduction, usually 210 6 LRV in virus setivity values
{See, e.g. Miesegaes et gl “Analysis of viral clparance wit operations fr
monockmal antibodies.”™ Biotechnology and Bioengineering, Vol. 100, pg 238246
{2010

§{}{}2{{§ The three parametery that are considered fmportant for a virms ingetivaiion
process are pH value, exposure time and tompersture, assuming homogeneous
mxing is present. {o case of large-scale provesses, mixing poses a challenge dee to
farge volumes and additional parameters, such s mix rate and mass transtir, slso
hecome Impariat.

FO27] In case of Fo reglon containing proteins {e.g., monoclonad antibodies), virus
mactivation is usually _mts"ihm‘mi following clotion from a bind and elute
chromatography process step {e.g., Protein A affinity chromatography or cation
gxchange chromatography b becanse the pH of the olution pool i3 clser to the
desivable pH for vires nactivation. For exanple, in processes used in the indostyy
today, the Protein A chromutography elution poo] typically has g pH in the 35 w0
4.4 range amd the catinn exchange bimd and elnte chromategraphy elution pool

typteatly has o pH abowt 8.0
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FOUZE] o most processes used in the indastey tnday, the ohution poel pantaining
the target protein 1 adpusted 1o the pH destred for ving inactivation sod hedd thae
for & cortain length of time, the combination of pH and time having beon shown ©
result i virus inactivation, Lowger fimes are roove effective for viras in;—.mé\.-'a*;i.f;sn,
espevialty in case of @ harpe-scule prowess, however, longer times wre alao knows ©
cause protein damage. Extended exposure to tow pH may wesull in precipiiation and
formation of apgregates, which is undesirable and often requuires the use of a depth
filler andfor a sterile filter o remove such precipitates and aggregaies,

I addition to low-pH induced prodaect quality issaes, aglation in pool fanks can

cuuse aggregation. Proper mising i essential i order © h;;nm;xge'nizm profein

2 be preated with acid/tase or buflor to adiust pH and/or conductivity (See, ¢
Vargquez-Rey et al., "Aggregates i monocional antibody mamufacturing §‘mwv~m
Bictechnodogy and Bicenginecring, Vol T0&, Issuw 7, pages 14941508 (2011
FO024] Several studies bave shos that shear due 1o agitation alone may not cause
protein aggrogation, bul may be facilitated by stireing in the prosence of a gas-lignid
interface (See, e.g., Mabler et al, “Protein aggregation: Pathways, induction faclors

and analysis,” 1 Pharn, Sei, 38912908 2934 (2008, Harrison of al., “Swghility of

a sing}ewc&'}aﬁ;; Fyv antibody fragment when if'xg}{f!i%ﬁ(i tr a high shear eovironment

N

comtbined with air-haqad taterfaces,” Biotechpol, Bioeng, 393172519 (19980, For
axample, the sforementioned studics bave shown that foss nactivity for a single~
chain Fv antibody fragment resulis upor stiring the protoln in an ﬁincam;ﬂemi}-'
fitted vessel. Further, these studies shoeaed that proteln activity was not fost w the
fermerstation broth i the prosencs of antifeam in the fermentation broth, However,
scddition of antifoam may not be the ilegl solution, especially since would add
additional punification sepy and provessing tine to a purification provess,
{00301 The present mvvention provides novel and improved methods for vivus
inactivation (aleo referred 10 a9 WV hercdn) during a protein porification process,
wivich reduces the overall time for viray inautivation, the cost as well as the overall
physical footprint asseciied with g protein purification prodess,
FHIR T The methods deseribed berein are able 1o achieve viras ingetivation g
contingous manner, which sigmificsntly reduces the time sssociated with vives
mwactivation refative 1o most onaventional processes, and o turn, reduces the i

for the overall purifivation procesa,
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FO0321 In some embodiments deseribed horein the methods according to the
preserd nvention smploy one oF more in-Hpe statie mixers for achieving viras
inactivation. Inother embodiments, the methods according 1o the present invention
ginpdovs oue o e surgs tanks for sehieving ving jnactivation. The methads
deseribed heretn facilitate the runiang of g whale punification process ina
continuoes manner, Le. the sample containing 1he targe protein can soptinuously

flow from one process step (o urt operation) 1o the next process step {or unit

opsration), withowt the need to stop the fow of the sample atter a process step.
Acpuritingly, in sonw enthodimonts aceorting to the present invention, the slation
poot from an upstream bind and olole chromatography process step {eg., Protein &
aifinity chromatography or cation exchangs chromatography } can be subjected w
virus wactivation in-line, nsing a static mixer and the sample flows continuously
arto the next provess dep {e.u.. 3 Bow-through purification process step).
Accordingly, unlike conventional processes, the clution pool does not have to be
mised or incubated with a vivuy insctivating agent Tor an extended peried of time in
sopool tank or & vessel before moving on o the pext process step in the purification
THDRESN.
[OOR3] Notably, static muxers have beers desortbed for mixing s sample as His
pxposed to radiation for mactivating pathogens (see, e.g., LS. Publivation No,
2040131497 and PUT Publication Mo, WORGIZO92806), or mixing & blood sample
with g vivus inactivation agont using o statie mixer {see, e PFOT Pabdication Neo.
WOIHEO5RG40 ) however, there appesars 1o be no teaching or suggestion i the ant
of the use of static mixers {or schieving vine inactvation during a prodein
purification provess, a5 the sample Hows frony one pnit operatinn to anpther.
[T The msthods desceibed horein offer several advantages ever the

0

o8 tsed in the mdustry today, some of which are desoribed

gonventional proge
below,
{OU35] The virus inactivation methods desentbed herein are albde o avliteve maore

efficient mixing of the sample containng the wrget protein with a sutlable vivus

o~
inactivating agent {e.g.. low ph in fess Grme than most conventional provesaes,
{00361 Due o shorter processing tae. suy petontial adverse effoet on the warget

X3

profein quality i3 rmvimived. For example, it has been shown that exiended

P

exposurs 0 fow g conditions can result i affecting the guality of the target

protoln wug. by causing protein ggygrogatos as well other dotrimental changes (See.

-
H
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o.g., Wang ot al. “Antibady structurg, stability and formudation,” 3. Pharm, Set
Vol, 86, pg. 1-26 2007} By having a shorer exposure Hime to condibions {hat may
potentially be detrimental to product guality, any damage to the produet quality can
he mintmiized or aveided.

JO037

e

The present ivention is based, at least fn part, on & surpnising and
urexpectast ahservition that even when the flow of the sanmple i iy the lamdnar flow

i

range {2.¢.. al slow fTow- m’ist:}, etficient mixing as well as offi

ant virus ingctivahon

van be achigved, Specifically, in case of the sowe methods deseribed herein,
hecause of use of in-Hoe static mixers, the Sow-ate of the sample can be controlied
suedt that to place the flowsrate v the laminar flow range, This allows for a more
prediciable nactivation compared 1o higher How-rates, which contributes 1o
turhudence and leads to & narrowsr optimum opersting window. This result ix
unexpected a5 generally, a higher flow-rate s required to achuove efficient mixing
TOO3RT A provesy operating o the lammnar Bow range can be better controllad, ax
mixing does wol depend on the presenee of trbudenee. For example, ifihe
upsiveusyy How conditions require @ reduction in the How rate, the in-lve mixing
provess may Tall owt of the webulent regivse and lose some of its mixing efficiency.
Howevey, if the efficiensy i dominated by the Luninar flow which exists over the
entirg How range, eifiviency will not soifer.

{0391 The methods described herein also offer more control over the process
paramneters. In other words, because the mwthods described herein offer move
control over the pH conditivas, they offer muore control over the entirg provess and
enable a rmore robust process in general,

0T In addition to some of the forgpoing advantages, the methods deseribed
herein also resnlt in g smaller physical footprint of the provess, o, by eliminating
the peed to use a pood tank for vires insctivation. In general, there 13 a growing
denund for more flexible manoiacturing processes that improve efficiency by
reducing the overall physical footprint of the process (Lo, Boor spacey. The
methods desertbed herein we able o reduce the overall fooipring of a purification
provess by replacing large pood fanks that are typioslly used for vivus insoetivation
with in-fine static mixers or surge tanks, which gre much smaller than pooltanks,
041 The meothods deseribed berein resull in the elimination of an entire unit
oporation in g purihivation provess, For example, ss discussed above, generally,

virs nmetivation s performed in g large pool ek, Inomost conventional progesses,
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the elnate from the upsiream bind and elate chromatography step s collected ina
poet tank, ofivn withow! sy mixing capabalitios, Acvordingly, the sample {fe, the
elation pool) has o be transferred to g proper pool tank with mixing capabilities,
The pH s then adjasted to the destrable value, followerd by ane to two howrs of
incubation or longer, at the desirable pH value, Following mixing, the pH hasio
agaiy be adiusted o the pi which 13 spitalde for the next process step, whick is
usuatly a higher pH than for virgs insetivation. One (sterile} or two {dopth and
aterile} Rltration steps may also be wsed o romove any torbidity from the vins
wactivation sample prior to sublecting the sample to the subseguent step. Often.
each of these steps may be performed over the course of o dey and constihate an
ontire separate unit operaticn.
(00421 B some erobodiments, shorter exposure resalts in less or no turbisdity,
therefore eliminating the novd for subsequent fltvation stepx. The methads
dieseribed borein aignificantly strplify conventional purification processes by
cluninating the ontive enit operation which invelves using & pool tank for vin
inpctivation
{00431 The metheds described hereln offer eandir scalability, Scaling a batch pool
tauk systern nvolves fncreasing the stabilization time as well as the mixing
effticioncy which is baved on the underlving mixing svstem (2.g. an impelierh For
example, i ihe pool tank volume is increased by g factor of 1), then the mixing
efficteney would have to be norcased by a factor of 1} in order 1 retain the same

iy Hne, Again, the mixing toe should be mintnvized to safeguard the protem

while maximized to achiove g cortatn LRV inactivation. In many cases, 8 mixer
cannol be sealed op 1o an squal muxing officiency because of Huitadions on the

impeller stre and avatlable moter RPML The present jovention significantly
wereases the mixing efficiency and offors scalalality based on a dimensiondess
number eatled Revnolds number {Red which dgp\’mm o the dimeasions of the pipe
ar penneeting tube which includes the ur-line static miver. the flow veloeity. liqud
density ard viscosity, Reynolds munber s defined as the satio of density X static
mixer dimeter X How vate o viscosity, Mixing efficiency can b hmproved by
wmereasing the number of miking cloments of the statie nuxer. Botter sealability and
more predictive performance reduce the process paramaters down © ondy pH and

tune and ehiminate the dependency of succesy on mixing efficiency.

g
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{00441 In-hine static mixing, @3 desoribed heretn, allows g solution to be modified
i a vary short tme, therehy olininating suwh of the stabtlization e, This allows
the entire process to be covapressed and sesulls fn g working volumw that &8

*

reasenable for sealing and design purgses. The properties of the sanple flutd can

b changed by Introducing g virns setivation Hndd into the matn Hoid stream throngh
a Tovalve or g manifold svstent Once the fluid i3 30 the newly destred congdition, the
regutred residence tine at the mactivation pH can be guaranteed by increasing the
restdencs time in v tube after static miber either by increasing the length or diameter
of tobe or both, At the end nf the required rusidence tin, 8 secondary modification
can be done to bring the Thad back Into s condition that is desirable for the protein
and the next process step.

HHMST The virus inactivation methods desertbed hereln faciltate a purification
process 1o be run 1 a continuous made, ux desoribed i more detat! lurem.

[O046] Do order that the present inverntion may be more readily understood, certain
terms are first defined. Additions! definitions are sot forth throughont the detailed
description.

. Delinitiony

{00471 The term “static mixer,” a3 wsed herein, refers to g dovies for mixing two
fhuid msterials, typieally liguids {o.g., a sample contaiming & arget profei oF an
cluate from a biod and elule chromstography process stepl. The device typically
includes mixer eloments (also reforred © g8 ponemoving clomenis) contained in
eylindrical (rube) bousing. The overall system design incorporates g method for
dilivering two stroams of Suidy bt the statio mixer. As the streams move through
the miver, the nov-moving elerpenis of the static mixer contimponsly hlend the
materiats, Complete muixing depends on many variables including properties of the
fluids, rube ey diameter, momber of mixer glomonts and thelr design, by variows
ernbodiments deaortbed herein, & stalic mixer i3 ased invline.
[OO48] The term "in-Hoe™ or “incline oporation” refors (o 8 process of moving o
hepad sample through atube or some other condolt withouot storage & vessel.
Accprdingly, in some swybudiments seeording 1o the present invention, a static
mixgr i ased in a il aperation” 2 tube through which g Hguid sample
contaiming & targed profein B rooved from ong process step to another,
HHMST The term vims insotivation” or VI refers o the teatonent of & sample

CONTAIIE ORE OF MNTS VIrusEs f a manney such that the one o more viruses are o
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tonger able © replivate or are rendered fnaetive, Virag ingctivation may be scloeved
= k "
by physical means, o.g. bom, ulraviolet Light, nltrasondc vibration, ov using

e
chemical means, e.g., pH change or addition of a chemical, Virus inactivating is
typicatly & process step which s used during most protein parification provesses,
espeeially in case of purification of therapeutic proteins, In mwtheds deseribed
herein, V1 is performed asing one or more in-line static mixers or surge tanks, IS
wnderstood that failure to detect one or morg virases in a sample asing standard
aasays known in the wt and those desertbed herein, ts indicative of complele
ingetivation of the one o more virnses following trestment of the sample with ong
OF MOre virus inschivaling ages.
JO050] The o “virss insctivating apend™ or “virus inactivation agent,” refers o
sy physieal or chamical mosans eapabli of rendering one oF more viruses mactve
oy unable to replicate, A virag insctivating agen, as used i the methods deseribed
herein may inchude a sohitton condition ehange {e.g.. pH. conduginaty. emperature,
oty or the gdditton of a sobventidetergent, a salt, 8 pobvmer, & small molecude, a
drug molecule or any other suitable entity efe, which interacis with ane or maore
viruses noa sample or a physics! means {e.g., exposure to UV light, vibration etely,
such that exposure o the virus nactivating agent rendors ong OF MORe VIruses
inactive or ingapable of replicating. In a panicular embodimend, & virus bacthivation
ageat is a pl change, where the vires nactivating agent s mixed with & sample
containing & target meleoule {2, an eluate from a Proten A bind and elote
chromatography step) using an in-line static mixer or 8 surge tank.

{0

&

i The term "virss removal” refers to the voabment of a viras-containing

sobution such that viruses arg removed from the solution, Vivus removal may be

done through sfoving (.2, using 2 nansfiiiration membrane with an appropriate pore
stze) or through adsorplion (e using 8 chromatographie device with medin of g
charge oppesite from that of the vipus}

{0331 The termt “turbulem How” refers 1o movement of 2 fluid i which

pornny

subcurrents by the fodd display turbulence, moving w irregular patterny, while the
overall fow s in oo direction, Turbulon flow is conmumon W non-viscons Haids
moving M high velocities,

(00331 The tern “laminar fow™ refers o smooth, arderly movement of & fluid, in
whish there is me turbulence, and any given subourrent moves move o {ess in
paratiel with any other nearby spbeorrent,. Lamingr flony 1 comumon in visgous

H
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fluids, especially those moving at low velocitien. I some embodiments according

tos the methods desertbed horein, laning Bow is omploved

FOG34TY The torm "pool lank™ as used berein refers ©© any contadney, vessel,
reservesin, tank or bag, which is used between process steps and bas a stzefvolume o
enable collection of the entire volume of cutpast from 8 process step, Poad tanks
may be used for holding or storing o manipulating solution conditions of the entire
volume of outpud froen a procesy sep. I various embodiments acenrding o the
present invention, the methods deseribed horein obviate the need to use one or o

poct fanks,

F0E3] n stme envhodinments, the methods deseribed hereln may nse one or more

surge tanks,

FO036] The term surge k™ oy ased herein refers 1o any container or veased oy
bag, which is used botworn process steps; where the output from a process siep
flows throogh the surge tank onto the pext process stop i a purifioation provess.
Aceordingly, g surge tank s differont froms g ponl ank. o that it s not intended

hold or colleet the entive vohame of sutput from a provess step but instead enable

’.s‘}

sontinunus How of outps froem one progess step to the next. In some embodiments,

the volume of & surgs taok used boloveen two process steps in & methods desoribed

Berein, s no nuwe than 25% of the entire volume of the ontpul from 8 process step.
n another ewbodiment, the volume of a surgse taak i no more than 10% of the
eative volumi of the output from a process step. o some other embodiments, Uwe
vosharne of & surge tank is Jess than 35%, or less than 30%, oy less than 23%, or less
than 20%, or less than 15%, or less than 10% of the entire volome of a cell culinre
i a bioreacior, which constitutes the starting muteriad from which a target moleeule
in o be purified. In some embodiments, vivus inactivating, as deseribed herein, 15
achivved vig s surge tank, where a surge tank is emploved e mixing a suitable
virus inactivation agent with a sample containing a target protein {e.g., shuate froma
Protein A bind and clute chiomatigraphy stepl

3

{OOETT The wrm “connsctod process” refers o provess for purilying 8 larget

molecude, where the process comprises Two oF MOTe proress 3

X

S8 {or unit

pperationa), which are in divect Huld compnmication with each other, such that thud

v Hows through the process step {or unit operations) in the

12
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process grd i in shmultaneous contact with tve or more unit operations during the
nonmal operation of the procesa. s understocad that af thines, at least one process
step {or wat operation) i the provess may be lemporarily isolated from the othes
prncess steps {or anil operations) by a bacvier sach a3 & vabve i the closed position,
This mporary ixolatien of individoal unit operationy may be necesswy, for
example, during start ap or shut down of the process or during removalireplacoment

of individual uril operations,

[OUSE]  “Protein &7 and "ProA” are used imterchangeably herein and snpompasses
Protein A recoverad from o native source thereoll Protein A produced synthetically
{e.g., by peptidde syathesiz or by reeombinant technigues), and variants thersof
which retain the ability to bind proteins which have a CHYCH; reglon, such ag an
Feregron. Protein A can be purchased commercially fraum Repligen, Pharmacia and
Fermatech, Protein A is gencmdly immobilized on o solid phase support material,
The torm “PreA” alse refors o ap alBimity chronutography resin or cohuam
containing chromatographie solid support mateix 1o which s covalentdy attached
Pratetn AL In @ particular ambediment, Protein & wsed in the methods avconding to
the present invention 1s ay alkaline stable form of Protein & In a particular
embadinen, Protein A inchades one or svore Protoin A domains or a fimetionat
varianty or fragments theveof, a3 deseribed tn UK, Patent Applications Mos, US
27053 88K, filed Decomber 18, 2009, and 137/489,99% Filed June 6, 2812, both
incorporated by reference hevein, which relate o either wilibtvpe mulibmerie forms
of B, & ev € domans or multimeric vanants of oae or more domains of Protein A
fag, B2 or C domatn pentamers) with cach domain having g troncation of 3 or 4
s:‘maino geids from the Nuterminas, where a donain may additiooally include a

sation to reduce or eliminate Fab binding.

FOOS9T A funclionad derivative, Bagment or variant of Protein & used in the

metheds secording to the present invention may be charscterized by 1 binding
constant of s feast K10 M, and proferably K107 M, for the Fe region of mueuse

feG2a or human {gGl An inferaetion obtgined with soach value for the binding
constan s ormed high affinity binding” in the present context, Preferably, such
funcitonal derivative or variant of Protein A comprises at feast part of g fancticnsd

In€s binding domain of wildetype Protein &, selected from the naturad domains B, 0,

o
ot
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ALBOC or engineered mutanty thereo! which have retained 1gG binding

finctionality,

{0050 I various emhostiments aopording to the present invention, the Protein A is

anmobilized on a solid sapport,

{011 The weoms “solid support.” “solid phase,” “matrix™ and “chromatography
mmatris,” as used fterchangeably heretn, penerstly refors ® any kind of particulate
sorber, vesiv or other solid phase {e.g., 8 membrane, non-wover, monolith, et}
which in & separation process aots as the adsorbent & separate o target molecule
{e.g., an Fo region contalning protein sach a3 an immaonoglobuling from other
molecules present in g mixture, Usoally, the wrget molevule is separated {rom other
molecules as a reselt of differences in vates 8t which the individoal molecules of the
mixture migrate through the matnx under the infleence of & moving phase. The
matrix consisting of reain parteles can be put in cohumns or cartridges. Examples
of materials for fornung the matrdy include polysaccharides (such a8 agarese and
celhdose);, and other mechanically stable matrices such as silicn (e controlled pore
glass), pelvistyrenedivinvibenzene, polvacrylumide, coramic particles and
derivatives of wiy of the shove, Typically the matrix carries one or more types of

Hgands, However, instanees oxist where the mutnix slone is the chromatographic

media {e.g., activated varbon, hydroxyvapatite, silicy, ete)

{00621 A “ligand” 15 a Rmetional group that 1s attached to the chronutography
mairix and that dotermines the binding properties of the matrix. Exasmples of
“hgands" tnelude, tae are not bimited {o, Ion sxehange groups, hydrophoebic
freraction groups, hydrophilic tneraction groups, thiophilic imeractions groups,

metal afftnity groups, alfinity groups, bloaffinity groups, and mixed mode groops

{combinations of the sforementioned), Soane Hgands that can be used herein
iclude, but are not Himited 1o, strong cation exchange groups, such as salphopropyl,

sultore ackl; strong aniton exchange groups. such as trimethylanumoniam chioride;

%

wenrk vation exchange groups, such as carbosylic seil) weak anton exchanas

P

3

groups, suchas NN divthylamine or DEAYE hvdrophohic interaction groups, such
ax phenyl, butvl, propyl, hexyll sud affinity groups, such as Protein &, Protein G,
and Protein L. by vartous cbodiments according o the invention, the ligand i

Protein A o a variant or fragment thereod

£
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N

{00631 The torm “chromatography.” as used hevein, refirs to any kind of technigue
which sepasates the product of nterest (o.g.. & therapeutis protein or antibody) from

conaminants andfor profein aggregates in & hiopharmaceutical preparation.

{O064] The tenm “affinty chrovwatography™ refirs to 8 proteds separation techpigue
i owhich g targel protein {e.g., & Fo region containing protein of interest or amtibody)
ispecitically bownd 0 & Hrand {e.g.. Protein A), which s typleally immohilized

artte g sehd suppor (the ligand immobilized on the solid suppot i roferred 1o

pee

o

wrein as & “chromatography matrix™) The target protein generally retalns i3
spestiic binding alfinity for the Hgand during the chromatogeaphic steps, while
other solutes andfor proteins in the mixture do not bind appreciably or specifically
1o the hgand, Binding of the target protein to thy inmmobibized Hgand allows
snpurities including contanyinating proteins or protedn impurities {e.g, HOPs) to be
prassad tireugh the clromastography mateiy while the target protetn renmaing
specifically bound 1o the hmoebilized Hgand on the solid support magerial; however,
seame non-specific binding of the vontaminating proteins onio the malrix is typically
olmerved. The chromatography matnix 18 typeally washed one or more times with g
suitable wash bafler, in order to remove the non-specifically hound proteins {eg.,
HOPsY and other impurities before ehuting the bownd provein From the matrix, The
spectiteally bound protein of intorest i3 subsegquently ehuied frony the matrix asing 8
suitable ehution bulfer which facilitaies the separation of the protein of interest from
the matrix, I embodimeats scoording to the present inveniion, ohe or mose
wtermediate wash steps are ehiminated from soch a process, without decreasing the
purity of the ohuted target profein, In other words, o some embodiments according

by

1o the present invention, g p;‘{:smifa of interest is allowed to bind o a Protain A

need for one or more intermediate wash sigps: hmxugr the purity of the protein of
wterest i the Protein A elution pool is not affecied. I other embodiments, the
aumber of intermedinte wash steps are reduced ponpared to a provess which would
normaliy ase g certain number of wash steps w order 1o achivve a cortain level of
purity of ihe protein of interest 1o the Protein A slutinn pool. In variow
enbodiments aoverding {o the presert nvertion, the leved of host vell proteins i
reduced 1 the Protein & clution pooll dogpite the clindnation of vy reduction fnthe

sunther of intermediate wash steps.
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H6S] The torms "e-exchange” and Mon-oxchange chromatpgraphy,” as used

inferchangeably heretn. refer o the chromatographic process i which & solute or

A
analyte of intorest in g mixtwe, ntoracts with a charged compound Hoked (such ag
by covalent attachment} o g solid phase 1on exchange material, such that the solute

or analyte of interest interacty sonespecifivally with the charged compound maore op
iens as gompared o the solule purilios O comtaminants i the mixture, The
contanmnating solutes in the mixture ehate from a column of the fon exchange
material {aster or stower than the solute of inlerest ov are bound o or excluded from
the reain refative 1o the selufe of interest. “lon~exchange chromatography™ inchudes
catinn exchange, anion exehange, and mixed mode jon exchange chromatography.

For example, cation exchange chromatography can bind the target peolecule o ¢

Fo region comaining target proteind followed by elution {oation exchangs bind and

elute chromatography or “CTEX™)Y or can predorinately bind the hmpurities while
the farget modecuds “Hows through™ the column {ation exvhange flow through
chromatography or "FT- CHEXTY o case of anton exchange chromstography, the
solid pf%’msﬁ miaterisl an bind the target moleculs {o.g.. ary Fo region containing
target proteint followed by elution or can prodominstely bind the impurities while

the farget medeculy “Hows through™ the column.

{00661 The terny “ton exchange matrix” refors o g chromatography mates that s
nogatively charged (fe.. a cation exchange resin} or positively chavged (L., an
anton exchange resing, The charge may be provided by attaching one or mare
charged Hgands to the marb o.g. by covalent hinking A-ﬁki.tam‘ii\:'t:}y; or i addition,
the charge may be an inherent property of the matrix {e.g a5 s the case for silica,

wisich b an overall negative charge).

{00871 A “eation exchange watnix™ reders to a chromatography nusdeix which is
negatively charged, and which has free cations Tor exchange with cations nan
agqueous solution contacted with the matrix. A negatively charged Hgand attached to
the solid phase to form the cation exchange matrix may. for example, be a
carboxyiate or sulfonste. Commeretally available cation exchange resins melude
carbexy-methyl-cellndose, sulphopropyt (5P immobilized on agarose {e.g., SP-
SEPHAROSE FAST FLOW™ o SPVSEFHARQOSE HIGH PERFORMANOE™

g S-REPHAROSE

o
h e

from GE Healthoare) and sulphonyt immobilized on agarese {o

FAST FLIVWT from OF Healtheare), Addittonal exampley include Fragtogs

HES)
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EMD SOy Fractogel® EMD SE Higheap, Eshmuno® § and Fractogel® BEMD COG
(R Miltipore),

HI00E] A “waived mode oo exchange mateiy™ or “maised mode matrix” refers o g
chromatography matriy which i vovadently modified with cationic andi/or anionis
and hydrophoble modeties. A commercially gvailable mixed mode ton exchange
rest s BAKERBOND ABXT T, Baker, Phillipsharg, N LY comtaining weak
cation exchange gronps, @ low concentration of anion exchange groups, sid

hydrophuehic Hgands attached to a silica ged solid phase support matriy, Mixed

~

ot
ot

made cation exchange matenals typieally have cation exchange and hydrophobie
moieties. Sultable wived mode cation exchenge materials are Capto® MM {(GE
Healthosre) and Eshmono® HON (Merck Millipore), Mixed mode wtion exchange
materials typically have mion exchange and bydrophobic mnleties, Suftable mixed

mnde anion exchange matorisls arg Capto® Adbers (GF Healthears),

0069 The term "aniton exchange matrix™ is used herein to refer o a
chromategraphy matrix which Is positively charged, e.g. having one or more
ponitivedy charged Hgands, such as goaternary @nino groups, atached thereto,
Conmereially available anton exchange rexing inchude DEAE cellnlose, QAR
SEPHADEX™ and FAST Q REPHARQSIEM (GE Heabheare),  Additionsd
examples include Fractogel® EMII TMAE, Fractoged® EMD TMAFE higheap,
Eshomno® € and Fragiogel® EMD DIEAE (Merck Millipore),

{0701 The teoms “low-through process,” “Howsthrough mode,” and “flow-
thromgh chromstography,” as used interchangeably hewein, refer to a product
separation techivgue in which ot least one prodoct of intorest contained in g
biopharmaceutical propurstion slong with one or o Impmaities s ntended 1 How
through 8 material, which ssually binds the one or more impurities, where the

prodoct of interest wsually Hows-through

0T The werms “bind snd ehite process,” “hind and elute made.” and “hind and

elute chromatography,” as ased interchangeably herein, refor to a prodict separation

technigue by which at least one prodact of Interest contained in 8 blopharmaceutical

preparation along with one or more impnirities 18 contacted with a solid support

ander conditions which faciliate the binding of the product of fmerest o the salid

support, The product of mierest is subseguently eluted from the solid support, In
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some enthodiments according o the methods described heredn, a solid suppt

having Protein & aftached 0 the solid suppott s contaciad with @ saouple contsining
a prodhet of intevest and one o more impuniiies under suitable conditions which

facilifate the binding of the product of nforest to the Protein & on the solid support.
where the one or more impurities are not expected 1o specifically bind o the solid
support, The praduct of interest i subsegquently cluted from the Fredein A

o

gontaining selid support, in an attempt o separate the product of interest from the

one or move impurities, o the methods described herein, subseguent o elntion, the

Brotein A chiion pool is subjected o virus achivation using one or mwwe static

IXeTs o & aurge tank, as described heretn, where the viruy insctivation can be
gchivved in a mater of minnies (o ghout an hour, relative 1o conventional processes

whore virus mactivaton often tades several bours,

FOOT2T The terms “contaminant.” “impurity,” and “debris,” ag used

interchangeably herehy, refer fo any foroign or objectionable molecule, inchading a
tological macrpnnlecule such as @ DNAL an RNA, one or myove host cell proteins,
endotoxing, Rpids, aggregates and one or more additives which may be present ina

sample containing the product of intorest that is being separsted from (e of i

of the foreign or ohiectionable wolecules. Addionally, such a contaminant may

inclide any reagont which s used in g stop which may ocvur prior 1o the separation
PYOCERS,

H00731  The teoms "Clinese hamster avary celf protem”™ and “UHOP™ are used
imterchangeably 1o refor 1o a mixture of host cell proteing ("HOPY) dertved from a
{Chinese hamster ovary COHOT) colf enlture. The HOP or CHOP iy generally

v 2 & harvested cell

prestd s an dnpurity in a vell cultore medinm or fysae {
cubture floid (THOCE™) comprising a protein of interest sach as an antibody or an
Fe-containing protem exprossed i g CHO el The amount of CHOP present in g
mixiure comprising g profein of intorest provides @ measure of the degree of pority
for the protem of interest,. HOP or CHEOE includes, but s not Himited to, 8 protein of
wirest expressed by the host coll, such as 8 CHO host celll Typreatly, the amou
of CHOP In e prodein mixiore is expressed in parts per miliion relative o the
ammout of the protein of tuterest in the mixture, ¥ s understood that where the host

pedl s gunther eell bype, ¢opn, 8 mammalian coll besddes CHO, an £ cold, a yeast, an
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insect eell, or a phaat coll, HOP refirs to the proteing, other than target profein,

forumad 1 a bysate of the host gell,

{0074] The worm “parts per mitlion” or “ppan” sve used interchangeably herem to
refor (o o messure of purity of 8 targed protein puritisd by a method of the inventing,
The wisits ppan refer 0 the mowt of HOP or CHOP in nanopramsmilligram por
protein of nterest in n‘ii’i}'igrmm.«’ﬂmi}}iiii‘it;sr {f.e., CHOP pprvs(CHOP ngfml ¥{proted

ik

of interest mefmb), where the protess are in selutic

POO75] The terms Vol “clartfication,” and “clariication step,” as usad
herein, refers to g process step for reroving suspended particles and or collds,
thereby W reduce tarbidity, of 8 target melecule contgining solution, as measared in
NTL (nephelometric torbidity anits). Clarification can be acldeved by a varisty of
monng, inchding ceptrifugation or filtratinn, Centrifugation could be done ina
batch or continuows mode, while filtration could be done ina normal How {eg
depth Ghirstion) or rangentigl flow mode. In provesses used in the iz&dusir}f mda.}.-',
centrifugation is typieally followed by depth Blters Intended 1o rewove insoluble
inpurities, which may not have been removed by centrifugation. Furtherpuowe,
methods for enhancing clarification efficiency can be used, e.g. precipiiation,
Precipiiation of impuriiios can be performad by vartous mcans sueh as by
foceutation, pH adjustment (acid precipitation), tempersture shifts, phase change
due to stmulus-responsive polymers or st mnlecules, or any combinations of
these methods, In some embodimenty deseribed herein, clartfication involves any
pernbinations of fwo or more of centrifugation, fillration, depth filtration snd
precipitation. bt some ensbodinments, the processes and systems deseribed bereln

obwiate the need for centrifugation.

jU076] The worms “purifving,” “separating.” or “isolating.” as used
iterchangeably berein, refer {0 wncreasing the degree of purtty of a polypeptide or

protein of trterest o ¢ target protein from @ composition or sample comprising the
protein of nferest and one or more impurities, Typieally, the degres of purity of the
protein of infereat s inereased by revoving {completely or parialiy ) at feast one
mmparity frem the composition, A “purtivation step” may be part of an gverall
purification process resalling i “homeoegeneons” composttion or sample, which i

used hovein to refer to  composition or samphe comprising heas than 100 ppm HOP

iy 3 composition comprising the protwin of interest, sheramtively loss than B8O ppmy

i9
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fosy than 80 ppya, loss than 70 ppmy, Jeas than 60 ppm, fess than S0 ppm, fess than 40
ppm, fess thaw 30 ppm. Iess than 20 ppan, {oss than 1 ppm. less than § ppo, or less
than 3 ppm of HCP.

FOOTTY o soane embodiments according to the present invention, the product of
interest iy an immuanoglobuling

{0078 The ferm “immunoglobulin,™ “Ip™ or “antibedy™ {used interchangeably

&

Beredn) refurs o a protein having a basie foar-polypeptide chain structore consisting
of twiy heavy and twe lighs chaing, said chains being stabilized, for example, by
interchain disulfide bonds, which fus the ability 1o specifically hind antigen. The
torm “single-vhamn tnmuneglelnlin” or “stngle~chain antibody™ {used
interchangeably herein) refers to a protein having 2 two-polypeptide chain structure
consisting of a beavy and a hight chain, said chains beiog stabilized, for example, by
fnterchain peplide Hukers, which has the ability to specitically bind amtigen. The
serm Cdomain” refers o g globular region of & heavy or light ohain poelypeptide
comprising peptide foops fe.g., congrising 3 o 4 peptide loops) stabilized, for
example, by {-plented sheot andior tnirachain disuliide bond, Dowmains are further
referred fo herein as “constant” or “varisble™, based on the relative fack of sequence
variation within the domains of various olass nembers in the case of 8 “constant™
domatn, or the sigrilicant varigtion within the domains of various class mombers in

N

the case of a Vvariable” domain, Antibody or polypeptide Vdomains™ are often
referred o fntorchangeably in the art as antibody or polypeptide “rogiony™. The
“eonstant” domains of antibody hght chaim are refered o iterchangeably ay “hght
chain constant regions”, “hglt chan constant domains”™, “CL” roglons or “CL”
domans. The “covstant™ dovmaing of amtibody heavy chaing gre reforred (o
interchangeably as “heavy chain constant regiony”, “hegvy chain constant dwm; 0y
YCHT regions or “UHT domains, The “variable” domains of am‘i'h{}«-;iy fight chains

are raferred o interchangeably as “Hght chatn variable reglons™, “light chain

variable domsing™, "VL reglons or “VL7 domains, The “variable” domains of
autihody heavy chaing are referred o interchangeably as “heavy chain variable

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

1

{0079 Immunoglobuding or anttbodies may be monocional or polyelonal sud may

3

exist in monomeric o polymerie fonm, for example, oM antihodies which oxist in

pentanreric form i IgA antihodies whdch exist in monomerie, dimeric or

-
iy
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-

mubtimeric Yorm The termy “fragment™ refors 0 a part or portion of an antibody or
sutibody chain comprixing fower aminoe aeid residues than an intact or compleie
amtibody or antibody chain. Pragments can be obtained vig chomical or exgymatic
trestment of an intact or complets antibody or antibody chain. Fragovents can alw
be obigined by recombinant means, Exemplary fragments include Fab, Faby',

F{ab 12, Fo andior Fyv fragments,

FOORGT The term “antigen-binding fragment” refers to a polypeptide portion of an
smmuneglobulin or gitibody that binds an aitigen or competes with intact smtibody
{i.0., with the tgtact anttbudy From which they were derpved ) for antigen bioding
{Le., speciiic bingding), Binhang fragments can be produced by recombinant DNA
technigues, or by smayvmatic or chemical clesvage of tntadt immunoglobaling,
Binding fragments invlude Fab, Falv', Flab'y, Py, single chains, and single-chain

antihodies,

{001} The protain of interest which is purified according to the methods

desoribed herein i one swhich comprises g O3 region and thoretore 15
amonuble to purification by Protein A clwonatography. The term "G region”
when used herein refers to those sming soid residues in the Fe region of an
innnuneglobulin molecule which interact with Protein AL Exampley of Ci2iCe3

region or Fo reglon-contaimng protoins inchude antibodies, anmunnadhesing and

fusion proteins comprising a protein of interest fused o, or conjugated with, a

“n3 region or Fo reglon.

00K} Io a particular embodiment, methods acconding to the claimed vention

are used for purifving & fragment of an antibody which s an Foeregion containing

fragment.
FB3T The term “Fo region™ and “Fo reglon containing protein” mews that the

protein contains heavy andior light chain constant regions or domatns {UH and CL
regrons as defined proviousiy of an fnvnunoglobalin, Proteins confaining an "Te
rogion” can poasess the effector functions of an immuneglobulin constant domain,
Ax "Fe region” sueh as U3 regtons, can bind seleotively to affinity lipands
such ay Protein & or Rmotional variants thereofl In some embodimens, an Fo
roginn contaiming protein speoHically hnds Protein A or a functiored derbvative,

oo

variant of Toapment thereoll o othor embodinwesdts, ao Fo region contaimng proin

21
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speoitically binds Protetn Gor Protemn L, or funetionsl dertvatives, variants ot
fragments theveod.

0841 Cenerally, an unmpnoglobulin or antthody i divecied against an “antigen”™

of iterest. Preferably, the antigen s @ biodogically important polypeptide and

admpmstration of the angtbody 0 & mammal suffering from s discase or dizorder can

rosult i i therapentic bonefit in that msmimal,

[OORS] The term "monoclonal antitbody” g5 used horein refors 1w an antibody
obtained frow a population of swhetantially homogeseous antibadies, ie. the
individual antibodios comprizing the population are identical except for possible
natwrally voourring mutations thal may be present in minor smoounts,. Monoclonal
antihadies are highly speuilic, being dirsctod agsinst 8 single antigenic stte,
Furthermore, fo contrast o conventional (polyvelonal) antibody preparations which
tvpically nchude difforent antibodies direoted spatnst difforent deterasinants
{epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. The modifier "moencelonal” indicates the character of the antibody as being
abtatned fromy a sobetantially homogeneows population of antibodics, and is not o
bhe construed gs requiring predustion of the antibody by any particnkar method, For
exampde, the monoclonal snttbodies to be wsed v accordance with the present
inventicn may be make by the hyvbwidoms method first desoribed by Kohler ot al,,
Nature 250485 {1873, or may be made by recombinant DNA methods {see, g,
ULS, Patent No, 4,810,367). "Monccional antibodies” muy also be isolated from
phage antibody Bibranies using the fechoigues deseribed in Clackson of al., Natwe

IST624-028 {1991 ) anad Marks et al, b Mol Biol, 2225883497 (198

008G Monoclonal antibodies wmay farther inclade “chimernie” anttbodies
{uvmunoglobulingy in which a portion of the heavy ansdéor Hight chain is identical
with o homologous (o corresponding sSequencey in antibundies derived hrem i
particnlar species or belonging 0 a particniar antibody class or subclass, while the
sentsinder of the chainda) s wWentical with or Bomoelogows to corresponding
sequences in antibodies derived from apother species or belanging to another
antibody class or subolass, as well as fragments of such antibodies, so fong as they
exiitbit the desired bological sctivity (UK Patert No. 4,816,367, and Morrison ot

al, Proc, Nath, Acad, St USA RLARST-6855 (19840,
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HESTL The tery “hypervariable vegion™ when used herein refors o the amino actd
restdues of an antibody which are responsible for antigen-hinding, The
hypervariable region comprises aming ackd residues from a “complementsrity
defgrmuning regien” or "CDRRY (Lo, restdues 3434 (L1 356 (L) and 39897 (L3
in the Hght chain variabde donsaln and 335 (HIDYL SO-68 (H2) and 85102 {H31 in
the heavy chain variable domain: Kabat of sl Sequences of Projeing of
frorsunelogieal hterest, 3% Fd, Public Health Servics, National Institates of Health,
Bethesda, Md (1901 andfor those residues from a “hypervaddable loop™ e,
residues 20232 (L1 S0-32 (L2 and 9190 (L.3) 1 the bght chain varable domain
and 20-32 (M), 33535 (H2) and 9a- 101 (H3) i the beavy chain vartable domain
{hothis angd Lesk J. Mol Binl, 196001917 (1887, “Frameweork™ or “FR”

residues are those vanable domain residues other than the hypervariable region

restdues as herew defined.

JOUBRT  Humanized” forns of non-human (v, nwurine antiboddies ave chimeric
antibodies which contain minimal sequence dertved from non-hunan
mnmurnoglebulin, For the most part, hamaenized antibodies are human
anmunoglobalins {recipient mutibody ) in which hypervariable reglon restdues of the
reciptent are replaced by hypervariable region residoes from a non-human species
{demor antibody ) such #s mouse, rat, rabbit or nonhuman prinsate kaving the desired
apecificity, affiuity, and capacity. Io some instances, Py framework region (FR)
residues of the humsy immunoglobulin are veplaced by corresponding non-numan
residues, Furthermore, nanized antihodies may comprise residues which are not
found m the regiprent antibidy or in the donor antibady, These modifications wme
made to further refine antibody performance. In goneral, the humandzed antibody
will comprise substantially all of at least one, and typieally two, variable domaing,
i which all or substantially all of the hypervarisble loops correspond 1 thase of a
non-human nunegloboabin and all or substantially all of the FR regions are those
of & human invmumoeglobulin sequence. The humanized antibody may comprise

teast a portion of an immunoglobulin constant region (Pl typieally that of @ human

unmuneglobuding For further details, see Joves e al, Naties 3211322325 {1986y,

et Biol

’j‘

Riechmann ot gl Nature 332323328 (TUER ) and Presta, Curr. Op, §

DSU3L306 (PRI
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POORGT A baller” v o sehution that resists vhanges w pH by the action of d
achi-hase conjugats components. Vartous buffers which can be emiploved
depending, for example, on the deatesd pH of the baffer sve descrihed in Buffors. &
Clurde for the Preparation and Use of Buffers in Biological Systems, Gueftroy, I3,

g, Calbiochem Corporation £ 19753 Now- Hmiting examples of haffers inclade

MER, MOPS, MOPRQ, Tris, HEPES, phosphate, avetate, eiteate, suocinate, ad
anvuoniun buffers, us well as combinations of these.

{00907 The termy “solution,” “eomposition” or “sample,” as used heretn, refers to
& mixture of & molecale of terest or target prowin (.., an FO reglon comaining
protei such as an anttbody and one oy more Impurities, In soame embodiments, the
sample s subjectod 1o s clartfication step and a Protein A affimity chromatography
step pring fo being subjectd 1o the vires e tivation methods desoribed herein, In
some embodivaents, the sample comprises vell culture feed, for example, feed from
& CHO coll cnlture, which is subjected to clarification and a Protein A
chromatography step prior o vires insetivation,

{0091} The wom “son-mamoadian expression systema™ as used berain refors to
all host cells or ovgandams evaploved  genenue therapeutic proteins, where the hosy
colls or organisms are of non-puanmalian origin, Examples of son-manmalian
expression systems are B ondi and Pickia pastoris,

WO The term Yeluate”™ or “elution poul” as used herein, refers 1o a solution

contaimog a molecule of interest obtained vin clusion, for exampls, following bind

and ehuie cliromatography {e.g., using 8 Protein A affinity chrowatography matrix),

The eluate may be subjected to ong or more wlditional purification steps, In some
eathadiments according to the present nvention, an elution pool s obained, which
conlains o targel protein, e.g., an Fo reglon contgining protein, wherein the ehation
pood is subjovted 1o virus inactivation, as desertbed herein

{00831 The term "conductivity” refers to the ability of an agueons sudution to
comduet an eleotrie current betwesn teo eloctrodes. In solution, the currat fows by
o transporl. Thevefore, with an inereasing amount of fons present in the agqueows
sabution, the solution will have g higher conductivity, The unit of mvasuroment fiw
conductivity v milliSetmens per contimoter {mSaom or 8 ) and can be measured
using a commereially available conductivity meter (e g, sold by Orion}. The
conductivity of g solution may be alivred by changing the convertration of jons

theretn, Fovexample, the concentration of a buffering agent andfor concontration of
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asah fep, NaClor KO o the solution may be slered norder to achiove the
desis‘ed s’:a‘.sz‘}s;’iucii.\;-‘it}m In some eathodiments, the salt concentration of the various

buffers is modified to arhieve the desired condugtivity,

[MR4] The Vpl™ or Miscelestrie point” of & polvpeptide refer 1o the pH at which
the polypeptide’s positive charge balances s negative charge. pl can be calonlated
from the net charge of the samine actd restdues or stalic acid residues of attached

3

carbohydrates of the polypeptide or can be determined by iscelortric fovusing

GORS] The term "process step™ or “unit operation,” as used imer»::i‘xmtzgr:&bi}f

PR

heredn, refers to the nse of one or more methods or deviges to sehiove g cartain
resall in a purification process, Examples of process steps or unit operations which
may be employed in a purfication process inchude, but are et Iiited to,
clarifivation, bimd and clute chromatography, vires inactivation, Sow-through
purification and formalation. Itis understood that zach of the process steps or unit
operations may anploy mors thas one step or method or device 10 achieve e
wtended resull of that process step or wil operation,
FO096]  The torm “continuous process.” as ased hereln, refers (0 g provess for
purifving a target molecule, wiich includes two or more process seps {or unit
operatiens}, such that the votput from one process step Hows divectly into the nest
provesy step e the process, withowt interruption, and whers Bvo of more process
steps can be perinrmed concursently for at least a portion of thedr doration. Iy other
words, in case of g continnons process, it 5 not necessary 1o complets & provess step
before the next process stop is started, it a portion of the semple s abeays moving
through the progess steps.
HHI9T]T o some embodiments. the different process steps are comected o be
operated i 3 continucus manner. 1o some ambodiments, a virus inactivation
sicthod, an desoribed hevedn, constitutes @ provess siep in g continnous purification
process, where a sample fows contipuousdy from a Prolein A affinily
chromatography step to the vivas inactivition step 1o the next step i the provess,
which ix typically 3 Sow-through purification process step.
(ONRRT In some crabodiments, the viruy inactivation process step is performed
comtinuously, Le., the ehuate from the previous bind and clute ehromastograplyy step
{2, Protein A alfinity chronatography ) Hows continuousty tnto the virus

ractivation step, which cmploves one of mwre static mixery andfor sarge tanks, after

AP
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which the virus inactivated ehiwte may be collecied in & storage vessel untt! the next

progoas step s performed,

.  Exemplary Yirus Insctivating Agenis

[O09ST  Viral inactivation renders virpses native, or unable to replicate or infect,
which is important, especistly i sase of the farget molecude boing intended fow
therapeutic use. According, virns inactivation ks typically vsed during & protein
purification process, expecially when the protedn is intended for Swrapeutic use
HOTGGT Many viruses contain Hpid or protein coats that can be inactivated by
chenyieal alteration. Rather than simply rendering the vivus inactive, some viral
nactivation processes are abde denature the virny conpletely. Some of the more
widely ased vivus insctivation processes inchude, ez, use of one oy more of the
following: sobvent/detergent inaetivation {e.g. with Triton X 100} pastowrization
{heatingh acidiv pH inactivation; and uliraviclet (LIV) inactivation. tis alse
possible 1o combing twe or more of these provessesy .., pecform acidic pH
inactivation at olevaled temperature,

GDE0T] Several virgs insctivating agents for biotechnelogy prodocts are known i

pann

the art. See eg., Gail Sofer, “Viras Ingetivation in the 10s - and inde the 21
Century, Part 4, Calture Media, Bistechnology Products, and Vaccines,” Biophanm
Interpational, January 2003, pp. SO-37), sonwe of which are deseribed below,
(OOTT Low pH has been shown to inactivate the xepotropic murine feukenia
virus {XMULVYL Inone study, pH 335400 was found 1o be offoctive at 1826 0,
ard very hitle difference was soon in inactivation Kineties for pH 3.7 upto pH 4L
At 2-8°C, however, pH 4.1 inactivation was slower and required up 1o one hour,
compared 1o about 30 minutes for pH 3.7, Further, variability was observed for
dittorent target molecules being parified. For example, tnsctivation tune wed with
o farget molepule was 60 mimses, whereas for another i was 120 mimues, and
furthier, iy case of one target molecule. the virus XMub Y was not completely
inacttvated even after 120 minutes, Protein concentration also affveted the

inaetivation kineties. In bubior only, XMuLV was insetivated iy 120 ruivaies;

ad

sddition of protein preverted complete nsetivation with the same pH, tempersture,
gaed exposure Gne, The fonde strength of the inactivating solution appearad to

mitigate the effeet of increasing protein concsntration,

26
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e

{B0103] 1o another study, low pH was investipated {or insctivation of XMulV and

s

peeudoralios virns (PRY) virses in case of sight different monoclonal antibodies
(M} proctuced in either Sp2fQ or NSO mouse cell Bnex, The pH valuey used ranged
between 3,14 and 302 resulting in LRVs ranging from aronnd § to shove & (e
virys cannot be mgasured W the sample) Thess data wre betuy used to support
gEnenie virus inactivation approaches. A different study of 13 products, mostly but
aot afl MAbs, iHlustrated the ability of pH 3,6-4.0 {0 inactivale several different
vivases in five {o 68 mimies.
[O014Y Caprylate has boen foand 1o ihactivate Hpideenveloped virpses in MAb
production processes, Uell vulture harvest beatly containing 8 Prendamonay exotoxin
A-monocional antibudy conjugate and a Prendomonay monocional TeM seere each
spiked with viruses, Herpes simplex vivus-1 (HEVD and Vestoudar stomatitis vims

T

VY)Y vivuses were complately inactivated al 2000 in less than 68 minudes.
i k

However, st 3°U only partial ingctivation of VIV wax shown afer 120 nnutes. A
ninstonized form of the caprylate 18 matntained over a broad pH range, and the non-
seontzed form is effective n vivgl inactivation at concentrations between G001 and
G.07 woight %6 VSV wnd vacoinia vivus were inactivated slower than HSV-1 at pH
&.3.

(O] Detorpents have also been nsed s g virps Inactivation agent. Triton X-
OO {8.3%, 4 U compleiely mactivated rosparatiry syneytial virug (REY) and
Friend murine Jeubemia vivus (FrdMul VY virases within four hours withowt
nfluenciog the binding capacity of @ numtwr of MAbs, LoglU reduction values
were >3 for FrMal Voand >5.4 for RSV, Other data bave shown that MallVowas
not ingetivated by G0 o 1% Tween,

001061 Solventadetergents (S/13) are commondy used for virus insctivation with
plasma proteins, $/I is also used for inactivation of enveloped vivuses during
production of recombinant proteins and MAbs, For example, during the productivn
of B-domain deleted recombinant factor VHE $7D is ased for vivus insctivation
Although no viruses may be rssociated with the CHO cell ine wsed for produstion,
53 can be added after o cation exchange step, Concentrations of $.3%6 TNRP and
P Triton X-100 are targeted for it least 30 numutes. S treaprment has heen
shown to completely and rapidly nsotivated all the enveloped viruses tested, which
include paraintluenza-3 vines (PR3}, XMul ¥V, infoctious bovine rhinctracheliis

vivus {(IBR ) snd malignss catarehal fover viras (IMUF)L {See, Sofer st sl 1)

Y
i
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{R0107]  Beta-propiclacions bas been proposed for virg! nactivation in naked
DINA vaocives, 1 was found that for g 6-howr treatmant at 4 °C, the ininal
concentration of B-propiolactons should nol exceed 0.25% i1 ordor o provent loss
of gone sxprassion.

{00168]  In sore ombodiments seoording 1o the present invention, virus
ingetivation enploys exposure of the swaple containing the target protein to acidic
or fow pHL Accordingly. in some embodinments desertbed herefn, virus lnactivation
emplovs exposnee of the ouipa or ehuate frov the nd and olute chromatography
step, which B upstream of virgs nactivation, o avidic pH in-line using & yatic
siser. The pH ased for virns ingetivation ts typioally loss than 3.0, or bebween 3.0
and 4.0, In some evshodimenty, the pH is 3.6 or lower. The doration of Hme used
for virus inactivation, when an in-lne static mixer lank is used, is 10 nunutes or
fess, or 5 nomates or less, o 2 minutes or less. o o minude or less, In other
embodiments, # surge tank 15 nsed between the bind and shute chromutography step
and the How-through process step. The duration of time for virus activation, wien
3 surge tank s used, i3 typically 1 hour or less, or 30 munutes or fess, Inease of
hoth nse of nqdine statie mixers or surge tauks, the virus inactivation enables the
provess o be ran comtinuously, rather than having (o collect the sample o a pond

tank For vivus inactivation.

I Excwmplare Vicsses and Determining Vives Inactivation

~-\

[0 Virns may be “cleared”™ by teo main mechanisma romoval (g by
{iltation or chromatography} or insetivation {z.g low pH, detergent, or rradiation},
Regulatary recommensdations for hiopharseestioal vival clearance can be found in
several docoments issued by the PR and BEMEA.

{0110} The vival clearnce capabilities of o process aee assessed using sealed-
down versions of individual unit operations, A sample of ropresentative provess

Ey

feed i Vspiked™ with & known quantity of virus to stmudate a vivad contamination,
and the amount of virgs removed or ngctivated by the operation s measwred. Itis
recommended that the aroount of virus used for the spike should be "as high as
posaible to determine the capaoity of the production step o Inactivate/romove

viruses adegquately.” However, the vines apike volame st not be so groat that the

composition of the production waterial is sigaificantly allered; a 1% spike volume
ts generally regarded as the maximum sceeptable spike.

2%
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[O01HE] Viras is generally measured from samiples collected befiwe and after
pdividual unit operations in g purification process using assays that guantily
infectinus virus particles, Clearanes s :’s:gmrmi i terms of the Lo redoction
achieved {(Jog reduction value or LREVY. When & umii uporativn achioves clearance
1o such g degree that no virus 15 deteoted i the processed masenal, the mintmal
LRV is determined using a calonlation dependent upon the vivus ier in the starting
feed and the amount of final material sampled. Conseguently, the LRV that can be
claimed for highly effoctive clogrance steps can be ratsed by using high titer virus
stocks thad allow high leveds of spike challenge, and farge-vohue vivas assays that
inorease assay sensitivity, Conversely, demonstrable LRY can be lowered when
feed muaterials ave oyiotoxie or interfere with viral infection of the dotection cells, as
thix may reguire sample dilution, which decrogses assay sonsitivity,
{31121 Reveral methods are koown i the art to assay for virps infectivity, The
Tissue Culture Infoctious Dose 30% gssay 13 one such method for counting the
namber of nfectious viral particles in 3 sample. The TCIDy s the quantity of a
pathogenic agent {virus) that will produce a ovtopathic effect in S0% of the cultures
inocglated. The TO sy value ix proportional to, bt not the same as, the number of
irrfectious vivions in @ sample. Thers determined using this method are typically
reported as TCHw'mil,
FOOTI3] When no vivus at all is detected by the assay, 8 maxinmm poasible tier for
the smmpde {s determined wsing a Minimal Limit of Detection {LOD} caloniation
This caloulation constders the sonsttivity of the assay and reports the most viras that

could be in a savple without the aasay detecting any. The result of these

caloulations is a titer reported a8 "X X7, meaning that the actuad titer in the samples
X or lower (1o a 953% certainiyl, This LOD calculation depends solely o the
guangtity of sample wated and any predilutions made © the saaple before assaying.
When the tier is n‘pmici as U X7, the corresponding Log Reduction Value (LRV)
By regrted ax “BYT, meauing that the resulting LRV i3 Y or tugher,

FO0114] Viegd clearance validation stadies are designed 0 evaloate the ahility of s

0

MAL purification process (o remeve or inaciivate many difforent Binds of viruses,
The FDA recommends use of several moded virpses encompassing large and small
partieles, DNA and RNA gonomes, s well as chenieally sensitive and reststant

Hpid errveloped and nonseaveloped sirains. The rationale is that demonstration of

robust clearancs of an appropriately diverse pamel of vivuses provides gssurance that

Rt
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an undetecied, unknowe vieal contaminant would also be reduced 1o mintmad evels.
Four virusey that §it these mudelines ave shown in Table 1, which summanzes the
properties of & madel vires panel appropriate for MADL process viral clearance

validation {adapted from HOH (5A)

Tabile

Wiras Family | Natura | Genoen | Envelop | Diamete | Shape | Resislan
fMost taType 1o t{rwn} o o
physio-
chermicat
freatment
&
Minute virus | Parvo | Mouse | DN& ne 1824 ivosohadr | Very high
—of mice al
Yenotropic | Ratro | Mouse | RNA yES S0-110 | Spharjeat | Low
muring 1
fsukamia
virus .
Peeudorabie | Hempe | Swine | DRA Y&S 130-200 | Spharical | Madium
8 ¥itus $ .
 Reovirus 3 | Ree | Varow | DNA o B0-8Q Spherfcal | Medium
b

{O01SY Generally, virad contaminants fall wito two broad ealegories: endogenong
vieuses Known 0 be present in the source material, and sdventitions sgends that may
infiltrate the process.

{001 18] The methods deseribed hereln can be used for inautivating both of these

categories of viruses.

V. Static Mixenrs
001171 Alhough static mixers are wied i other ndusiries for in-line miking, they
have not boen widely used i the pharmaeeutical industry hecase processes

generally operate in hatch mode, Further, althoogh in-line baffer mixing and

dilition jechniques have been deseribed for protein purification processes (8.8, 0
conaereial systems offered by TechniBrom, BioRad and GE Healtheare, it bas net
hoen used for virus nactivation, especially as vivas inactivation is generally
performed in pool taaks for large scale processes.

DT IE] One shilled in the at will recogrize that numeros slatie mixing devices

can be used in the present invention, so ong thet the miver discupts the Haud How

fr order to snalbide A mining.
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P T9] Statio mivers gan combine two functions in the space of eae tube: flow

dividing aud twbulenge. The How dividing finction is sccomplished hy o series of

ot sub-eloments wherehy the Hudd exiting one clenent tapinges on the front
blade of the next which s offset by 90 degrees. The trbalence is cavsed by the
serew-like shape of the sub-elements which causes the fluid 1w retaie. Turbulenes is
indiueed by the inability of the fluid to wove laninardy with the fow claments and is
exaggerated by wereased PBow rates. The messurement of thiy fuidic mixing
functionality s given in the Revaolds number, Reo At low flow rates and thus, low
Re, the state mixers operaty in the laminar flow mnge, This mixing funciion allows
fresh unreactesd activation fluid, sueh as an apidic bufler, 1o interact with the virus
more sificiently and eliminate occhaion of the vins by ofd, wsed activation fhad.

frn case of a bateh mixer, the provess is dependent on the efficieney of swee

away ofd actbvation Thud and replacing it with the new activation fluid.

FOOI20] Slatic mixing dovives or statie mixers are available in a vartety of matenials
{e.g., stainkeey steed, Teflon™, copper). In selecting mnterials for the static mixers
used in the methods deseribed herein, # ix destrable 1o selest mustorials that will not
react with or cause reactions in compenents of the sample Howing through the swatic
sixer. His also destrable that the material be durable and amenable we stertlization
{e.g.. by mociaving or chiorine treatment), especially i the sample s to he
sdministered 1o a buman or other ammal. A statie mixer may be opague or
transparent.

{O012T] In some embodiments sccording 1 the methods desertbed hernin, o static
mixer s a part of a systew which includes pH and mass Bow control sensores at the
inlet, rotddle and cutlet of the static mixer, The relative flow rates of the sample
{oop.. eluate from the upstream biad and shute chromsdography step), acid and hase
are adjusted continucusdy o guaranios the desirable pH vadue, Contrel software is
used that = based on the previpusly generasted range of data so thay the feedback
algorithm can be model-based and therefore more efficient than waditional sysiems.
Fov oxatuple. the infet sensoy cluster, pH amd How rate. can be used to detsrming the
appropriate aod sddition feed rate (Fa) An sddiional control algorithm may be
used that predivts the intended final pH value at pH 2.0, [P the vadue 18 not achisved

N

gorrgetly, the pamp by s changed to bring the Sueid to the correct valne, This could

oeour for @ namber of reasons, .., there being adiditional baifering capacity within

the feed from the clromastographiv step or the tiration value may not be Hoear,

ooy

-
R
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V. Precess for Virus Inactivation Using an In-Ling Static Mixer

(O3] As desertbed gbove, iy some embodiments according o the methods

inaciivation,

eribed herein, g edine statie wmibver 18 used 0 achiove effective virus

FO0123] In order o enable fow pH continuous virus inactivation fiw a continuous
process, g described herein, the eluste from the previcus biwd and elute
chromatography step iv the purification process (e.g. protein & sluate) is mixed in-
fine with seid (usnally 1o 3 M geetie seid) ustng a 3vway valve and passed throngh
a stabic vy, The static mixer dimenstons are chosen so as o enable efficient
muxing of the agid and product streams. In order o provide sufficient residenee time
{tvpieally 5 min} for robust vires Inpetivadion, g tobe of sufficient vohawe may
fallow after the static mixer, The vimy inastivated strean is then mixed with basg
{usually 1-2 M tris-base st pH U using a S-way valve and passed through o static
mixer 0 enable mixing to inorgass the pl e a desirable pH for the next purification
step i the continuous process, which is typieally tnoreased from pH S0 &

(01241 The static miser diamssier and the sunher of vloments can be chosen to
eruble efficient mixing depending on the total strears How rate (e, feed + avidibaze
How rate), density and viscosity, The fow rate s chosen fo guaranies adeguais
residence Hime in conjunction with the static mixer fmnber and dlameter) selection.
The scale-up ix porformed by hoelding constant the Revaolds number, Re, Mowbly.
in methods according to the present invention, the flow rate is maintained how

cnnuph so that Re remainy in the hming fow range.

Y1 Process for Viras Ingetivation Lsing 2 Surge Tanl

FORT25) In some embodunents according 0 the prosont tnvention, virus
mactivation is achieved using a surge tark.

[O0126] The viray insctivation methods secording 1o the prosent invention may be
used as part of any protein puriiication process, €., a puntfication process
performed i a bateh mode or 3 purification provess performed v a continuous
miede,

[GO127] In some swobodiments desortbed heredn, the vivus mactvation methods ave

part of a eontinnous purifieation process which omploys several process steps {or

Ll
ot
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unit operations ) that are present both upstreany as well ag downstream of the virus
mractivation method,

{00128} 1 some embodiments, the hind and elute chromatography proceas step,
which ix tvpically pevformed prior o the virus fnactivation step i @ protein
purification process, is performed in batch mode, A typizal batch bind and slute

chromatography operation employs & large columm with moliple runs, wually Hio

HY o process a bateh of clanified cell cadture foed, Accordingly, in some
sivbodiments, onee @ bateh process has been ran. the elation peot car be collected
amt pamped 0 2 surge tank o perform vires nsctivation. o case of g bateh bind
and elute chromatngraphy process, multiple surge tanks may be used for virus
ipactivation. Hocanse of the smaller stre of the surge tank, @ more efficient mixing
ard virus ingetivation s achieved,
{OU129] In some other ebodiments, the bind and elute chromstography process
step i3 performed ina continuwous wede. o a particular ombodiment, the continuous
prewess s g multiple contimuons chromatography process, alse referred o as UM,
{O0130] In case of @ UMC operation, typieally multiple small columns we used;
with each run several {typleally 10-38) cyeles to process g bateh of cell culture feed,
Because of the syuall colnmn size and a large number of eveles, 8 CMU approach
has multiple sonall elutions which recuiire virus Buctivation. Instead of collecting
the small elutions in a pool tank for virus isaciivation, in some emboediments,

surge tank is used tmatead.

[OG131Y Lise of » surge tank, as deseribed heredn, provides o better solution
homeogeneity more efficisntly beeause of ity smualler size and better mixing
capabilities, relative 1o a pool tank nsed o conventionad provesses. The sohution is
then held for a time suffickayt enough for robust virss insctivation, nually 1~ 30

minutes or aader | hour, Le. signifivarly shorter than what i3 reqadred whes nsing a

arger poot tank, Affer the bold step, the pH and conductivity are adjusted in the
surge tank o the dexired value set for the next unit operation. The virss inactivated

sedution i3 then pumped o feed the sext mnit operation. Once emptied, the swgs
tank used for virus inactivation can be wsed o colloot subsequent clutdons, in case of
the UM process, Given appropriate tuning and suvge tank sizing, only one g

fit be needed to accomplish vires maotivation i case of the OMC procesa,

tank mig
The individoad elutions from the malii-column process are trosted stmilarly for virus

ngciivaiion.

")
il
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FO0T32] Thixwpvention b further Hustrated by the following examples which
should not be construed g3 imiting, The comtonts of all reforsures. putonts and
published patent apphications ciled throughow this application, as well asthe

Figures, are inoorporated herein by reference.

Examples

Example 1. Thme dependence of Xo-MauloV low-pH vives inactivation in test

fubes
{OE33] In this representative experiment, ) retrovires spiked into g sohation

cortaining a MAD s aetivated by short-time incobation st low pH. The goal of
the experiment is to understand the pH and exposure time required fiw complote
retrovives inactivation in a solution containing high concentrations of protein
{antibody). The minimal time regoired o Insctivade X-MallV is determined at pHl's
ranging from 3.1-3.5. The experiment is performed o test fubes, The maxionum
sypermenial e tested for inactivation is fhve minutes asing a static pxer.

FOU 34 The sumiple nsed s 20 mgfml. polvelonal 1pG (Seravare) in 530mM sodium
acetate buffer at pH 5.3 The predilution used {0 aveld oytotoxicity from the buffer
s B30, Inonder to meet the target of LRV > 4, XeMullV stock of titer 7.0

i

TS ML s used o apike Feed to 8.0 fog TTINSO fmb (~10% spikel
Accounting for the 150 prediution and the 175 dilution of the muaterial in the
process of acidifving and nevtsaliving the saomple (17250 aliogether), this results in
an observed LRV of » 444 {assuming target spike lovel ia achisved). Assay media
wsed s standard X-MoLV titration medior MeCoyvs ¢ 19 PRSIX

The results are spmmarized in

penictiiindstreptomyenn, X Leghatamine, TX NEAAL

Table I below.
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Table

X-MullV log reduction vaduss {1LRY)
targed pi ~7 KREE IRE
actual ph 7 285 338
i nun not fesied >4 38 >4 TS
3 min ok tested IR >4, 75
& min 3.1 =4 36 2475

JOOHRET The results clearly indicute that XoMaLV is rapidly inactivated 1o the point
of noredetection within one mivaie &t both pH 283 and 3,36, No inactivation 1§
sepn at pH 7. The lgh protein conceniration (20 mgimi. Seracare polyclonal 1g()
of these buffers is pot an tmpediment © geldeving rapd nsctvation {See, e.p.. Kurt
Brovaon ¢t al. "Bracketed Generie loactivation of Bodent Refrovivases by Low pH
Freatrpent for Monoclonal Amtibodies and Recombinant Proteins.” Biotech Bioeng,

Vol, 82, No, 3 20030

Example 3. Thme dependenee of X-MulY low-pH virus ingctivation io fest

tubes for bath pelvelenal and monocional antibodies

(BO130] In this representative experiment, the same projoco! as described in
Exarnple s followed, in order 1o better understand st what pH there s no virus
inactivation, or alternatively, the mvinimuem pH where there is naetivation,
{UB1371 Both polyclonal lp€x (Sergcare} and tan monoclonal antibodies (MABES

and MADGS) produced i CHO colls ave used. The resolis are sommartzed in Table

HH belovw, where the resalis with © 27 indicate that vo virus is detected nthe
sample.

v
(¢
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Table I

Mabs MAbid Seravare Seracarg
time | LRV @ | thme | LEV | time LRY @ thme | LRV &
{min) | pH3IT { {mim) | pHIT | {min} pH 4 {nin} pHE
13 | 327 b4 2.5% 1 (.51 i {t
2.3 145 2.3 2.9 28 .40 20 {1
3 3.54 S RN 30 R3] 33 8
10 243 i >34 45 R 43 {13
6 1.26 &4 {

{O0138] As results in Table HE indicate that badPa mumate i3 adeguate for vivus
ingotivation ot pH 3.3, Increasing the pH to 30 extends the tme neaded wo L]
muntes, Ten 'mimates are requaived of pH above pH 3.6, winle at pH 4 and above, no

virus mactivation i observed even with one howr exposure.

Example 3. Time dependence of N-Mul V low-pH viras ingotivation with static

mixers
FO0139] In this represeniative experiment, the pH and exposure tme required for

complele retroving inactivation in a high protein {MAD) feed sohation asing static
mixers is investigated,

FOO140] Based on the resudis in Example 1, the possibility of {nactivating a
retroviras using in-hine statio smixers is mwvestipated, The pH of the solution s
fowered as i flows through g cheaomed by injection of ackd at & rate caleulated for
reducing the pH o 34, At the downstream end of the channel, the pH s adjusted
hack to neuteal for the next step 1w the provess. This experiment determines the
exposure e needed to inactivate XoMulV using an in-line technigue, The
experimetal setup s shown in Figure 1

FOOT4T] The sample used 18 9.9 ¢/L polvelonad IeG Seracare 1 20 mM acetic and
faffer at pH 300 The feed apiked with virus ts passed through the experimental set-
up shown i Figure 1 {or in-Hoe pH insctivation. The set-up consists ot {a) a

peristaltic pump o ranster the sanple feeds (b two syringe pumps o deliver acid

%
M2
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and hase; {0} two w-line pH probes; and (d) fwo static mixers, The flow vates sre
predeternsned in bateh mods based on the smount of avidibase needed 1o achisve
the _p§-§ of witerest. The residence time for viruy insctivation i abered by having

tubes of appropriate dismeter and lengih used after siatic mixer and befwe the pH

Gy
N

probe, The rosults wre sumpsarized n Table IV badow,
Tahle IV
Sergearg Revaears

tame {nun} LRV @ pH 33 tims (i) LRV

.5 >3.6 {18 2.&8

ERY 238 i

i
Lk
;
o7

i ;2} & i “:‘ :,,3 3
o

RS 3.6 2.8 =31.6

33 236 4.4 >3.8

"3 fractions, in succession, for B0 seconds each are vollected to ensurs
consistent vimes inactivation i the 4.8 vain Hime frame

HOUEAETE As summarized in Table IV, complete inagtivation is observed at pH 3.3
for all the tune pointa, For pH 3.6, time 211 min gives complele ingctivation. In
addition, the fractions collovted at residence times 2.3 and 2.8 min show complets
virus inactivation over the 4.5 nun tie frame of data colloction, thoreby indicating

that me-line low pH vires insctivation s consislent over tine,

Example 4. Time dependence of -MuLV low-pH vives ipsclivation with statie

WIXErs
{O0143] In this representative experiment, the pH and exposure time roguired for
complete retrovivus inseiivation ing gh protein (MAD) feed solution when nsing
static mixers is vestigated. The sxperimental setup is shown w Figare
[00144] The sarmple ased 15 20 mp'md. polyclonal 1gG {Sercare) in 30mM sodium
acetate boffer al pH 5.3, The predifotion wsed to avold s;f}-‘t(}i‘m;icii}-‘ trom the buffer
B 1S b order o meet the target of LRV = &, XoMullV stock of titer 6.9

TOHNS O 15 used 1o spike foed 0 5.6 fog TOHEG Ml (1056 spike). Assay

e

e

Lad
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mgedia nsed i3 standard K-MublV titeation media MeOm
'peni.f;tifiiiz"x.«":‘\:i‘s*:{:;?st{;s:}';}fs:,in, PX Leglutanming, FX NEAA,
JOOT45] For the acidification snd newtralization, 3 M acetie avid and 2 M tris baller
are wsed. Control samples are also genevated psing only iubes (o statie mixery in
% 1 e et A N T iy 4
grder to direotly vheek the effvet of the static mixer. The rexulis wre summarized in
Table ¥V below,

Table ¥

Rample Time Titer Jog TCIDSY LRV
{min}

pH 7 Hold »6{ 3¥ R

pH 3.4 with static mixer 0.5 =8 222, <43

i 2.9 HRY
2 <13 »4.3
3 <35 >4 3

~
2

Lad
e o
e,
poaes]
L

pH 3.4 withowt static raixer

o
s
L
(7%
ad

0.3

i 31 4.7

P
L%
T,
St

]
£y

hak
¥
p—

pH 7 with sfatic mirer 3,3

TEFAU 2.4 Prep {positive control) wa £.5 i

(01401 As summarized in Table V, no virus nactivation 15 ohserved for the
pasitive control and the two samples exposed 1o pH 7, cither when held in g test
tube or when pasaed through a statio mixer at the macinues exposure time, 3 min
The samples tuken twougl the stativ mixer show complote virus inactivation st

3

tines fonger than one minte, Static mixer 15 eritical for virus fnactivation as very

fitthe wactivadion ocvura W ifs abseoee. At least two minutes at target pH 34 13
vegutred 1 achieve >4 LRV of X-Mul V. The statie mixer itself does not cause any

sactivation st neptral p.
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»

Example 8. Time dependence of X-MulV vires inactivation asing capovlie

acid and detercents in fost tubes

(D0T47] T this experiment, vivus imctivation i perfoemed 0w fest tube 1 order to
determine the nnimam e and pH regnirensents for virns insetivation when using

various additives, such aa capryvlic acid and detergents sugh as Triton X

combinations thereof,

fUOT48] Both pare Mab in buifer as well gs Mab i clanified coll culture are aved 1o
this experiment. While the foregoing additives are known to effect vivas
mactivation, this cxample demonstrates that by usting siatic nuxers, virgs
inactivation can be oblained fn shorter Groe frame. The resudts of this representative

experiment arg shown in Table VL

Table Vi
Pure MAWYT MADBGS cell valtwre
Time  Capryla Capryiat Trite Twee  THNBFTween? Caprylat Caprvist Trite
{ming e MM ¢edmdM X e & & R edMamd nX
mM pit pH &S {13 (1%} mM pH pH &% .3
7 %53 ¥ )
{} £} {} { 2 & & { &
i >3} >34 PSR 6.3 >3y YR Y63 >3
) »3.% >33 234 i >3 18 »3E 231
i »31 >3 3.1 .8 234 2.8 EXRN 231
24 =31 23,1 2308 a3 ST 238 R 239
(OOE49T A shovn in Table VI in'the case of purilied MAb, one minute appears 10
B acdoguate for complets vives inactivation with all additives used except for

Tween, In case of the olartfied cell culinre, only Triton X st $.3%% resulis in
covaplete virus nactivation aller ome minute, while caprylate at both pH and

saliniifes roquires s minimum of five minutes,
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Example 6. Effect of salt and MAD voncentration on X-Mal ¥ viras

ingciivation g pH 3.6 uing static mixers

FOHA0T T thia representitive experinment, the effeet of MAL and salt poncentration
ot the minimum time snd pH require for virus inactivation is investigated, MAb e
prepared 1o 218 ¢/ nsing 20 wiM acetic actd, pH 3.3 and thew titsated to pH 3.0
using 10 M NaOH, The onnductivity of that solotion 1 1.4 m®em, The lower
congentrations are made by diluting with 20 mM acetic acid, pH 3.2 and then
ttrated o pH § using 10 M NaOH, The conductivity of these solutions is 1.4
maiom, The high salt solution v adiusted b}f Mall addition to o final molarily of
250 mM. Al solutions are adiusted 1o pH 3.8 for vires inactivation using the inline

static mixer setup. The resulis are summarized in Table VIL

Tahle VIT

(Gl /L. {NsCH mM e {sen} LRY
4.4 {1 20 2.8
4.4 { 46 L3
4.4 {3 6t} 33
4.4 RIS 20 3.9
4.4 238 44 4
4.4 250 64 4
218 & 20 3.5
LR & 43 »4.3
218 {} St 24,3

OIS As sunmnarized in Table VI the most relevant solution ix the one with a

High comeentration of MAb and the low salt concentration, which mimics a Proten
A glution poal. For such 2 sample, 40 seconds ave found 1o be sufficient for

covaplete virns inactivation ol a pH of 3.8,
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Example 7. Effect of pH on X-Mul 'V vicey ingelivation using static mixers

{0015y

S

In this represemtative experiment, the effect of pH on virus mactivation

w

2L using 20 mM ace

using static mixers is investigated, 1gG i prepared 1o 8
avid, pH 3.2 and ther tirsted o pH S0 using 1M Nal¥HL Al solutions are then

scdinsted to the desired pH for virus inasctivation using the fn-line state mixer setup.

The results are summanized i Table VHI bedow,

Table Vil
thme (e} LRV @ pH 34 LRV o pH 35 ERY @ pH 36
20 32 31 kR
40 > 4
b =4 >4 >4
FO0153] As shown i Table VL shont one mimue s required for complete virus

inactivation &t pH 3.6, whereas even shorter times ave adequate gt ower pHL

Exauple 8. Effect of tomperature on X-MulY virus inactivation using low pHi

{H0134] Ip thos reprosentative experiment, the effect of temperature on vivus
insctivation ix investigated, Gensrally, in-line viros inactivation is pacticularly
combucive to exposure of the solution to higher mperaturey; therefore, 1t s

important o determing the eoffect of temperature on virps fnactivation,

FOG1SA] The food used in this study s 8.9 g/l Seracare polyelonal gl w 20 mM
sodim acetate, pH 3.0, Three aliguots of 25 mll cach ave transferved into thyee
separate 3 ik, condrifuge tubses, To 23 mb offthis feed, 1.4 b of 3 M acetic and,
pH 2.5 19 added to bring dows the pH e pH 3.7, Ove of the contrifuge twbes ixleli

at room temp at 22 €, The other two centrifuge tubes gve then placed in water baths

set st 100 and 3570, Lipon sguilibration, the temperature and pH of the Hawid in
the tubes s messured {see, Table IX below), A 10% virns spike is subsegquently

“the twbes, Smbos «amgi ey are collected at the stipulated Hivme pony

-~
o~
b
hass
o

added 1o each ¢

and 0.4 mbl of 2 m wis-base, pH 11.0 s added 10 inorease the pit to pit 7.0,

41
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Tahle IX

Time o 3.6 @ 1290 pH 367 @ 2290 pH 78 G 13°C

{amin)}

i 33 4.1 =40
2 >4.3 241 >4.0
N =43 4.1 > {
13 e I >4.1 >4 {4

{00136] The results summarized in Table IX indicate that bigh temperatnre is
preferred for virgs nactivation, B is surprising that even with g higher mcasured pH,

the bigher temperabare achivves complete hwtivation at the 1 minude e point.

Example 9. Use of static mixers to acvelerate pll sabilization

HOHSTT oothis representative experiment, the nse of static mixers 0 sccelorsie pH
stabitization was fnvestigated, In geonerad, 8 ix desirable that the tme needed for the

pH G reach Us deaired value 1 minimzed.

{{.%{i {SR] In this example. sxperiments are done at vatious How rates and tube

reths and diameters, all selecied so that only lantingr flow s achieved, 1.e with
Revnolds number bolow 100, The starting and target desired pH values are 3.0 4 81
amd 3.3 4 1, respectively.
FORT39] The tiae needed o reach the desired i‘ﬁrgﬁi pH vahee iy vecorded av a
fanciton of {ime o sodution volume mocessed, The volume s exprossed in torms of
tobe dead vohunes and data is collected gt a How mite of 10 mbanin, The resalts are

supnsarized in Table X helow,
Tahle X

Revynolds # # of dead volumey

{dimensionless unly)

No static mixer FO-A0 S
12 static mixer elemants §O- 10 3
24 siatie mixer sloments < {8 2
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{01601 The results showy in Table X indicate that pH stabilization ocours faster

when using more static mixer oloments, while stilt remaining well inte the laminar

o,

Example 18, In-Jine vivug ingctivation on Protein A clugie

4

FUREST] b this represontative experimat, & vlarified cell ctdie of a MAb s
subjecied to Frotein A chromatogeaphy, The Protein A eluate is collected in ton
separate fractions, spanning sbway theee cobumn volumes, Baeh fraction s separately
acdhusted 1o two pHovalues, 3.3 and 3.6, The smwoants of acld needed 1w reduce the
pH 1 the desired valoe and of base peeded to then inorease the pH w the desived
value are determined, as desortbed herein, These amounts ave different for each
fractien becmee the differcat amounts of Mab result in differens buffering cupacily

for each sample,

FO0162T A model i then it of the amounts of scid and base as a function of
eluate volwme, & second exprriment iv porformesd whore the Protein & cluate iy
continuonsty adpuded 1o the desired pH based on the mode] buill, Virgs
coneceniration is measured following virus ingctivation to confirny that viray

inactivation is achieved.

Example 1. Effcct of in-dine virns inactivation on MAD guality

\

FOGI63T 1o this representative experiment, the beneficial effect of shorter exposure
timse on MAD prodoct quality By investigated. Two monuelonal antibodies a

purified using Protein A cleomatography, :s:&mpiei are collected in o tubes and
anmedistely incubated ai vartous pH (Le, pH 3, 3.6 and 4) and e (e, 12,

Sand 13 and 90 minutes),

{Q0164] The samples are then nrutralized and tosted for prosence of agpropates by
Size Exchasion Chromatography (8ECY and SDS gels and for changes in charge
varigrds by weak cation exchaupe chromatography (WUXA10) The dentity of the

resulting protein 8 alse analyzed by Liguid Chromatography / Mass Spectrometry

(LOMS)
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HO0185] The specification is most thorpughly understood in Haht of the teachings
of the references cited within the specification which are hereby incorporated by
reforence. The embodiments within the specification provide an Hustration of
embodiments in this invention and should net be construed to Hamt it scope. The
skilled artisan readily recognives that many other smbodiments are snvompassed by

this tvention. Al publications and inventions are icorporated by relorenes in their

3

entirety. To the extent that the materiad incorporated by reference contradicts ors
meonsistent with the prosent speoifivation, the present speification will supercede
any such material, The oitation of arey references herain 15 not an admission that

such reforcnees are {‘IEN art 1o the prosent invention.

HOUIOG] Unless otherwise indicated. sl numbers oxpressing quantities of
ingredienty, cell cudture, trestment conditions, and so forth used in the speeification,
mcluding claimx, are o be understoad as being modified in all instances by the
“ahout.” Aveordingly, unless otherwise indicated 1o the contrary, the numerizal
parameters are approximations and nuy vary depending opon the desired properties
somght to be obtained i?!}-‘ the present invention. Unless otherwise indicated, the term
“at feast” precoding a sories of clomoents ix o be understood 1o refer 1o every
slenent in the series. Those skilfed 1o the art wall recognize, or be able o asceriamn
nNing no nore than mutine experimentation, many equivalents © the speeilic
embodimenty of the invention described herein, Such egpuivalents are intended to be

encompassed by the fullowing claims.

HO0167] Many modifications and variations of this trvention can be made without
departing from its spinit and svope. as will be apparent to those skilled in the ant.
The specific embodiments desoribed herein gee offered by way of example only and
are pof meant 1o be miling inany way, It is intended that the specifivation and
examples be considered ss exomplury only, with § trie seope saud spirit of the

mpvention being indicated by the following claims
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Clatas
What is chadmed is
1. A method for mactivating one or more virases ina sanple, wherein the

method pomprises continuousty mixing the sample with oo of more virgs
wackivating agents a8 the sample flows from the first unit eperatinn 1o the seeond wnit

aperation during a proceas for purtfving a target molecule.

s

The method of olaim 1, whereln the first wit operation comprises bind and
clate chromategraphy and the seeond untt operation comprises a flow-through

{‘LE Hication PRGLEss.

3 The method of claint 2, whereln the bind and elute chromatography comprises

Protein A atfinity dwomatography.

4. The method of olaim 2, wheretn the Sow<through purification progeas
cOMPTises two or more matrices selected from the group consisting of activated
carbon, anion exchange clwonatography media, cation exchange vhronutography

bl ¥

media and a virus Glration media

5 The method of elaim 1, wherein the sample comprises g Protein & eluate
8. The method of claim 1, wherein the 1arget molecole s an antibody oran Fe

FEEION COTMINING profein,

7. The wethod of clabm 1, wherein the sangple 18 mixed with one or more virus

activaling aponls using one oF more m-line stalic nixers,

&. The method of clabn 1, whersin the sample s mixed with one or more virgs

inactivating agenis asing one or move surge ks

9, The method of elaivg 1, wherein the one o more vivus iactivating agents arg

selpetesd from the group consisting of an goid, g xalt, o sobvent and a detergent,
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10, The msthod of claim 7, wherein the flow of saumple 1s i the lamingr flow
RN,

Lo A mothod of nsttivating ong oF more viruses i a Protein A olugte. the

method comprising mixing the cluate with one or move vires nactivating agents using

one or more m-lne static mixers, wherey HR‘D?&‘ virus tackivation is achieved n

fess shan 1 miomes or less than § minutes or loss than 2 minutes or less than ||

minule,
12, A method of inactivating one or more vinges in 8 Protein & eloate, the

methad comprising mixing the cluate with one or mare virys mactivating sgents using
i surge tank, wherein complete virus ingetivation is achieved i less than | howr oy

fosa than 30 minutes,

|

tes

& wethod for inactvating one or maore virnses, the nwethad comprising:
{a} subjecting & sample comprising a targel protein 1o 8 Frotein A affinity
chrematogaphy process. thereby to obtsin an oloate; and

{by continueashy fransforring the eluate to an in-line sfatic mixer fo mix g of
more virgs mactivating agents with the oluste for a doration of time which is equal to
or less than HE muutes,
therehy 10 activale One OF MOTe VITHses.

&

The method of claim 13, whereln the Protein A affinity chuomatography

s
‘l';x

process 18 performed m batch mode.

~

15, The method of claim 13, wherein the Protein A alfinity chromatography

process is performed in g conlinpous mode.

16, The methed of olaim 13, wherein the process comprises continyous maidti-

colomn chromaingraphy.

17, The method of elaim 13, whercin the oug o more virus inactivating agends s

ary aoid.

Ak
Lo
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5 -

IR, The method of clainy 13, wherein the targe! protein {5 an anttbody,

B The method of claim 13, further comprising the step of comttnuonsty

transtersing output fron: step (B into 3 How-through purification process step.

2. The mothod of clatm [, wheretn the flovw-through purification step comprises
WO oF move paatrieey selecied oy activaied carbon, anion exchange media, cajion

ped

exchange media and virus filter,

s
o



