APPARATUS AND PROCESS FOR PURI FI CATI ON OF PROTEI NS CROSS REFERENCE
TO RELATEROABRL46A9! ONS [ 0001] The present application ecaiussoRisRrety to
U.S. Provisional 5Patent Application Serial No. 61/345,634, filed May 18,
2010, which is incorporated herein by reference in its entirety. BACKGROUND
OF THE I NVENTI ON [0002] The present invention relates generally to

appar atuses for and 10net hods of purifying proteins. [0003] The econom cs of
| arge-scal e protAPPMTDSC&NDOPR@@ESSWRapummemneul@F PROTEINS

t herapeutic anti bodi es, as anti bodi es make up a | arge percentage of the

t her apeutic biol ogics on the narket In addltlon to their therapeutic

val ue, nonocl onal ant| : 15 tools in
the diagnostic field. =RthE i oun ' geen devel oped
and used in thf@OOﬂrgnoFlhépﬁésetma)bpﬁbaim&ﬁélmspﬂirﬁﬂﬁ?mﬂSaPﬁvaIS?o@ﬁIUg testing.

[ 0004] Tygl cal puritication processes involve tiple chromat % aphy steps

in orderSto meRateptApplicatigneperial My Q“Iﬁ‘@%@ﬁﬁu“ﬂ‘e@é@ﬂﬂ 12mitG whigh is20st eps
typically invo r e?%% tion or polish, and final
polish. Affini bxsgg)?%tﬁgtrger?ﬂﬁ nt@%‘?rhﬂ Inm ' or ion exchange

chromat ography is often used as a capture step Traditionally, the capture
step is then followed by at ate purification or

pol i shi ng chrorrat ography ste cocdiSodas A S S Yal S L oE N, and viral

25cl| ear ance. ter
acconpl i shed via ar fi nﬂ‘?%bg%s‘:eg?ng{dghpgﬁtﬁé@tb§%e@%g% é’sﬁ?g%ae%ggt gﬁ%
hydr opht®i c i nmttmﬂscofmuréymg@rmiehmr met hods. In a traditional process the

byl ophobi o i nBPALL ) ohl e AEORDIS: RE- a1 BTe 1 A S0t INGRR e aphy.

These steps reﬁ&’ﬁ@ul@ﬂ&%&ﬁer@ﬁ%t»@@ﬁ%ﬂlerselaétaﬂﬂbd)dﬁéﬂrnhétté3§p allAfgelldi ng host
cell proteins | eached protein A aggregates, fragnents,

vi ruses, and omreentamlof the therapeuiierpiplagiceen theymarket. rin@aidtitonstprtbem and
cel l culture

therapeutic value, monoclonal antibodies, for example, are also important

15 tools in the diagnostic field. Numerous monoclonal antibodies have been
developed and used in the diagnosis of many diseases, pregnancy, and in
drug testing.
[0004] Typical purification processes involve multiple chromatography
steps in order to meet purity, yield, and throughput requirements. The

20 steps typically involve capture, intermediate purification or polish, and final
polish. Affinity chromatography (Protein A or G) or ion exchange
chromatography is often used as a capture step. Traditionally, the capture
step is then followed by at least two other intermediate purification or
polishing chromatography steps to ensure adequate purity and viral

25 clearance. The intermediate purification or polish step is typically
accomplished via affinity chromatography, ion exchange chromatography,
or hydrophobic interaction, among other methods. [n a traditional process,
the final polish step may be accomplished via ion exchange
chromatography, hydrophobic interaction chromatography, or gel filtration

30 chromatography. These steps remove process- and product-related

impurities, including host cell proteins (HCP), DNA, leached protein A,



SUMMARY COF THE | NVENTI ON 5[ 0005] Briefly, the present invention is directed
to an appababusisbop purifying a protein froma sanpl e ceutraispiingsife
protein to be purified, conprising a capture chronmatography resin, a depth
filter arranged with respect to the capture chromatography resin so that

t he sanpl e processes through the capture chromatography resin to the depth
filter, and a m xed- 10nbde chronat ography resin arranged wth respect to
the depth fil t@g%{égafégafragh@ﬂ@rmhgemm‘@ém shitliaHekRclRendRpiiBs fidm er to
t he m xed- node chronmat ograp resin. [0006] Additionally, the invention is
directed to a ﬁ"r"@tﬂf@@uﬁcﬁ%r%m angdioed caltgfest ei n conpri sing providing a sanple
containing the protein, processing 15the sanple through a capture

chromat ography resin to provide a first eluate conprising the protein,
after the sanple is pr ocessedsUMMmUFeTHmNVEaNﬂunrrat ography resin,
processing the first eluate through a de? filter to provide a filtered
el uate conpri si®995] he Brefikithe Pear@nhinventionds direcied dp garapnasatysderssed
through the d I S r h a

m xed- node chro &Yﬁ‘s gfo’tenﬂ f@)ﬁ'ﬁ%téoeﬂﬂ 'E%cﬁ‘féé'é&@ t@%ﬁgbdél Fotlégg)gﬁgér"l?y ng the
protein. [0007¢cﬁupn$lag,a ctd[ﬂuriermﬁrom'awgnashgllre@nmdebm fAterayarg@dugitand a

t hod f f t i di | e containing the
brotein prbeceshht o Sahfir cﬁ?e'%é&%‘r%&éﬁ% 80 dHatdne SaRlp APGeESER o
25 provide a fis rﬂh'éaéa‘?)tﬁr‘érm{rbﬁid?&\;/ﬁagﬁy?é %Ehe géﬁ’l]ﬁ%ﬁt%‘r%& Benikbgst

eluate through a depth frliter to pro l'tere uate conprising the
protei nj0and amodes@rmgatdgeammy [esnredrrehgad&wthh'eepgfht ta the dbptmfiitexdeor ber or

DESOR! PTI ON ORISR OP R pytoa gt Beroerh et f Be Takedimadk ¢ of an

enbodi ment of ghienat By ré§iQ09] Figure 2 illustrates an alternate
?ﬁé y

schematic of an enb ment of 5the process.
[0006] Additionally, the invention is directed to a method for purifying a

protein comprising providing a sample containing the protein, processing
15 the sample through a capture chromatography resin to provide a first
eluate comprising the protein, after the sample is processed through the
capture chromatography resin, processing the first eluate through a depth
filter to provide a filtered eluate comprising the protein, and after the first
eluate is processed through the depth filter, processing the filtered eluate
20 through a mixed-mode chromatography resin to provide a second eluate
comprising the protein.
[0007] Further, the invention is directed to an apparatus and a method
for purifying a protein comprising providing a sample containing the
protein, processing the sample through a capture chromatography resin to
25 provide a first eluate comprising the protein, processing the first eluate
through a depth filter to provide a filtered eluate comprising the protein,
and processing the filtered eluate through a membrane adsorber or a

monolith to provide a second eluate comprising the protein.



[00010] Figure 3 illustrates an alternate schematic of an enbodi nent of the
process. WwB09lillseFvgure 4 illustrates an alternate scheparius2ef/080279

enbodi ment of the process. 10[00012] Figures 5a and 5b illustrate the HCP
cl earance profiles for a protein purification process. [00013] Figures 6a
and 6b illustrate the | eached protein A clearance profiles for a protein
purification process. [00014] Figures 7a and 7b illustrate the
aggregates cl earance prof BRIEF DESCRPTION OF TRE DRIMMRINGS process. [00015]
Figures 8a and 8b illustrate the DNAClearance profirTes ror a protein
purification pl0988%s. Figom djillustigtesss sohematic @b anianlsedianest ohthest ep yiel d
for a protein ‘5) rclﬁg cation process. 20[00017] Figure 10a illustrates the
HCP | evel as a function of feed | oad on XOHC depth filter at different

buf fer conditi@ee9]or RighreoReiustites an aitbireite BeRe®atc of 8 Chfodhingnt 6f 10a

il lustrates HCP renoval by depth filtration post- Protein A capture/pH

i nactiva®i on athedyoeassranufacturing scal e. 25[00019] Figures 11 a, 11 b, and

11 L UStT at e L : . :
orotei n pari 1 0Q0TBR" Fiufs SHRGETpleRe ARG Y By maBIARLI T, o
HCP cl ear ance theqgirotess.for a protein purification process. [ 00021]

Figures 13a an Il Lustrat he | eached protein A clearance, 30profiles
for a purifical |°§ﬁ?bro%:'@k’ge.‘2"@6ﬁr§@ﬁﬁ?ﬁﬂgﬁwméﬁqpﬁgﬂ odiment OI

the process.

10 [00012] Figures 5a and 5b illustrate the HCP clearance profiles for a
protein purification process.

[00013] Figures 6a and 6b illustrate the leached protein A clearance
profiles for a protein purification process.
[00014] Figures 7a and 7b illustrate the aggregates clearance profiles

15 for a protein purification process.

[00015] Figures 8a and 8b illustrate the DNA clearance profiles for a
protein purification process.

[00016] Figures 9a and 9b illustrate the step yield for a protein
purification process.

20 [00017] Figure 10a illustrates the HCP level as a function of feed load
on XOHC depth filter at different buffer conditions for a protein purification
process.

[00018] Figure 10a illustrates HCP removal by depth filtration post-
Protein A capture/pH inactivation at 3000L. manufacturing scale.

25 [00019] Figures 11a, 11b, and 11c illustrate impurity clearance profiles
obtained via a two-column protein purification process.

[00020] Figures 12a and 12b illustrate the HCP clearance profiles for a
protein purification process.
[00021] Figures 13a and 13b illustrate the leached protein A clearance

30 profiles for a purification process.



[ 00022] Figures 14a and 14b illustrate the aggregates cl earance profiles

for a proweiipuEibi cati on process. [00023] Figures 15apeisi®dhosihaistrate
the DNA clearance profiles for a protein purification process. 5[00024]

Figures 16a and 16b illustrate the step yield for a protein purification
process. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [00025] Reference now
wll be made in detail to the enbodi nents of the 10i nvention, one or nore

exanpl es of whjogi2ay e F@bréeptwahelw .tnﬁﬁ%te@%e%pbpegate%eﬁtét% pRofileady of

expl anation of the invention, not a limtation the invention. In fact,

it will be app@remrotejntondﬁ@atm prioe@is$.n the art that various nodifications
and vari ations nt, i.n t hout d réing from
t he scope or SE?(@?PP gesi ﬂ@%%pquﬁ% E%?trqtﬁg #é‘g&] C%(%'?;ﬁelj?@ 'Pq ftf)ﬂgt rat ed
or descri bed rop@thtpup’ﬁcgm prdeedsnent, can be used on anot her enbodi nent
to yield a sti II further enbodi nent. [00026] Thus, it is intended that the
present 5nventio@ﬁzébve'F'gUSQﬁ:hﬁarﬁﬂﬂﬁlfS@de%ngeé’ﬁ@St@r)ﬂ@'@lf@hg pagteddme wit hin

t he scope of t ?J‘?? a| nms and their equivalents. O her objects,
features and aspe fes 20present invention are disclosed in or are
obvi ous fromthe foI | ow ng detailed description. It is to be understood by
one of ordinary skill in he art that the present di scussion is a
description of exerrpl . RIR EMBODIMENIS) as limting
the broader  asppps) of REfb‘?eHé@ﬁS\Wwdl%\éerﬂhHQ% 251089 bl ifefEadhe=n

t he present en n conprises a two- romat ogr aphy

purificé0i on sm%ehmramdtermtmoce eﬂmptelslofrvd’ndvare/selsfortg ttdt@/vt iBaeht i ve system

d t.abl flnal roduct,. qu ty i s equival nt 0O nore
Erad t Lonal prOXHERS DEJIGRS ki A SIATAYA b JavenStomcs Faafion

processing, hi ghep ipvéHliont 'IM'féd’t |t%v.%e'a%%¢eﬁth6& SRiied H s Bgept abl e

integrity and purity of the nolecule. For exanple, mnimzing the nunber of
chr omat ogr aphyvanayssmedificatieniuard varationsuearebe maqﬁ indbe presemiameatition

buffers, tanks n 1 scel | aneous wprren t are typically used in
conventi onal pwgﬁ%ﬁndn%rﬁq @8&] tg‘ﬁ 88e°§s l”t OFS’?)‘E) %ﬁ‘e%ﬁ” %f‘ce?gr ans for
sever al 1gnbodi f&RRirss Glfus‘trléﬁadf)tbﬁé%&nbed as part of one embodiment, can be used

on another embodiment to yield a still further embodiment.

[00026] Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended
claims and their equivalents. Other objects, features and aspects of the

20 present invention are disclosed in or are obvious from the following
detailed description. It is to be understood by one of ordinary skill in the
art that the present discussion is a description of exemplary embodiments
only, and is not intended as limiting the broader aspects of the present
invention.

25 [00027] In an embodiment, the present invention comprises a two-
chromatography step protein purification system and method. Overall
recovery using the inventive system and process is acceptable and final
product quality is equivalent to more traditional protocols. By eliminating
specific steps in downstream processing, higher productivity is achieved

30 while maintaining acceptable integrity and purity of the molecule. For

example, minimizing the number of chromatography steps will reduce the



5t wo- chr omat ogr aphy step purification systemare provided in Figures 1-4.

I n an enbw@diwBNledd the invention, a sanple which cont aipgs/Z20n08209 1S
provi ded. Any sanple containing a protein nay be utilized in the invention.

The sanpl e, which contains a protein, may conprise, for exanple, cell
culture or nmurine ascites fluid. The protein can be any 10protein, or
fragnment thereof, known in the art. In sone enbodinents, the protein is an

anti body. |n angabeh 6t bRIce8TRBAIPTRRNts, bffeR, @AMs) ahd rﬁlseglmo%%al anti body,
or fragment thereof. In sone cases, the protein fray be a human nonocl onal

anti body. In o@ﬁ@lpn‘@rﬂb(ﬂmtrﬁéﬁﬁmlcalbwqmbmmqmvestlmalmmhenbgimﬂmatlon G
anti body. In s {? gé%er enbodi nents, the protein is a 15fusion protein
such as an Fc-P\P&°3 rot ei n. [00029] In an enbodi ment of the invention,

the sanpl e confowio28ng saﬁeméa&@ia@;rm for é@&erbeerﬁbaairﬁérﬂgoﬂméﬂsre%am met hod
known in_the art (see Fig. 2, step The clarification step seeks to

renove cells, ™aQ- Ph@@bﬁtpgra%(ﬁtg@ﬁ’!al”%t@ﬁitmb%lslfemrﬁﬁarnl'@‘(lé%d in bigurés 1sanpl e.

contri fugati on seetoeRReRfordRY sRPtigh, 3sairEatich PafaleBierre sampi ¢

may be perfor npdvided. SAtkylea\nfnpleﬂcdrhemmgapF@t@lremlymeeutlliz@Gtuﬁltﬁélgatl on of the
sanple may be performed using a normalized | oadi ng of about Ix1 0-8 m's and

a gravitationalnVeg{R 6\“9&881&'9 W@Gb%@nt%”%ﬁcﬂj@te!ﬂ; VO@DQ@’“P%?UQOSO] In
anot her enbodi gt Re E@ﬁmjeeorrméfnﬁgogél fﬁdl&dTﬁbEbrgterﬂ ?,{ar?h e[r{ tion or

ultrafiltration ne rane I'n sone e € nmcro ati‘on or
ul trafill@rati oproteinborinagment thereof, kaogeir the art] tmsdmetarabodiments;fihe node.
Any TFF cl arl fi Cgeél on E{aggigaaes known . in the art may be utilized in this

embodi nent . 8i'%A ﬁe%?&ﬁ@'%ﬁ'ﬁ?ﬁ’@ﬁ"%@@&!@?m I$ @ross-f1 ow
configurati on m@hb&l%ﬂapé{ntibdéfye6§Hé§n@n?9\é?86ﬁ o yf‘ﬂ% EQséé“t’h Fs?téﬁ’ﬂﬁgye

fracti onates conponents of [iquid mxture as a ction partl
and/ or sol ut e B¢ adumnan mqnw@tqmaéanmmdy akni dtheaenndmdlmd!reissmleembtnin ieamr ane

pore size allo hrou es wi.th the water
whi | e retai ni néﬁpH@g@gﬁwg}@ &) d@ﬁ?ﬁg qch %H@tgﬁﬁ‘ 'B&ce. In an
enbodi mgmt , thf@s-ﬂﬂrpr@t@ﬁlshbﬁéglgyﬂFm&m E&gmduct ed using, for exanple, a
0.1 pmor 750 kD nol ecul ar wei ght cutoff, 5-40 psig, and tenperatures of

from about 4C £08028but Insucemberirpentyafihe mnﬁ@ﬁbWanplﬁvalmlngﬁhyet

I o oe R SARISRTR Ry, Mg LAY e KB RIS B8 TR BEEE

met hod of renostepd)pdihei ctarficationmiepbedko residve celisecélibdeldris, fandtinse
host cell impurities from the sample. In an embodiment, the sample may

20 be clarified via one or more centrifugation steps (see Figs. 3-4, step 1).
Centrifugation of the sample may be performed as is known in the art. For
example, centrifugation of the sample may be performed using a
normalized loading of about 1x10® m/s and a gravitational force of about
5,000xg to about 15,000xg.

25 [00030] In another embodiment, the sample may be clarified via a
microfiltration or ultrafiltration membrane. In some embodiments, the
microfiltration or ultrafiltration membrane may be in tangential flow filtration
(TFF) mode. Any TFF clarification processes known in the art may be
utilized in this embodiment. TFF designates a membrane separation

30 process in cross-flow configuration, driven by a pressure gradient, in which

the membrane fractionates components of a liquid mixture as a function of



arranged i n sequence, which have decreasing pore size. The depth filter

t hr ee- di ngoVOMAb17OAL i X creates a nmaze-li ke path throughrwibehngiree sanpl e
passes. The principle retention nmechanisns of depth filters rely on random

adsorption and nechani cal entrapnent throughout the depth of 15the matri x.
In various enbodi nents, the filter nenbranes or sheets may be wound cotton,
pol ypropyl ene, rayon cellul ose, fiberglass, sintered netal, porcelain,

di at omaceous epaftidie d/6F SQIUIKHPVRANAXIRRIRB! In cldhifieslidRi the SBRRAGEATEN S,
conpositions that conprise the depth filter nmenbranes may be chemcally

treated to confembiianepece sEpcionisveoat apawWon20ts te. pass tbealghnthe phres ge, to

enable the fil t UL ively charged, particles, ,such as DNA,
host cel |l prot%’lﬁﬁéﬁé)g%%;rgdgﬂé'geg{ggg%g[@sd%fa ﬁfe(qe‘%tbﬁ'squotvleéﬁ?on system

avai | abl e to omentrapéisuifate. 1mananibdtment the THF dafifidationragbgent . In a
particul ar enbodi ment, the depth filtration sm e acconplished with a

. ep may b
M I i staR+O PoePnsisted psingefor 2xaniple. arf). IXaRErMEd kD moleculabweight shtoff,

M I 1ipore Corperation. %k%t !EWEQII'—B fo bhtration step may
be acconpli sheg 4% éﬁ@’aa%ea rg‘g‘“ﬁg@g |L,tt4e§,etoga\ep§)ﬁ':?géléé‘\'\" om 3M
Purification |palysfift@3dembrasesre enbodi ments, the depth filter(s) nedia
has a nom nal r ize fromabout 0.1 pmto about 8 pm |n other

enmbodi nent s, tﬁ?@ogéﬁepmqtianpgﬁfﬁmfP%W&nhdpe Fa0w ! Hraysbe clanifigd oig one pm t o
about 5 pm | b Sl i € 20 i i have
pores from a&ﬁp@@é%%ﬁ%rﬂrgﬁdgg%’%) g?%?nﬁqé 32@%%3?'h?§b{eﬁ “ggﬁgr}ég?%?é/t he
dept h f101t er ( stp apditBodraf/remaméng padiclasiomssadutipreasing a seiesadfdilters, pm I n

further enbodi nents fhe depth filter(s di a .may have paqres that are | ess
than about 1 p?ﬁrarﬁ%%'('i's’%ﬁqul%ﬁm@o 'Cgrp%yﬁi%ﬁ?§'”9\é8r%§5?hqﬂq denthififar
clarification Giepdfm¥ndiona Hatrikhecates %a&éﬁhkerpa;ﬁ?ﬂﬁ&ggﬁmiéwgr S

arranged in series. In this enbodi nent, for exanple, ista m ni  DOHC
and XOHC fi | t e3@mplewnasspe. diheainsiple retestivr meahanissrsiof depthdilteraraly i cati on

step of the in i i i.nation of these or her
clarification %’fgé:ﬂgﬁggghgﬁﬁ%gﬁhf@@r@ggﬁ%m&i%?Eatﬁ’éned}tgﬁ@éﬂq%BHpﬁﬁ q?@@(ﬁ’fas t he
optionaj5cl ar i theansirian I8tvapogs ehfbdirmestt R filtdrehedsPdRtlstor dHERts may
clarification step may conprise both centrifugation and depth filtration

(see Figs. 3-40¢woepdrptiopopeyeioryiens. fpayan eslivinseeitbelarmsintered present
SYSLeL ) yoRgtSps s, bl 6 A TLEA R AR MR
non- chr omat ogregtain epuradimeats, oompositions that comprise the depth filter
membranes may be chemically treated to confer an electropositive charge,
20 i.e., a cationic charge, to enable the filter to capture negatively charged
particles, such as DNA, host cell proteins, or aggregates.
[00032] Any depth filtration system available to one of skill in the art
may be used in this embodiment. In a particular embodiment, the depth
filtration step may be accomplished with a Millistak+® Pod depth filter
25 system, XOHC media, available from Millipore Corporation. In another
embodiment, the depth filtration step may be accomplished with a Zeta
Plus™ Depth Filter, available from 3M Purification Inc.
[00033] In some embodiments, the depth filter(s) media has a nominal
pore size from about 0.1 um to about 8 um. In other embodiments, the
30 depth filter(s) media may have pores from about 2 ym to about 5 ym. In a

particular embodiment, the depth filter(s) media may have pores from



step. [00037] In a particular enbodi nent, the further treatnent step may

conpri se wpeaimmgizowi th a detergent (see Figs. 3-4, stepcus20iifiDesd er gent
utilized nmay be any detergent known to be useful in protein purification

20processes. In an enbodi nent, the detergent may be applied to the sanple
at a low level and the sanple then incubated for a sufficient period of
tinme to inactivate envel oped mammal i an viruses. The | evel of detergent to

be applied, i mbyutenPogin®iboutdyue I samoiHee Wimisbdimeaky the dephviiiter(s)! n
anot her enbodi ment, the level of detergent to be applied may be from

25about 0. 05%Medianpay heve wpres that aregigatenihenboud iysni M fdrtharne | evel of

erbodt mont . 1 AR en s AR IRGH) el i ove oBsiBat AE8E e o)

X-100. This stapupnqwhdes additional clearance of envel oped viruses and

i ncreases the robustness of the entire process. This step na Obe referred
to as a et er JAAP34] 1 dn soma embedinents: 8}? eRip fiteatipn %ﬂ‘%’éﬁﬂ@%/ww 032279

L00038] 10 an iaihogifehle of fd e%{zﬂefdtﬁﬁtwmére@ar@'yeanhfs'bﬁég.i #uaad further

purification steps o e 1 nvention, e sanp be subjected to a

chr omat ogr aphyembpdiovtent sfoe pxampte, Rlitistaki-@ miniEHCapnd XOHE diterscalddi gned
to separate the protein fromthe clarifjed,s le. te t.he Scapture step
reduces HCP, [hf'sg"ﬁ%g?&m”%%%%%% _ sCI@rﬁ%é'PBrs%‘? Pﬂg"-e_ 'W‘R%t'odﬁ_rti cles
in the sanpl 108085  hrANPESALRMANYN B AN SIoMbt blafifEatidh pldicessadaflickent may

be any nechani'sm krnown i'n the art to be used as a ca&tﬁ_u‘re_step. | n an
enmbodi nEht , t Faredaopineinrthg abtecarubé atiizatl as the eptinna) cleifieaterogieapfthei on

captur s step. RuRser Har Samhi: B8 e ek eh By BN R Pon: xt 11 nity
chr omat ogr aphyceiyfubaticth bhtl ZR@tHa6ltakien (86 FigR. Stemsteptif.i ni ty chronat ogr aphy

makes use of specific binding interactions between nol ecules. A particular
ligand i s cherl088B6) ilmeparticulag esrodimapt dige present sysiem dvelyspdhne Uswhen

the sanple is . r resl I Q.1 : } has a
specific bi ndidﬁgasggﬁfu"%@? itgﬁ hdy ﬁ’&é’tﬁﬁ?fe%‘erﬁ%ﬁ*e%eéiﬁa%%?@i\ fe{re%o%mr%;arrpl e
conponetd s ar €umthshtedatavent,stép emdyocormpifigens @on-¢rsoatsgraphicpeifichtiom t he

i mmobi |i zed Iigand and eluted, resulting inits purification fromthe

ori gi nal sanpl®eP20[ 00040] In this enbodi nent of the invention, the

| ponaca STPREBTECLN #EAKKLR, SHRRRInC 0 SR ALBAR! LDt o on
ligand. In a comprise treatment with a detergent (see Figs. 3-21, step 2). The detergent
utilized may be any detergent known to be useful in protein purification
20 processes. In an embodiment, the detergent may be applied to the
sample at a low level and the sample then incubated for a sufficient period
of time to inactivate enveloped mammalian viruses. The level of detergent
to be applied, in an embodiment, may be from about 0 to about 1% (v/v).
In another embodiment, the level of detergent to be applied may be from
25 about 0.05% to about 0.7% (v/v). In yet another embodiment, the level of
detergent to be applied may be about 0.5% (v/v). In a particular
embodiment, the detergent may be polysorbate 80 (Tween® 80) or
Triton® X-100. This step provides additional clearance of enveloped
viruses and increases the robustness of the entire process. This step may

30 be referred to as a detergent viral inactivation step.



particul ar enbodi nent of the invention, the affinity chromatography capture
step may wonpii/Qa617pr otei n A chromat ogr aphy, protein G 2pelhrusomtoghaphy,
protein A/ G chronmat ography, or protein L chromatography. [00041] In a
certain enbodi ment, protein A affinity chromatography may be utilized in
the capture step of the invention (see Figs. 3-4, step 3). Protein A
affinity chromat ography involves the use of a protein A a 30bacteri al
protein that d@EOBS] ' afnesn sRRUIhent fdIdviey tHe bHforHP BrAREAESN a Rl ekt
portion of many classes of imunoglobulins. The protein Aresin utilized
may be any pr oRw@ifigaionstens efthelinygntionothsnsampletrmay detsubjected teabodi nent ,

avai | abl o 1r o RIS ARRE sBBI P R (GRTbS S T BeREP R . the
protei n A residesigyed® sefrafewierprotdit franPthesclaeedsampieai Osbhethbr om
M1 Iipore Corporation. An umm available in the art may be utilized in

I
this step. In %aqsarrewteg|ra¥uqiﬁ%oldﬁdprx@ﬁﬁt, celh@Néo landeneRgeneUS Vivs 96 VEes-TM
columm, avai | zimegpairﬁel@k ft}?%%@@%arﬁwébﬁﬁn%tb& (ohS ﬁ%c@rﬁ%@?ﬁﬂ&éd tra Plus

col um, avail rom Corporation. [ ein affinity
is utilized asthishembbdonettoganpbyanytrapchaismIiGooiruinmtheayt todweused astaer nal
di ameter of about 5 cm ar?d a colum |l ength of about 20 cm

I

I otfge_r
enbodi ment s, t$RPIE SIRA- IR AGEINRRYMSEL NG SREIRIG MaY berstbies afpitem 1 n
still anot her j ti 10 cmto
about 50 cm I%ngﬁtg?g?né’rIB@%Q?%F?%QO%IT%OI ég%ﬂoﬁhrergi? be about 5 cm
or larg#d. |n iaterasiorboriomatography dasm eaptare diepnet er of the col utm may be
from about O. bout 2 neters. J.n apother. enhodi ngnt, the internal
di aneter of tﬁgﬁggkﬁnﬁnrﬁﬁa%@ﬂ%r@m WFnIlIOICII?Iet'BV X gﬁrﬁ"tgm In still
anot her emoméﬁ@h\:ﬂté@}@ph?h@éﬂ@é ubliiZeas theotapthre stebUmFrin®gy be about 0.5 cm
or larger. 20[00043] The specific nmethods used for the chriomat ography

capture step, ¢hiemadegrgphy ciakes useofssngsific hindingdnteradiops|hetweemnash, and

el ution, depe e L5 : I . nd « pjcally

supplied by t E@O%%HIJGI%C'? @rggIcgl%rIIégIIngigﬁ@%'ﬁraﬁ?t"ﬂ@%}ﬁ%eﬁé gégIHEIIeI’OeSn, t he

t er m " processesblidnsuppdels Whba thdeamphs RSsassbdidventingredin, i8S Prat@irainsanpl e
the sample, which has a specific binding affinity to the ligand, becomes

bound. After other sample components are washed away, the bound
protein is then stripped from the immobilized ligand and eluted, resulting in
its purification from the original sample.

20 [00040] In this embodiment of the invention, the affinity chromatography
capture step may comprise interactions between an antigen and an
antibody, an enzyme and a substrate, or a receptor and a ligand. In a
particular embodiment of the invention, the affinity chromatography
capture step may comprise protein A chromatography, protein G

25 chromatography, protein A/G chromatography, or protein L
chromatography.
[00041] In a certain embodiment, protein A affinity chromatography may
be utilized in the capture step of the invention (see Figs. 3-4, step 3).
Protein A affinity chromatography involves the use of a protein A, a

30 bacterial protein that demonstrates specific binding to the non-antigen

binding portion of many classes of immunoglobulins. The protein A resin



25t hrough a chromat ography col umm, resin, nenbrane, filter, or other

mechani snyoaoty/abgbl i nclude a continuous flow through eaghysh®glhsnbesm as
well as a flow that is paused or stopped between each mechani sm [00044]
Fol |l owi ng the chromat ography capture step, the eluate may be subjected to
viral inactivation (see Figs. 2-4, step 4). In an enbodinent, 30this viral
i nactivation step may conprise lowpH viral inactivation (see Figs. 3-4,

step 4). In OngriFa3Rky b@%e]yoaro?e.ﬁlmﬁésﬁpﬁ%réfbﬁ@fd&ﬁbg{ﬂﬁ%'éw ppdger at  |ow

pH for elution may be enpl oyed, w thout further pH adjustnment, in a final
el uate pool i nemlb@dml@}etl@bnoﬁgé fesin hay-g-selected frwmdhembsmectm

Al ternatively, tate or cit. e, buf fer or eIutlo andthe
el uate pool g?%gﬁ/ THENS| ?Y%[a Sle r8m[{‘1§ %?%%ﬂrﬁﬁ%?% VI ral

5i nacti vati on. eﬂn@oamn@rﬁfb@@mrémAt&ees;rpma*y%éé@rbse tun%aﬁvlhgréaﬁut 4. In a
further enbodinment, the pHis fromabout "3 to abou L00045] I'n an

embodi nedt, ondwilahle ﬁﬁ@ﬁidV‘"'!n‘Pée(QQIQ@@tpOoIAﬁ)SCMGMrM”a lesngbelart may

i ncubat ed for 90 m.nutes, In a
particul ar errb%‘%lhﬁr&%t&nqh %‘g@ iigipa?ticﬁﬂ érgplggﬁgh St %UTBrFﬁﬁy 888
acconpl i shed vMabSielgct™ esluminy, hvﬁuébté/ln@h@e@Hébﬁh@@ed_.fecsa@ﬁ@ésrb:aa pH of
about 3.5 and {he sarr&l e may then be incubated for 1 hour. [00046] After

the | ow pH vi rBloSepe UitiaP N?nc@%"é‘}ﬁ‘ ayailable fom Villieeretommosatitol may be
| d h H
tay be o pr of OPPAZPLCH pfstein A hETEIART be e ShisH bR T B, P

neutral 1@ed, hcahmn may mtayelam latthblcﬁiammatamht 8 dne aabcutoldtin Iengthet

anot her enbodi e tr ,i her pH nay be a pH of from about 6
to about 10. &Fé}@ ?ﬂ(ﬁ n@ﬁl% %F ”R"eﬁ?'u“é’lq '?@9“" Rayhe from may be a
pH of from abogho@ g 8410 e tralized,

hi gher pH may bemsai pﬂngg%?ogut bI&TY F2nO g‘%@?efﬁmgﬁale odﬁhtﬁerﬁlL%H pH

neutral i zat i onlengih ey decfoerplabsiie d Owsi tyyabotl 50 tm. dH y@t Bnbikferer or anot her
art.. The conduct of th i nact | vat ed el uate pool

lror:t{/f ?Leﬁng\gnaii%ﬂb?g@wtt heyPndength K tygﬁlaf’é’d' ReRPT |qrge n"ébodi ment ,

the conglgicti viémbedinidif, !Hé&ﬁfdrﬁ@lt(ﬁﬂnﬁkélﬂif%@@@lunﬂ'f%ha@@@#bh‘ﬁé&%t@Sf rom
about 0.5 to about 50 25nmS/cm I n another enbodi ment, conducti vi ty of the

i nactivated el ¢atte abeut 2 mgterse l@oﬁ&@h@dembt)dmﬁﬁtatb'@unteesnaloilamemrQi the/ cm

[00048] In alt i I ct ep may be
carried out usﬁ]gﬁ]ht'ﬁg}{%@ﬁﬂh%g&ﬁgﬁmﬁn%é}& 1d&% &Pﬂ@ﬁ‘ﬁﬂg\e& the viral
i nactivation s¢mpodmyentotierintegnal diametdraifshe cbRehneRl/ e AORI0TB b vF t h
30aci d, detergent, chem cals, nucleic acid cross-Ilinking agents,

ultraviol et larger.
20 [00043] The specific methods used for the chromatography capture

step, including flowing the sample through the column, wash, and elution,
depend on the specific column and resin used and are typically supplied
by the manufacturers or are known in the art. As used herein, the term
"processed” may describe the process of flowing or passing a sample

25 through a chromatography column, resin, membrane, filter, or other
mechanism, and shall include a continuous flow through each mechanism
as well as a flow that is paused or stopped between each mechanism.
[00044] Following the chromatography capture step, the eluate may be
subjected to viral inactivation (see Figs. 2-4, step 4). In an embodiment,

30 this viral inactivation step may comprise low-pH viral inactivation (see Figs.

3-4, step 4). In one aspect, use of a high concentration glycine buffer at



i ght, gamma radi ation, heat, or any other process known in the art to be
useful fowot2biBepywpose. [ 00049] Fol Il owi ng t he opti onal peirrghotfnenté vati on
step, the inactivated eluate pool nay be subjected to depth filtration, as
descri bed above (see 5 Figs. 1-4). This depth filtration step may be in
addition to the use of depth filtration as a clarification step. In an
enbodi nent, this step nmay involve the use of two or nore depth filters

arranged |0 sl & &lbiaR PANbe Bhibisyed, MRt fithed oM Balisirhéit, iPased upon

the processing conditions known in the art, various inpurities can
renmoved or redirdi¢lyatemoohin hedarsied cangeactomldeddt drdlunadivatipnocessi ng.

00050] In an ks t epth filtration ste be fol l,.owed by or
E:onbi n]ed W th 5@'?@#'??@ ?‘i\’%tgfea?ﬁ Q%aget% e(rgé‘réasf:p%g_sgg?&%’elgﬁ%rbagsi?h%ny
sterile filterelka@\poslimaythet be TRtedetotheprbperpH Rarsyefdp qslv-Prntirall N an
enbodi ment, the sterile filter is a mcrofilter. In one aspect of the 15
i nvention, thelN3giévatioa. fipjanegmhagimentipiheqd is famt ahit @05 o abeuwti4.ilriang gr ade
filter. The sterili Zi i I , e, a 0.45 pmpre-filter
in front of a @H?E‘f)rénhﬁ%rqy‘%tleheeég '?ﬁégﬂgbﬁ%tr@ngggﬁrﬁént, the sterilizing

filter may havi900d8pr amearpemdedirhait, anee theopHaliabié efuate povt ie I@hetdd, 0. 5 pm
In other enbodjnents, the sterili éieng{bfi | ter may have nenbrane pores that

20are from aboiie PO Isipcubatgddat a @f time e akqyd 46, toaheus PRr i | i zi ng
filt h i t . ; . i t,
the steri iz nour A8 paRictfar difbodifert ol PRl inadialiofiEReK, oM

[ 00051] FBI | owi mgydepadcomplishad iventitaatibroptth &M phespHogicfadid tabbtaim at he
sanpl e may then,b ubjected to an interngdiate/final i shing step (see
25F go. 1 2) . i O ADBHse Arshie SHtPIR DA Hisn e Wrubatad Bel Mg st op. mmy
conprise a mx aere ARéS®el b I p (see
Fig. 3, step GWOI npt hi gést gﬁwm%rﬁggﬁ g%ﬂéﬁﬁﬁép&e%&keﬁﬁcggﬁge?‘%ly éfte:i n A,
and aggr egat esPeglénay baneytralizad tohe higheplpél. Mhan einbedimentethehr onat ogr aphy

t tilized j ig i i tili i xed- mod h t h
o oess known TonttdlieSa, AR} AT AR be s leBlafh o dBe b lee 0t T
solid ph@ise chasgtaéogmaplinterlihieonidirdiited SsigRer pHTNAY bkl plafof iRk ane

format that enploy multiple chem cal nmechanisns to adsorb proteins or other
sol utes. Exanphkautdsterahout 40 Ha yehaeethessmbedinest, thaipeulralizeg: highert ed t o,

chr omat ogr aphi 514?12‘%88@ tg\?ﬁll(ljﬁﬁroﬁ?(gﬂ)&jxt% O RAY. AR/ EnbtRr TmbBifieRl e

fol |l ow ng nmechan
the neutralized, higher pH may be a pH of from about 6 to about 8. In yet

another embodiment, the neutralized, higher pH may be a pH of about 8.1.
20 [00047] In an embodiment, the pH neutralization may be accomplished
using 1 M Tris pH 9.5 buffer or another buffer known in the art. The
conductivity of the inactivated eluate pool may then be adjusted with
purified or deionized water. In an embodiment, the conductivity of the
inactivated eluate pool may be adjusted to from about 0.5 to about 50
25 mS/cm. In another embodiment, conductivity of the inactivated eluate pool
may be adjusted to from about 6 to about 8 mS/cm.
[00048] In alternative embodiments, the viral inactivation step may be
carried out using other methods known in the art. For example, the viral
inactivation step may comprise, in various embodiments, treatment with

30 acid, detergent, chemicals, nucleic acid cross-linking agents, ultraviolet

10



5exchange, cation exchange, hydrophobic interaction, hydrophilic

I nteractiwo,2oflng4epli i c i nteraction, hydrogen bondi ng, pcTpis2éansipg, and
nmetal affinity. In particular enbodinments, the m xed-node chromat ography
process conbines: (1) ani on exchange and hydrophobic interaction
technol ogi es; (2) cation exchange and hydrophobic interaction

10t echnol ogi es; and/or (3) electrostatic and hydrophobic interaction

t echnol ogi es. |[dMOfdhmaradiutonb adhtrentny diiterprsedssTRAGwS i Heps@es Behy step

may be acconplished b*/ using a colum and resin such as the CaptoO adhere
col um and resisefulforthiaBHEOGSCom GE Heal t hcare Life Sciences. The

15Capto(r) ad I r r

purification ngﬁﬁg |£@Ir¢g\;’ﬁn tﬁ@!)éﬁ(?ﬁ)aﬂ }raangb%k/rgélog‘sﬁg#}t@? C%Jf)ts}a?ed In a
particul ar enbeidategpsal nhdi},ebmsmb}écmﬂm dépthmittatpna pbydestapedrao e (sganduct ed
in flowthroug_ﬂarmde nbodi nents, the m xed-node chronmat ot%eaphy

step may?be c ct-de TH'%‘?%F’é'ﬁ[ﬁt@nnﬁﬁﬁ m%?@@@@@ﬂ"“% tpthrpserbdapthent s

th d- nod

of Cthe Fol | ow IS AATHS At AfbenShRedTih S ARTRRONE A3 siib (R A0E °f, 12"

Sci ences), HEAhblymer@ewaSMr(raon dieﬂﬁhélltbrsaanrmagéd osqrgsat With ap?ﬁbrub&goﬂ Cel TM
| abl e f Pal |_.Co rCel T™M i |.abl rom.Pa

ot por ati on) | SENEIT i HPoy Hier  Basatt una LI TREREFING GONRPAE KOAWM 1B ve

Trisacryl M (apaideRhafiolis ﬂﬂbﬁ’ﬁt’iés @{B@rr&hb%a or %;J-@@d%ﬁrfhé l,%égg;soapat Ite

(avail able from Bi 0-Rad Laboratories, Inc. Ceram ¢ Hydroxyapat ite
(avail abd e frcﬁfr@mbmeﬁaﬁmmroces&ngl nc.), and/ or ABx (available from J.

T. Baker). 3 8 f|% net i d for tH mtx%d mqﬁay?’ge?ol%wedo&/aphy
step nay depe et "&%‘T um? derin filleation sfgp
2011/ 146179PCT¢H&26643\19@3\3@17§ stérilé flRl%ﬂon%k‘%b feR fEigBl gal kiepssPPAhEstehle t he

manuf acturer or are known in the art Each colum utilized in the
process may bef"ieéﬁ(@@W@dBlﬁ@%aﬁdn@YbﬁL@@ Mih‘rﬁﬁmbﬂdﬂvgﬁbum @apacity and

econori es of soabSunft BEAULI b SRILARGE TAEY fRR ool um can

define an interiof vol une rom abou 6 abo of from about
1 L to #hout JJBOéhtlon tiie teoifa filberuhayl cbniprisalkoBart&PEe® 2 steriizingrgradgbout 1 L

to about 250 LF lter The sterilizing filter, for example, may have a 0.45 um pre-filter in

front of a 0.2 um final filter. In another embodiment, the sterilizing filter
may have membrane pores that are from about 0.1 uym to about 0.5 pm.
In other embodiments, the sterilizing filter may have membrane pores that

20 are from about 0.1 ym to about 0.3 pym. In one aspect, the sterilizing filter
may have membrane pores that are about 0.22 um. In an embodiment,
the sterilizing filter may be arranged in series with the depth filter.
[00051] Following depth filtration and optional sterile filtration, the
sample may then be subjected to an intermediate/final polishing step (see

25 Figs. 1-2). In an embodiment, the intermediate/final polishing step may
comprise a mixed-mode (also known as multimodal) chromatography step
(see Fig. 3, step 6). In this step, the residual HCP, DNA, leached protein
A, and aggregates are cleared from the sample. The mixed-mode
chromatography step utilized in this invention may utilize any mixed-mode

30 chromatography process known in the art. Mixed mode chromatography

involves the use of solid phase chromatographic supports in resin,

11



sone enbodi nents, the m xed-node colum may have an internal dianmeter of

about 1 owvaoti/aeel um | ength of about 7 cm In other »peenisesissnts, the
internal dianeter of the m xed-nbde columm may be fromabout 0.1 cmto
about 10 cm from about 0.5 cmto about 5 cm fromabout 0.5 cmto about
1.5 cm or may be about 1 cm In an enbodi nent, the columm |l ength of the

m xed- nbde columm nay be fromabout 1 to about 50 cm from about 1 to about

20 cm from abgighofitht er alebbrahe f@%aﬂhaﬂéﬁﬁ%oﬁﬁuﬁﬁ%’&hgmfdﬁl npanrind n sone

enbodi ments, the inventive systens are capabl'e of handling high titer
concent r at i onsto adsore papigins orctheenslutas. ropleatseful 3n HreLinvapiion 6 g/ L,

about 7 g/L, 8 . / gl L oyt . 12. 5.9/ L, about
15 g/ L, about aiggthFLng‘Jg'gut g@'b%@’%%@ﬁ%b&%ﬁ%ﬁ?%‘?&% t%b‘élggut 1 g/Lto
about 5 g/L, conmebimatiohs ohtvebr ficeeolBmaifollowdid-nieehahiekis: HRiod L,
concentrations of fromabout 5 g/L to about 12.5 g/L, concentrations of

from abodt 5 g@Xchahagpeation exelangee hrdwphphid iptesagiory, hyaiaabdiec 5 g/L to

about 20 g/L, W rat i ro ). a5 qrL, or
concentrati ons‘ﬁ(iﬁr8 #quglgghlllegﬁtgf{d{og, 5%@@@%6% ngxf#[gtpggfbg.g@n 1%'% sone 25
of the systenmsmeta affipblie pefrtididadémbgdimeyits atiei rhixdgd-modeent r at i ons and, at
the sane tinme, processing from about ,200_243 to about 2000 L culture per
hour, from abo?ﬁ)ro OQraEBVtQﬁ?%eSlSoC%%'G?S- d@NoLR¥Change and: iydrapRRIC 600 L

to about 1500 i, - . r@@f&l’\ @15}9%5 ~Rul ture
per hour, or g'r ggtggw gﬁ‘ﬁgh ut %’I)%é}ll? cu tupgg%glrd %ﬁr. dféﬁg °Tn an
enbodi n#dt of teebnologias: aod/or{BpelrcirostBtigand ydrapte biaptenaeticm! um and

m xed node col urTB a]re.the only chromat ography columms utilized. In one
aspect of the ¥FBR¥R0€Snbodi ment, no third chromat ography col um is

enpl oyed; howefo®n525 howl £h Embolarhet, BeeamhtetmodeUHEmatlrapRPalep ma
chromat ogr aphy steps, those steps are al so enconpassed herein. g[ 00}657] I n

an enbodi ment , b& Recomplishastbatisingisneelupsl anthresiepucings e Gapta@®ibered vi a

one or nore ne e £ : | A 1 r,.£s Fig. step 6)
than a m xed-no éﬁgoqr?n%%"ﬁg%pgﬁgqgoﬁcﬁ%gfefltﬁfg%%tleen,gg'g%g eﬁ‘%,

m cropotdus or Capio®adhierescoi@nhiaasaultirtidatredilahifyeinteratédmteh functi onal
groups akin to those on the equival ent resins. 100n their surfaces,

menbr ane adsorBératian apdimpishingraiimenesieral antigadies, afteicapiuseen fi bers, or
reactants Cap?@érﬁﬁ&%r bmb%rdﬂ'ﬁéht”%é’%%cflh\g'd%:%o% %}E}Bgﬁ @(é‘b%b%%g”t act

wthinaflu ase, noving throug rane avity.
menbr anes ar e torEucid in fiavedttredgh nadel 5in ather embeeméentsatheanip@danbuel y
smal | cartridgeh? ener at rint than 15columms with a

simlar outputt™ t%ﬁﬁbﬁ%ﬁ%ﬁ”@&%ﬁgﬂﬁhﬁ’%ﬁﬁﬂwtﬁ rﬁ%@/e-b_e a nenbrane
[00058] T an oo men e e o e fpstapane.
Chr omaSor bTM Meaf herrccagpished byausing abe or maymaiithé follomingosysiemst i on.
Capto® MMC (available from GE Healthcare Life Sciences), HEA
HyperCel™ (available from Pall Corporation), PPA HyperCel™ (available
from Pall Corporation), MBI HyperCel™ (available from Pall Corporation),

25 MEP HyperCel™ (available from Pall Corporation), Blue Trisacryl M
(available from Pall Corporation), CFT™ Ceramic Fluoroapatite (available
from Bio-Rad Laboratories, Inc.), CHT™ Ceramic Hydroxyapatite
(available from Bio-Rad Laboratories, Inc.), and/or ABx (available from J.

T. Baker). The specific methods used for the mixed-mode

30 chromatography step may depend on the specific column and resin

12



20Chr omaSor bTM Menbr ane Adsorber is a nenbrane-based ani on exchanger

desi gned wonoiihaesrenoval of trace inpurities including PHERuUusEINA032279

endot oxi ns, and viruses for MAb and protein purification. OQher nmenbrane
adsorbers that could be utilized include Sartobind(r) Q (available from
Sartorium BBl Systens GrbH), Sartobind(r) S (avail able 25from Sartori um BBI
Systens GrbH), Sartobind0 C (available from Sartorium BBl Systens GrbH),

Sartobi nd(r) Dutipsal badkee fypRaIpalbphied BY B nmamisitErdPoR ke kKRaWh iVdsé ang TM

(avail able from Pal | Corporation), or any other nenbrane adsorber known in
the art. [@0059] As set forth above, nonoliths may alternatively be

Fig. 4 step opo0R8horERmL CabE lBealR e BlRsS o e 1408 SUBRR Y er ot e
and i nterconngeivRié mBginMehheughpactdparityamdreddreshies oescalaNFoes are

transported through nonoliths via convection, |eading to fast mass transfer
bet ween $he no®farepigntn eartain eAtodipRASe each sebiuk fan defiod Agratesigr aphi ¢

characteri sti cg,akg q?‘?ﬂmf\ 'aBp/PP?Eetha%ht 15’86?_}, bt ﬁépféécgjt L 8 8bBLE 106"
backpressure, even at high ow rates, significantly decreasing

purification tinef.frdm aboutiibadi abeut 500he orehfrbht bomty! beéo aboubPs@Kkchange or
m xed- node | i gand-based, nonolith. |n, one aspect, thg@m)nol,i th utilized may

i ncl ude UNO nosRNE EMPQAIENIs) e mixeshmads- eRldmPBaY Aaye agdnterngl ) or
ProSwift or I|o | W't ' i [HN) .

10[ 00060] In s(tmlémeftéarnot erdtgmg?}r%gdnét@%ﬁ\e@r\ﬁ{tne&ne |at7§;?ﬂomlamp?gl ish step
may be #@conpl émbedinerds ghedoligimal aishetds of bhd imixedatrodie ctl@pnmaaybe t han
menbr ane adsorpers o] iths, or m xed- node lum. I n thLs enbodi nment,
(he depth 11 (TS aRouner! Poos atgut face deun sberf BrbemiisbeHt Fap 0B, cono
VR depth filtesbodt®.b Bhﬁtoeé'ﬁ&ﬂﬂ@ﬁﬁvh oglg@am)glﬁ(?bboﬁﬂbﬁf IMBsh EMbYBIMekthe

purpose of internediate/final polis as viral clearance. [00061]
Fol | owi ng t he fhetesluraailengthfaf tke mixed-gtedercalimednay be fisiin abatbitaphy st ep,

Lhe o1l e POk HBAERLS 118 ool 2B o Bl SIEbBD: T0ER 7 e
via a ngpofil t@ayde abdal7 émlter. As shown in Figures 2- 204, step 8, the

viral or nanofiltration step may be optionally followed by UF/ DF, to
achi eve the tal09868l dnspraesatbesinaerisntheninvabtivensysiems@e earableddft i on

before bottli ”Hand-'l-irﬁg H@E Zt{s ridohbEAfAt sﬁyaéﬁnﬁ%a%&f&%nﬁ%ﬂoﬁgﬁgmt%ed or

repl aced by any procCes Known 1 n provide a purified
protein that ig/lLaebept@blle about Daflt,|aboyt BF/gsabdt®, gkt apbo@)10 A @BOGR] As

Wil be seen. Jhg d0VaTout4S JLOSESG SFGLPEBEL S SR 2ontsmratibns of from

20 about 1 g/L to about 5 g/L, concentrations of from about 5 g/L to about 10
g/L, concentrations of from about 5 g/L to about 12.5 g/L, concentrations of
from about 5 g/L to about 15 g/L, concentrations of from about 5 g/L to
about 20 g/L, or concentrations of from about 5 g/L to about 55 g/L, or
concentrations of from about 5 g/L to about 100 g/L. For example, some

25 of the systems are capable of handling high antibody concentrations and,
at the same time, processing from about 200 L to about 2000 L culture per
hour, from about 400 L cuiture to about 2000 L per hour, from about 600 L
to about 1500 L culture per hour, from about 800 L to about 1200 L culture
per hour, or greater than about 1500 L culture per hour.

30 [00056] In an embodiment of the invention, shown in Figure 3, the

capture column and mixed mode column are the only chromatography
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hi gh product quality and process yield. In addition, conpared to the

tradi tiongb p11oitsgi7@ purification processes, the inventipeTuse®g»3220RY
reduce the total downstream batch processing time by about 40%to 50% and

significantly reduce production cost. 30[00063] In an enbodi nent, the
entire purification process can be conpleted in less tinme than what is
typical, for exanple, the entire process can be acconplished in |ess than
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the invedtion E9087Lcl lpsriembodiment, the intermestiatedinpbontish stee rapebef i cat i on,

together with h the
scope and spi rieoaEREe iR ohE SITERErinie ABudRIT oA mboPitretiet o
follow the exa(rspled%:g £xst8p 68 tHan & OAIRESIMEUY toluadt. | Mentbrars basoiberdare
carried out an@ npared wi.th a 15standard three-col um Process for yield

and purity. A I'rhrﬁyf‘ﬂ"@(g'chﬁ\'@f@EPm(q‘i’é?réT‘ﬁC@@ﬁ’f%@"‘@H‘bf@P#% hadaremb A and a
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was added to tégdthidd i &ﬁﬁawﬁ% é‘ﬂgndtﬁ}%s@' md%r‘(?gcﬁ‘?‘;éj nc%rh Hd ﬁaﬂéﬁm éﬁe' ce

packs. A5 cm (internal dianeter . d. 20 cm engt roSep0
25U tra Plus cly grayityad mgnambmanemptajtyelcawsackeqtﬁ o 15 myermdeemm aol um
was | oaded wt [L at 400 cm washes with
equi | i bration gﬁ?ﬁ%&f&ﬁn%{ (ga@réq 'SP E‘ga%a’%cﬁeﬁ?‘%"%ﬁ%‘a*%wmab‘H 3.5
acet at e1Huf f ercolliv@sAtHERINMRS JRESNETIRS R@nSTEAE RisdibvutasPRerdis aci d
before the next run. The eluate pool was then m xed and titrated with 300.5

M phosphori c a®P¥ beca pienebrane;iorexaharnearomixechaadealiganchmemberaneal i zed
and/or hydrophobic membrane.

[00058] In an embodiment, the membrane adsorber utilized may be
ChromaSorb™ Membrane Adsorber, available from Millipore Corporation.
20 ChromaSorb™ Membrane Adsorber is a membrane-based anion
exchanger designed for the removal of trace impurities including HCP,
DNA, endotoxins, and viruses for MAb and protein purification. Other
membrane adsorbers that could be utilized include Sartobind® Q
(available from Sartorium BBI Systems GmbH), Sartobind® S (available
25 from Sartorium BBl Systems GmbH), Sartobind® C (available from
Sartorium BBI Systems GmbH), Sartobind® D (available from Sartorium
BBI Systems GmbH), Pall Mustang™ (available from Pall Corporation), or
any other membrane adsorber known in the art.
[00059] As set forth above, monoliths may alternatively be utilized in the
30 intermediate/final polishing step of the invention (see Fig. 4, step 6).

Monoliths are one-piece porous structures of uninterrupted and
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to pH 8.1 using 1 MTris, pH 9.5 buffer. The conductivity of the pool

adj ust ed wo 2011B14p5bcm using M1 1i-Q0 water.
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or mixed-mode ligand-based monolith. In one aspect, the monolith utilized
may include UNO monoliths (available from Bio-Rad Laboratories, Inc.) or
ProSwift or lonSwift monoliths (available from Dionex Corporation).
[00060] In still another embodiment, the intermediate/final polish step
may be accomplished via an additional depth filtration step rather than
membrane adsorbers, monoliths, or a mixed-mode column. In this
embodiment, the depth filtration utilized for intermediate/final polish may
be a CUNO VR depth filter. In this embodiment, the depth filter may serve
the purpose of intermediate/final polish as well as viral clearance.

[00061] Following the intermediate/final polish or mixed-mode
chromatography step, the eluate pool may be subjected to a viral or
nanofiltration step (see Figs. 2-4, step 7). In an embodiment, this filtration
step is accomplished via a nanofilter or viral filter. As shown in Figures 2-
4, step 8, the viral or nanofiltration step may be optionally followed by
UF/DF, to achieve the targeted drug substance concentration and buffer
condition before bottling. The viral filtration and UF/DF steps can be
combined or replaced by any process(es) known in the art known to
provide a purified protein that is acceptable for bottling (Figs. 2-4, step 9).
[00062] As will be seen, the inventive process can provide consistently
high product quality and process yield. In addition, compared to the
traditional protein purification processes, the inventive process may reduce
the total downstream batch processing time by about 40% to 50% and
significantly reduce production cost.

[00063] In an embodiment, the entire purification process can be

completed in less time than what is typical, for example, the entire process
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IMNaOH, 5 CV, 1 mn RT 2N-h- F62 O In (15 > .0 ci Z0 E- ¢cn - ,i-

1.1.7.". .wo207fi/148r79 .5 (.1 cL, ..., -1- cN cC 11: 1: c 2 1/1)@&“/[@2013/3;,327&. ), z O
-E uognig 25 mMMIris, pH8.1, 1 MNaCl, 5 CV, 1 mn RT 25 nM Sodi um
Phosphate, 11M NaCl, pH1 7, 5 Cv, 17 mn R

can be accomplished in less than five days. For example, steps 1 and 2,
or steps 3 and 4, or steps 5, 6 and 7 (as shown in broken lines in Figs. 3-
4), respectively, can be completed within a day or less. This is
approximately one half of the purification time needed for a typical three-
5 column process.
[00064] The following examples describe various embodiments of the
present invention. Other embodiments within the scope of the claims
herein will be apparent to one skilled in the art from consideration of the
specification or practice of the invention as disclosed herein. It is intended
10 that the specification, together with the examples, be considered to be
exemplary only, with the scope and spirit of the invention being indicated
by the claims which follow the examples.
Example 1
[00065] Purification experiments were carried out and compared with a
15 standard three-column process for yield and purity. A clarified harvest
(herein designated "CH") for MAb A and a protein A eluate (herein
designated "PAE1") of MAb B were used in this study. Two runs of each
protein sample were conducted (Case 1 and Case 2).
Procedures
20 [00066] The samples were centrifuged and filtered using Millistak+®
Pod depth filter system, XOHC media, available from Millipore
Corporation. After filtration, Tween® 80 at 0.5% (v/v) final concentration
was added to the clarified harvest and the mixture was chilled with ice
packs. A 5 cm (internal diameter (i.d.)) x 20 cm (column length) ProSep®
25 Ultra Plus column was used for capture. After equilibration, the column
was loaded with CH of MAb A to 45 g/L at 400 cm/hr, followed by washes
with equilibration and intermediate sait buffers and then eluted with pH 3.5
acetate buffer. The column was regenerated using 0.15 M phosphoric
acid before the next run. The eluate pool was then mixed and titrated with
30 0.5 M phosphoric acid to pH 3.5, incubated for 1 hour and then neutralized
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Or "1:. E~5 _ .'up tri

to pH 8.1 using 1 M Tris, pH 9.5 buffer. The conductivity of the pool was
adjusted to 6-8 mS/cm using Milli-Q® water.
[00067] Two sets of conditions were evaluated for the subsequent
steps. In one case, the pH-inactivated protein A pool was filtered through
5 a 23 cm? Millistak+® mini XOHC filter at a load of 60 L/m? followed by a 13
cm? 0.45/0.22 pm Sartopore® 2 membrane filter, available from Sartorius
Stedim Biotech. In the second case, two Millistak+® mini XOHC filters
were connected in series and loaded with protein A eluate pool at 100
L/m? per device. Each filtrate was then flowed through either: (1) a1 cm
10 (i.d.) x 7 cm Capto® adhere column; or (2) in a standard, three-column
process that includes a 0.66 cm (i.d.) x 21.3 cm Q Sepharose® Fast Flow
(QSFF) column (available from GE Healthcare Life Sciences) followed by
bind-elute purification on a 0.66 cm (i.d.) x 15.2 cm Phenyl Sepharose®
HP column (available from GE Healthcare Life Sciences). The detailed
15 fine purification conditions are summarized in Table 1. All steps were

operated at room temperature.
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nS/cm 80 ng/m load, 12.8 mn RT |- 6Ei co-Da5c 2 E-,g c6,-E E4 8 2 E
N (c:_. .wahbiy@wi® o .c 7 E-5 (3 ) 6 CV Q N CO fpox/UN201R@b1234i ng
rocess Capto(r) adhere flow | through Sepharose(r) Fast Flow fl owthrough
* ... ... -5 (1) Vc 2ca) cuas 155 -5

[00068] Similar experiments were carried out to purify PAE1 for MAb B.
Instead of starting from the clarified harvest, the protein A eluate pool
sample was used in this case. The XOHC depth filter was loaded to 60
5 L/m? and the Capto® adhere column was loaded to 200 to 250 g/L in two

runs. Key impurities such as HCP, leached protein A,
aggregates/fragments and DNA, as well as step yield were measured for
each step.
Results

10 [00069]) Figures 5-8 show the levels of HCP, leached protein A,
aggregates, and DNA after each unit operation for a three-column process
(labeled as Protein A-QSFF-Phenyl) versus the present two-column
process (labeled as Protein A-Capto adhere). As can be seen, the protein
A eluate pool (labeled as Protein A eluate) contained about 1700 to 2000

15 ng/mg HCP, 15 to 26 ng/mg leached protein A, and 2.7% to 3.5% high
molecular weight species (DNA was not assayed in this case). After low
pH inactivation, the protein A eluate was filtered through an XOHC depth
filter at two different loading levels.
[00070] In Case 1, where two XOHC filters were assembled in series

20 and each filter was loaded to 100 L/m? (so the average load based on total
filter area is 50 L/m?), nearly all HCPs were removed, with residual HCP
leveis of from about 1.8 to about 2.4 ng/mg (shown in figures as XOHC
filtrate). In addition, about 65% of the leached protein A and about 54% of
the aggregates were removed. Host cell DNA was also removed from the

25 product pool to levels below detection. In Case 2, only one XOHC filter
was used and loaded to 60 L/m? This resulted in somewhat higher
impurity levels: about 56 ng/mg HCP, about 7.2 to 8.6 ng/mg protein A,
about 1.8% to 2.0% of aggregates, and about 30 to 40 pg/mg of DNA.
Despite the differences in the impurity levels, both XOHC filtrates were

30 purified to yield acceptable final product quality when processing through
the subsequent chromatography steps, either by the standard Q plus

phenyl columns (standard three-column process) or by the Capto® adhere
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different feed loading conditions. Higher pH and lower load level give
better HCP clearance. Also, a second pass of filtrate through another
XOHC filter resulits in almost complete clearance of HCP without further

20 column purification. Similar trends were also observed in Cases 1 and 2
as illustrated in Figures 5-8. Hence, adequate sizing of the depth filter
prior to the mixed-mode intermediate/polishing step ensures robust
clearance of product- and process-related impurities throughout the
process and consistent production of quality material.

25 [00072] Figure 10b illustrates the application of the XOHC depth filter to
post-Protein A capture/pH inactivated material at a 3000 L manufacturing
scale. The feedstock was adjusted to pH 7.9 and 5.4 mS/cm conductivity
and loaded at 49 L/M? depth filter area. Samples taken during filtration
show a greater than 500-fold removal of residual HCP from the feedstock

30 prior to filtration across a Q membrane device.
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were al so conparable to what was observed in the standard three-col umm
process for thPackiRg. &leaning, gk alidalipl. sguidiearthhrggduchs bataheprocassing becone

a platformtechpal LgerS k! N ' of nonocl onal anti body.
[ 00074] By usﬁ%eagﬁ%laﬁﬁ%%?dmnce %’r‘%% %bﬁﬁédé\&gn and integrating 10depth

filtration with m xed-node flowthroudixeopsedt i ons, the present two- colum
i e col um" pr ocedf00A5Eepar A BRASEENDEE MASAIFULl Pkt ASMREd pri or to
pr ot ei no@\ capt (efeif YdsRYrRAYA P AL ) (df MIRD AW DHChSBHAIEE, AdlitrdiiBed toT OCess.
Moreover, this process elimnates the need for using l15amonium sul fate
salt, reduces piHé witbdM To$, pthOdwhuiier, aadkbere filteredihrough CUNO 60/90 ZA
and delipid depth filter train each followed by a Sartopore 2 0.45/0.22 um
sterile filter. The filtrate was then adjusted with 5M NaOH to pH 9.5 and
diluted with water to a conductivity range of 6-7 mS/cm. This filtrate
25 contained approximately 3% aggregates, 15 ng/mg HCP, and <1 ng/mg
protein A. To better assess the protein A clearance, the sample was
spiked with an additional 20 ng/mg of MabSelect™ protein A before being
loaded to a 5 mL Capto® adhere column. Two runs were conducted at
room temperature, and the specific conditions are summarized in Table 2.
30 The elution pool was analyzed for yield, HCP, protein A, and

aggregate/fragment levels.
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[00076] Table 3 summarizes the purification performance of the
inventive process utilizing a Capto® adhere column in bind-elute mode for
PAE2. The impurity levels are comparable to those obtained by a
standard three-column process. While the yield was slightly lower in this

5 two-column process as compared to a standard three-column process, the
performance of this two-column process was within the acceptable range
and can be further optimized, thereby increasing the step yield without

compromising the product purity.

10 Table 3. Summary of bind-elute purification performance of Capto®
adhere column for PAE2 of MAD A.
Run | Yield (%) HCP Protein A High molecular
No. (ng/mg) (ng/mg) weight & low
molecular weight
(%)
1 76.6 0.79 Not 0.74
Determined
2 68.0 0.07 0 0.86
15 Example 3

[00077]  Another set of purification experiments were carried out with a
process consisting of a Protein A capture, low pH inactivation, XOHC
depth filtration and an anion-exchange membrane for final polishing.
Again, the CH for MAb A was used in this study and two runs were

20 conducted at different load levels for the XOHC depth filter (Case 1 and
Case 2). The protein A capture, pH inactivation and XOHC filtration steps
were operated in the same fashion as shown in Example 1. However, the
Phenyl column was removed from this process, and the QSFF column was
replaced with a 0.08 ml ChromaSorb® membrane device (Millipore

25 Corporation) which was also run in flow-through mode. The ChromaSorb
device was wet and cleaned according to manufacturer's protocol,
equilibrated with 256 mM Tris buffer with 50 mM NaCl at pH 8, and then

challenged with the incoming feed material at 3 kg/L load and 1 mi/min
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flow rate. After load, the device was washed with the equilibration buffer
at the same flow rate. The flow-through fractions were pooled from 200
mAU (UV280) at load to 200 mAU at wash. Key impurities such as HCP,
leached protein A, aggregates/fragment and DNA were measured after

5 each step. This process was also compared with the standard three-
column process (as detailed in Example 1) for yield and purity.
[00078] Figures 12-15 illustrate impurity profiles for each unit operation
in the one-column versus the three-column process. As discussed earlier,
when relatively lower feed load was applied to the XOHC depth fiiter (Case

10 1), the HCP, aggregates, leached protein A and DNA were more
effectively reduced, resulting in very low residual impurity levels. When
such POD filtrate was further processed through the Q membrane, all the
impurities were further cleared to acceptable levels. For instance, the Q
membrane filtrate in Case 1 contained about 0.7 ng/mg HCP, 1.5 ng/mg

15 protein A, 1.4% aggregates and DNA of below quantitation limit. Although
the aggregate level was slightly higher than that seen in the phenyl eluate,
it could be further minimized by optimizing the process conditions for the Q
membrane including pH, conductivity and load level. Alternatively, by
sizing up the depth filter prior to the Q membrane step, impurity levels

20 could be lowered from those observed here. As shown in Figure 16, the
step yield for the @ membrane flow-through was comparable to that for the
Q column; thus, eliminating the Phenyl column not only reduced the total
processing time but also increased the overall purification yield over for the
two-column process.

25 [00079] All references cited in this specification, including without
limitation, all papers, publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
postings, journal articles, and/or periodicals are hereby incorporated by
reference into this specification in their entireties. The discussion of the

30 references herein is intended merely to summarize the assertions made by

their authors and no admission is made that any reference constitutes
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prior art. Applicants reserve the right to challenge the accuracy and
pertinence of the cited references.
[00080] These and other modifications and variations to the present
invention may be practiced by those of ordinary skill in the art, without

5 departing from the spirit and scope of the present invention, which is more
particularly set forth in the appended claims. In addition, it should be
understood that aspects of the various embodiments may be interchanged
in whole or in part. Furthermore, those of ordinary skill in the art will
appreciate that the foregoing description is by way of example only, and is

10 not intended to limit the invention so further described in such appended

claims. Therefore, the spirit and scope of the appended claims should not
be limited to the description of the versions contained therein.
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cv WD 2011/ 146179PCT/ US2011/ 032279 [00076] Table 3 summari zes the

purificatygnopefeomance of the inventive process utili pchfs301$RR294 )
adhere colum i1 n bind-elute node for PAE2. The inpurity levels are

conparabl e to those obtained by a standard three-colum process. Wile the
yield was slightly lower in this 5two-colum process as conpared to a
standard t hree-col unm process, the performance of this two-col um process

was W thin theyaagert @PhpiEpnge and can be further optinm zed, thereby
I ncreasi ng the—sﬁep—yrer'gﬂ'vrt‘%()ut conprom sing the product purity. 10Tabl e
3. Summary of bf.ndnedpdazatusrfof paefyingra peotéiorfnemaesarhp lGaqint@inadftbee col um

for PAE2 of MAb A. Run . Yield (%W HCP (ng/mg) Protein A (ng/ Hiah
mol ecul ar wei ght Erqtewt%ee%ﬂnléﬁd,&@ @.rlgg/o ) (ng/nmg) Hg

a. a capture chromatography resin;

b. a depth filter arranged with respect to the capture
chromatography resin so that the sample processes through
the capture chromatography resin to and through the depth
filter; and

c. a mixed-mode chromatography resin arranged with respect to
the depth filter so that the sample processes through the depth
filter to and through the mixed-mode chromatography resin.

2. The apparatus of claim 1 wherein the capture chromatography resin
is selected from the group consisting of an affinity resin, an ion
exchange resin, and a hydrophobic interaction resin.

3. The apparatus of claim 1 wherein the capture chromatography resin
is selected from the group consisting of a protein A resin, a protein G
resin, a protein A/G resin, and a protein L resin.

4. The apparatus of claim 1 wherein the capture chromatography resin
and/or mixed-mode chromatography resin is contained within a
chromatography column.

5. The apparatus of claim 1 additionally comprising one or more
clarification devices for clarifying the protein, arranged to receive the
sample before the sample processes to the capture chromatography
resin.

6. The apparatus of claim 5 wherein the clarification device is selected
from one or more of the group consisting of a centrifuge, a microfilter,
an ultrafilter, and a depth filter.

7. The apparatus of claim 1 further comprising a second depth filter
arranged to receive the sample from the first depth filter before the

sample is processed through the mixed-mode chromatography resin.
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1 76.6 0.79 Not Determned 0.74 2 68.0 0.07 0 0.86 15Exanple 3 [00077]

Anot her sgb .0f1/RHTI cation experinents were carried outpcwdsgoﬁ/opfzq&ess
consisting of a Protein A capture, |low pH inactivation, XOHC dept

filtration and an ani on-exchange nmenbrane for fi nal poI I shi ng. Agal n, the
CH for MAb A was used in this study and two runs were 20conducted at
different load levels for the XOHC depth filter (Case 1 and Case 2). The

protein A captuge, vgt [ erated
"t he same T ash an et EREhs B TR Comtdsaf s s RERoMEhGRERE Ve

removed fromthis receivesse samdldﬁn@m@ﬁélae@m finey vefsre gl apmlevsth a 0. 08 m

Chr omaSor b@ nenbr ane device (M1 1ipore 25Corporation) which was also run in

f1 owt hrough node Pra¢rssedrtbravshrthe dairpdenoge chrmatparaphydas@. accor di ng to
o setur e B S H FAMA R el T |
| oad and 1 ml / m nresin comprises a chromatography resin utiiizlng one or more

chromatography mechanisms selected from the group consisting of

anion exchange, cation exchange, hydrophobic interaction,

hydrophilic interaction, hydrogen bonding, pi-pi bonding, and metal

affinity.

10.The apparatus of claim 1 wherein the mixed-mode chromatography
resin comprises a chromatography resin utilizing a combination of
anion exchange and hydrophobic interaction chromatography
mechanisms.

11.An apparatus for purifying a protein from a sample containing the
protein to be purified, comprising:

a. a capture chromatography resin;

b. a depth filter arranged with respect to the capture
chromatography resin so that the sample processes through
the capture chromatography resin to and through the depth
filter; and

c. a membrane adsorber arranged with respect to the depth filter
so that the sample processes through the depth filter to and
through the membrane adsorber.

12.The apparatus of claim 11 wherein the capture chromatography resin
is selected from the group consisting of a protein A resin, a protein G
resin, a protein A/G resin, and a protein L resin.

13. The apparatus of claim 11 additionally comprising one or more
clarification devices for clarifying the protein, arranged to receive the
sample before the sample processes to the capture chromatography
resin.
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WO 2011/ 146179PCT/ US2011/ 032279 flow rate. After |oad, the device was

washed WWwBbh\G4g@yi | i bration buffer at the same flow ra-eusiégo32279
flowthrough fractions were pooled from 200 mAU (UV280) at load to 200 nmAU

at wash. Key inpurities such as HCP, |eached protein A, aggregates/fragnent
and DNA were neasured after 5each step. This process was al so conpared with
the standard three- colum process (as detailed in Exarrpl e l) for yield and

purity. [00078] ki 'Tgnlér%ajrgfujs‘r’of CJ|AIH1S?:§] éWH‘i‘é' a¥|ﬂ85@ ég\zge%&g&g?%gumt

operatlon in the onée- Versus ree ¢co ussed

earlier, when rel a:tolnvehe dr(mmre dfahe gmﬁﬁc@mst&@d)ﬂ 2 dehteifides 2QrTofient h
filter (Case 101), (g% egates, |eached protein A and DNA were nore

effectively r educéd, U'Vé@'tﬁrt 2l |‘1?Rﬂé|f'ﬂﬁe’[ ow residual inpurity |levels. Wen

such PCD fil traj urthear thu%rof?éﬁ???ﬁ%i a[)c;awq{} rgf Qeggrﬁ@l n i@y the

inmpurities were eare to accep ance the Q
menbrane filtrat earrran@edeo tecsivg mmeainaMmﬁhé fing}/daptiriffer Beforentilen

15protein A, 1.4%a ates an uantltatlonllmt Al t hough
the aggregate |ev°éﬁ%é%9%?m§ﬁ§$%ﬂ H\IA‘I‘@? theh Qf‘eégéﬂrqeﬁ the phenyl
eluate, it coul g5 ygefay dd?qusrBf'HléWPﬂfLmhe‘?%H’ﬂér;s qug%fgtﬁnggggﬁéﬁaﬁw' tions

for the Q nenbrane 1 ncluding pH, conductivit
Al ternatively, bytsredaie the samplédmm the Ideeth fitdrdrefore thesa@ptendr ane st ep,

impurity levels 20coul d d fromt served here. As shown in

Figure 16, the st@ﬁogﬁsélea%'&“%ﬁgeén%@ﬁ]{ﬂ’% ¥ar gﬁ?thr ough was conparable to
that for the Q ¢phwaappditts ofidldThet Wh@rdiReh&heshibragel aBortértisonl y reduced
the total processin t| me but al so increased the overall purification yield

over for the two- 66lasted fPariberonsrons®ing Af o membranties-eichangen t his

specification, i n(‘;ll'I g& %d’@ ﬁ%mghmf ﬁ‘% thgl,é&r%%x?? é‘se'SPl?"éRI i cations,

patents, patent app rcations, prese ®hanuscripts,

brochures, books$s.Tihet gppebtusasicdaigst 1 furtherabngprisirg & re-@ﬂﬁﬁr@g filegr i odi cal s
are hereby i ncorporated by reference into this specification in their

entireties. The diPE@Ngerfithorespret tedhemapRiNe mpﬁr $q thaithegampierely to

That any el or oncl Sanar LCRe e o1 st st LG AR OE

Appl i cant s reset®.d hetapparatuls af d Sokbéreenthe preebattingrfitey isaselegtedtfrome tloe  of
the cited references. d ot her rmdlfl tlon variations

000
to the present in\%(?H‘? V]%%P%P’%It e ARPIItRE Litrafy e(ST%P‘iQW? €kill in the

art, wi thout 20 An apparatus for purifying a protein from a sample containing the
protein to be purified, comprising:

a. a capture chromatography resin;

b. a depth filter arranged with respect to the capture
chromatography resin so that the sample processes through
the capture chromatography resin to and through the depth
filter; and

¢. a monolith arranged with respect to the depth filter so that the
sample processes through the depth filter to and through the
monolith.

21.A method for purifying a protein comprising:
a. providing a sample containing the protein;
b. processing the sample through a capture chromatography

resin to provide a first eluate comprising the protein;
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5departing fromthe spirit and scope of the present invention, which is
nore par tyguhardy7set forth in the appended clains. In @@qlh;sb&qmiztmshoul d
be understood that aspects of the various enbodi nrents may be I nterchanged
in whole or in part. Furthernore, those of ordinary skill in the art wll
appreciate that the foregoing description is by way of exanple only, and is
10not intended to limt the invention so further described in such appended

clains. Therefore, t@e a?ﬂ%'rﬁﬁé s%?mg %l%%qégé)gsedqﬂr@lp {P’% c%p?% i s shoul d not

be limted to the deScription st ons rein. WHAT IS

CLAIMED I'S: 1. An apparchrermaforaphy refsyrn rmoaew ey eHefirst etate BROVYIEa
containing the protelnto be purified risi ng{ a. a capture
W

chr omat ogr aphy resin; Keph ﬁ@Qﬁtﬁ WPY'fjéra @F&réﬂ OPWW%@@ pretaime
capture chronmat ography dfgsin so that the sanple processes through the
capture chronatography resin to and through the depth filter; and c. a

m xed- node chr omat ogdapifter tresfirst atuate (eproskssed tapeagh theodépte fntep,t h filter

so that the sanple processes th h f| ter to and through the
m xed- mode chr omat ogr apiQCFSLGh %ufﬂpefﬁ%eﬁ’@g}%fp% & mpedrhrdewnerei n t he

capture Chro”HtOQrathCh?éhBt dotadly RIS i heclsuBERIS) BhLEfg! an

affinity resin, an ion exchan resin, and dro |c I nter ctl n resin.
3. The apparatus of cl dheplotaimerein the capture chrorrat ography resin is

ot e 22BN ST MBI BB S ectedls) B 5
wherein the capt urselddhsdrBhPBieaoVip @RkRtiAG f ah dﬂ,mgﬂe@ﬂ@nqaﬁ omat ogr aphy
resin is contained within a chromatography col um hé appar at us of

clai m 1 additi onaléXghargmFesin, rﬁ;wba@y ronh@ ic ipteractiorcegsion devi ces for

or aceskes o 1t e aia TP RE FSRah o P WS iEe koBuRE R aRaPa L GBS - 5

wherein the clari fsekatédffodeteagoup o@ﬁb@ﬁh@df oA resinarokin Ghe group
consisting of a centrlfu? amecrofilter, an ultrafilter, and a depth

filter. 7. The apPadBt@ad i pesinsand AdrolehbresNng a second dept h
filter arrangedyf (Th'é%sfh\b% dihe: lﬁf lAﬁ'xefré@rfhéE) otfer{étse‘ij&ﬁ&ﬁ;frfﬁH fr bef ore

the sanple is processed throug m xe romato raphy resin.
The apparatus of graiprcdnsistinighefa potpin feagrgeat, aha“ntlbedf/ldxh&jno@rdr@med to

receive the sanple omthe depth filter bef re the sanple is processed
t hrough the ni xed? Hhé‘éd\‘:t‘?r'b'ﬁﬁf‘ @?%{Bhy"r’r @é]dna UslonrREoteifnar at us of claim 1

wherein the ni x,@simdaemwwmaf@pmerr&ﬁltﬁe%gmmé&e§céu ebﬁ&r@m ogr aphy
resin utilizing one or nore chrorratog aphy nechani sns selected fromthe

group consi sti néf.dheamethedenistrinya] ¢l0rihe>sah‘mi@t§ clalyfmd)plrrmrtinc _
oSO Y R RS SRR e B o "0 o
chr omat ogr aphy 2&gihe reted sfesaim E@W@é:ﬁgﬁéﬁbmm@ﬁ# dlatifidd bgbng a
conbi nati on of ani on_exchange and hydrophobi c interaction chromatography
mechani sns. clarification method selected from the group consisting of
centrifugation, microfiltration, ultrafiltration, depth filtration, sterile
filtration, and treatment with a detergent.
28.The method of claim 21 wherein the first eluate is subjected to viral
inactivation after processing through the capture chromatography
resin but before processing through the depth filter.
29.The method of claim 28 wherein the viral inactivation comprises a
method selected from the group consisting of treatment with acid,
detergent, chemicals, nucleic acid cross-linking agents, ultraviolet

light, gamma radiation, and heat.
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11 . An apparatus for purifying a protein froma sanple containing the

protein twobeiPUEi-Hi ed, conprising: a. a capture chromabegrARiNERSe N; b. a
depth filter arranged with respect to the capture chronmatography resin so

that the sanple processes through the capture chronmatography resin to and
t hrough the depth filter; and C. a nenbrane adsorber arranged with respect
to the depth filter so that the sanple processes through the depth filter

Lhe-captur o ohr St BaTaBRy earR P& whetdodar rRBRR R GyBhnSedhBetong of o

protein A resin, ahe@pbitcfithe Gritegidte t6 apsldotfranfabpliteSiolabsitd;.a protein L
resin. 13. The a{;pl_arat us of claim1ll additionally conprising one or nore

clarification détilhesmetioddfpiaimy3dyherringhefissteluateiaingubates foegbpye t he
sanpl e before the@qg%bg}u?nb?gﬁmg& &6}"{ eraq%pé&ipgti&p_rormt ography resin.

14. The appar atus of erern clarifrcation device is selected

from one or nor@2.dhetrhethgidofitision2i sihengnahe filterst sllflege précedsedof i | ter, an
ultrafilter, and %dep h fil F?r 15. The apparatus of claim 11 further
conprising a seco OHéétehd?ﬁ’t f#er 85e5AQEdMS receive the sanmple fromthe

first depth 1]3gmraeheiipd'd%sinBs GrofeiRtAC ARERA NLRHER AR SR ane

adsorber. 16. The apparatus o her conprising a sterile filter
arranged to recei ¥eroupgb tsaspine depimfittbetvdept h filter before the sanple is

processed throu he nbr gne .adsorber. 17. The apparatus of claim1l
wherein the rren%‘&gﬁ?g 'Hgﬁprdtfgrc%'g‘ izwg‘@f%’ﬂjf?‘?gﬁ?‘ieﬁegﬁ?t@dﬁ pé%?%"ﬁ??i ng of a
nmenbrane i on- exchafgegh tWbXxparddidptigfigtsmenbr ane and hydr ophobi ¢
menbrane. 18. The apparatus of claim 11l further conprising a pre-bottling

filter arranged3ivlthe methedof daim 2t whendindhe mivednimte cwontedograpbysanpl e
processes through rane adsorber to and thraugh the filter. 19. The
apparatus of 18 M%Qﬁicﬁﬁlﬁ'é%&aeaﬂﬁﬁ??waps}’W%P lﬁt'éz'ggloé]gtoédnﬂeom t he group
consisting of a vichAdmbiogr&shy leanaiubs eelected frain theqjroug@Endikahd bf er . 20. An
apparatus for purifying a protein froma sanple containi n(%_the protein to

}

be purified, conp@n&imgxchangg, eafipruexchamosnydgphphip intesagiionh. a depth
filt d w . ) ! i t hat
e Shnml o peooes AR erk A SRR O SR BN R8P, "

t he sanpl e process rou resrn to and
t hrough t he dept haffidityer; and c. a nmonolith arranged with respect to the

depth filter so t the sanple processes through the depth filter to and
t hrough the non -Hﬁﬁ.%@@ﬂ%%@zfﬁe&mitmm GMads eirAMAeYAPEY ng: a.

providing a sanpl geGRRbAIPMNSBE & EfoRfa®dHaPhy resin utilizing a combination of

anion exchange and hydrophobic interaction chromatography
techniques.

37.The method of claim 21 wherein, after processing through the mixed-
mode chromatography resin, the second eluate is subjected to further
filtration.

38.The method of claim 37 wherein the further filtration comprises one or
more of the methods selected from the group consisting of viral
filtration, nanofiltration, ultrafiltration, and diafiltration.

39. The method of claim 21 wherein filtered eluate is processed through
the mixed-mode chromatography resin in flow-through mode.

40.The method of claim 21 wherein filtered eluate is processed through
the mixed-mode chromatography resin in bind-elute mode.

41.A method for purifying a protein comprising:
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b. processing the sanple through a capture chromatography resin to provide

a first elgahf,Germrising the protein; c. after the sapphgsh§iipsRs$ssed
t hrough the capture chromatography resin, processing the first eluate

through a depth filter to provide a filtered eluate conprising the protein;
and d. after the first eluate is processed through the depth filter,
processing the filtered eluate through a m xed-node chromat ography resin to

provi de a second el ugt ﬁégn\g{]@giasg pFehgorﬂgﬁiﬂ{ep‘eeéﬁteeciA_??oget Egdg(r)]:)ugl aim 21

wherein the capture Cch raphy' resin i

consi sting of an affbniprycessirigitheasampie tRrtighng eaptese dhroanstograprgr ophobi c
interaction resin. 23.The nethod of claim?2l1 wherein the capture
chr omat ogr aphy resin i $e2BIl@PIRAde adHst ¢lHatey GRIPPETIRG e PFAjeWE a protein A

resin, a protein G rgiia\%{?rﬁqéag%ﬁg]gﬁ!r&és%%hthﬁ{% gggaﬁnﬁjen L resin. 24.

The nethod of claim ereint otern 1s se ectfﬂ om t he group

consi sting of a protei chforagtogniphyaresa) tprboelsingthedfirstlantd thaotgtbady, an

i mmrunogl obulin, and a fusjop protein. 25 . Th thod of claim 21 wherein
the sanple is a cell Cgpph}ﬁl_t&zt@_prqﬂge@eql}%aggﬁag@gpmpg@uwn EdAlYhe sanpl e
is clarified prior to gpgcessing through the capture chromatography resin.
27. The nmethod of claim?26 wherein the sanple is clarified by a

clarification methoddselteethedfifst elmateis prooepserbitedugh tiee déptbditter,i f ugat i on,
mcrofiltration, ultrafiltration, .dept iltration, sterile filtratjon, and
treatment with a deter §ENES2Y th?ﬁgteﬁ%c?ﬁ@@tﬁhreygﬁlﬁ]rg?(n%%qeepﬂsqrﬁgr *q r st
eluate is subjected topyhvidé a strehd\AdatBrorpinPHRCGDIEIAY t hrough the
capture chronat ogré_aphy resin but before processing through the depth

filter. 29. Thedddthegnetodafalainpg! whereinihe gaptre shromaiograrhy wsircidnpr i ses

a met hod sel ected Stk t I.t.h acid,
detergent, chem cgF%%@]%ﬂﬁﬁgggpgagrahglgnﬁgHE%HQ‘*@%;F?%"\éh'&%w olet I|ight,
gama radi ati on, anchévegd resirdGndlabydiphobdichterhetion @3itwher ei n vi r al

i nactivation conprises |owering the pH of the first eluate to a pH of from
about 3 to aboufs-4hednethed ohaldigut bivhereinihegaphee ShFPmAOoraRst resinist e i s

et hou or St forPRua 8y LA, Srg AN KtbsimasiLEBbT,
a depth filter a sesiona ptotei A&3resimeantea ipootedf L césinm 32 wherein the
A R = LT TR SRR A S
separate depth fi lGkQiSeonsisting of a protein fragment, an antibody, a monoclonal
antibody, an immunoglobulin, and a fusion protein.
45. The method of claim 41 wherein the sample is a cell culture.
46. The method of claim 41 wherein the sample is clarified prior to
processing through the capture chromatography resin.
47.The method of claim 46 wherein the sample is clarified by a
clarification method selected from the group consisting of
centrifugation, microfiitration, ultrafiltration, depth filtration, sterile
filtration, and treatment with a detergent.
48.The method of claim 41 wherein the wherein the first eluate is
subjected to viral inactivation before processing through the depth
filter.
49.The method of claim 48 wherein the viral inactivation comprises a

method selected from the group consisting of treatment with acid,
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35. The nethod of claim 21 wherein the m xed-node chromat ography resin
conpri sesyg 6{WQAFRLHO9r aphy resin utilizing one or nore eprRIBIQBEARNY
techni ques selected fromthe group consisting of anion exchange, cation
exchange, hydrophobic interaction, hydrophilic interaction, hydrogen
bondi ng, pi-pi bonding, and netal affinity. 36. The nethod of claim 21
wherei n the m xed-node chronmat ography resin conprises a chronmat ography

ot oot oy o EBE ch8hieks 0 SRS ARG BB IR fgpL e 2t o
processi ng t hr oughight)gammedadmten camidneatogr aphy resin, the second el uate
is subjected to_further filtration. 38. The nmethod of claim37 wherein the

3
further filtrat?®rd heompiosedf daim 68 whereinofral inackisatinsueonserises weringm t he
group consi sting Qﬁ%é”nﬁtﬂg'ﬁlrétr@& t%iq?nd;@q%hlo}ﬁ th)'l&lrt% tdjé &le.' tration, and

diafiltration. 39. od of ¢€ erein ered el uate is
processed t hr ough Ttheemsthoeldefrataien 48 mdvertioghafingt elestens intubbited fonmbogh node.

40. The nethod of claim 2 erein filtered. eluate is processed through
t he ni xed- mode chP@ﬁﬁt%’-‘é@ﬁhﬁﬁ“é@%"i"f'{‘%i_"ﬁg-“@%'f’ét'%de. 41. A nethod for
puri fying a prosgitheGRBiddsMaim #1 wetdindh8 Giteretrdiabie SApbabdygad the

protein; b. processing the sanp t hrough a capture c tography resin to
provide a first eltsughcotdgpthdiltegatdeeopddites.n; c. after the sanple is

processed throu he capture chr togr.a I esi ocessing the first
el uat e through gg(}gﬁrﬁe&ﬁdt‘grec'?@ Fameg%'ng%if'[tF'@dg%fug{%'ﬁtpéOE i sing the
protein; and d. akh@ughhBelshhfd deptHaliter tpicer ocessed through the depth
filter, processing the filtered eluate throuc};.h a nmenbrane adsorber to

I

provi de a second4dihganethoshefralaimg’ wiergindbe fillereabeluFiecispsoerasedt cl ai m 41
wherein the captur t.oqr yi.leskn |.s selected fromthe group
FpEah e BReRRe ki ifere

consisting of an a r thange resin, and a hydrophobic

interaction resss.THSmétmdsitdigich 21 wHereimthd méiabeine ddwdroa@psWetected
chromat ography resin is selected fromthe group consisting of a protein A

resin, a protein AR&ngroaPHARSEiNgAf@ Memranairn-exgiandsr mmixedesi n.  44.
The net hod of cl a'rﬁ%d%llid}%]ﬁﬁfe% rgﬁerémttﬂdgo(ﬁ@b?@h%%ﬂgomthe group

consisting of a protelrn’tragnment, an an a nonocl onhal anti body, an
i mmunogl obul i n, 5&fdtheamétieidoof ghaiot 41 whedéinThe seedmddluate & prioneddedvher ei n t he

sample is a cell ultube. 46. The net hod of claim41 wherein the sanple is
clarified prior t&OUIR&TFAYrERe F45ASHE 2869 dtN@hr omat ogr aphy resi n.

47.The method of7 qinal ke Vérell b4t WheP&APAfer éroeééétih%m@yau tRe

clarification nethod selected fromthe group consistihg of “centrifugation,
mcrofiltration, uembfane adgarber, thiepetorid ¢luate isaupjexted td turthert rat i on, and
treatment with a (F@Fa(;{?gent. 48. The nethod of claim41l wherein the wherein
the first eluate i jected to viral inactivation before processing

through the deps# Thiel hethodds.cldiRes TriHePsinQhe ElrthdP fBatiEEShPriddioned bRl
inactivation conprises a nethod selected fromthe group consisting of
treat ment with acingere of the methods selected from the group consisting of viral

filtration, nanofiltration, ultrafiltration, and diafiltration.
59.The method of claim 41 wherein:

a. the first eluate is processed through the depth filter after the
sample is processed through the capture chromatography
resin; and

b. the filtered eluate is processed through the membrane
adsorber after the first eluate is processed through the depth
filter.

60.A method for purifying a protein comprising:
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detergent, chem cals, nucleic acid cross-linking agents, ultraviolet |ight,
gama radyghhPhyepgd heat. 50. The method of cl ai m 48 wWagkRjsBojo5Rhe
i nactivation conprises lowering the pH of the first eluate to a pH of from
about 3 to about 4. 51. The method of claim49 wherein the first eluate is
i ncubated for about 30 to about 90 m nutes during viral inactivation.
52. The nmethod of claim41 wherein the filtered eluate is processed through

a depth filter a secgn i : e i.m 41 wherein the
filtered eluate is prgog’éé{é'%%%g%ﬂ‘g’% ?@@%Eﬁﬁ%{}{feé’{oﬁém lter twice. 54. The
met hod of claim 4l wherngotedsigy fthet samglelthiughi 31 REPEES SElftohHtOgEphl/ WO

separate depth filters. 55.The nmethod of claim41l wherein the nenbrane
adsorber is selected frepntaProyidas frsheluata sRMBFisiag feeBrRB®; i on- exchanger,

m xed node |igand nepbr h ho'clsgadgg e. Th t f
claim4l wherein theggea?%ﬁdatg ua%/éejth% p%locgsse E?ﬁrc}ngﬁ]gab rr@‘r%?acggﬂlargsor ber
a second tine. 57. The robrdwodtographyiresidl pnberssing tiad tiest pluate ssfought Ar ough
t he menbrane adsor ber, ﬁ@%ﬁb?ﬁw&d el yate g,s Séub' ected to further )
filtration. 58.The met ey 1y proydeRditarad whédte parpriising [the Rrotein:
conprises one or nore gf,4 he nethods sel ected fromthe group consisting of

viral filtration, nanofiltration, ultrafiltration, and diafiltration.

59. The met hod of cl aflmafterviher Gish: elaatet e procedsedl trrbegh sther depits éittet, hr ough
the depth filter after the sanple i rocessed t hrough the capture

chr omat ogr aphy resi n; élﬁac%‘i_S'qu% hﬁ?%ﬁe%“@%u&l’%“gg ap'F’SE@E@et@ RRVMASR ¢ he
nmenbrane adsorber aft ersgcBRd leluite cBhifisthg thelrefeggsed through the depth
filter. 60.A nmethod for purifying a protein conprising: a. providing a
sanpl e containing the protein; b. processing the sanple through a capture
chromat ography resin to provide a first eluate conprising the protein; c.
after the sanple is processed through the capture chromatography resin,
processing the first eluate through a depth filter to provide a filtered
eluate conprising the protein; and d. after the first eluate is processed

through the depth filter, processing the filtered eluate through a nonolith
to provide a second eluate conprising the protein.
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