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The use of the desired recombinant protein for pharmaceutical applications is contingent on
being able to reliably recover adequate levels of the protein from these impurities.
[0003] Conventional protein purification methods are designed to separate the protein
of interest from impurities based on differences in size, charge, solubility, and degree of
hydrophobicity. Such methods include chromatographic methods such as affinity
chromatography, ion exchange chromatography, size exclusion chromatography,
hydrophobic interaction chromatography, immobilized metal affinity chromatography, and
hydroxyapatite chromatography. These methods often employ a separation medium that can
be designed to selectively adhere either the protein of interest or the impurities. In the bind-
elute mode, the desired protein selectively binds to the separation medium and is
differentially eluted from the medium by different solvents. In the flow-through mode, the

impurities specifically bind to the separation medium while the protein of interest does not,

thus allowing the recovery of the desired protein in the “flow-through.”
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[0006] Other groups have used a single polishing-step purification scheme to avoid

the problems associated with prior purification steps. For instance, US Patent 6,177,548
describes a single-step flow-through ion exchange method for removing aggregates from a
biological sample where the pH of the sample is adjusted to 0.2 logs below the isoelectric
point of the biological sample. US Patent 5,451,662 describes a single-step bind-elute ion
exchange method where the pH of the crude protein mixture is adjusted to a point between
the ranges of isoelectric points of the protein fractions to be separated. PCT publication WO
05/044856 describes a single-step displacement method for removal of high molecular weight

aggregates from antibody preparations using hydroxyapatite chromatography.
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[0009] The present invention also relates to methods of recovering a purified product

from a load fluid including one or more impurities by passing the load fluid through a
medium at operating conditions defined by a partition coefficient of at least 0.1 and
recovering the purified product in the column effluent during the load cycle and any
essentially isocratic wash. In one embodiment, the partition coefficient is in the range of
about 0.2 to about 20.0. In another embodiment, the partition coefficient is in the range of
about 0.2 to about 10.0. In another embodiment, the partition coefficient is in the range of
about 1.0 to about 5.0. In another embodiment, the partition coefficient is in the range of
about 0.5 to about 5.0. In an additional embodiment, the partition coefficient is in the range

of about 0.5 to about 1.5.
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[0015] Impurities that can be removed using the invention include host cell proteins,
nucleic acids, product variants, endotoxins, Protein A, and viruses.

[0016] In one embodiment, the medium removes at least 99.9% of the impurities in
the load fluid including host cell proteins, nucleic acids, product variants, endotoxins, and
Protein A.

[0017] In another embodiment, the concentration of product variants in the purified
product is no more than about 2%.

[0018] In additional embodiments, the load onto the medium may be at a load
challenge of at least 500 mg or at least 1000 mg of product per mL of medium.

[0019] In one aspect of the invention, a purified product is recovered from a load

fluid including one or more impurities by passing the load fluid through a charged ion

exchange medium at operating conditions comprising pH levels and ionic strengths which
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[0023] The methods of the invention can be optionally combined with one or more
purification steps. The optional step(s) can be performed either prior to or following the
practice of the inventive method. For example,' the methods of the invention can optionally
be combined with a Protein A chromatography step as an initial step.

[0024] In one embodiment of the invention, a product-containing fluid is eluted from
a Protein A column using an elution buffer of low ionic strength; the pH and conductivity of
the product-containing fluid is adjusted using a neutralization buffer which results in no more
than 20mM of the ionic strength of the product-containing fluid, resulting in the load fluid;
and the load fluid is passed through an anion exchange medium under the operating
conditions of the invention.

[0025] In some embodiments, the elution buffer comprises molecules with a charged

cationic group with a pKa of 6.5-10. In other embodiments, the elution buffer further

comprises molecules with a charged anionic group with a pKa of 2-5. In certain
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[0032] Figure 3 shows schematic chromatograms for three modes of operation: bind-

elute mode, weak partitioning mode, and flow-through mode.

[0033] Figure 4 shows a comparison between weak partitioning and flow-through
chromatograms.
[0034] Figure 5 shows (A) typical contaminant removal profiles as a function of Kp;

and (B) recovery as a function of load challenge and Kp.

[0035] Figure 6 shows typical progression of weak partitioning chromatography step
development, including 1) high throughput screen to determine Kp, 2) low load challenge
runs, 3) high challenge capacity runs, and 4) optimal weak partitioning chromatography runs.
[0036] Figure 7 shows a contour plot of Kp vs. pH and the total chloride

concentration from the low concentration dataset, as described in Experiment 1.1.
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Detailed Description of the Invention

A. Definitions

[0043] In order that the present invention may be more readily understood, certain
terms are first defined. Additional definitions are set forth throughout the detailed
description.

[0044] The term “flow-through mode” refers to a product preparation separation
technique in which at least one product contained in the preparation is intended to flow
through a chromatographic resin or medium, while at least one potential contaminant or
impurity binds to the chromatographic resin or medium. Generally, the product partition
coefficient for flow-through mode is less than 0.1 and bound product concentration is <1
mg/mL. The “flow-through mode” is an isocratic operation.

[0045] The term “bind-elute mode” refers to a product preparation separation
technique in which at least one product contained in the preparation binds to a

chromatographic resin or medium. Generally, the product partition coefficient for bind-elute
7



[0030] Figure 1 shows (A) the relationship between a
partition coefficient and a product adsorption

WO s@blogesng and (B) adsorption isotherns for prpdnws2006/008919
binding to resin, for three nodes of operation:
bi nd- el ute node, weak par(}ltlonln node,

d
mode i greafer @é)ﬁ%@é bopp@ piqduef gencentrations e ?J&)quﬁel 20 mg/mL.
The boﬁ‘ﬂf nﬁﬂoﬁh LS &ie RS0l d&ﬁﬁg gh ”%Q{f(? 8%as%per ation in

exc nge c romat ogr a node, weak

[0046] part |tk “W@dl@pat&iﬁ@niﬂg%\bﬂ@f D t&ﬁ?)@odﬁw grdpBratiodsseparation
partitioning regions for three nodes of operation in

techmqﬁ? i whmdq:&séomf DEYETt Engtined 31 dlgwepasetieand @t least one

conamf PG s EBASE ShiRBFEH bR SShE s o

product idGPk Jar@itidifing nSdHRUS afleaSMPRA TPRodRlt \p@feﬁ]m@pdhmmamgrapmc
partitioning and flowthrough chrorrat ograns. [0034]

resin orFmgihum Foetenaldy, (thy proguctpdrticon caefificiont fmrenmlapaﬂltlonlng mode is at

S as funct on ,of Kn B) recovery as a
teast 0. £ Phe 1R Paifioii bl et Sphaies h gur o 6
[0047] Shows TheRESRFp ﬁhﬁgfl%éfff&‘erﬁ’f’ ( féi@"t(g el é?ﬂlh 'ilﬁhum rat10 of the
chronatography step devel opnen including 1

concentratiugfpoducgabseted to thet resim () thhe cit)ncbmmat[cnacnif product in the

. chall enge runs, 3)..high |1 enge .capacity, run and
Soluflofh@dﬁﬁ hape %ﬁ%&cwﬁl oy er:{?q'ﬁ ng ﬁﬁ%b‘ﬁﬁ{l SgPRERiopy fdie pastition
coefficitg:ﬁgﬁ?]is 8 H{l eﬁ tS h%"%roﬁu&qﬂfs f1§5th91fn%sK£é SPwrPid [Bfke 1. The

ot al rlde ncentratlon romt

partitioxm omfﬁniemaKipocmmhapmno ths sldps of tltbqﬁiodmct@dp@pltmn figotherm at very
{10037 Fi gure. 8 %vs Protein A renoval as, a
low Sollfltem: GRS Ihisrelatodio he saxivpEheapagisy agkollows:
described in Experinment 1.1. The | og renoval val ue
i ncreases wth Kp. FI owt hrough node is indicated by
g hegdashed box with "FT", while weak partiti oni ng node
@ST’I’TOLI cated by the dashed box with "WP." [0038]
i gufe 9 shows a contour plot of |ogioKp vs. pH and

ti pe .
where %g i ﬁ%%&%%@cﬂk@?%gkf% Tiog gl%gfﬂ?)él[lgtu Fug(ﬁ] %%Stﬁe V\éssomatlon
constant fyr ‘fedin MpRoddB, int@sdiiote | Theyaetigbm chdftivtehhisaypitally measured with

rofiles as a function of Kp in ion exchange
a batch B ddemteshpigppybut aher (ephniges Mush aAaisocrtis diramatography, can be
d. breakt hrough as a function of Kp in ion exchange
chr omat ogr aphy.
[0048] The term “bound product” (Q) refers to the amount of product which binds to

use

the resin when in equilibrium with a feedstream.

[0049] The term “antibody” refers to any immunoglobulin or fragment thereof, and
encompasses any polypeptide comprising an antigen-binding site. The term includes, but is
not limited to, polyclonal, monoclonal, monospecific, polyspecific, non-specific, humanized,
human, single-chain, chimeric, synthetic, recombinant, hybrid, mutated, grafted, and in vitro
generated antibodies. The term “antibody” also includes antibody fragments such as Fab,
F(ab’)2, Fv, scFv, Fd, dAb, and other antibody fragments that retain antigen-binding function.
Typically, such fragments would comprise an antigen-binding domain.

[0050] In certain embodiments of the invention, the antibody is one which comprises
a Cy2/Cy3 region and therefore is amenable to purification by Protein A chromatography.
The term "Cy2/Cy3 region" refers to those amino acid residues in the Fc region of an

immunoglobulin molecule which interact with Protein A. In some embodiments, the
8



[0040] Figure 11 shows for Mb-MYA, the optinum
operati ng wi ndow for weak partitioning chronmatography

WO nooaposexyapatite. The optinmum Kp in this exap@l/@s1086/008919
between 1.5 and 20. [0041] Figure 12 shows for

o A T S0 D SO 8 L VB i
ti. .t hi o .
other enﬁfbgbfrﬁgﬁ@f gposriﬁglﬁég' aSF@K%EEfH I\/(h?(f drﬁnﬁﬁhié‘%@ﬁbﬂnﬂ nExé’rﬁyleE 042D /Cx

ws for O the i num operating
region-conEGwe pRsteiadk clude htibaties gnohmordhesimapng fsion proteins

_hydroxyapatite. The optimumKp in this ax e is
compinp B o R e SBaldhob o s GBSk
I nventi on A «De hj td . . thbhgoduct, eith
(00511 oo ERbriPTon ey B anhi e Al (Rt g pfpduct cither
derived §@nh Blafifte8lcdH caltrd brf fefmeiethiioedonditidned medium, or a partially purified

efinitions are set forth throughout t t aj,l —
intermedietredérptaddnomaoduamatngsaphyrstep: W@%‘E&@ﬂﬁﬂﬁé égf%fs to a liquid
. refers to roduct pr ' i A o
containio; i, oot PR P B GRS kb W AFER P e R Conditions of
the invddfiBRaration is intended to flow through a

chromat ographic resin or medium while at |east 0{1e . .
[0052] pot entlihaltem fimaprriah refors to aphipiejemphelyetipnagle molecule, including

. . Chromat ographjc resin medi CGe Y .
a biologigH) AUREr SAIEETIS BB RPNy BnE By ST Blviny QiEh Ban fhe prptein of
interest 'b‘é]}%%_ﬁd}ffﬂé&hit AngsPorussht B 8 damplecsiniie prdtein dffiniesest bding purified.
ny . The "flowthrough node" is an isocratic

Impuritizp énatderfor EXxidple, fintein eariarithi sugh @b aggregaied proteinsy Bighgnolecular
. a product preparati.on separatiQn techni i.N: hi .

weig ol R ISR TE S 30 RS W PR B e v

protein§p ffggl 1%t QUL QGF 8RS theESiofkiR bef@PuRed@BBST c@lll protelitsy; proteins

uct partition coefficient for bind-elutenode is
that aregraeedfemn dbsarbeAbusatdfor hEfifityucidomatagnenhycihac@ay deachdnte a sample

. are between 1 - 20 /L. The bound product. in this
during %%repursf@tlepéaepauwcgg“{ﬁi%te&} & F’a‘ﬁoq% DG YERT The

[0053] Lrezepmar"l\g%a%rnrﬁ ?E%SE‘%?‘?% ﬁecfme Quashe RS thQ @lRicwELch varies only

slightly from the load fluid in terms of composition or pH.

[0054] The term “column effluent” refers to the liquid exiting the medium or column
during the load cycle, or in the period that the load is being applied.

[0055] The term “load challenge” refers to the total mass of product loaded onto the
column in the load cycle of a chromatography step or applied to the resin in batch binding,

measured in units of mass of product per unit volume of resin.

[0056] The term “log removal value” (LRV) refers to the log(base 10) of the; ratio of
the mass of impurity in the load of a purification step to the mass of impurity in the product
pool.

[0057] The term “isocratic chromatography” refers to the operation of a

chromatographic column with a solvent that does not change strength during the period of

interest.



technique in which at | east one product contained in
the preparation, and at |east one contam nant or

WO aa/0943y§s bot h bind to a chromat ographi ¢ resi PCDIUS2006/008919
medi um The binding of product in weak partitioning

d t | duct i L of
B. gﬁr%ﬁ%ﬁ;‘ il e Tt "rredi um ' Gener & on “the
[0058] ﬁ{)geuf@leg@%%éntt 51?%891?3%%\8&%3 h%g% Wl s ﬁlﬁgiéa%roducts from

a load fuidiceaGiirihi ©ne e hedre dipufiféy Thelineehwsimhdsapplichtiomto the large-
coefficient" (Kp) refers to the equilibriumratio of

scale preparagion o proteisdar Gerapegtic ard disgBeHEPWBOde resin (Q
h cen atton of product in the solution (c),
undie e‘yéggl%rél OeBRMO Sns of pH and sol ution
[0059] co TTDO dﬁplﬂﬁntsﬁﬁﬁe Rafprisin@f fearf thaCh ¥ Bperiing tn &ch®matographic
rel ated to the product adsorption isotherns as shown

mode re¢sidipig g the rEgiorhectpaen conventiopditindielirie ang ﬂ@(%ﬂ’é@\@)&ih ds

chrome il o081 6h SERE AL ABeY B ecoy ior & PRIEAHR brodngt load
challenBB¥hAPRBERRPALLY¥ry28ard B bBtWRed WS i cei® hal8 nheHRMis Tt mediate
Capacity of the resin for the product and kd is the

producthisdingi modxthe Bwsalamrtmonmgrreedm product’

006011364 TR e o8 S i B e and
one or k®FHh s.i8 #Sﬁeéﬁhﬂoﬁ ok 5%5&@&6%&55%&%@@%/ wiiRBoth&he product
used. 10048 ] he term "bound product refers to
and thetihmuanmam btndmﬁg mkhdund:dmtml dHhovee ved sthe mmtpbatm@bmd mbeertightly to the
edst ream

mediurk 3 tbbr yocdickped 8 lagd g canitify &Pg%h Rrogce ﬁ%na?ﬁeﬁbfough the
medlunt1 Qﬁ(ﬁ ?solfec%%}gd 0P ﬂ%a&ﬁ% ud! m@ RidHEmGE B'Bﬁbﬁélﬂgsxﬁ@equently

Inding site termincludes, but”i1s not
washed umiet exbctavic qualdittdnena rgcovenadditozd] wemimob@md prodyct from the

et oS e B8 i i
s 8 B S8 AR

term ™"anti cl udes anti body

[0061]f r agmdntascstdahcawithabe nﬁ(eﬁﬁ)m) 2yedk\partitiéning oo dedidlilefinad by
ot her _anti bod fragrrentsthat retain anti gen-bi ndin
operating penditians whisheeanss theamedium ta riad pkleag l MBS AEPHL P DRpmL of

e

mg of product per mL of medium. In another embodiment, the operating conditions cause

the medium to bind at least 10 mg of product per mL of medium. In another embodiment, the
operating conditions cause the medium to bind at least 20 mg of product per mL of medium.
[0062] In certain embodiments of the invention, the total product mass bound to the
medium is at least 10% of the total product mass loaded onto the medium. In some
embodiments, the total product mass bound to the medium is at least 20% of the total product
mass loaded onto the medium. In other embodiments, the total product mass bound to the
medium is at least 30% of the total product mass loaded onto the medium.

[0063] In accordance with the invention, weak partitioning mode is also defined by a
partition coefficient of at least 0.1. In some embodiments, operating in weak partitioning
mode comprises operating under conditions defined by a partition coefficient in the range of
about 0.2 to about 20.0. In certain embodiments, operating in weak partitioning mode

comprises operating under conditions defined by a partition coefficient in the range of about
10



a CH2/CH3 region and therefore is anenable to
purification by Protein A chromatography. The term

wO ada/atIds r egi on” refers to those am no aci d reCT/USES6/008919
in the Fc region of an inmunogl obulin nol ecul e which

interact with Protein A. I n sone enbodi nent,s, theCH2/C,.
0.2 to abeBt 1@§i dn odempribodimenis, qnea%tngenzwaéfg@%ﬂﬁ%rlga%% Gynprises

operating ('J‘Hﬂ?‘it é‘ogagmgol_q% é{efgsﬁ gx ggigtﬂﬁ&ll %ggﬁf'%qﬂk 'i‘?rf%iof about 1.0 to about

5.0. In &ﬁe%ﬁ&hﬁleﬁ?sg bpérafif d%hﬁwealﬁﬁaﬁ@ﬁ@hﬁigﬁﬁod@ Cd)mﬂﬁses operatmg under
ant 1 bodi es, | munoadhesi ons and fusion protein

condition®dpfinei tryga palmtmnmmffmentnn éhﬁe@tngﬁ 23 el@puté) Sk about 5.0. In yet

t ed th
oter ensiRRHIOp G1RSF AN R P ETAIC SRR CROE R ke
condltloﬁﬁ QdtEda bEh hgﬁftw% dei’ﬁgeﬁtrlﬁ @h&fa%@é o adowdl.b te abdutries.or

rnentatio condi ti oned I’TEIUIT] or apartlally
[0064] puri f Aetbastdrer errboditrentlef thegaesenbimvenidon pmwrwmpamﬂonmg

T ey
product ﬁgh‘% | ong&{la%gg? Qﬁﬁ{:}?ﬁfe%ﬁ?@ﬁ Pyt ﬁ’aﬂﬁh@ﬁ cb&Eicient of 0.3 to 20.

e term"inpurity” refers to any
[0065] for ei Glyues 1 ehpws theomalibier adsb@unhesothmm m‘lgs hind-clute, flow-
bi ol ogi cal nacronnlecule suc

throughpgust wP#k PHRERINERBATE @fl%r%?%‘ﬂ%s%l?dﬂfl% ?%W%ft‘k Bﬂé?lﬂﬁnmg mode
being cl%#ry{ tgr%q‘cp ﬁ éoﬁkﬁl@so‘ﬁrt@‘c{ﬁﬂ&—e}ﬂe né ﬁBRJ fr&let A@des. Because the

ferest being puritfied. Impurities
value ofl A6 pestRict f)ﬂhu%iﬁaﬂaff&aem (K isnthe aticof the concénteasion of the adsorbed

aggregated proteins, hjgh, nolecula t specie
product It@ whermnéem%twn/@ﬁ th pradgyet inesolufion, ftﬁ%éﬁew%ges fgﬁ H’eaﬁ partitioning

t ed : t &
mode w0 AFABRE LS o T 8L 0 Pl s
[0066] pr ot eiFfike ZAfd&p@cttél thd pratitiaiag mévgﬂ)n@fordnndibhm beedk paettoning,
for affinity chromatography that eacgthlg ah ak
and ﬂomihq@lugh dirden@s prfumthmf lpm@aﬁﬁea&ths\?@mgst @i gpg is higher in we

partltlomgg ?é%{é tﬁfnr ﬂOt 9 qug‘él I\%g(g VUEH e rr%cgg tn (ﬁl—:ﬂ?bfnﬁir@ conditions

ers

of weak"iﬂdrﬁﬁofﬁﬁé 'n‘i&leoﬁ Yot ipedtducy ciﬂa@ﬁyfcbﬁ bkaakticked l—dngller than flow-
ternms of conp03|t|on or pH [0054] The term"co

througheﬁodm enimpdfies aremeoretserongkyhandxing W@hﬁh@aﬁr@é@%ﬁﬁn& mode, as the

o ST Lo E1E By BB RE 1 oy o

the resify Bﬁﬁe{cﬁ 99 he rn%fpﬁh%y paxtition cb@ﬂfﬁiledWK pis mgbﬂtmtméma;dmgent
onto the colum in the |oad cycle ofp a chromatogra

bindingsoegitons appiliiag in towdreoneaitrations A residunl ﬁapwgtles int ge product
pool of weak partitioning mode compared to the product pool of flow-through mode. The

flow-through, weak partitioning and bind-elute regions in hydroxyapatite, as a function of
phosphate and NaCl concentration, are shown in Figure 2B.
[0067] Table A summarizes the differences in characteristics between the three modes

of binding: bind-elute (B-E), weak partitioning (WP), and flow-through (FT).
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[ 0056] The term "l og renoval

of resin.

unit
val ue"

vol une

(LRV)

WO 26061039300 t he | og(base 10) of the ratio of theCTVES®06608919
impurity in the load of a purification step to the

"i shablgid ¢ @Iﬁrmﬂ%’g’? 9§§5

T

ba term

/WPéBeE@Qd@St he operatl on of

hromatogrgghic——cotur

I VVITII d S vent LIle

foes 1ot B-E

Kp

cn:ng)eT Sstrengtirduring
De<>cr|pt|on of the I\/letr

v

t+e rTodof Tnterest

od [0058] The present
od Acr

B0
nventl on

Load
challen

limitation

IIULIIUCI—S |v|

g
Y ageods %‘%/ aeg%f&gl ;

Béﬁt thﬂ O protel

| SAmiv

| Ym%

pr e

esl'97 PUI I I I CU

/%Llé[lgcal “ P

\ImHurm
peutlc and d

“'Pro
Px

c + 1mpur1tres
mg Prod/mL

agnostic

Load V@ UT

WESaETate, for dilbYedip EﬁﬁEsI '
hayeo sy px/k si ngl y oung
chiomat ogr aphi ¢ node re

CQJa\IE?“
v 31 PANLICEEN in&ii‘ﬂﬁﬁ?f Ap
@%0@8 operating in

siding in the region b

DT SETHS e product binds
Ain addition to impurities

B Wee Vs

in load
eluate

chi enmigh giuapétyoaqndes, 3

regduction, as well as h

[Producf]ONEGEH todbl colteithti®] UT € 1aiRd 1del @¥r dhs1edieh

| cBhd@itrabl@gth@agOhudhrgpur |
ilgfd product | oad chall

<5% of load concentration
[y
bnge and

Residualpr
[Impurlty‘hrrred this intermediatd
ak partitioning node.

pdloet recovery, can K

&/eghibai ned. Appl i cants
product bi ndi ng node,

" [0060] In weak part

bepeadent on elution
tdnditions, pool volume and

tdpeniiyng

Productppge,l mg/imbad 1 ui d cont
bound (@h

4 one or nore | npurit

af hd &) ree/ploduct of in

ies is passed through

| 2@ s 0 mg/mL

region

Operatipg, Bﬁlar‘@afrba%ra@gmfdl um

G919HH°BS bi nding to t

-\rrrrfrng hr nrl nere fl

| m

Mpdest Wedow afReergiosduct
t he

e RERFTL AR Prloedesr

Moblle

IO
h
p ase(S)p

hG9%E5%nd as | oadi ng

Ut hues, unbound pro

asses through the nedi

um and is recovered fr

Aforme 11

Sipidgenthinding conditions

hfor load, broad range of

elution gonditions

glaa[n'gjg in buffer
Tﬁ] tion after load
ich canses elution.

P WY

[0068]
throughW%%Heé By

£ £ 1] + Tl
Uutirrm T T1T aciit. Me—1TE
i socratic

CU
washed under
addi t
the p

colum ‘e

o7 s pthscnots o
P%?H ent Eo!g: I ng tﬁ %F%ggg F@%‘f*g 4ct 0%1%]@ tfl% €hromatograms

eH+S UIJLI otrat Yy St
conditions to recover
odu t fromt

59 %MPEB&} 108y

SCTUUCTTItU Ty

E}rgt-rggte and flow-

for flovatmougla amé wmak patthioniny/motieomay \seers qmaanetsrﬂnilann&L tig: prodect is

I‘CCOVGI'CS m ﬁl

defin

e co umn efﬂuent and wash fractions, under isocratic conditions.

However,

subtle, but meaningful distinctions exist in the chromatograms which can be used to

distinguish these modes, as shown in Figure 4. There is a delay in the initial breakthrough

profile (> 0.1 column volumes or CV) for weak partitioning mode compared to flow-through

mode. There is a slower washout profile in weak partitioning mode. A small strip peak

containing product may be present (which corresponds to the resin still binding 10 — 50% of

the load product concentration after the wash stage), which can be recovered from the resin

by applying a 1 — 5 CV wash after the load under isocratic conditions subsequent to recovery

of the column effluent during the load cycle.

[0069]

Figure 5A shows the general trends in contaminant LRV for various levels of

product partition coefficient values. Contaminant LRVs are relatively low at Kp conditions

corresponding to flow-through operations. Operating under conditions of increasing Kp

significantly increases LRVs in the column effluent fractions prior to contaminant

breakthrough. As shown in the examples, operating at higher Kp values improves the
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by requi%t%e%& o%pco%%ﬁ%aﬂfe val) Rﬁﬁ%ﬁer up hgrl I\i\ﬁ?tkfopg gﬁx}e‘n‘ lgﬂ% EH%llenge is

rrses opera |ng un t1ons I ne

defmedﬂﬁy sddstraite opplodatastovedy bheapagitge of about 0.5 to
about 1.5. [0064] At | east one enbodi nent, of
[0072] pr esern angs mare OGNS OhENBENEIT: OBHMRY "‘ﬁﬁg gartitioning

condit SRRk P RAGREN IR EoNy iR R GpenlE ERp UL e b hown in

Figure 88di um and which are defined by a partltl on
coefficient of 0.3 to 20. [0065] gure 1 shows the
(i) Redounta HES serrendor staedanéd bﬁ@hfmdma @XBﬁ?fhl@ﬁ’é‘lSM%detefmme product

B ah Syt cRdk MR BE) b SR SRS Rriol!. ReRi bffhating
window corresponding to the weak partitioning region (0.1<Kp<20) from these
experiments.

(i) Preferably, after identifying the weak partitioning region, one can perform scouting
runs on a small scale column at a load challenge similar to those used for standard
flow-through operation (approximately 50 mg/mL). One can further fine-tune the
weak partitioning operating window based on contaminant removal and product
recovery values from these experiments.

(iii) More preferably, one can then generate contaminant breakthrough data for a few Kp

conditions within the weak partitioning region. Based on these results, select an
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more stringent i'ng conditions partitioning

[0073]npde, @nhd |otj kleil] iprthel uxttconhlpme ithase gainddbimenohi euedtion thereof to easily
rities are nore

define Gy apf gt NG SRR GRY SIEh AP UIde! R DRRYEoN Agmant removal
at com?&%B%{@ﬁggﬁ%ﬁg%g%%ﬁhg?sv@ﬁﬁ @énﬂ&dhcfgmngﬁfg?gp dr %%nc{lﬁlute modes of

columr[ eperauma p@he gynerdhframowork digcusaed abmcvba@oezﬁﬂml 0l tadjustments if
is higher at_ nore stringent bindi ngwcondl tions,
any, ber @&a&ueflut% éeveﬁop SURHILCaHeR iEp 38 Ab iRh Bfchapgsdudrophobic intéraction,

hydro%gﬁéﬁtétéretglrﬂég tolag s%tg %t ?l%pooslf el@@%ﬁspoq‘r X 6%@%&%%6

interactiogke . The fl ow—t hrough weak partitioning and
bi nd-el ute regions in hydroxyapatite, as a function of
&aosphﬁ@[@raﬂenl‘ﬂa@mﬁuﬁ%entratl on, are shown in Figure

rlzes t he dlffer nces
00712, L ORBIK AR Ghifh BURRLAG S0 QLA RERR SRl By
hromdib BilcUt§in (0BnRd ﬂﬁ'@k zl'idnl d a In
© Omfl%ﬂ\%?t ﬁrou{g?g EHEaTlu 0063?@5\;% parl?lﬁt fl%%}?%rg ﬁrrg)tlzllgug{;n one

embodinery, the ragdpimig aj Oilmdflf)@ exdliange aradiemadan £xwnise ¢ @fu@ fprm of

heir_chromatograns, ,as s n
chrornfIRE3n il G TR P et #Bas RGP g eghs Socurs as a
result d¥ahd Lérnpétitich PERIAREN ﬂﬁ%’c}ﬁ?%@ Sete& oFiiffeldt and Eb@nterions for
product is recovered in the colum effluent and wash

Opposﬂrebadlarmhgmbg\oups ou the ioo ec&cMgeu med;um—ids\mdmg interactions between
hut ful. di ns
the profitnfiangn sECTmEE T LR PEEL n Bt preg Ohe Bpedit. Net

charge PaGRendést HOWHH Bnd B ﬁnﬂlgth-r@ﬁﬂh% th&didmd @Aoh Affedtd@he different
i ni tial breakthrough profile (> 0.1 col urm "vol umes or

charge chratisristiesatd Epampl aCldsrandg)thmw@rrqmnpatsem the exposed surface of the

There is a slower washout profile
PrOdUC{WO%HE@ %}P{m SWi ng mode. A snmall strip peak
[007 5] cont aigh %Qcﬂir%?%hn%t Be Y, e%?s@& t1n GMPQQHM RRRRMSon exchange

to the resin s b|nd|n 10 -
resins and cation exchange resins. Anionic exchange resins may employ substituents such as

diethylaminoethyl (DEAE), trimethyalaminoethyl (TMAE), quaternary aminoethyl (QAE)

and quaternary amine (Q) groups. Cationic exchange may employ substituents such as
carboxymethyl (CM), sulfoethyl (SE), sulfopropyl (SP), phosphate (P) and sulfonate (S).
Cellulosic ion exchange resins such as DE23, DE32, DE52, CM-23, CM-32 and CM-52 are
available from Whatman Ltd. Maidstone, Kent, U.K. Sephadex-based and cross-linked ion
exchangers are also known. For example, DEAE-, QAE-, CM-, and SP-Sephadex, and
DEAE-, Q-, CM- and S-Sepharose, and Sepharose are all available from Amersham
Biosciences, Piscataway, NJ. Further, both DEAE and CM derivatized ethylene glycol-
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the | oad product concentration after the wash stage),
whi ch can be recovered fromthe resin by applying a 1

wo 2&603v@msh after the | oad under isocratic copdi/USING008919
subsequent to recovery of the columm effluent during

methacisligngSoramsAEr  RAHLT 1o KBRS s GO O opBARL™

CM-656% SFNE %Ie%afl%ﬁl% P 486 {><'I-B'a§ % ,\'fﬁ{ﬂéﬁélghﬁg piaam nant LRVs

are relatively ITow at Kp conditions corresponding to

[0076] f | ow Theetgh eapmidimens of thpiaventiory weattqrartitbordng nwds ipfised with
i ncreasing Kp significantly increases LRVsS in_the .

a hydrophphignteractige shromaiegiaphy (%I%WSknofOé @Fﬂfﬁ\\éf Rypification. HICisa

. br hr . ' . £S5, [ :
B
a high SAU GRS are loaded bitothé FOCaesiar Mhspahdn dg: buffdrtinteracts with water

standard fl owt hrough conditions, [0070] I|ncreasing }%) i
molecuteg o educy thergalwaitansoliybe malpeules wdedation thaseby gxposing hydrophobic

. t an ¢ bindi h . .
rgions 5§ b Pl e SR I PREE I, e
more hydtopRsbi6 PhdmBlcRhifd, HRyTesd JalGideBd tPpiodhiott Girkidng. aBirtimg

r eakt hr ough. However, the | oad chall enge at the point

interactgdnsdwetwean thamprodics aleeuderndre BIE asediuny this fepando6) ¢ppditions

K th d [ to. i.th th
such as g3 AG AERRERORY A SIRAMF R LG REHITT gi n, as
[0077] i chema {rtls | Bl BECRISHvadat1e HiCOek s Pntlevn beisbd gtthéAnvention

- urve. The weak partitioning region therefore
includeaesinespmpdsing @ tase opgrialé. gg csadimked lagarose basiodbetitheopolymer

. Lprovenent | ont am t ith col it
ot R e B B b VLS bt SRS S 2RREI o
includeg%elnzﬁSEPﬁWR@@EW BEHAST PR WE¢PhARRICLOL R Bidtéchabiszy, AB,
epenhdent on the colum | oad chall enge as shown in
Swederbi Bheryl SEPHARQSHE ti HighrPerfoefincs GitarimasiadKB Miatechaelogy, AB,

Sweder o RS A KDL a0 e ReBrars Ohegmas At K g Epnology, AB,
Swederlﬁlé BhhcltRe ; e}(jzltelﬁ?/e Nt \?,g E%A@'P@)@ﬂw BRAD Paemi (B Mb?clﬁ,;@ermany);

not e ng the bound product off t
MACRCEPREP ™ MethybaskizeBRO-PREBEY t-&utyleSuppeots (BisRath€A); WP HI-

ext ant _ of d I L p@f fecti '
propst ESEPLr L b e odiSe Rt PSS, bR AR chipptaas. P
pr opord. i : ' ' ae | ] LIS, .
00781 P 2Pl S RSE D e i o raftnin e wit
hydroxgapitiantinentatsgapiviafor pabddoe putiicatpgre r Hydrixyapaiite ahginvatagraphy is

a techn{q%%otlhgtrh%illilzgg gr? irilsgluble hydroxylated calcium phosphate of the formula
[Caio(PO4)s(OH),], as both the matrix and the ligand. Functional groups consist of pairs of
positively charged calcium ions (C-sites) and clusters of negatively charged phosphate groups
(P-sites). Binding interactions between the product and the hydroxyapatite medium depend
on conditions such as the pH, ionic strength, and excipient concentrations, such as phosphate
concentrations, calcium concentrations, arginine concentrations, glycine concentrations, and
HEPES concentrations of the medium. Various hydroxyapatite chromatographic resins are
available commercially and can be used in the invention.

[0079] In further embodiments of the invention, weak partitioning mode is used with
an immobilized metal affinity chromatography (IMAC) resin for product purification. IMAC

is based on the interaction between chelated transition metal ions immobilized on the resin

and the imidazole side chains of histidine residues on the tagged product of interest.
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defined by constraints of product recovery or
capacity. [0072] In one or nore enbodi nents of the

WO pwe/0943081, opti mal weak partitioning conditi OPCT/IE300&@&8919
identified using the foll ow ng sequence of

Sl REA B St Rl Bt
interes?ﬁidsédﬂn?&li?érﬁg%f R SR b LR8 TM AC 8BS, @n&ﬁg &nteractions

unction of operating conditions. Identify operating
betweenithel produot sebmetatticharged IMYeC weakumatepend onicogditiegs such as
(0. 1<Kp<20) from these experinents. (ii), Pref eil%glﬁ@ )
countegligapg 1¢veds: Sneh asignidpzolgeancentiatipns. R AIE SHFRSH! medium.

Variouf B RE LGRS SO0 AR O T o SELE AL
f3. ow t Prsili@es forgnaifiestidieppr oxi mately 50 ng/ ). One

can further fine-tune the weak partitioning operatin )
[0080]\i ndowl bralwenien etnbansaddler thecsammprcaglscpledyutication of various

procuc AR AL AT AR SRR, B bl % continn
proteink] @AkbRGVAgIbatkat aytbRIned ihR¥eliRing ORsthidnessand thBiaPetdtieenzymes. In
weak partitioning region. Based on these results,

one embelianentatheproteimupter going purifigation miagvompiise ipaewe arore constant

anivoebhb Gl At 893 T B AP E bl B SRR S R omprse o
single &NAuRRle YaeiblEBaibRIyEhRhaR JloPaid %ﬂhﬁﬁ%@g IR Ahbihkt @%bﬁﬂiment, the

chr omat ography runs “under optinmal Kp conditions an )
Fc-confaimingeroteimmay eomptise ah eadbadial Tenpwieinglcambé dembyadfsem various

e S B L AR A
[0081] :j Efeis € P Qﬁiﬂoﬂ%i}rrﬁ?aré‘tid&%rdﬁhé Hvehfi6h €24 bt RRASH ddm a number of

ne a weak t1oni ng chromat ography step that
sourcepmolidiies, banhantmided omtsamion af immemiped|ananals pageiteaihal, bybridoma

i gher | oad challenges than standard fl owthrough. or L1
or myel A WO SR IGHORE L SRS O lfingah g qmbitant cel line
that expleSSBRWRE knitRGHASREuRRAUG T FARI M1t ALY aBHb -ngaﬁlé' Ils.

¢ exf)fe any, E% apglqﬁe% to gevfecﬁgp a pur il?ibcat ion gﬁe In e cens
In one ambbdiment ofi dregiayedtyalr, aptibddies frotrecaxtitiared cell culture media of a
. hydra patite, or nuJti-node.system:t, aé g(fnbi nes

vanetyéquﬁgﬁg Blfodgﬁgagdgccgp ingpt ¢ s are purified. Although one may expect
some variation from cell line to cell line and among the various antibody products, based on
the disclosure herein, it is well within the purview of one of ordinary skill in this art to adapt
the invention herein to a particular combination of antibody protein and producing cell line.
[0082] For purposes of illustration only, this invention was applied to the purification
of several antibodies of the IgG isotype. More specifically, this invention was applied to
purification of a humanized, anti-A beta monoclonal antibody, an anti-GDF8 antibody, and a
humanized, anti-IL-13 monoclonal antibody.

4. Loading conditions and capacities

[0083] Before loading the fluid containing the product and impurities onto the
medium, it may be necessary to identify the region of weak partitioning by finding the
operating conditions which cause the medium to bind at least 1 mg of product per mL of
medium. In one embodiment, the operating conditions found cause the medium to bind at

least 5 mg of product per mL of medium. In another embodiment, the operating conditions
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interactions. 2. Separation techniques [0074] Wak
partitioning node nay be used in conjunction with any

wa@ booeoedzegyr aphi ¢ resin or nmedi um for separati oPCDUSH06/008919
product frominpurities. In one enbodi nent, the nmedi um

found d'fagﬁe?nth%pﬁécgﬁﬂl foYin®ACRANID ﬂg%g%ddcﬁ’ ﬁiﬁﬁhﬁﬁﬂ&iﬂlﬁl dn other

r omat ography t hat "separates accordi ng to net
embodm:ﬂmmtg ¢he Sppatiag canditdnsiduad chese the medumgo é)mdeadbast @0 mg of
conmpetition hetween_ the charged, product . of

Producti Pﬁrénla@ff mgciuEe WHEERILERLY.ftBe “@ﬁ%@ﬂtﬂmﬂ&%@e‘a ifenyifieg by
ﬁndmg%? 8? ﬁﬂ%tcgﬁ 1't1?ﬂs Sétﬁ?% a ggxq gfﬁ@érﬂg)f at leaﬁt 0.1. In certain

an |1 on exc

embodiifisits) thel epandn® Boﬂdi&omﬁou@ih at@ deﬁﬁedf tea pﬁmlontcoefﬂﬁtlent in the
charge i s dependent on the pH and ionic strength, of
range of ﬁbowéaz GorbQHHi 20H)- i etbesemnbedignentse thenepesiieeonditions found are

cefined 7% Bl Flohc- T dledT IR Rl bF BB Fi Bhos APRS Yt ot

embodﬂrﬁ%n@ﬁ epd opér@ﬁﬂ@]:oﬂcﬁﬁo@(tﬂﬂlﬁﬂg@e ﬂ@ﬁﬂd&ﬁb}i Q@hrtimh d@ﬁﬂtﬂ@n‘t in the
in the invention |nclude ani on exchange resins and

range of abpéinl .8 ¥ hbmgé Q es ithesranga iof abeutdk & ke alrart Sl jor én thgyrange of about

0.5 to PR £ TP RBE o il o e R Rgiohay fdehuitied by

f1nd1ng(t%5be1%ﬂﬂg ‘&Hﬁ‘&ﬁbﬁﬁv}hé}f@dﬂl@e ﬁ@ m@&%ﬁpﬁ) blﬁétffdﬁﬁ‘ h€least 1 to about 70
exchange may enpl oy substituents such as carboxymet hyl

y
mg of groMyst peuhfloef metlivasE)d wahiklf isplebipgd by 8M)artifperoeqsticient pf 0.3 to 20.
[0084] 22 d Dsé;(éf O%%@gd rg%ngl%e ‘I&h’r lg%%ig%ﬁ'ﬁ glgatzﬁcgfﬂ%ggﬁgtgl%bgrsatmg cl?)ndltlons
will de@é’rﬁ‘! é@ﬁfe%hﬁi&mf\ﬁ"ﬂ%%nsek‘c@ed R gﬁﬁ?@@l@on SERE prédudtt. In certain
hadex- based and cross-1i1nked 1on exchangers are

embodmhenbs kinouperating cenditiphsecorbpiide pH Q¥vels aniMonicasicengths. In other
SP- Sephadex ephar ose,

d
embodigens, ¢ %%P%PQH%F‘PHEA%‘FQ hgr F?‘G‘R’F%‘i‘*r%ﬁi% @ir'i‘fé%‘}seﬁgé@t other

embodlgﬂtl%f}téﬁéé\@%?r?ﬂ;%% c ﬂq%fé!gl‘r?é' é‘?lg} EOHEﬁyrrer %fé%l'svﬁic'hza%%hosphate

concenﬁﬁrfémmmmm%ﬁ&ﬁm&mr Iivsame enDvaRRARE ( theopEidti§eSnditions

or Mare av from Toso Haas Co., Phil adel phi.a,
ComPn?fACO‘{W% nd L?Végr suGhr RSl deRote FeRCeBfrations, ?ﬁ@eﬁilﬁms

008 R e Al 1O ey Eaopy AT gns for weak

partitiopitrg thodat Sach a klr€enifig atep could include batch binding studies or column
binding studies. Column binding studies could include gradient elution studies or isocratic
elution studies. For example, one skilled in the art can determine which buffer or salt is
appropriate for the particular protein being purified and for the operating conditions that are
being identified. The optimal concentration of the selected buffer or salt can then be
determined by, for example, running a gradient of the selected buffer or salt through a
column to which a load fluid comprising the product to be purified and the impurities has
been applied. Fractions of the effluent of the column can be collected and analyzed to
determine the concentration of buffer or salt at which product binding is at least 1 mg of
product per mL of medium or alternatively, at which the partition coefficient for the product
is at least 0.1. In certain embodiments of the invention, the partition coefficient is measured
between 1 and 10 mg/mlL. load challenge with a phase ratio (volume of liquid to volume of

resin) of three to six in a batch binding experiment.
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techni que for separating nol ecul es based on _
hydr ophobicity. Generally, sanple nolecules in a high

W@ 2006/000308 er are | oaded onto the H C resin. TheCEHHEE1006/008919
the buffer interacts with water nolecules to reduce

the so : l e sol ut i,on, thereb .
00561 = Ak SR TGN 52 B BFLLE LR BH o o
and/orwheditimadag becideded aédoydiao i éxhnpld) @hé hfed il cabe & 11brated by

nor e _hydrophobic the nolecule, the | ess salt needed

washing: i méthea sRlEEPM ghat syiH dring it o the accéssmy dperatrncandions of weak

p S o S B % SRS o e o

load b@@éﬁﬁlﬁré@ra@c&ﬁfcﬁfwée{k%aﬂ@@érﬁﬂk A7 AheMBhLd BHFfer can be the same or a
commercially available HHC resins that can be used In

differeppeuffenasrihe @qunllmatméauf&$4 ns comprising a base matrix

[0087]( et or | Cr OSS tm& ke%gg chgﬁg Bti?%ngt?{ &g H%tslloeg %Slp(’? {Sé}rgilglpreoqhan 100

mM. %gm%gﬁ%%ﬁ%ﬁ#%m&rﬁ%e@rﬂgtﬁ% }dﬁagigﬂﬁi%?(gg BEL than 50 mM. In

anothepembedimait oty ioWiB, strSagti exfiYhe Flad fiuid W&(ah?S Iigl\rg)hhl yet
Phar naci a ot echnol ogy, AB, Sweden
anothebe@?ormn% 3 fellpﬁtaw%& foait it & RepFFerEhanal O it

[0088] B' ot ecgﬂ}c&ldﬁt&'ﬂulé‘%ﬂ?\@\%ﬁ&%c} tﬂf@?ﬁf\g Q%La(rét@é EWL@ B !iS packed in a

bed coMﬁR@a@mD(nt mﬂumdnﬂéxpandédﬁmﬁﬁﬁﬁ(ddm)ammguhey bolid phase matrix,
' Bi 0- Rad, CA); WP Hi Propyl

andlor g f BRtch o S Bere SRR RIS R &7 iR Ut Kot for a
certain GRS 0)@1%? theﬂ'é‘ll i Fs%%asééﬂl tﬂI‘Jh% C}ﬁ??&%ﬁﬁn{h% rﬁ:%mﬁltﬁ is optionally

I nventi on, partitionin used " w

washemwdhcaxv;(ﬂpmbldf essﬂmltﬁl‘l’@ﬁmfaﬁﬁhyasiho rPuRtfdusioduct can be obtained from
droxyapatite chromatography is a

any es@UUHIY SHOER 3 oSN RSt H%P%ﬁl@i ngmm@txf;o@ttaq column effluent
during ﬁ?é %h%f Eg&@%ﬂ*ﬂ&ttﬁe gﬁ?ﬁﬁlﬁ wadh F 18 p?ﬁ%@ily b33 tripped

matri x an ellgan

and regmalsitesi "Biis paodedluad is mﬁih&llWﬁéﬂom‘a{bﬂf &gﬁlaﬁl@' t@ inbifirh8%he buildup of
(C-sites) and clusters of negatively charged phosphate

lmPurla?SoQ}b@e(SPrféP% ekihe solidphage v iactardivs the rwsamnthavoid
contamt ARSI e tﬁ@gg%dﬁ%t %ﬁ{ﬁfggﬁg&ﬁ%e medi um depend on

condi tions Whc str engt h, and

[0089] exci piKiyh load @&ﬁkidhﬁﬁh@ﬂibﬁandsl'éﬁ@ vORINRORER B@Eﬁble with weak
concentrations, calcium concentrations, ar gl ni ne

partitiopHigBAde-atn membo@ﬂmeﬁé the peraentration A produdt HEREad fluid is at
least 1 W{)ogr é)%ﬁ?ﬁ]? goaﬁ g.[re (? Ieﬁrjl Thoth3t Ieo odln){ento@é c%%gzer}treatmn of
product in the load fluid is at least 5 mg of product per mL of load fluid, in another
embodiment, at least 50 mg of product per mL of load fluid, and in another embodiment, at
least 100 mg of product per mL of load fluid. Purified product can be recovered from up to
50 CVs of load fluid passed through the medium.

[0090] High load challenges are also possible with weak partitioning mode. In one
embodiment, the Joad onto the medium may be at a load challenge of at least 10 mg of
product per mL of medium. In other embodiments, the loading of the product onto the
medium is at least 50 mg of product per mL of medium. It certain embodiments, the loading
of the product onto the medium is at least 100 mg of product per mL of medium. In other

embodiments, the load onto the medium may be at a Ioad challenge of at least 500 mg of
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avai |l abl e comercially and can be used in the
invention. [0079] In further enbodi nents of the

WO pwe/0943081, weak partitioning node is used w tPCHENS2006/008919
i mmobi i zed nmetal affinity chromat ography (JJVI AC)

produc{ ﬁ 3 Iéﬂ'%%’? irnb i lge Cl 38%1#3 8@54&8 9} gg]sg I}ﬂeﬁgﬁﬁ %m@%é’d}uﬁﬂﬁay beata

load chiall¥fpe dfi af chsOT00(N @ g EProd it et M. dfnedinal.e si de chains
of histidine residues on the tagged product of

i Mt er Remoeplaofdmpwidds nol ecul es occurs as a result of
conpetition between the tagged product of interest and
[0091] count éVkalgpadisiohorg mmdahagb@mmom tolve usrld] fesiemoving all types of
ing interactiaons betmeen oduct and

lmpumi’@tl}g 0 PEAF L ATIDREE GRS DG PEQIFIg+ RUsTiic a6ids product
variant§ IHO L& 'al%r%f%ake% a[?rga nctSahhi rﬂo‘i@ﬁ%%&%ht sl}r)gmes, endotoxins,

concent fonic s ength of t di um

virusesVatd Ptoseih MAComtamims tefroneprdod mirificationseps. al | y and can
be used in the jnvention, 3. Products for purlflcatl1

[0092]| oogo]npme emhndimerirPidha isentierdhe gpngaggration of host cell proteins
presentciﬁ %@é&ﬂ%ﬂd ﬁxﬁ%ﬂugt B4 III]{)I%atEl%\[? Bt SY)@rﬂ t B gftﬁélﬁs BEr mg of

ng natural Ty occurri prot

producf Ukl c@herdrab &lifi@ntsEtheCovnicamtrdtiog dfﬂ@sEd:dprrotems can be reduced to no
I Mmunoconj ugat es, cytoklnes i nterl eukins, horno

more thand 0t RS ENE O p@dﬂ%@@ ip fthsh embRBBRETHBIIP NoyREre 'than 100 ng per

mg of ;%8@&&' Eﬁg%rgﬁp Q)%E)Iplg{l/ﬂs{ ﬂrlrl;éheji{)w% Pef}n(g@;%( hY ng%rf o t(c‘?e??pliyielns is at least

1.0, in @mer embedinEid, thd Iog ehival vali@yf Bbs eelt epmstem é@s at kust@.@ and in
mul tiple vari abl e ant i body i rmmunogl obul i n

other e@baﬁm@g the lpgassrovel valab e harell prefeinsds ablgasti hPng
[0093] pr ot e'GIg anr?-;%mc[vgi?r | Se f‘;}ga n\;eglggg ythF-l(;hSCERIEI%}l?{’l ngtgnpg present in

deriv ncfad I'hg cu

the purlfRAPTBHRRRS ndhsd 'i:h/aﬁi ABouR 108 uk FryRid A ey ﬁﬁbﬁodhbﬁeliﬁ some
0081] The anti body Erepar ations of the invention can

embodmentss chacenteniraiomontirdien Peﬁalsb@ resweed eneigiaig than A0 ng per mg of

produch Ry s S Prbniaiai ) S oI PR aB sl et kb g

embodfﬁ‘i‘éi'it@ tBeIdo\BthovaPIGs bf PEdtig A id ﬁqu@@ 1R Ahd &€ bthér lefibodiments,
that expréesses the anti body nol ecul e and fromall cell

the log exmowal tvalugf ofdfrotdin dyispt dehst 2 Agardin ether gmbediments, the log removal
e BRTR R gt M Yo o 2 oodt e from

o2 DB ST RS oy o
purified ptddubu na dectatredhbodinenss; thealogrgmohal wedue ofigiregesiibgeppter than
1.0, in g rh%(‘j el:J C%odm?e%%se dgrea?er than 2.0, and in other embodiments, greater than 3.0.
[0095] In some embodiments of the invention, nucleic acid impurities are removed
from the purified product. In certain embodiments, the amount of nucleic acids present in the
purified product can be reduced to no more than 1 ng nucleic acids per mg of product.

[0096] In additional embodiments, the concentration of protein variants in the
purified product is no more than about 10%. In some embodiments, the concentration of
protein variants can be reduced to no more than about 5%, in some embodiments, to no more
than 2%, and in some embodiments, to no more than 0.5%.

[0097] Under the stringent binding conditions of weak partitioning mode, the

separation medium removes at least 90% of host cell protein, nucleic acid, protein variant,
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the disclosure herein, it is well within the purview

of one of ordinary skill in this art to adapt the
WO pwe/0943081 herein to a particul ar conbi nati on BET/US2006/008919
anti body protein and producing cell line. [0082] For

S of ti this jnyenti
encoroBYf ROEERe8h A LT OB spodlBpl HETE O Bhnoges ot e
99% oftthe 1ﬁ191§1t1§sotaﬁ@ﬁa ot embBaENdritS,ahé ¥hedidth FembV&MLIERt 98.9% of the
applied to purification of a humani zed, anti-A beta

impuritiesnoc| onal anti body, an anti-GDF8 anti body, and a
mani anti-|.L- nonocl onal anti body. 4. Loadi ng
ggndi t@gﬂ@o&’l‘?&l‘)ﬁ?hﬂﬁéﬁtfg@% [ 0083] Before |oading the
[0098]f ! U' d ﬁiﬂlé n'H&hBA OF Ui in98ti P4 B 1 RE iRRbAbIMRIon with
di um e necessary to 1dentify the region of

other pmi_alm mmﬁaauom stenpg. ry oi¢ emibodinidng ob fer iayemgpr; ond ot mme steps
e o Bechonts Tt s el S R B 1
mothef&ﬁg¢&1ir%ﬂ§ of ﬁférlﬁv&ﬁnﬁﬁlé PBQ Sﬁﬁﬁ)@é H 1ﬁ9at¥8r{;%gr % n‘{l}%géﬁn%ﬁle weak

roduct n anot

partltlohhig s:e;emtynfegdesﬁabmetto oern b vtimdtitiens eohtaeninedls wmimpuitities
at | east 10rrgof product  per ni of nediu I n ot her
[0099] ervbodi Hemtvgak pw@t@amganurﬁgcaeeﬁ BFeGeOR: Sesarbed Mg oDinaally be

comblr%gg)bm&%r B{lﬁﬂc orl ?etg[?st tnﬁc@u(ﬂggig)tlt HBﬂﬂjtﬂft Ld B8 PriteiP A

erna Ive Onlﬁ regi on i's

chromdtdg;@phf ia¢finity chiomitographe, lgmeopﬁdbﬁ@lmmduwn dnSnﬁwdgrmlﬁdy
partition coefficient of at least 0.1. In certajn
unmobelm@ddn%hafﬁmltmér@p@ﬁographg %lé‘h exaliging cheumefography, diafiltration,

ultrafﬂg'gt]‘ﬂn{1 Q/gtagyetngoxpa@ gfl rllﬂk%p @ﬁ s OI% %)gc{l]ltalel%% %J&?Tneaﬁ@gs]e)ﬁ M The optional

purificRRH sbpssrebciifle hh@os félmwliﬂg A ewdslt paeiodingstpg hidytdlsybe operated
coefficient in the range of about 2 to about 10.0.

in wealf palstlétonmmpd@rﬁma |oﬂmtmode6h%lcbp@§ iand-alyte Brede OF Sleav-through mode.

found ,are def. n ition.c
101001, 21 e BiSheidilert sReBRt st 6 FRlutle i Ay fep, e
harvesthédiané}b@pﬂorﬁl 19, bedhitiallytgigifledngen Pfot&iaon Tchﬂ)n@tb graphy step. For
about 1.5 i additional enbodi ments, the weak

exampl;@aPRuQSEPniAn 9 (Mal;lumne i 6. K Hevhich rs@@slm/ of PrmmgAtCﬁéalenﬂy coupled to

control?q%gqﬂaglgﬂ}%g;%%g n@gg t 6%%%3 etS‘&‘u‘gtfu I%thins 111101ude Protein

A SepHéF&Belmsm @L@W@M (ASn&iShdh BoRYerked amgddtm@y meTOM@EARLTM
.3 to 20. [0084] One skilled in the art w

650M P@@@gm ¢Eosobkas Cog RipladolphisaPd) ot MAB@EbEﬁH’ k‘q aehgmns
t he Chol}ﬁﬁ of nedium sel ected for
ct

d
(Amersfig BiBERGH Bisceiar 'n certain

7. Zwitterionic buffers used in tandem with Protein A chromatography and
ion exchange chromatography
[0101] In certain embodiments, a product-containing fluid is eluted from a Protein A
column using an elution buffer of low ionic strength. The pH and conductivity of the
product-containing fluid is then adjusted using a neutralization buffer, which results in no
more than 20mM of the ionic strength of the product-containing fluid. The resulting load
fluid is then passed through an anion exchange medium or hydroxyapatite medium operating
under conditions of weak partitioning mode. In certain embodiments, the load fluid is passed
through an anion exchange medium without the need for diafiltration. In some embodiments,
the pH and conductivity of the product-containing fluid is adjusted using a neutralization

buffer which results in no more than 40mM of the ionic strength of the product-containing
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enbodi nents, the operating conditions conprise pH

| evel s and ionic strengths. In other enbodi nents, the
wop@cadidngy conditions further conprise salt PCT/US2006/008919

concentrations. In yet other enbodi nents, the

., operati condi t i on futhe conpri.se excipient . . ‘g
fluid. 1B emhdEReHS BROTHHI SoTCbEERY Phieao LT oDlgiping fuid is
adjusted ﬁﬁgpg%ﬂeﬁﬂaﬁﬂaﬁmn' th?é?'fﬁ terggﬁfi' i gtrﬁorettﬁﬁl BORNIOF Sk ionic strength

condFtions conprise count I'gand T evels, such as
of the produtecohining fleit. r bt yeb weher antbadinees cthe pH ﬂ&B@:}nductwny of the

screenj ng_step n e used to identi
produciceniipipingHiuid dy aﬁ%@ fed B & peyiraligationy uf E

|nd|ng studi es or
80mM §§P1uﬁr§h]bi Hglhgﬂﬂ Ogﬁﬁ%prdg%%o% ﬂgﬁ%ﬂng studi es could
[0102] i ncl utmlfgerradiae Bén BE ubédforslutibneffomrthé Posteimt A cobimm immbude buffers
studi es. For exanple, one skilled in the ﬁart can

comprigjag émquéewnbw dghgrgedranipnis greun with smkehel 20e Fush elpion buffers
could R’ %{se%ﬁ g&ﬁlgs Q/?ljth lpcﬁ’éécf %a%%nﬁnﬁgﬁﬁ RmPP& BKa_ﬂ{:‘ 6.5-10. In

operat| ng con ons el n
one emPdiniEakt, 166 BREidh Halffed Bofi rf(sébemﬁwcﬁlé% ethithhfectwitterioas bt pHs
can then be determ ned y, for exanple, runni n%
betweenyAzaidéh sud as glacisel bdtpigetsamebis-(sthagesulfong agigh slycylglycine;

oG P oAt SR R A PSSt
acid; 2 W%bfﬂ%n@fprbﬁ%e@uﬁfoﬁ%im@fNitﬂg(}ﬁ/@fdéd}ﬂﬁnéﬂﬁl)hﬁethyl 2-aminoethane

col |l ected and anal yzed to determ ne the concentration
sulfom@amduNF%»hydroxs(aulwlmpemmnch pRethreesyfonde agid; 4-(3thydsexsethyl)-1-

piperazifigspanh St Btk N o hy o e R Op e infgjde: NN-
b1s(2-h%r&1%§57 {yfbgly'c{hecﬂIrf&'(l‘i‘ycﬁﬂ?ﬁﬂbﬂﬁ‘?[)h&tl?ﬁ—iHﬁlﬁdﬁf@ﬁéﬂe@ﬁlfonbc acid; or

i"on coefficient”is measured between 1 and
N—glycyigglm;mleoad chal | enge with a phase ratl o (vol unme of

liquid, to volu es of th S X.
[0103] p; nai :.irléh Btéqr} aﬁql?rqt@@gé] oa.p&%wtl ggegppwgbuf?er prov1lgles the
advantz%@'& 5988icaten S8 LGN SBRE ddoh& &ﬂi&l‘tﬂﬁh%‘cﬁ)rpfﬂﬁé‘ﬁ)w ek strength
UI and/ or nedi um can be adJ usted accordingly. For
of the baffzndbes ndtred vemdiylimpaahthee perpiioni dfrsabsmijubyt masixichgngetcolumns,
asolutlo t hat ing it to the ess
mcludl%éy dORKEP A B0 B rfjeh jeshi i SHGRe g Hbdecreardhe binding of
I A P eb ar o e
purificatisak Ipewdriibhiostreggthsdintiolserd peferbed foedoakonbe idrhexchange

sane_or a different buffer as the e i bratjon
columng, g tbe ioptoteneth s ke Teisgb eI i d&fﬁrbOé%qnéfﬁaErﬁted salt

solutiof¥: dbARadiRB the fotchitehoAPof RiGidHia8 ndPRicile. Surprisingly, there exist

buffers that have a low pKa that allow use at low pH levels useful in Protein A elution steps,

eratin
ults {n r(lgo more than

but that also have a second pKa that allow use at higher pH levels useful in ion exchange
chromatography; these buffers, if used at a proper second pH, have little effective charge
during the operation of the ion exchange step subsequent to the Protein A step.

[0104] A zwitterionic buffer that has a pKa near that of the elution pH preferred for
Protein A (between pH 2 and 5, preferably between 2.5 and 4.0) allows the buffer to be used
to maintain the pH near the buffer’s pI and to elute the column. Zwitterionic buffers that also
have a pKa near that of the operation of a subsequent ion exchange column (pH 5.5 to 11)
would allow the buffer to control the pH in this pH range as well as in the Protein A elution

pH range. The use of a single compound for both elution of the Protein A column at low pH
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nmM I n another enbodi nent, the ionic strength of the
load fluid is no nore than 50 nM I n anot her

weniweapzet, the ionic strength of the | oad flRCTUS®061@08919
nor e than 25 nM In yet anot her enbodi nent, the ionic
stren

and for[ 1@@3@? &pﬁ@ oif b}fghlgﬁ h%fgbbsﬁgs%§§%§gqfxgwﬁa@g%y simplifies the
t
o ST S RS i) e BEAE gl e

neutraliza¢ionol i d phase matrix, and/or n a batch format where
the solid phase matrix is mxed with the |oad fluid

[0105]; or o Enet firtherembodiment of thaymvepten.ia W@tengnwal%@@é with pKal and
pKa2 JaH eﬁﬁtg voljﬁgerlr@%g Hﬁmtalﬁ ?Hniggellé %Mﬁn %?12 ?Lf]ﬁ\luh 4 % g’ugher if the

essen I'Socra

ProtelrpAqdm is gairdieed Rt ARG oGyl @IRMLEAbhiY bufef (@4 kécond pH
wash_and pooled with the purified Eroduct fromthe

within @a¢ pithuwif pf pKa?, the zwilteriomic befer wilkbe ablafte eraintgin the pH of the

oo SRR3R SR P BB 00ty apins

contribReds\ 181886 tHeeskdrall 1anid Grdhstl BT AR solifidui BdteRafple, a zwitterionic
urities on the surfac€ of the solid phase and/or to
buffer g/@n&

donicerirativm xatdi phhegwaldo shelpKen waHicoatritmte tsf thetyerall ionic

suensBGALHR: 2 rBRRuSa PEEH VIR snhcrnlabiopat ittt i oplare fhe pKa2 of

the bufB@ Wwill h8R Mol gt oA R-RIBLSH KB This 8Ection in ionic strength is
concentration of product inthe load fluid is at |east

significemtjyafsefnl douepergtéon oflionic dxehangd clirdmalagrapint her

[0106]]5e FBIOSI en g)flsteggg pp Q fﬁﬁgt gt?e}t :5112?5?1 gfg)tlge{;&sléﬁ.{_l fIBI? eltpggla o? %rotem A
columds! ::Hidda %)KQZ a8ghDRr o ?Oang%SI[%CP eﬁ%}h&h?@%ﬁm@ﬁ]@aﬁﬁy is not obvious, in

product per nL of n an
that theepﬁaﬁ ofretse baffetsdagot dcﬁﬁ)mmgl;otfepprtediu Buffeer argiconfmdmdgdised at pH

levels ngtlgﬁt q? % 2If gtgg reglgg ttav%f} ntlpry?;ﬁa e ed, f ’ om g%g%\}q-atography to
be usefill £} d19@sh £84] 4 Pﬂﬁ& [@E@lufﬁr? OF; ! Qhﬁe ‘t‘ﬁél[rlt ‘ggzﬂf these buffers for

partitionli ng node. one enbodi neht, the
elutlontﬂ‘cﬁnrl%dteumAr(ﬂyoimet@tamtd caldmeis at; hetlmefzﬂlyabahms it 1& also not

roduct medi.um | n ot her enbodi nen
reahzet?ﬂ@t |tla%a|2ﬁ@tt%$ Qi Quﬁﬁr@dmltldéws afldigiopaloytility jag batferSefmon
exchang Bg;:&{snslt%'é)ggq[ﬁe}lt Fgﬁ[é% b lm\ 'ﬂec#se%ﬁé ?%rﬂ{lhtéte less ionic
strengthreslthemdusradivzed Pﬁstmldopo@lg of pr oduct per nmL of nedium
I n ot her

C. Examples
The following examples are offered for illustrative purposes only.

[0107] Examples are provided for three modes of chromatography (anion exchange,
hydrophobic interaction, and hydroxyapatite), using three different monoclonal antibodies.
Four separate series of experiments are described, each representing a different pairing of the
chromatography mode and the monoclonal antibody to be purified. The initial screening
studies are presented first, which determine the partition coefficient and/or the concentration
of product bound to the resin under various solution conditions, thus defining the operating
regions of weak partitioning (WP) and flow-through (FT) modes. Several column studies are

then summarized, with data on product recovery and impurity removal. The product
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enbodi nents, the load onto the nediumnmy be at a | oad

chal | enge of at |east 500 ng of product per niL of
wore@c09308 n yet ot her enbodi nents, the | oad onPOT/URE06/008919

medi um nay be at a | oad challenge of at [east 1000 ny

recover[@%é]%gﬁ@P g(g LFL tVV %ﬁ dium Szi,pég %ggé%ugﬁbmng g)i“?esf than in the

corresp¥il tgglF"lf M8 MY \WP3hhs ivﬁféec%nﬁﬁﬁﬂewm fﬂg%%r {da@®hallenges to the

prodtct preparations, includi ost ce pr ot ei ns,
resin than cheFT saalieks, product vari ants i ncl udi ng aggr egat ed

, product and hi nmo| ecul ar melght spec endot oxi ns,
[0108] y/j  ys clhe Igkels P? Sedem f%%ﬁ‘twd?dfh%tt%stisﬁ@rﬁ’feﬁr"f’?{? measured using a
inP [
Protein R e e by IR A T2 R B hlgimotcoulr

weight agg@gmﬁe was tbgsuped idihg dn phagtical siz mlu@asrecmbmt@mphy (SEC)
500 ng host cell proteins per ng of product.

assay. dhpdevehnk lzost celd pedaips AHEES) pArcomoHuEed BEing apH%P £M§A All
SCI‘CGHI%?(Q)% 1 &0 lﬁa?l%xuééﬁgwts S)Ye%g o4 %teél zﬁ'}ogl%otm?%e&%re”g of

er e no nore than 100

Series 19 mOnrmxa{arggfq&mg TMAECHiCap (VB mnadVEBRAAB t he | og
renoval val ue host cell proteins 1s at least 1.0,

Experzrhéhtolt hey zmﬁghgﬁﬁt%creten %o Eﬂgbﬁmnd/ FT%antzoﬂQ st

cel proteins IS at | east . 0, in oth er

010 errbodl gﬁ th
! ﬂprota%@é@ a(%]qu]glugtgcrg 85 |%>O\g’ ﬂﬁg%%e e d&(gﬁgen%wg
partitiohing dnd\ibowy {thirough lvendinoae fdrrdbb-ovABfwith IMAE-HiQape@dnmedium.
in the purified Product is no nore than_about 100
T

This scrsegivarigd A epnaegtrafionpbindiym chiprideandgd &g AgtsHnie tgﬁé effect on
the exigif?00 %%i %bgiglr&fs }i’ %%Ac%i"?%l%%dr ﬁﬂ%ﬁ?ﬁ s (Brdtén Thfd HCP) to

theTM@Iﬂ)ﬁﬁdﬁBﬁ]tS to no nore than 10 ng per ng of product.
certain enbodi nents, the |og renpoval val ue of

[0110] Pr ot ei WUA PETMAE éﬁ@ﬂp megiumeasiadded ke padnweldofa 9osvell filter
plate. Bt ol BT Bhenl thebeiior Rislely S b cidng 2 faviable amount

of Tris Bﬁﬂéﬁ(dép@ndﬁ% %Poh @H@Em@ulg neb@QPHr reftraRdtiBrto the pH specified in
enbodi nent o he invention, viral inpurities are

Table 1r bipsrebisddiom dhherigeigspédificd pr Babictl.1.2h The pHinanged from 7.6 to 9.0

t he | val..value of viruses is
and theép ’a‘r‘tr%gﬁl{g’ﬁ‘giﬁ r&“%?df?%“cgﬁ’@r fments, greater than
[0111]2- 0, aﬂ{é BuFf QBRI R ROCH FEDCR ’roﬁrﬁ&%%luté@éh 8n Qutomated pipetting
[ 009 hi sonme enbodi nents of the invention, nucleic

system é’Eecdml 19OR B T). dheasteck stuticedfor the buffers were made from 500mM glycine
acidified with HCI to pH 3.0, and subsequently neutralized with 2M Tris Base to the pH

levels indicated in Table 1.1.1. This titration resulted in a level of Tris that depended upon
the pH of the buffer. The buffer pH was measured at a 1 to 10 dilution of the stock buffer
concentration, which corresponded to the dilution made by the automated pipetting system.
As a result of the glycine acidification to pH 3.0, the buffer contributes about 10mM of ionic
strength to the final solution. Two load challenges were made to the resin: Smg/mlL to
measure the partition coefficient, K, and 122 mg/mL, to measure the capacity of the resin for
removal of impurities and the bound product, Q, in equilibrium with a protein solution at a

concentration approximately equal to the column load concentration.
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fromthe purified product. In certain enbodi nents, the
anount of nucleic acids present in the purified

w@e@dogd3ogan be reduced to no nore than 1 ng nECT/@82006/008919
acids per ng of product. [0096] In additional

Tablelsgbl?&i?eﬁ peagd% anﬁ:gg&gvaﬁl on of protein variants in

ur I ¥ I'S nOoO nore than about 10% In
sofre—enbodty s—the—concent{ati on of proteln
MAY L ANt~ -!l »“rq\—J weod + 0 H
aft ants-eat v{c..w, 7Lu Re- nore t han ab_out 5% in
s8] i L han 2% and in sone

e nh SemhCHycine, 13Hm TG PE T18han . 5% [0097] Under the
st r PO Gtlydirientfi QM Eon dHi8i%ons of weak partitioning
nod 89mM idyche pk.aiM @ris, pB@i2um r ¢noves at | east 90% of
hos somMldlydeptseiniM THY @HSI4C acid, protein

var s@min.anget oxdoM TaddaRiotei h A inpurities. |In sone
emb ogHhR A Sne, d4 VB HL, YMsl€NDVes at | east 99% of the
TPURIIA& cind %rﬂl\’fllqﬁ[ b €TDO i ments, the nedium

renoves al Il:‘dbl 99 9% ot the i mpurities. 6.

Table 1 Mdﬁ&dg‘i&%ist(iﬂ%hwzﬂﬂ' prétfeﬁlf%ﬁal[eg%g %Lg/;';ht? Pl frkigat i on

e I nvention can used I n comnbi nation

Q=i (glal=]|>

Al WL OF MET oPT U T DT [ TECGUIPNTSHEPS- g TN N 10 | 11 | 12
Ngel LUI Imeqre Ul LI 1riive I.ll UI7, ] olrg Ol o1 e bl l:‘
oipged ng thel Wak par[idi gnidhg| sPep nfly |b&0 des40r gblog | 80
M reauce _[ne road crafjrerige. | _an . her {embopi ment ot
AI}:]% i nyentison, on¢ of nke (pwifigati e $teps| 132 | 132 | 132
(mghgLjowi ng thel wealf parfitiqgning|stepg may|be desirgble

T0 renbve additional contam nants or | npurities.
[0099] The weak partitioni ng purification procedure

[0112] descri ]Bet s?agg: o?'ﬁi‘é u X ﬁ)%ﬁ%@n@ ee%cWelﬂ Qﬁéqgcguoilibrated in the

purlflcalon St not "I'im ted

condltlﬁnstieNHCPaMpHmtdégcfrﬁmd}dn Tadbldsrl.1 ¥ andriohAtio gr];ﬁqakne;/yolume ratio of
hydr ophobi ¢ i nteraction chromatography Immbllai
6:1 (30RBEaplusion ﬁwly IS o eheaR) RigpHAs shakem ftidd) MEUses, 15%ing equilibrium

to be IC%QBQCIT&F ﬁ’?g(ﬁ? v&%‘s %ﬁéd ﬁgo&)eﬁ% ééh[rLfﬁ%ié‘Jg the 1P plaYé. F&lis

|on excna

equilibedtioardcROwaP eatEﬂ@h@@hImH%al purification steps
precedi ng and/ or follow ng the weak part|t| oni ng, ste

[0113] ay  alladhe secopersagsdtherreniaar epe welivasi dhgllapgrd Wish 2 (dencentrated

MADb- &Ag OILFB)%O%] %ﬁJﬂLQﬁ” r%oﬂ gwﬁl ¥581uﬂ%d1%t18 ff6| ﬁgdoﬂik"é@ﬁ}mn 50uL

ment, prior
resin) d0@id aﬁpr@?‘m&t@ Wlldcohﬁéﬁttaﬂi@)nsahﬂﬁ)H ¥:\ 66h1@7mﬁﬁdolmfﬁﬂ1 &f May-AAB in

ImM I&ﬁl}* I onwe | ;hi'@%l s:p}élge%u\;ultlfl |388p1§)r¥1 o?’ P?gt%}neknwa% used as stock
solution. The loaded plate was shaken for 20 minutes, allowing the resin and solution to
equilibrate. The supernatant was removed from the filter plate by centrifugation and
collected into a collection plate. The protein concentration in the supernatant in each well
was determined by absorbance at A280nm.

[0114] In the third stage, resin was washed by adding solutions of the specified NaCl
and pH conditions listed in Table 1.1.2. The supernatant was removed after shaking for 20
minutes. In the fourth stage, 2M NaCl was added to remove the remaining protein that was
bound to the resin. The partition coefficients were calculated for each well using the mass
eluted from stages 3 and 4 and the product concentration from stage 2, and are shown in
Table 1.1.3. A contour plot of the log of the partition coefficient as a function of pH and

chloride is shown in Figure 7.
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exanpl e, PROSEP-A(tm (MIlipore, UK ), which

consists of Protein A covalently coupled to controlled
w@eooe/0gd3ass, can be enpl oyed. O her useful ProP@i/msSMo06/008919

formul ati ons include Protein A Sepharose FAST FLONt N

(Amer sham Bi osci ences, Piscataway, NJ), TOYOPEARL(tm
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exchange nedi um or hydroxyapatite nedi um operating

under conditi.o f titioni | rtaj
01151 0000 AR BRI P B A0S TR ORI Rifs where
MAB-£XBhARGE 0TS TWI W he@din WhE dEe€nt Qfendiiaf i THds8kédOns 48 more
sone enbodi nents, the pH and conductivity of the

clearly pisoalirsd-iodiigater. hef dtrength of M} Bk AB hinding ta TMAE medium can be

manipu%g:yiaﬁzyﬁ%gi {:) 3 1@(f)riste éfé}iglfﬂﬁ Sgll%l%ﬁlgtc%nicenntpa%oﬂqﬁ% (;]ve}—'%hrough
(K=<0.P, %M{tpaﬁ?t%rﬁh%‘ (@ g%Kl&%d), ah8 b dI85 z6ARQH s, the pH

and conductivity the product-containing fluid is
[0116] adj ustBe supemgtaat frout thellpadhstagm oball fwells fivam eadszonesweng sampled

s SR B0 SO % e LRSS SRR Sk e commaiza n

Table lt]lh@._ gﬂe?crlg a_(‘reélgﬁg)tfgﬁ dnd &fnd’u@ﬁvﬁf Qe th%W%iH‘&Hiﬁmattography step

flTuid i's adjusted asing a neutralization buffer tha

provides @ery significanorenmvel ofBrot@OAVmith limied priteindossetogheiresin. This
. the_product-cont ai ni fluid. [Q102 ffers th can

region yas tpop C ssiyl celatgshia e 94115{1%1? ogklicianf, W“Fg]tépu?ﬂéi not any
”:S[éﬁf r lsd TR (&Sl kv h a charged anionic

specifl oSngﬁmlot?@gng}%ﬂ%‘r“@-(s. Slgglfwél\ge)lt ution buffers could

further conprise nolecules with a charged cationic
Table 1.h4 BroteipiAtlog Repgyal Yialugs 0 for| A Br\A B bindiglg deta fron HES screen

el bt 2on| b f ¢r 4conpBi sks 6ol edul s 8whi ci? are 10 11 12
2.1zW titsor | ane at1.39Hs 1k2et weledd 4 1a63d| 9,02sichocas @by di A€ | 1.02
2.7b, Bom7péran nelbsst (ieshanesul| fiomi [ 1asei @)5.22 | 0.85 | 094 | 1.52
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>1.63 | >2.36 | >2.76 |>3.01| 2.86 | 2.37 [>2.98] >3.05 [ >3.15 | 3.16 | 345 | 0.85

T|Q=E(HE|S| Q=] >

Experiment 1.2 — Column runs under flow-through conditions

[0117] The following experiment was performed in the flow-through (FT) mode,
where the Mab-AAB interacts only very weakly with the column. Two runs were performed
with load challenges of 110 mg/ml and 200 mg/ml of resin.
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chloride. 5 column volumes of wash were used. The column dimensions and load challenges
for these two studies were: Run 1: 7.0 cm diameter x 20.6 cm bed height (volume — 793 mL)
with a load concentration of 11.9 mg/mL, and Run 2: 7.0 cm diameter x 13 cm bed height
(volume — 500 mL) with a load concentration of 17.6 mg/mL.

[0121] These load conditions were in the flow-through (FT) region (Table 1.2.1).
Batch binding studies were used to measure the partition coefficient (Kp) and the bound
product was determined by protein in the column strip by using UV absorbance. This method
of determining the bound product typically underestimates the amount of product bound

during the load due to isocratic elution of the product during the wash. The levels of Protein

A, HCP and HMW in the load and product pool were measured, and the extent of removal
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[0123]di f f er €hé cdsmﬁﬁﬁv@@@dulﬁlﬁﬁatélpﬂitﬁS cof@ih voRAELEEn SsHiti®$ containing
of experinents are described, each representing a

50 mMT¥is.exM AN a@anH 7 iyfodiowed &y another equilibration step comprising a 50 mM
Tris, pH 8.2 solution. The column was then loaded to 500 mg product/ml resin with the

neutralized Protein A peak from the previous step and the product was recovered in the
column effluent during the load cycle and some column volumes of the wash fraction.
[0124] These load conditions are in the weak partitioning region. Batch binding
studies were used to measure the partition coefficient (Kp), and product binding at high
protein concentrations. At pH 8.2, and an approximate chloride content of 12 mM, the
partition coefficient, Kp, is estimated to be 1.9 (from interpolation of the dataset from the
HT'S screen).

[0125] The levels of HCP and Protein A were measured in three fractions during the
loading stage representing load challenges of approximately 250, 375, and 500 mg/ml of
resin. The results from experiment 1.3 are presented in Table 1.3.1. These results
demonstrate that very high product challenges can be achieved in weak partitioning mode,

without breakthrough of impurities. Excellent reduction in both HCP and Protein A was
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Experiseni LMi6 abasragahe Mwﬁﬁafeh@mc@fmésh‘iuﬁgﬁm {)ﬁ)ﬂjﬂa:toﬂ—bﬁned in those

buffer solutions used in each row were diluted on an
runs wag the sadigsn phlpeie cppcentration in the Protein A elution, which was varied to

match the NaCl concentration in the TMAE load for a particular experiment. The columns
were equilibrated with Equil 2 buffers and washed with Wash buffers which had
approximately the same pH and sodium chloride content of the load.

[0127] These load conditions are in the weak partitioning region. Batch binding
studies were used to measure the partition coefficient (Kp). The runs are ranked by the
partition coefficients listed in Table 1.4.1. The bound product was determined by measuring
the protein in the column strip using UV absorbance, and ranges from 7.8 — 25.3 mg/mL.
Protein A, HCP and HMW results from these experiments are also presented in Table 1.4.1.
The removal of all impurities was found to be robust in operating ranges which cover 13.5-

38.8 mM total chloride and pH 7.8 — 8.4.
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The protein concentration in the supernatant in each
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b o Ay 15 : AEBICapMiand Mab-IMA ng sol uti ons

Expeﬁrfneﬁt@el—sﬁﬁﬁ 'tlfrbz?ggzpmg‘eemng to establish WP and FT conditions

{0129] A high throughput screen (HTS) was performed to identify the weak
partitioning and flow-through conditions for Mab-IMA with TMAE-HiCap (M) medium.

This screen varied the concentration of sodium chloride and pH to determine their effect on
the extent of binding of MAB-IMA and process related impurities (Protein A and HCP) to the
TMAE medium. 100uL of TMAE HiCap medium was added to each well of a 96 well filter
plate. Each well was equilibrated in solutions made up of 25mM buffer no more than 1 pH
unit away from the buffer pKa (Table 2.1.1) and the appropriate level of sodium chloride
(Table 2.1.2). The pH ranged from 7.00 to 8.75 and the sodium chloride concentration
ranged from 1mM to 190mM.
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Table 2.1.3: Cl- levels in each well (in mM)

1 2 3 4 5 6 7 8 9 10 11 12
A 22 26 31 36 46 56 71 96 121 146 | 171 | 211
B 8 12 17 22 32 42 57 82 107 | 132 | 157 197
C 11 15 20 25 35 45 60 85 110 | 135 160 | 200
D 15 19 24 29 39 49 64 89 114 | 139 | 164 | 204
E 18 22 27 32 42 52 67 92 117 142 | 167 | 207
F 21 25 30 35 45 55 70 95 120 145 170 | 210
G 8 12 17 22 32 42 57 82 107 | 132 | 157 197
H 11 15 20 25 35 45 60 85 110 | 135 | 160 [ 200

[0131] In the first stage of the HT'S experiment, each well was equilibrated in the

conditions of NaCl and pH as described in Tables 2.1.1 and 2.1.2 in a phase volume ratio of
3:1 (300uL solution: 100uL resin). The plate was shaken for 20 minutes, allowing
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Table 2.1.4: Partition Coefficients (Kp) for the 96 well HTS screen for MAB-IMA

1 2 3 4 5 6 7 8 9 10 11 12
Al 345 20.2 114 7.2 3.5 1.8 0.8 0.4 0.3 0.3 0.2 0.2
B| 97.1 42.4 19.3 9.9 4.3 2.2 1.0 0.4 0.3 0.2 0.2 0.2
C| 148 9.4 5.8 4.2 2.0 1.1 0.5 0.3 0.3 0.2 0.2 0.2
D| 1.8 1.6 | 1.3 1.0 0.7 0.5 0.4 0.2 0.2 0.2 0.2 0.2
E| 0.7 0.7 0.7 0.6 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2
F| 04 0.4 0.4 0.4 03 0.3 0.3 0.2 0.2 0.2 0.2 0.2
G| 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
H| 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
[0134] As shown in Table 2.1.4, the Kp value can be used to describe regions where

MAB-IMA binds to the TMAE medium with different strengths. These regions are more
clearly visualized in Figure 9. The strength of MAb-IMA binding to TMAE medium can be
manipulated by varying conditions of pH and chloride concentration into flow-through
(Kp<0.1), weak partitioning (0.1<Kp<20), and binding zones (Kp>20).

[0135] The supernatant from the load stage of several wells from each zone were
sampled and submitted for Protein A analysis. The load had 300 ppm of Protein A. The

assay results of these samples are summarized in Table 2.1.5. There is a region of pH and
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se oeéid conditions are in the
“weak partitioning region. Batch binding studies were
used to neasure the partition coefficient (Kp), and
product binding at high protein concentrations. At pH
and an approxi mate chloride content of 12 mM the

8. 2,
.partj tiop coefficient i,s.estimat be 1.9
Experiifigi i 7L aP01 ¥ oft A e diioRR e D ERARcapt and Mab-IMA
[0136] Ser een}he following experiment was performed in the flow-through (FT) mode,

where the Mab-IMA interacts only very weakly with the column. Four runs were conducted,

with product challenges of 109 — 275 mg/ml of resin.

TMAE (HiCap M) anion exchange chromatography

[0137] For all TMAE (HiCapM) anion exchange chromatography steps described in
the Experiment 2 series, the following conditions were used (exceptions are noted in the

individual experimental descriptions).

Operational flow rate — 150 - 300 cm/hr

Equilibration 1 — 50 mM Tris, 2.0 M NaCl, pH 7.5 or 8.0 (5 column volumes)
Equilibration 2 — 75SmM NaCl, 50 mM Tris, pH 7.5 (runs 3 and 4 contained 50mM
Glycine)

Post load wash — 75mM NaCl, 50 mM Tris, pH 7.5 (runs 3 and 4 contained 50mM
Glycine)

Strip buffer - 50 mM Tris, 2.0 M NaCl, pH 7.5 or 8.0 (5 column volumes)
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relativg|ypephipdstariahle empyrkofifiey apdnaEqyp 2%*%5} 'ﬂf{l?fa ot

varian&QeMWCinanivéKPleiesthe runs are ranked by the partition
coefficients listed in Table 1.4.1. The bound product
was determ ned by nmeasuring the protein in the colum

Table Zsii; T&@ip?ﬁcp\éré}gﬁﬁr Crnaﬂﬁw ﬁ%@.ﬁ)di rom7.8 - 25.3

rotein A

HWVresults fromthese

Produy  pld Cl- Lowd I’m, A nep HCP  ProA  IIMW  LVIW  Recovery
ct aaM}  Challenge mlead Iz load an GRYY (fell) ("old) (%)
bound fmp/mL) (ppmy) (ppm} V)
{mg/m
L)
0.1 ] 05 | 65 1
0.2 0.8 7.0 83 275 25 1575 0.6 <0.1 i 1 >95%
0.2 ND 7.3 83 109 24 3117 2.4 <0.1 1 1 >95%
0.3 0.3 7.5 83 167 ND 4572 1.8 ND 1 1 >95%

ND = Not determined

Experiment 2.3 —~ Column runs under weak partitioning conditions for Mab-IMA

[0141] The following column experiments were performed in the weak partitioning
mode under conditions identified by the HTS screening (Experiment 2.1). Seven runs were

performed over the TMAE column from partially purified Protein A pools.
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38.8 mMMtotal chloride and pH 7.8 - 8.4.Table 1.4.1:
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Table 2.3.1: Removal of HCP, Protein A, HMW, and LMW under weak partitioning conditions.
ND = not determined

Kp Product pH Cl- Load ProA HCP HCP ProA HMw LMW Recovery

bound (mM) Challenge In In (LRV) (LRV) (fold) (fold) (%)

(mg/mL) load load
mg/mL) (ppm) (ppm)
0.7 ND 8.0 55 303 72 754 2.0 1.5 1.0 12 >95%
0.7 4 7.9 45 307 213 1852 2.6 2.4 ND ND >95%
1.0 5 8.1 45 302 222 1852 2.6 3.0 ND ND >95%
1.2 30 8.0 35 124 52 3320 2.8 >2.1 14 1.1 89%
1.7 ND 8.0 26 303 72 754 23 >2.6 1.1 1.8 >95%
1.7 9 8.1 31 310 ND ND ND ND ND ND 90%
1.8 25 7.8 14 169 23 2462 3.0 >1.8 1.9 2.1 86%
5.2 9 8.0 17 303 72 754 2.0 >2.6 1.7 1.6 >95%
8.9 59 8.2 12 . 284 ND ND ND ND 1.5 2.1 . 75%
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different buffering species required different |evels
of titrant, the chloride concentration varied from
wowdok/0vwsoswel | dependi ng on whi ch buffer was usedr/82006/008919

that well. The anmount of C - needed to titrate the

buffer to the target pH was cal cul ated using the

Hender son- Hassel bach equati on and added to the total
Expertinenty di Perfrrnguce of wawhprtitioring d@kn aund at Piéot and Ghiviciln
manufdsaringaenlerat erial . The calculated C - level for each

well in the experinment is listed in Table 2.1.3. Table
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contaﬁﬁng the midiiGlenap extibb@yivas fracpurified bsings 3egu5L MubStlect column in

piton it G s et sSlupmhipn@ S GO RS e PSSt Rmn
was eS@hﬂzgllyCUpcraJltelﬁQd |desfcﬁ8dd’l?1 Exiﬂ&ﬁn@h ape T‘h@%elﬁﬁﬁéﬁ?ﬁ)@l’n A Qeak
pools i et UL SE HUHeF BUAAn By SLAOEAR Gty 1 Plotend £ 4L

TMAB! Bhan ihRheSclRtidl hhddfRbhirRg 150l € TR FesHIRRT HreIPA SR and nine
times. [0132] In the second sta the resinin e

ch
clinicglgpan rig iSRRI rized t Tables grﬂ#%ftde?&wppmely The step

perfoﬁﬁzln‘é& ‘w@.@cér&s?&nﬂmm tl@fruﬁse§/itﬂ eﬂeﬁ@nt@edﬁ@ﬁéﬂ@ H@, IFot6ih A, and
300Ul solution: | OQIL resi n) at the appropriate

good mvab@fmzednct wlated MW a LMY gEaigs- nlEméklﬂt IRCPYsAY $Rs >87% in all
runs. :;@Pesjtl%té & tﬁé%&&?bou%ﬁ Mb2Sen dlﬂfﬂg@héﬂ%&t hdhs 320 BQ@nQ& from

tern A was used as stock solution | oaded
the prwduect dththk solufnmrstriz) wivich mangsd fram| owl hgpetmleof ieginn an d
solution to equilibrate. The supernatant was renoved
fromthe filter plate by centrifugation and coll ected
Table RAIl PeffoGidnéc@CPilo0Ralp hilth ShderTWek Paditioiiiy comitpant rati on in
t he supernatant in each well was deternined b

Run I} VL Hed "by ladibilng sl utPons [of>% he ZpRcifidd Nad’ ahd %

Run2 | pH dondi tijohd |l i¥ted iW4Tal 30. 1. 226 The Wuper et apt 88

Run3 | a5 [I €TV GsﬁTIeﬂ aKis00 [OINDZU [ MERET €S. 13 N[ TN 83
foHrtA-st 2M-MNalG—vwas—addedto—+-erdve—the

rE‘fPaT‘}?f‘ﬁ&’ ?cgtel n that was

Table 2.4.2: Performance of manufacturing scale runs under weak partitioning conditions

Kp Load Cl- pH HCP*  ProA* HMW LMW Recovery
Challenge  (mM) (LRV)  (LRV) (fold) (fold) (%)
{mg/mL)
Runi | 35 9% | 30 8.1 >2.2 >0.8 25 3.0 90
Run2 | 95 180 29 8.0 >2.2 >0.0 1.9 1.5 93
Run3 2.6 133 28 8.0 >2.3 >1.0 2.5 1.8 05
Run4 | 26 174 29 8.0 >2.2 >1.0 2.5 1.2 94
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bound to the resin. The partition coefficients were

cal cul ated for each well using the mass eluted from
WGEL@gme9388 & 4 and the product concentration frPOT/ESEQGE008919

2, and are shown in Table 2.1.4. A contour plot of the

| pg—of the partHtioncoetfetent—s—a—funretron—of—pH
Run5 o hq28hilor | i s |sBdwd i BOFilgur%l o] FABI ¢ 2. 434 17 102
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These regions are nore clearly visualized in Figure 9.

The strength of MAb-EvlI A binding to TMAE nedi um can be
Summanyani pul at ed by varying conditions of pH and chloride

concentration into flowthrough (KpO 1), weak
[0147] par t | HEISidegtified dendig@ny for MR anid ki ogeraore sTHEPEA0pde provided

[0135] The supernatant fromthe | Qad stage af several |
only a mypdestradughprBEHCE S L VE sgs%ﬁra@agalﬁ&eé dpdaoRg A residuals

. . . I C ‘
or EMWBEAEE OpBBoN T4 B WEmbE fnRfled UL BRIl o P Abihifbs without
sacrificihglpreddct idd. Thepeodess sep egisaoaletl uptb alncRidorhland atidtgperated
. Wwhere the TMAE chromat ography step provi des very )

consistegly{ps ﬂé”%fuﬂlse‘ﬁ‘ﬂbéﬂefbhlg%r ¥ ford{uPrand Brateiin 4 3héd gepd reductions
. t resin. This region is found to be closely
mw‘*c’ga?@éfmg%%&t he partition coefficient value, Kp, and

not any specific pH or chloride concentration. Table

2.1.5 Protein A residual |evels and MAB-EMA binding

regression nodel. Experinent 2.2 -Colum runs under FT

[0148] condi FEx@Befimeai 1Y Wl erfdrira Msaipthriybétulrddad dEbdBbed fiEExperiment
foll ow ng experinment was perfornmed in the flowthrough

LI.  (FT) node, where the Mab-DVIA interacts only very
weakly with the columm. Four runs were conducted, with

. product al l enges of 109 - 275.nmg/m of resin., TVAE S
Experinief - (4P i GRPARRNARE M €iT LU UREGBRF POET tabga1q partition
coefficienp\e (H CapM ani on exchange chromat ogr aphy steps

described in the Experinent 2 series, the follow ng
[0149] condi fFivnchromat gugdy dxgpedepniowsregreefanmied dinider ¢drelitions

corresponding to a range of partition coefficients identified by HTS screen (Experiment 3.1).
The TMAE columns were loaded to a very high load challenge (>1000 g/L) to specifically
highlight the superior performance of the AEX step under weak partitioning conditions.
[0150] The following conditions were used for the AEX runs performed in Series 3

(exceptions are noted in the individual experimental descriptions).

Operational flow rate — 150 - 300 cm/hr

Equilibration 1 ~ 50 mM Tris, 2.0 M NaCl, pH 7.5 (5 column volumes)
Equilibration 2 — as specified, approximately equivalent to the load pH and chloride
content

Post load wash — as specified, approximately equivalent to the load pH and chloride
content

Strip buffer - 50 mM Tris, 2.0 M NaCl, pH 7.5 (5 column volumes)

[0151] The column was equilibrated with 5 column volumes of equilibration buffer 1

followed by 5 column volumes of equilibration 2 step. The column was then loaded to
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i ndi vi dual experinmental descriptions). Operational

flowrate - 150 - 300 cnihr Equilibration 1 - 50 niM
waris/ 09809 M NaCl, pH 7.5 or 8.0 (5 col um vol paEE$2006/008919
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these exseriinérits ag prebéhtedMnlTatde 3;2Hl andFiuirest 1% andi6Bcol umms
were then | oaded to between 109ng/ nL and 275ng/ L with
the partially purifi ed Protein A peak and the product
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HBERH 65 hhdBlIaRe ta@Iatiisal anount of product bound due
to isocratic elution of product in the wash. Protein

[0153]1A HCPrp a6h JuMA R AR khd @BWok@spéiihg Res Kp of 0.1 was near
experiments are also presented in Table 2.2.1. There
zero, ag is expected for a typical flow-through operation. The product bound values for
experiments performed in the weak partitioning region were > 12.0 mg/ml in all cases. In
fact, the product bound value for the run corresponding to the Kp of 7 was as high as 71
mg/ml. The product recovery in the combined load eluate and wash fractions in all cases
were, however, > 93%.
[0154] HCP and Protein A removal, as a function of load challenge, is presented in
Figures 10A and 10B. As discussed earlier, the HCP removal increases significantly as
conditions move from flow-through to weak partitioning. Operating under flow-through
conditions provides approximately 1.5 logs of HCP clearance, while the HCP log removal
values were as high as 3.8 logs at load challenges < 450 mg /ml of resin when operated at a
Kp of 7 in the weak partitioning region. At a Kp of 0.8 in the weak partitioning region, 2.8
logs of HCP clearance was obtained for load challenges up to 1000 mg/ml of the resin, and >

3 logs of HCP clearance was obtained for up to a load challenge of 800 mg/ml of resin at a

Kp of 2.7 in the weak partitioning region.
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rel atively poor and variable renoval of HCP, and no
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ther puri tep’under
correspoadingt toahé pging Wbrsahﬂrﬂoﬂgmnﬁ fofthai-inafeds&iml Kp icdetinues to increase
content as described bel ow. Col umm di aneters ranged

the HCPr% Ryoteip & BRY zmratﬁd)r@a%hr@agh @h theeGopbamingat- eHgW@v@r, the point of

L T R -

with theldodtabnifaint® 6k the birtiies siess. Asichiteless|the téluain @pasitefor the runs
conprising a 50 gl ycine, 50 mM Tris, pH 7.5 or 8.0

presentgd lhgrq waLe vERE high eenfontiecigh&p eaded to between
124ng/ mL and 303ng/ L with the partially purified
Protein A peak and the product was recovered in the

01561551 S S b S oI )
QA U SRR Ak A s s

load chaﬂglilgﬁs in ERecskiof i 000 nogigh pfitesic r Ekis ectempid highligits one fundamental
periment 2.1 provides estimates for the val ue of  the

dlffererb%?rltqt‘evp%lh ek PRITHIOBHS ¢rpmatograplyy gl the standardopegatiqnsdmder
blndm%g(:;'lﬁndéﬁ%l?sno d’ﬁl%févgél{:b%ﬂpﬁn mgsctogtggi glgl:lJ Fheﬁérﬁ%t% of g{bgﬁtugf l%mdmg only

up to aipblﬂthﬂlaré) thmmﬁmmnuelbmgnws@bgnflbmmmﬁbwed rvettibeoroduct
determ ning the ampunt of bound pr oduct t%p caIIy

recovergfrﬁa@rl@g@ chalienges rranaigdugh. s ke Vedugscomgero tp bigding
conciihfh hR3ETH| RERL kP Ble ARG D cLBBeARR0cERh e hop roduc

and co@hSidnnt asevdrgdtrong Teldig .réddcedldaphéity 8s cnnparsd entveakd
hi gh renoval of HCP, excellent renoval of Protein A

Paftltloamg@épl@étﬂgéal?@ductl on of product variants (HW and
LMW speci es) .

Summ

Series 4— Hydrophobic Interaction using Phenyl Toyopearl and Mab-AAB

Experiment 4.1 - Batch binding studies to establish WP and FT conditions

[0157] Batch binding studies were conducted to identify the weak partitioning and
flow-through conditions for Mab-A AB with Phenyl Toyopearl medium from Tosoh
Biosciences. The salt modulating the strength of the product interaction with the resin is
Na,SO4, which was varied from 0.20 to 0.90M. The solutions were buffered to control at pH
7.5. 45 um filter plates were used to incubate the resin with liquid and to decant the
supernatant through centrifugation. Eight Tris/Na;SOy4 buffers were made with Na,SOq at
different concentrations (0.2 M to 0.9 M). Mab-AAB which was partially purified by Protein
A chromatography was diluted into Tris/ NaxSOy4 solution to a final of concentration of 0.87

mg/ml. 50 ul of resin was equilibrated with 300 ul of buffer and then the supernatant
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[0145] A conparison of the data presented in Tables

2.2. 1 and 2.3. 1 confirms that the renoval of HCP,
wee@be99308\, HWN and LMW under conditions of aPCT/US2006/008919

fl owt hrough node (Kp values of <0.3) is much | ower

decantegjgﬁ%g pwlgqt;,‘%t%? abibs? Ig]aa.g‘géf \glgt?cgsl{grcljsg \rp]g\é\%a o ?&{t};figlt ‘}Vgsgli('fggated three times.
e R SRS 0T IRy 8 BRI ofenaion an

pH andciabghdtédfos 30NBimmtesovithl @bt inkitiox PElid Iwadichallenfe was 5.2 mg
Per f ormance of weak partitioning colum runs at Ei

< | ot
productyyal ofi resinder alkaerditientr AlgV flap svasdhatagied afithgbottom of the
ocess st for | £ i f i t
e oL 80 Pl b5 B S0 R B SO som
Tris, pIRI7.®buffbeRths apislied! tb mh@iﬁsimﬁgﬁfﬂﬂddﬁg-pﬁ&@tc Follotvéng a 20 minute
; containing the nonoclonal antibody was first purified
incubatien, ie siriplwas calectodiisal separateol Yrplaterthmughicentfugatian.  The

Sel egt | dur,i | inical '
concenlygiaE pf e fiiithin it Blufon Phf Riy=UBEY b s 0 pad Moo e
extinctidh c@éﬁf?diéﬁﬁﬁ% this RIAGheHB %ch?ﬁt'tibﬁ@ del¥ adjasad fodesdige-to-stage carry

pools fromthese runs were further purified on a 1.5 L
over VOIWVAE of @0 urhthétrwasi deterndned trdugh T agpErde iseinef dxperiments. The

.clinical manufacturin acility. The.results of three..
experinapRt s G a Eouh e e £t sl o RidhA gifeads feifiion
coefficRiniT®ehdRéyin Tables 2.4.1 and 2.4.2, respectively.

The step performance was consi stent across the runs,

[0158]wi t h €Ratdé Hent sumadhacizeotheqfarti@h cofficients fomahis expedment. The
) renoval of pr.odu rel at edHMW and L eci.es. Product, . .
highes{ GUGHBFYIRST S0 il SHOHS ool B VR fafsoncettrations in
b -bg. | Partitioh?@ doAitfddsOt runs was
the rang%t‘él faj?'%ﬁe)d ?21?}]1 %e%éésgﬁ%‘ﬁgélﬁ ﬁ?lﬁl tEfeh%col u%m sSt rip, which
ranged from6 - 14 ng/nL of resin. Table 2.4.1. o
Experienf 42 reGclenaf rufis uptderSeadlepantitoningd Sovwdakugh and binding conditions
(high plPadiidt chaltényg sandie)t i ons Table 2.4.2: Performance of
manuf acturing scal e runs under weak partitioning
[0159]condi tCesin e Wl pafformédtsddr fRw-eweligh, weakMprtifiening and
ool were below limt of %uant itation. Sunmary [0147]

strong pipdingiemditionsd Rosadli Rheayt Topensrtldydrephobieinigpeion The

FT nmode proyid Nl modest re [ ' .
chromdiggBAZEResGTeOR He Folr 6 pAEBHER AR fffoll Atyions were
used (eREeptldfis 2REEHRE in @&ei&laiqi@ﬁalie&P&meﬂtﬁl aedeiptiohRg)oves the

renoval of all inpurities w thout

Column dimension: diameter 0.5 cm, bed height 9.5 — 10.5 cm
Equilibration — 50 mM Tris, pH 7.5 with [NaySO4] approximately equivalent to the

load
Load — [Na;SO4] as specified below
Wash - [Na,SO4] equal to the load (exceptions noted below)
Strip - 50 mM Tris, pH 7.5
[0160] Two different loads were used: i) partially purified antibody pools from a

Protein A step run essentially the same as those previously described or ii) more pure TMAE

Q Sepharose FF product pools from FT mode operation.

Experiment 4.2.1 — Column runs using Protein A peak pool as load
[0161] The experiments discussed here were performed to highlight the superior

performance of HIC under weak partitioning conditions. Column runs were performed under
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sacrificing product yield. The process step was scal ed
up to the Pilot plant and operated consistently for
WO booe®r3os, with very high LRVs for HCP and PrOI/@510060)08919
and good reductions in HWand LMN species. Series 3 -
Ani on Exchange using TMAE- H CapM and Mab- AAB
varyinisplé comtentatidnsto-colgha rhfpe@f ghitibn SserR@dtd BaDirdPohd td -

nd ET condi tions Experj ment 1 vvas er f orned
througl g pRREDERR D aEedes SRR Exshaf  spreen

describdniaHxerither? 42 pro¥idsURiimKBPRE teYalud BS tHé ftiof OsuHidit (Bp).
onding tq varying partltlonc i Ci entsh14%]]r
1S,

The cRlpRS WREGRUAH gredpHin %seﬁew KeHDES et “,5‘8? FORHNBIS

H 7.5 @RiptRistc GBSO PARBHCITEdBrnfrARBE THe Mok A poR was first
d coef ﬁc@gnteglﬁglto?fﬁégd by 1Il-l'l'g screene Ex eri ?nentwals s

concentrafgd 10pfpld ,w@bé%ﬂue%sdlmdéo L d ey/min WSPPHP‘Q 52l oad
concefittflone R c!eﬁ %}QQQn gEp) Jnﬁ résri’cﬁﬁi f’x’o&'ﬁ{ JﬂDfeJéi ah kﬂegbéd thilrial

sup erior ormance of ep er weak
were %9&:11 ppm@nd rl@,l @nmdtesmam\sely [@li sd}xmnhenswmw petformed at a load

oGSO G 8 s SN PS40 Efh g
load cgolp Eritin fdibr pledict flpwitrnegh, te@wehiarm whahesfof swsh buffer at the
same @%once%%guz&g ?@Adﬁgﬁlﬁ’é %]é?%e&‘f Ltﬁ%géimgﬁ&o%% }F‘ﬂve QRmM volumes

of a stsip éouffén @dtaingg ¥ tmdVitiseHy7. 2gHCP ahe Rtotdin Atdmetehbmdhqdbhcha;idate

and wigh sAEofeS w B8N Bt ant 920 R AsA TR %e%h%d it st in

both lcaindlwiné arfdt wash flacidne is repcﬁ&dnwn"am 82.12.0 MNaCl, pH 7.5

5 col vol une 0 The c S .equ rat ed
10162}, § O R P e Pl rSBelP D Ry pipdiet WS
detemﬁxaéd By@dashindthe prokin m/mb BoTESn @&patamlglmb at@bﬂﬂﬂcez ThisSfethod

col.unn was then | oaded. t ohet we 940 a 44 rrg

of dct%ffmw’& theceungprogycet pypigaly mewsméteﬁsr B0 Hnt
durind the 16 du@ 10388 bRual dedaiffiRh iofBR tprddudd dudisl u&t»%éht ot he

appropriate equilibration 2 buffer.

Table 4.2.1: Impurity removal in flow-through, weak partitioning and strong binding conditions

Partition Operating window Bound Product Protein A
Ngfg“ Coefficient Product Recovery removal HC}Z{‘:;)OV‘QI
Kp (mg/mL) (%) (fold)

Run | 0.10M <0.1 Flow-Through 0.6 94 0.9 03
Run 2 0.20M <0.1 Flow-Through 1.3 93 0.8 0.4
Run3 0.40 M 0.9 Weak Partitioning 2.8 94 1.7 1.0
Run 4 045 M 2.0 Weak Partitioning 3.0 93 1.5 0.9
Run § 0.5¢ M 4.3 Weak Partitioning 3.8 a2 2.5 N/A
Run 6 Q.55 M 9.9 Weak Partitioning 5.0 93 34 1.1

Run7 0.80 M >100 Strong Binding 25 72 2.2 0.7
Run 8 0.90 M >100 Strong Binding 34 67 1.1 0.4

(The partition coefficient Kp accounts for the phase volume ratio of 6 from 50 microliters of resin and
300 microliters of solution.)

[0163] As is evident from the data presented in Table 4.2.1, the performance of the
HIC step improves significantly with respect to contaminant reduction as we move from
flow-through conditions to weak partitioning conditions, while product recovery is
comparable. A further increase in the operating salt concentration leads to partition

coefficients that correspond to the strong binding conditions. It is once again clear from the
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[0152] The colum effluent fractions were coll ected

and subsequently assayed for HCP and residual Protein
w@\20060e4388 The | oad conditions used in these PCT/US2006/008919

experinments correspond to progressively increasing

partition coefficients that span the flowthrough and
data prﬁé%dﬂa febledhnl that the\BJC ptep P@mawekﬂngmtﬂs hwidurgdppertto both

contaﬁ%?rﬁ@&lug@ Chd RE ?aé ﬁo@&pﬁe‘éb g?&?%h%gae(ﬁ%titg%g%

ue (0] e partltlon co Cl ent
strongihaRine qondidont. Theloptimuinrepeialing wivalopfor thisrsepagatioo theatfers

|
comesPiHTe o AR o Ve baGm et R ob ol ! ok i3
conditions, th JIT gtep px@hdamﬂlogmiucffrabd)fd{GP 2ndla 3.4 Sldwaluytiaifof Protein

A. T%e%ﬁ%oétf 91@;1 as%d T }% agrgg?%ﬂ%%o%g}ogéﬁgg “%g}ngle were

betwed0A83]5 nigimi pf thelusin. bound val ue for the ran
corresponding to a Kp of 0.1 was near zero, as is
expected for a typical flowthrough operation. The

Experpheati| 22 -0Colingn viads uging DoSephiideed pdiik pbsl d3@dddor med in the
weak partitioning region were > 12.0 ng/m in all
[0164F ases.THerQ Bahtizosé AR peukgauwashaedih thiese yas bhexpeifentsifo

tothe 0 was as high as 7 /. .
hightER e R R e patiaange i HIC sBmBnhE e ek gdigning
chrom%??isﬁzﬁy %gitﬁﬁﬁcdnrbeéfhﬂthee ?mvwemlm a El@&i@)/fe@dstﬁw Ie Ioad

10 an n val, as a functjon of
materip 3 b esy Pecd 380 PRSI o egirraes REptvipe Sregotein
A pealé\ﬁodﬂ loﬁ Q@S@ﬂhaﬁﬁé FE edSlumh h@‘wb'@?pérﬁﬁﬂwsabnd d}ﬁéﬁ@é’aﬁtﬁ)amtmmng

ficantly as condjtions move from flowthrough to

conditigeap Rdye piber eengpictllavathrongh grrritions) Wete cAmdiaiH to compare
the coﬁ;%qje;fbﬁmc@mu (20 &c mg@?‘ityﬁ%@w #héQLsegﬁareée pesiPwas

cl ear ance, removal val ues were as

dﬂute%tOg%Z’/a@g/sﬂ 8t $§9g§Mdﬂaz$@aepdclﬁ%ﬂeﬂ éhthe solumaso a fggd cheliepge of
100 mERR IR rabA&Br 6{9:?50%5 %ﬂd@tweﬁk gﬁtxﬂ&}lx%éd?ldftﬂxﬁs le%olukmn was

partitionlng
subsequgptly vasbed wgh ﬂ@gﬁ Vsof a Qufgerlcegtsmmg thioramy] sglf carventratian as the

o AT 0 GNP IARS 0 o TAOH Rl I
conduetpd utaieaﬂwauocglmqnéinigas CFhe8QQ way/adjused to 263 mgam in 26Q
NayS 4%133 %:ogacsléeﬂoﬁhe%\ﬁ? d cth:g ?r]n:gn (F gtgﬁngl c% e8I ]The cofumn was
then waslgd iwith@Gdt bfja laﬁfevxeonmma g titlegame bﬂwsdnbdsmagm sxahelichd,ans
subsequﬁntyves?nppgg w1tlhtd &N oP So mfl !ii Lx%‘?e?‘,’ pI—ir 9 S. I gotL trusns pt g g\QE ed
through and wash fractions were collected for recovery and impurity analysis. The results
from these runs are reported in Table 4.2.2.

Table 4.2.2: Comparison of HIC weak partitioning results to flow-through results

Na,SO, Parti‘tigm . Load Bound Product
Run Conc Coefficient | Operating mode | Challenge Product Recover HCP LRV
(Kp) (mg/mL) (mg/mL) y
1 0.55M 9.9 Weak Partitioning 100 3.0 94 % >2
2 0.20M <0.1 Flow-through 90 0.1 99 % <0.5
[0165] The product recovery values under weak partitioning conditions were

comparable to flow-through operations and were also independent of the feedstock used in
these experiments. The performance of the steps with respect to HCP removal is
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Figures 10A and 10B al so highlight the fact that
increasing the Kp of operation fromthe flowthrough
WO e00s®gdsoparti ti oni ng regi on i ncreases bot h t heCHCOR20861008919
Protein A log clearance values obtained prior to
. .. breakthrough of the contam nant, as well as the | pad
significaniky higherainkisr Meal SAETINGIRECNELORS asicogtPase Lt o dhigpieh
oﬁ‘ further increase in Kp continues to increase the HCP
ahd Protein A LRV prior to breakthrough of the

[0166] cont apiCANRY davevite HIChaepaiithteidbr fedsdsth ey gbnpacibls under
at relatively |lower |oad challenges as the bound

flow-threngl genditions tofet 89 IR Yh Hewevon thathEnkB Vi valugser experiments

bindi,ng_si,tes...Nevert hel e the | u | f .
performy B80S B usPEPEIoPBle R incr g e T agE Wil therforein A toad
materialto@eadtBr thf 2 ISRVTRIY 1ddakhekrihNpiriel @XaiH Brokdin Wagnd Q

shown that Protein A and HCP renoval can be
Sepharos¢ gHidolwans.| y i nproved by operating the AEX step under
weak partitioning conditions and at | oad challenges in
"¥xcess of 1000 ng/m of resin. This exanple highlights

one fundanenta| djfference bet weak partitionin .
[0167] chy onétnsg}esmfl%qf&hm@a@g@r@ar(ﬁﬁég B8 FPWE (0 AREIALE Sttcessfully in

awesk PUbIRS SO T ert A B AKIC M el SR€ bh Bhine
conditionberag shbenao heanperdott totodaflawetrouhséopditionsand Wyl as to operations
i mproved, while product recovery and | oad chall enges,

under tightpabindmetenditnsyitiesrest kopiodegidrer gy #Bd HiHeFhyen A
S .
emoval 04 R e IO0LERL S ASSE SRR Btcesed

operati

Summa

am nan%
under waile p¥eitdoniiy cvidliti@adivhgre 0 3 megudedf padaci bourmisto the resin (even
conpared to weak partitioning chromatography. Series i
though the lpgdipersmBiaiion weaeBadtpslusi Hep PHEHOR coshfisiass corgerponding to

o BT TEPbiBELER BB Ry 38y i

exchang@tdhebBstogeiphyconducted to identify the weak
partitioni r%l and fl owthrough conditions for Mb-AAB

wi t h _Phenyl Toyopear|l nedium from Tosoh Bi_oscjences.

Series Seldvdroxyvapati ingceryni it ab-MYA
interaction with the resin is Na2SO4, which was vari ed

ExperinfenomiO- PRgh throu®khit sditeen s bsttiblosis Wiearel BUfcbrdigidns o
control at pH

[0168] A high throughput screen (HT'S) was performed to identify the weak

partitioning and flow-through conditions for Mab-MYA with ceramic hydroxyapatite
medium. This screen varied the concentration of sodium chloride and sodium phosphate to
determine their effect on the extent of binding of MAB-MYA to the hydroxyapatite medium.
[0169] 50uL of ceramic hydroxyapatite medium was added to 30 wells of a 96 well
filter plate. Each well was equilibrated in solutions made up of the appropriate sodium
chloride and sodium phosphate concentrations in a 100mM HEPES buffer containing 100mM
arginine at pH 7.2. The concentrations of the two salts in the solution are shown in Tables
5.1.1 and 5.1.2. Each condition was performed in duplicate. The MAB-MYA load

challenge in each of these wells was of 5.0 mg/mL of resin
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7.5. 45 umfilter plates were used to incubate the
resin wwth liquid and to decant the supernat ant

wo booslogdzogent ri fugati on. Ei ght Tri s/ Na2SO4 buf PET/ES006/@8919
made with Na2SO at different concentrations (0.2 Mto

. - ich was partially purified by
Table %gﬁgﬁlﬁmﬁgﬁ‘ﬁgﬁ'ﬁﬁﬁfﬁ?%v?mw uted into Tris/ Na2SO4
segt-He a—fHpal—ef concentration of 0.87 ng/m . 50
uHdf lrelin \Aé&u‘qu.; brated with 300 ul of buffer and
Ay aOThROglflgF‘iQ]ﬂ bcanted for each of the Tris/
B cd¥ndj t758ns; 50 hils equili brati on was repeated
Cthree |t Bags| 24 ter38quilibration, decanted resin was
D mixead (wizéd prsoduct7emt [t he sanme salt concentration and
EpPH smd {1agupased| 1940 30 m nutes with gentl e shaking.
F M&dhdadoshaldognfegies 5.2 ng product /m of resin for
G al[13560M8hd T085y {* 3% Bl ate was then stacked at the
g oqtigot tie trfter—plate to collect the supernatant
tpot——cent++Hagatt-en—3Subsequent | y, 300 ul of 50mM
Tris, pH 7.5 buffer was applied to the resin to strip
Table 5?1%53‘%%(1 product. Fol | ow n(gp a 20 m nute incubation,

Lal

on_tn
LILJ LY

pumphosphate fvels pyeach yell G adar at e UV pl ate t hrough
ent+fugati-en—Fhe—concentrati on of the product in
ac]!twi!gaZQ P

i98n.

¢ ) onwak deasgur ed by UV absorbance and the
ext3 ng cobff|cP@nf for this MAb. The cal cul ations
% adj39stled5f of 80stage-to-stage carry over vol une
of &9 |ul30t Hat 8wap @@t ¢r m ned t hrough a separate set of
experijnesot 5. §hel| ezperni nent was repeated four tines
inder [eaph [sald fopgll §i on and an average partition
coehTifcisgnt] 1/ repggt ¢d. [0158] Table 4.2.1 summuari zes
he,par |0 OfffdnaCllents fromthis experinment. The
i 3816;1“?:%[ ural}glcl at1id8Tr:> of Na2SO4 caused strong product
birdi-frg—wHie—satt—eoncentrations in the range of
0.40 - 0.55Mrepresent weak partitioning conditions.
Experi . - n er kpartitioni.n .
10170] E TR S g A TS R R SRR e B oted in the

conditioisedfl soden shligideahd([s0d@ phesdphie dsURScHBSENPRINISY $8d and 5.1.2,
under flowthrou weak partitioning and strong

h
in a phase Yoluge s8inek Q:é?@f_)Oui@ polytipn:Fidytesingy dpe ptdte was shaken for 20

minuce AORAEN LAY T RRIL TR BRI BRN o B8 cRAFLd BFSonciueing
the filtonlfe UTaL e(c{aﬂﬂﬁﬁtib@ Biclafnts ROpRkd thrdd@mbfdi vi dual
a

experi ment descriptions).
[0171] In the second stage, the resin in each well was challenged with a concentrated

Q=SSO |w

MAb-MYA solution to the appropriate protein load challenge with a volume ratio of 6:1
(300uL solution: 50ul. resin) at the appropriate sodium chloride and sodium phosphate
concentration. A 7.0 mg/mL solution of Mab-MYA in 50 mM NaCl, 100 mM HEPES, 100
mM arginine, pH 7.2 was used as stock solution. The loaded plate was shaken for 20
minutes, allowing the resin and solution to equilibriate. The supernatant was removed from
the filter plate by centrifugation and collected into a collection plate. The protein
concentration in the supernatant in each well was determined by absorbance at A280nm.
[0172] In the third stage, resin was washed by adding solutions of the specified
sodium chloride and sodium phosphate conditions listed in Tables 5.1.1 and 5.1.2. The

supernatant was removed after shaking for 20 minutes.
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Col um di nensi on: diameter 0.5 cm bed height 9.5 -
10.5 cm Equilibration - 50 MM Tris, pH 7.5 with

WO bina8®sPs appr oxi mat el y equi val ent to the | oadPCDES2006/008919
[ Na2SO4] as specified bel ow Wash - [Na SO4] equal to

0173117 OB SR 5% PR otk uPbiad sodho PSS ite, 1M Nac
pH 7.1; ?’Vé‘é hald ViR dveqRe %ﬁa&e ?a’pr%% ﬁm]g (RATbBuhd B Bleteddn.

run essentially t nme as those previously
[0174]descr i Bhd pantition)cortficents merd MBIt b aidswelFEsiprabe atass eluted
ools from FT, node operatign. Experinent 4.2.1 -Colum
from s{agrd ans} the PrEdICEFRRoENHAGRN %@8} stage Poud qro sbaiyn fpdable 5.1.3.
experinments di scussed here were performed to highlight
Table §.11& BHBES Obet@REntARFRAE e wWeli HTYRERER P RIAB-MYO
partitioning conditions. Colum runs were perforned
gndgrviargi ng sal | cpndentrati ons to cover a range of
gL cpebla ¢ ety that correspond to flow hrough,
a5 e 'éht u&_lallw st rong bi ndi ng conditions. The
aé‘té. biAgH-hg—seireer—gescri bed in Experinent 4.1
£l 'y‘”r‘*s?f 8s08%;¢l the val ue of the partition
o8 ilciGht | (¥B) | ¥He [col uims were equilibrated with 5
ao?8im A um@8-301 8.0sql ution containing 50 MM Tris, pH
1. 3.2and Gfppr opri at 8.4 Na SO4] at specified
orRcent roed | pn3.1Theolrdtein A peak was first
gongentrat ed 469-1ol d, (and subsequently diluted to
14.77 mg/mM 1 n the appropriate salt concentration.
. Host cell protein (HCP) and residual Protein A levels
[0175]i n t heAk ehékvithii Babk! 5. WS[ eheI0P LdlupRanh BBGsdd toldéefibe regions where
respectively. Al colum runs were perfornmed at a | oad
MAB- \banggetodhe hpdroxyrpatite medann withrgidesns grengthas The strength of
: [ . f t durin . C .
MAB- LA SRR I oerdiut SRRttt Bl RT B hun o B Vyine
conditivas uhEisofitie was Phoshaey caicehtfgichaiit Hawit =40, D) weak
..as load were applied to the colum, followed by five
partitioggng tthl iop e2ds ad binding zqnes (Kper2@bnt ai ni ng 50mM
Tris.pH 7.5. HCP and Protein A content in the |oad
el uate and wash sanpl es were subsequently anal yzed by

ExperifalehS592 TO6luaRins esde AP Edndiliense! 1n both |oad eluate
and wash fractions is reported in Table 4.2.1.

[0176] The experiments discussed here were specifically performed to highlight the

D55

fan

==l il ol -kl i--hi e

superior performance of the cHA step under weak partitioning conditions. The experiments
were therefore performed under conditions corresponding to a range of partitioning
coefficients identified by the HT'S screen (Experiment 5.1). Twelve runs were conducted,

with product load challenges of 100 mg/ml of resin.

Mabselect Protein A Chromatography

[0177] The culture containing the monoclonal antibody was purified using a
MabSelect column. A Mabselect Protein A column was equilibrated with 5 column volumes
of 50 mM Tris/150 mM NaCl, pH 7.5 at a flow rate of 300 cm/hr. The column was then
loaded at a load of approximately 40 mg product/ml resin. This was followed by a 10CV
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[0162] The runs are ranked by the partition

coefficients. The bound product was determ ned by
wOore@s993ng) the protein in the colum strip usiPgr/Us2006/008919

absor bance. This nmethod of determ ni ng the bound

s QS PSS YT ST RS A8, Rl B 7smv

NaCl, bHe7.pradHC The ¢bluhgn ae tIY@SdluteaQQh% 1o0#a g arlgﬁwer I50¥iM NaCl, pH
renmoval in flowthrough, weak partitioning and strong

3.0. The peidugt peeldvas rmﬂgahmtoadﬂ {7i2 uging CHEFERESPH 3@
accounts for the phase volune ratio of 6 rom50 mcro
iters o resin and 300 microliters of solution.) [01
CeramggHydwoxiyspaite bnoméatographlye dat a presented in Table
4.2. 1, the performance of the HI C step inproves
[0178]s [ g ni f The pruttiallyipuified 2pebddy posle MitomtHePotdie AUStep @eré further
ve fromfl owthrough conditions to weak
punﬁeg SVer hy@%ﬁ@)a&% dFke eplymnipmetesmeg k3 cmeanghibe golugnn height was
conparable. A further increase in the operating salt
concentration |leads to partition coefficients that
[0179]cor r esponall hfadrbhyza;&hrt@a&omaw@raﬂl}c gegg &és_@flﬁed iﬂ tHeSEx eriment 5
once again clear fromthedata presented in f
series, thafollomangranditieps wercfwerderesptiensatieatecia thﬁumdmdual
t. t.0.both contam nant reduction, as well as
eXpenﬁp}r O%Fé?scpg%\}sgry, as we nove from weak partitioning to
strong binding conditions. The optimum operating
v petatioii fldviate Sapor-auoum/mher ef ore corresponds to
tHafiliBfatidRak par BobiRm Muﬁrﬁcﬁpﬁétegf aRMXaCYH 6 a&)lumn

es.

part i tioni ng condi t| 0 Iil C step provi
"eflifiblpgn o HOP r;gét f old r;ﬁg t{g %opmﬁ ﬁa%l 100mM
C

10 cm.

ound pro
t| ti oni ng con oliuna velesn
Vesh 5 ng/m) of 'h F'éMlSr‘Pdl‘ER PEPsIRsER, 58 2 760 mioNagh 100mM
runs using Q SepH¥gosel(fead IéEBESepH V7 @@ | 0Q edlunkheol@nes)

Sephar ose FF peak pool was used in these sets of
experiments to highlight the fact that the perfornance

[0180] of t heThé éblatrmmwﬂﬁﬁlﬂtﬂae:dowﬁh SLsluvaakoRands ¢f eilitgation buffer 1

omat ogr aph cond|t| ons_can be further qmr oved with
followey @aﬁgﬁr ¢pilitrpden 2 sigie Threplnamneyasthen foadergo d@Qang product/ml

d.b . S
s o8P PR RIQPAOLPl R AN SRR RS2 B b popie pavitoracion
2 buffecn htidthe Jrvduepey fedBVEred irdihe dondan citadat Barihs ihelvadGycle and
conditions and the other under typical flow through

some celywan volgmies ofshewaghiraetiand Tle reswitafrem these experiments are presented
in Table 5.2.1 and Figure 11.

[0181]

binding regions. The high throughput screen described in Experiment 5.1 provides estimates

These load conditions were in the flow-through, weak partitioning (WP) and

for the value of the partition coefficient (Kp) and the bound product (mg/mL of resin) under
these conditions of chloride and phosphate concentration. The bound product was
determined from the product breakthrough volumes from the column runs. HCP and Protein

A results from these experiments are presented in Table 5.2.1 and Figure 11.

Table 5.2.1: Removal of HCP and Protein A under flow-through, weak partitioning and binding
conditions

Partition Operating Mode
e P g Bound Product Protein A Host Qell
Coefficie Protein
Phos | NaCl Product Recovery | removal
nt (LRV)
Kp (mg/mL) (%) (fold)
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the columm performance wth respect to inpurity

renmoval . The Q Sepharose peak was diluted to 3.27
worgdoaioosds 550 mM Na SO and | oaded to the col unPCT/OSH06/008919

| oad chal | enge of 100 ng/m of resin for operation

k—par-ti-toninrg—eongitions—Thecolugn—wgs
Rune‘lv!ksgr(i)[?en%! \,ﬁvp&;t [ Egh\vl\vl; h‘g 0 f‘\éo f__o O f flar ennt A .Qn 0.58
Rung2p 1 Weak Pariigning L, 30 - | 200 1 1300 dnn 96 .0 1 NA 0.57
Rung: . dehr o Weak bariisning Ty 10 s L0700y 5 &2 —ne GA T HPeS 7 0.9
Runll oy dolont] Walk BAianas oo 3E200 95 T10 SEROMY N | 0.9
Run e o Pl Waddae e Lo o osor o SO q00 1 g 15
Y 4 P 17T A A - A A A 4 T
Rundp |3 e WeakPagidonine 7' 8" L 750 1 7 337 1 < d 24 1.2
Rungy | 058 . O Weak Dagitioning | C b ol sgo © oy WaSTegEs WMo 1.2
Rund [% 7 TRt g U5 {200 SO HooPraem bt i AT g 1 12
1 T [t S U] A .uc Illld ST PPEU J 1T O - Ul U I I 1.2
o FHls Bl rerr ol AL ot s, ¢ +Hone grougir a2
Run TR 44 SCTOHS ML G FoHectgdghor Tepovery any 2.1 16
FHpurtty—anatysrs—the resut ts from tfese—Tuns—are
reported in Tahle 4.2 2. Table 4.2. 2: arison qf
[0182] 1y & vk i Boghiiglarberansed B Tiidaschl BoLRTRES ot the
performadeOsf thENGIR rsﬁ%%%ﬁpr&%%‘f%ﬁcﬁiﬁb“@ﬁh lﬂgﬁﬁﬁt {e®Jftaminant reduction as
partitioning condi‘ti ons were conpar abl'e to

we moxfelhfwmtﬂmmlgcbugb eoaditionstoawehlyparétiahing dondajpesdehtle pfoduct
the feedstock used in these_experinents. B The ) .
recoveryds AL &quﬁfén%wifz capdifiong spesPopdingcp 4 iunhghincrease in

e 5L ARG B RN PGS R LI, s ene

with redp@d60)] cod€thinBh @eatovak HbwetrdrCpaidapt wicbhergidchess the step begins to
eedstock was conparabl e under flowthrough conditions
drop ungder gfropg bigdmg qRulitionswd s, the Rptipam ppeyalag gardgwfor this

spuradERSFEER 095 5 PURon DR R BN DB s condtons,

> 2 log kehdtiohlof Preteirt A Mdeat ellog hatucBoh BYhuétidelll pattinakae vbalined at a
purified thr ough Protein A and Q Sepharose PF col unns.

load chijigngarof 10063 Pt ReRskiRcrmhBERESH:. BAHISHEOSRS SYSIs LRfies the weal

priio B S8 B ST B 810250l ot e

Summaknder weak partitioning conditions was shown to be
superior to both flowthrough conditions, as well as

[0183] t O OP& &filPRSde of chromatography (hydroxyapatite) was shown to operate
successfully in a weak partitioning mode. Protein A and HCP bind more tightly than the
product antibody to ceramic resin, and are retained strongly under WP conditions. Higher
values of Kp in the WP region are between 10 and 20 in some cases, which still provide good
product recovery (> 90%). Lower levels of Kp give correspondingly higher recoveries.
[0184] In this example it was shown that the performance of the column step can be
optimized primarily through the choice of partition coefficient used to run the column. The
partition coefficient in hydroxyapatite is a complex function of pH, salt (type and
concentration), phosphate, and buffer components. All of these variables in general have an
impact on the performance of the column step. The approach presented here provides a
simple means of relating the impact of changing any one of these variables on column
performance. The unified ‘partition coefficient’ approach presented in this example opens up

the possibility of operating in a wider operating space in this mode of chromatography than
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under tighter binding conditions, wth respect to
product recovery and HCP/Protein A renoval. A high

wo o@d/ogdses | enge capacity of 100 ng/m of resi NP@EES2006/008919
successfully processed under weak partitioning

condi tions, where > 3 ng/nL of groduct bound t

t he .
has beepalonp bearen THAGtrgk PEFEIGEASIcRsHBan: fosopdmagesosmance can easily
/ s corresponding to
be idenf el e IS PR blHoR? Rk BBl e appenr to. be
sllghtly hlgher t han those for ani on exchange

chr onat ography Serl es 5- Hvdroxyapat ite u3| ng ceram c
Series 6+ Hrvdroxyapatite qrapte g B
e

Expqugfé? —%ﬁg{ir 4 %P i ?efé%#v’?gﬁ%%"%{ o S .
[0185] ¢ o 't%;él apapRnt o t Sireen S DR SRR IR g wea

partltloHﬁ'%'o : | 1 Igroﬁgg %SﬂdlY %ﬁé NIRE- 9N GRIN depdth RN R0 8RPati® medium.

|ump sphate to determ ne their
This scm‘ehemhed I]pH Rediexd eltbridé ahd sedinm piios[smﬁe lAcendragioas to determine
cera

their ofFF POAYLPRERT & IRIREME M PaAaTdo LB BritRar ity medign
01861 ! ! édﬁ@eﬁa%r%%fc G RvaElile MBSinGAal W&t R Rells of a 96 well

sol utio approprlae30|umc

filter plafed BRA W %@%&ﬁﬁiﬁbﬁaté@ﬁﬁﬁﬂﬁtﬁ@lsl 08 i oathb@@mpﬂ?éﬁ)dmm
ffer containing 100rM argi ni ne at

chlondc @nd spding plorsphaie coheentrgtionain & SOmM EHE%%‘ﬁ bﬂfféhcw@mng 50mM

o PR 8 0 b R D ion e

shown ﬁﬁTEbl% 6liheasd vald sTH@SomfitionOshik iHa &flurhﬁ§ [lfBTﬁbfe%erformed at
1: Sodiumchloride levels in each well (in

1 m\)
pH 7. Odel @1Bmis 2:6 Beri parfarhedh aHe8. Ve idieMAB-dddhload challgnge in each
0170 the first. stage of the HTS experiment,
Ofthesgy(?” RAEH@GBquEF%}Ped in the conditions of sodium
chl ori de and sodi um phosphate as described in Tabl es

5.1.1 and 5.1.2, in a phase volume ratio of 6:1 (30QuL
Table 6glgll: §odiwm chigi¢ leyelssip pch welldinpaM) e was shaken for 20

nmnutes, allow pg equilibriumto be reached. The
sbl it ilon2 wds 3 hendr ehofed Hy ¢entrifuging the filter
pl at e. pAITiGG _equl | i br aHisoh cycle was repeated three
A t) res.| h60lT7o0l h she] gewdnebos{age, the resin in each
B welgo Wasochaldoehges M doh [aagpoipcent r at ed
C 50 50 50 50
D 100 50 100 50
E 100 | 100 100 | 100
F 100 | 100 100 | 100
G 400 | 100 400 | 100
H 400 | 400 400 | 400

Table 6.1.2: Sodium phosphate levels in each well (in mM)

1 | 2 | 3 4 | 5 | 6
pH 7.0 pH 8.0

A 2 32 8 2 32 8
B 8 2 32 8 2 32
C 32 8 32 8

D 2 32 2 32

E 8 2 8 2

F 32 8 32 8

G 2 32 2 32

H 8 2 8 2
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MAb- MYA sol ution to the appropriate protein | oad

chall enge with a volunme ratio of 6:1 (30QuL sol ution:
wok/09®s8s n) at the appropriate sodi um chl ori deCENS2006/008919

sodi um phosphat e concentration. A 7.0 ng/nL sol ution

of Mab-MYA in 50 mM NaCl, 100 nmM HEPES, 100 niV

arginine, pH 7.2 ed as stock solutjon. Th .
[0187] oadeln bt Yiase SHBRANS SROCTnMineAUSTSIARRS RAVbEated in the

s PP L R0 001500 1.1
6.1.2 in@$hasOblealeadtibf 6: R(30OuLaolitivh: S0EL eesidheltpr pihes was shaken for

_concentration in the supernatant in each V\%| | was
20 minufes, el aivingednlibissrtp Baaeached AThe salutip was| them rempved by

e thir tage, resji.n _was. hed ' [ of
centrifugifg G SUEP Py ST R IARAGR Ty B Bt Lhis (REB,
[0188] condi i aRSsebbsd Sidpé,Rhd et dach welbwds Bhalledged béth a concentrated
supernatant was renoved after shaking for 20

MAb-AsiTrsolwsson| 1018 ppproptinie froiein lpadichglengs wilh paiolupapHicselp:1

of 10 odi u osphate, | H 7. .
e e A
phosphéts%bﬂ?enk&g@ﬁ] AT9 kil kblafos 0 MAEASTS IWaVEHEPES, 100 mM

calculated for each well using the mass eluted from
NaCl, p&f 20evas used at seckrsobition. dhedeadadsplaicrway shaken fre2(pminutes,

oS By bbb e agETF HOh e
plate b}’é@éﬁﬁ%@@&i@& indc ec‘%&f’l‘é‘fgo hRolléR] o platk: FhelpgiBtelid cH@eHtation in the

used to descri regi ons where MAB- MYA binds to
supernatdig ilyalhox i peasideermintdivy absonbatice fae A80n®EY r engt hs.

The strength of MAB- MYA bi ndj ng, t i . o

[0189] py i 2%{» Bt FaS Wah WBh aidiag Sefoions of {hergecitied

sodium?c%@b%#e;, O z}@]hf lfdghﬁ{t d6d %EJF' Al e FRNPANLY G111 104hd 6.1.2. The
Into ovv-]tl rpoug p=< .1(5, wea

partitioning
superndtaht Ivit$ps@yed afiel dhakitignipr 20 meisufekp=>20) . Experi ment

5.2 -Colum runs under WP conditiaq 176) Th

[0190] ox per T BEiSEss & BUAEF eomBHEE 00NV SARToy BRrobaifedM NaCl
hady 4 il ifil ition

9172 DAL 5y LABLE L PURAE pnd 0, o
coefficiéBfsevdrbenriinnel fgrchol wetl usigethe aoasdielited from stage 4 and the product

corresponding to a range of partitioning coefficients
conceniraéqn frpimesiags2.1a9€ arshewn gekabledpbdi nent 5.1). Twel ve

runs were conducted, with product |oad challenges of

Table 6.L90PA 4B cO&i&Rd (Kep) for the HTS screen for MAB-AST

1 | 2 | 3 4 | 5 | &6
pH 7.0 pH 8.0

Al 1427 | 0.1 1.6 ] 502 | 0.0 0.3
B| 90.6 | 144.3| 0.1 9.9 | 447 0.0
C| 12.1 84.5 1.0 | 13.7

D| 90.5 | 10.4 22.2 1.4

Ej 275 | 94.1 43 | 21.9

F| 25 28.0 0.3 4.3

G| 15.1 2.1 2.2 0.4

H| 1.2 15.1 0.4 2.0
[0191] As shown in Table 6.1.3, the Kp value can be used to identify regions where

MAB-AS5T binds to the hydroxyapatite medium with different strengths. The strength of
MAB-AST binding to ceramic hydroxyapatite medium can be manipulated by varying
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Mabsel ect Protein A Chromatography [0177] The culture

contai ning the nonocl onal anti body was purified using
w@20daloBsbect col unm. A Mabsel ect Protein A col POTYUSZES6/008919

equilibrated with 5 colum vol unes of 50 mM Tri s/ 150

..MM pH 7.5 at l.ow rate of 300 cnml hr... The g
conditig ke Gh PHPHLRL ine flow Sugugh, Wegl eRTHARAE, aypbinding
zones, M product/nl resin. This was followed by a | OCVwash

in IMarginine, 50M Tris, pH 7.5 and a 5CV wash
containing 10 niMTris, 75mM NaCl, pH 7.5 wash. The
.colum was then eluted_ using 100mM ar gi ni ne, 50m
Experingey 6-2 g durgn riere upde i tc%%ﬁfo%s neutralized to pH
7.2 using 2M HEPES pH 8. 0. Ceranic Hvdroxyapatite
[0192] Chr ondltxneriapgs Werersyrformed e highdishy the supefiapperfeumasgy of the cHA
ools from.the Protein A-step were furth r]fl
step unfiGE S RNy Rmicopaiohs e 1B6 REmEEat It 4 HiorBith hidfmed under
conditi@ﬁ@cdr?&p@@&iﬁgﬁo RehgsY ofvRetitdéhiffcobPitishls fdentifibd by the HTS screen
hydr oxyapati Te chromat ography Steps described in the
(Experiixgng 6. He Higltt rsos imess corducted), wothi prgdecsdoad ¢lodlenges ef 110 mg/ml of
used (exceptions are noted in the individual
experinmental descriptions). Operational flowrate -
150 - 240 cnmihr Equilibration 1 300 nmM sdi um posphate,
1.0M NaC, pH 6.8 (3 colum volunes) Equilibration 2 5
MabselecBProtdih foGhromabgphat e, 50 - 760 mM NaCl, 100nM Ar g,
100 HEPES pH 7.2 (5 colum vol unes) Wash 5 - 30 nmM
[0193] sodi urTihadinatentabing théGomddldisllantiBOBWadparifidd Gpilk a
- HEPES pH 7.2 (5 - 10 colum volunmes) [0180]. The _col um
MabSelggt c@qmq. i selectiBrptesn Agtqlwmnyis fandlibyated with 5 column volumes
gy [ ffar r
of 50 it Hope/ESERAI RN, 87 3 1 SRR, SARNARIE! The colpmn was then

loaded 409 16w qhatiehied dfdppE@Ginately Y0 h erdetuet/ail Restn p&als Wafollowed by a
previ ous step (adjusted to the apgr opri ate

h
SCV wesfuin Ik NG o ROBMFRePHL. 7-5Aad £15C \reBheoniaing 40w Bas, 75mM
Nacl, pHY7 5MGastOrHICoildd WG ined¥ii38 ubE 100RMAY Einfae?B8mM NaCl, pH 3.0.

The product pool was neutralized to pH 7.2 using 2M HEPES pH 8.0.

resin.

Ceramic Hydroxvapatite Chromatography

[0194] The partially purified antibody pools from the Protein A step were further
purified over hydroxyapatite. The column diameter was 0.5 cm and the column height was
10 cm.

For all hydroxyapatite chromatography steps described in the Experiment 6 series, the
following conditions were used (exceptions are noted in the individual experimental

descriptions).

Operational flow rate — 150 - 240 cm/hr

Equilibration 1 300 mM sodium phosphate, 1.0M NaCl, pH 6.8 (3 column

volumes)

Equilibration 2 2 — 32 mM sodium phosphate, 50 — 400 mM NaCl, 5 mM
Imidazole, 50 mM glycine, 10 mM HEPES, pH 7.0 (5§ column
volumes)

Wash Same as Equilibration 2.
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some colum vol unmes of the wash fraction. The results
fromthese experinents are presented in Table 5.2.1

war@edIgos e 11. [0181] These | oad conditi ons WeCEHUBI006/008919
the flowthrough, weak partitioning (WP) and bi ndi ng

regions. The high thrau ut. reen described in.,. .
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conditions[0182] It is evident fromthe data presented
in Table 5.2. 1 and Figure 11 that the performance of
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of 100 ng of product / m of resin. Bound product
| evel s under the weak partitioning conditions, in this
exanpl e, were between 3.0-10.2 ng/nL of the resin,

[0196] sunmar hq enwajingcomditiopsipdbessrexpriimentsogrmspynd to the flow-through,

[ t t f i .
wel oEERIRP) v NP ORI B B RTES LRBRAgHH o
Experiine@hé.ll \oréVidss éstiendiePfdd the a4tk 6O W@iﬁ% 3BRfEicieds (Kﬁ) under these
and are retai ned strongly under condi ti ons. Hi gher

conditigns epHothlapde aud posphaicagnosnizatipnse The swnsio. Bakde 5@-1 are ranked
by the Saorﬁﬁoﬁ %88&101%& C'Phes Béllll‘ld Igrrogﬁci:tdvgasg&ggrmined by measuring the protein in
the column strip using UV absorbance. This method of determining the bound product
typically underestimates the amount of product bound during the load due to the gradual
desorption of the product during the wash. HCP and product related HMW removal, as well
as product recovery results from these experiments are presented in Figure 12.

[0197]

cHA step improves significantly with respect to HCP and HMW reduction as we move from

It is clear from the data presented in Figure 12 that the performance of the

the flow-through conditions to the weak partitioning conditions, while product recovery is
maintained at > 80%. Operating under conditions corresponding to a further increase in the
partition coefficient (i.e., operating in the binding region) provides no additional benefit with
respect to contaminant removal. However, the product recovery across the step begins to
drop under strong binding conditions. Thus, the optimum operating window for this

separation corresponds to that of weak partitioning chromatography. Under these conditions,
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product recovery (> 90% . Lower |levels of Kp give

correspondi ngly higher recoveries. [0184] In this
wex@apdsost was shown that the perfornmance of PEEUS2006/008919

colum step can be optim zed primarily through the

choice of partition ¢ I cient used to ran the
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performance of the columm step. The approach presented
Summaher e provi des a sinple means of relating the inpact of

changi ng any one of these variables on col um .
[0198] per f orArseroad eXhmplmives presenied in hydroxganstite whereoperating under

approach presented in this exanpl e opens up the .
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examplg cogesRands o paition) eeeticienis hettien 2ahd @yui 1 i brated in

sol uti ons nade up of the appropriate sodium chloride

and sodi um phosphate concentrations in a 501 HEPES
Series U H v o% PaY Atite udth S CaMmicipd rexyaipatité Tgpe Bidnd MabrMIFO

8.0. The concentrations of the two salts in the

solution are shown in Tables 6.1.1 and 6.1.2. The

Experir‘é.g’igld}jé1 iﬁg?%hstﬁpdﬂgh%ﬂt SOLSH RS shibbisWETE WRLEHA SR ;@rghnea?ﬁk conditions
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01991378 AT e L9EG| 1ESERy s Kobbapuam el

weak ph@itRnfnd dhdEsiabinseddnditions fd) MebHVEY O witlPcerfinit hydroxyapatite
_phosphate levels in each well (in mVW[0187] In_the )
mediunhj Thts screegevasiedithe cenusniiien phiHs argaiag/ shiine, JFEPES, sodium

phosphgt%ue{nldi skc))ﬁlautn(le g:hforr]idtqu determine their effect on the extent of binding of MAB-

MYO to the hydroxyapatite medium.

[0200] The HTS procedures used in this example were similar those described in
Series 5 and Series 6 and are not discussed here. Predicted Kp values derived from a
response surface fit to the HTS data were used to pick specific conditions for column

experiments.

Experiment 7.2 — Column runs under WP conditions

[0201] The experiments discussed here were performed under conditions
corresponding to a range of partitioning coefficients identified by the HTS experiments.

These experiments were specifically performed to highlight the superior performance of the
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condi tions of sodiumchloride, sodium phosphate and pH
as described in Tables 6.1.1 and 6.1.2 in a phase
wao odogre9spat i 0 of 6:1 (30QuL sol ution: 5CQuL respPel/USZhe008919
pl ate was shaken for 20 m nutes, allow ng equilibrium
to be reached. The sol ution was then renoved b
cHA stepemder fnagkmgrtitiening corditionsfos therranzoved of HGH %}%Ci/ ppduct related

| t ed A . [0
v §E8S, PR RS e i b gt Sdalq elylles oS ey of
resin. PIRSSALhAI&GeMAbd HbthesObxidrPhertQistIB® P RAR Pafittoning
protein |oad challenge with a volune ratio of 6:1

chromat@fdptty, bot isttypical BOflow-dyongh aperatien.abiorasisnp teasgradaria these
. sodium chl ori,de, and sodi.um phosphate co centtr atiﬁ% A

experirgetg: HpRHI BT GRTSRESAT Sk HR i EERREAo i

[0202] NaCl, iid Sgasrﬁ%%ﬁuﬁgﬂaﬂ%&fy%lssﬂbﬁﬂth@ ProtEREA e REre used in

pl ate wa 20 mnutes, allowng the réesin
these egpedins@itsit The colanendiahieksraras.0.5 ks sdothe watvam height was 10 cm.

renoved fromthe filter plate by centrjfugati.on, and .
[0203] o] | o dtosclitosyapaifeadmAtogranhy stepsslesidied i the Experiment 7
i | PRitidhst i iWehd inf@Adual
series, GTGARMLAL @i s W= BR (AL AT o B A
experithdtitaldlesédgiéonsh.esi n was washed by addi ng sol utions of
the specified sodium chloride, sodi um phosphate and pH
conditions listed.i les 6.1.1 and 6.1.2. The
%t%ﬁpw\,@ge—ré%@v&%m shaki ng for_20 nj nééaﬁ
[Eauddyration L he f odPe Mk segdium ghosphate: 1MV BY column
sodi um phosphate, | M Nad ptelgmeswas added to renove
Hegiliteamom2ng pr dt-e8 mMhsatlivaa phdsphatt, 60 —t FS0rmd NaChie — 50 mM
partition coeffi girgn®508M HEFESIpHIEM (5 eolugactolwalds)

Wehdpd the mass ekyfRdisfHpANhAGE24 and the product
concentration fromstage 2, and are shown in Table

6.1.3. Table 6.1.3: Partition Coefficients (Kp) for
[0204]t he HTShsalean warediBorad With 943 colsmahabmmenoffedpliBbration buffer
6.1.3, the Kp value can_be used to identify region
1 followjbis SBINE Folsmessof auiliratigr.o ps salimee Wis dhdhiofiecto 55 me
1§ ferent S . f = ABT . i-ndi
produe i 855505 3P0 EA SR LSRRI er b ART OS2 bt
and theVRbYIAIEANIEdVepes irotheNaGimn pffhepbditngtie Jpht cptle and some column
f1 owthrough, weak partitioning, and bi ndi ng zones.

volumes:oféhe wesh frection. CBhe rasultsfromyuhess cxRerisgls aregpgsented in Table
7.2.1 and Figure 13.

Table 7.2.1: Partition coefficients for MAB-MYO on cHA resin and the corresponding operating

mode
Partition Operating mode Arg Hepes Phos NaCl Product
Coefficient mM mM mM mM Bound
Kp mg/ml
Run 1 3.6 Weak Partitioning 50 20 8 300 5.1
Run 2 4.2 Weak Partitioning 50 20 2 600 8.2
Run 3 8.9% Weak Partitioning 12 20 1 1750 9.5
Run 4 >100 Strong Binding 50 50 5 50 41.6
* Optimal Kp condition, see Figure 13
[0205] The operating conditions in these experiments correspond to the flow-through,

weak partitioning (WP) and binding regions. The HTS experiment described in Experiment
7.1 provides estimates for the value of the partition coefficient (Kp) under these conditions of
pH, chloride, phosphate, glycine / arginine and HEPES concentration. The runs in Table
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[0192] Experinments were perfornmed to highlight the

superior performance of the cHA step under weak
wW@a006i0993081i ng condi ti ons. The experinents wer ePCT/US2006/008919

therefore performed under conditions corresponding to

121 BB AR e i Bl
measulggg‘ﬁieé?r&ém W thi BLAAN Siri [ﬂ %ﬁ]@ﬁ%s%ﬂ%ﬁ OFI‘ﬁﬂsllgeffE/der determining

Mabsel ect Pro romat ogr ap
the bouktieprodidtuyeicalby taderestgmates thenmmoum dpradict bouigd dm'smg the load due

ot G A TR B T i ok B
NI

also predenapin®@iguretls.y 40 ng product/nml resin. This was
followed by a 5CV wash in IMNaC, 50 Tri s, F 7.5
It is evident ﬁomeﬁe@wr@m’f@d Hl El@uamlmawhe@erﬁgmwm@ theklA step

1mprov%s §1gm n%ntl%%%{}f%a@a téﬁ\@iﬁ\g&%?&ﬁi 181% Eg a\}es' 88% OB%W through

conditibgsitd Rtz pattitionidid CZ)naltLtﬁis NehBdptddictrdeblv&ryls >80%RNDerating under
Hydr oxyapatite Chronat ograph 0194] The partially

conditighy feuresponginigtio @yfupgbe i @cre@@@m partﬁm weﬁﬁeleetdlm ioperating in the
furth urdfied £ dr atite,  The
binding el ppBUE! S SaiRaalRek Bt KA P RL i R rempgval
Howeve) rthebfodwﬂfeezsy@?adct&e tREELHBESIES whbbpsmm sﬁ*@ﬁ% binick
in the Experiment 6 series, the follow ng conditions
conditigns. eThigse éhf-’( ep(ccmpml apresatingew melosdforr this separaido cotuesponds to that of

weak pf% Fornl11g§ 8m cﬁgsr%éllgf pga%‘%ﬁhS% L onal gbbffo)ﬁﬁe%ucuon of product

relatedm@gé&es welbbafded, A RniHré@cd IV YIRS weak Bamtlomng
Equi | ation 2 2 - 32 mM sodi um phosphate, 50 -

condltlnm Na@lis eSample| wiedabatveen 50 -8 gl ofahe tdimM HEPES,

Summa%_' 7.0 (5 colum

[0206] A second example was presented in hydroxyapatite where operating under
weak partitioning chromatography was shown to provide improved performance with respect
to HMW reduction with good product recovery (> 80%). Product related HMW species and
HMW species bind more tightly to ceramic resin than the product antibody, and is retained
strongly under WP conditions. The WP region in this example corresponds to partition
coefficients between 8 and 20.

[0207] It was once again shown that the performance of the column step can be
optimized primarily through the choice of partition coefficients used to run the column. The
approach presented here provides a simple means of relating the impact of changing any one
of several variables (pH, salt, phosphate, arginine, HEPES etc.,) to column performance. The
weak partitioning conditions for optimum performance can easily be identified using the HTS
methods described in this example. The approach presented here opens up the possibility of
operating in a wider operating space in this mode of chromatography than has been done
before.

[0208] It is also worth noting here that the concept of weak partitioning

chromatography also works in systems that are not driven by charge interactions alone. The

53



vol unes) Wash Sane as Equilibration 2.[0195] The

colum was equilibrated with 5 colum vol unes of
weouwelopnat i on buffer 1 foll owed by anot her PCT/US2006/008919

equilibration 2 step. The colum was then | oaded to

generaltlﬁgmég&lﬂpdé%gﬂﬁéd i) this‘;'aéij:pﬁcwi&hcérpﬁe EJ&E&M%}%?%H th <Bffplex

previous step ( usted to the appro
systemequét ahHEHE iand hgdinxiyhpatite asnmdllt For pxatiphs, inadditien av treasperating
in the colu ef fl ue uring the |oad cycle_and sone .
DH, scGTARHRER GRS SHFR £ kIR AT Fel, aniain ebicnae, ARoipring

specieq I RIHIRE LR Te3h EaP AT EPEN T nel B pfnle By by fifyapatite.
Neverth#1BssAbiie oouldHhsil eiientifnthetwWe Wmﬂbﬁfslﬁopéffmmﬁ gimapled@tch binding
.w ndow. [0196] The operating conditions in these
experirggais Mithsthe pr ek puergstadondie f| ow t hrough, weak
partitioning (W) region and binding regions. The HTS
experinment described in Experinment 6.1 provides

Series 85t ZWiit&Sohiebuffis: foR Pretedh Al Elatidaldnd sulise§A6AL fonl Bhange steps
(Kp) under these conditions of pH, CHloOrI ge and '
[0209] phos phAtceltemeoaiainiag omenoctpral rantiboily wealpueified ZisingavlgbSelect
. he partition coefficient The boun
resin. A, BRI ROt PEF Moinac s S Te fer BB S o0 mM
Tris/150QhM'Na61,igHP 7155 I THE dSYudBSRISRARE Badd@hsa RIdNGhppoximately 40 mg

determ ni ng the bound product typically underestinates
product/mé resi ukhis vfas feldeiued bhe 96V vash ny 1 VhNaChfdaMeltis pfhé.5 and a

s v B b AR S TS St P e
ing S30RMIEENES S 3L S 5 i ;

wing ORRAIBEIES S8 5, LHOMNBES YRG0 s

PH 8.0,pessting énl aitota FHERES concertedtionhef JenorAepld . 1fthe REEREH

. St ep~i qpr.oves. significant Wth respect to HCP and
Conmb?ﬁeﬁ\ﬁ?@%&??%ﬁ“ﬁ% OﬁtER?[%“ferryrom the flowthrough
conditions to the weak partitioning conditions, while

product recovery is maintained at > 80% Operating
[0210] under Albmefietanoescital hersiname imgrparadfherdihdy referermrda their

entirety ek ioR ot ey Cp6 PSS At bt SGALPRYLGHioR or patent o
ptt 1550850 s AU AT ERAGMy RO L PO by e
in its eriretyi fog all pudidseonBo thihextenttfubliopiomsemdqpesms bngatshingfPNcations
incorpofre?tgd {)?flrgference contradict the disclosure contained in the specification, the
specification is intended to supercede ahd/or take precedence over any such contradictory
material.

[0211] All numbers expressing quantities of ingredients, reaction conditions, and so
forth used in the specification and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the specification and attached claims are approximations that may
vary depending upon the desired properties sought to be obtained by the present invention.
At the very least, and not as an attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should be construed in light of the
number of significant digits and ordinary rounding approaches.

[0212] Many modifications and variations of this invention can be made without

departing from its spirit and scope, as will be apparent to those skilled in the art. The specific
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separation corresponds to that of weak partitioning
chr omat ogr aphy. Under these conditions,a 4-fold
w0 e@dov93osr of product rel ated HWV speci es and BPAT/4S1006008919
reduction of HCP was obtained at a | oad chal |l enge of
110 of .orqduct/m of resin. The bound product
embodfraGatdeferitBaHdh A ofprei ¥ Vo coRearnis ety it ot meant to be
limitin@%AARY SvayVat B iBRNMEE that tife $HebifiBfibh afl ek Eple8 B Ronsidered as
ummary [0198] A second exanpl e was presenPed in
exemplaysl voky ayitht a tree weapesandppinit dinthe dmdationdakngpadicateddry thg following
chr omat ogr aphy was shown to provide inproved
Sperformance with respect to HCP and HMWV reducti on and
product recovery (> 80% . As in previous exanples, the
performance of the step was optim zed primarily
t hrough the choice of partition coefficients used to
run the colum. The approach presented here provides a
sinmpl e means of relating the inpact of changi ng any
one of several variables (pH, salt, phosphate,
i m dazol e, glycine, HEPES, etc.,) to colum
performance. The weak partitioning conditions for
opti mum perfornmance can easily be identified using the
HTS met hods described in this exanple. The approach
presented here opens up the possibility of operating
in a w der operating space in this node of
chr omat ogr aphy than has been done before. The optim
WP region in this exanple corresponds to partition
coefficients between 2 and 20. Series 7-
Hydr oxyapatite using Ceram c Hydroxyapatite Type | and
Mab- MYO Experinment 7.1 -High throughput screen to
establish FT, WP and strong binding conditions [0199]
A hi gh throughput screen (HTS) was perforned to -
identify flowthrough, weak partitioning and binding
conditions for Mab-MYO with ceram c hydroxyapatite
medium This screen varied the concentration of pH,
ar gi ni ne/ gl yci ne, HEPES, sodi um phosphate and sodi um
chloride to determne their effect on the extent of
bi ndi ng of MABMYO to the hydroxyapatite nedium [0200]
The HTS procedures used in this exanple were simlar
those described in Series 5 and Series 6 and are not
di scussed here. Predicted Kp val ues derived froma
response surface fit to the HIS data were used to pick
specific conditions for colum

claim
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experinments. Experinment 7.2 -Columm runs under WP
condi tions [0201] The experinents discussed here were
w@esbo99sesl under conditions correspondi ng to aPCEHO§M0EH08919
partitioning coefficients identified by the HTS
experiments. These experinents were specifically
perfornmed to highlight th rior performance of
t hecHA step under weak partitioning conditions for the
renmoval of HCP and product rel ated HWV speci es. Four
We clainitns wer e conducted with a product | oad chal |l enges of
55 nmg/mM of resin. The |oad chall enge used in these
experinents is low for weak partitioning

1. tdo&-r r@ﬁ%%ntng% n%urﬁﬁdysﬁbﬁﬁét ff:&ﬁtahlbgd"ﬂhm Rdfling one or more

opera I on. de In ese experinents to

optimze |lo chal ngefor weak partitioning
1mpur1tgﬁr %‘PFBP%@P&@P’R/SteP% )2] The partially purified antibody
pools fromthe Protein A step were used in these
papéng therdoad flukbtheoughmmgdilame alevparaiingeaditionsighichsause the
col um hei ght was 10 cm [0203] For all hydroxyapatite

mediung i§ BRRLR WRP hmrgsdffmédﬂﬁ@@f inbest hadiuhe agdper i nent 7
series, the followi ng conditions were used (exceptions

éc%v@ﬁﬁg thd n@}ﬁﬁ‘%}% ﬁ'uc‘fﬂ 19‘1'?4 ?cﬁﬁﬁﬁréfﬁﬁgﬁ luripg thg load. r%ﬁ!]er and any

escr I oha ow rate -
5&81' i br ation 1 300 m\/l sodi um phosphate, 1.0M Nad, pH
essenti S?%agcé"@sﬂfm vol unes) Equilibration 2 1 - 8 nmM
sodi um phosphate, 50 - 1750 M NaCl, 12 - 50 nM Arg,
20-50m™ HEPES pH 7.0 (5 columm vol unes) Wash Sane as
Equili bration 2 [0204] The colum was equili brated

2. W e thddbofaebovaringad pireedoprogatti frdraratiohd flubdifrichrdidg one or more
followed by 5 colum volunmes of equilibration 2. The

. ed to 55 ng product/m resin with
1mpur1t?e%é&gﬂg]\t’i’§|ﬁﬁttﬂ§ gia?adj usted to the appropri ate
UI|I ti r nd t roduct red
PRt %@3%&#% st 4 o o Sdth BB Send R LR H s partcion
’ pol um vol unes of the wash fractlon The results from
coefficienbekatdgass Oi Ifwneds are presented in Table

recovering the purified product in the column effluent during the load cycle and any

essentially isocratic wash.

3. A method of recovering a purified product from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions which cause the
medium to bind from at least 1 to about 70 mg of product per mL of medium and defined by
a partition coefficient of 0.3 to 20; and

recovering the purified product in the column effluent during the load cycle and any

essentially isocratic wash.
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7.2.1 and Figure 13. Table 7.2.1: Partition
coefficients for MAB-MYO on cHA resin and the
wa@orsespendi ng operating node * Optimal Kp coneCT/U82906/008919
see Figure 13 [0205] The operating conditions in these
experinments correspond to the flowthrough, weak
partitioning (WP) and binding regions. The HTS
experiment described in Experinent 7.1 provides ) )
4, Thé imeeticeboff amy drieeoficidios 168, wherepatheiopemtingaenflitiong gge identified
(Kp) under these conditions of pH, chloride,
: ﬂﬁﬂﬁ e, glycine / arginine and HEPES concentrati on.
lnaSCK%ﬁe ruﬂ% in Table7.2.1 are ranked by the partition
coefficients. The bound product was determ ned by
measuring the protein in the columm strip using W
absorbance. This nethod of determ ning the bound .
5. - ‘Bheoamethod gianyene ol fasisekssi hesd Eh@’ré)P&F?é%tco&Hlt’pﬂné&G&PﬂSG pH
bound during the | oad due to the gradual desorption of
levels ahé éorfic ederdgthduri ng t he wash. The product related High
Mol ecul ar wei ght (HWN renoval and product recovery
results fromthese experinments are also presented in
Figure 13. It is evident fromthe data presented in

fgure 1 at the.perfaqr . of . .
6. Thersearel Jam poanbry: Herher s afistiptpih Eomerize sa
as_we nove from flowthrough conditions to weak
concenfiafqnst i oni ng condi tions, while product recovery is
>80% Operating under conditions corresponding to a
further increase in the partition coefficient (i.e.,
operating in the binding region) provides no
7. e ntdiQebr SRS tvhkdih tHeasReMIng SO ndamTuftBAt comprise excipient
renoval . However, the product recovery across the step
begi ns to drop under strong binding conditions. Thus,
concentlrﬂgongpt i mum operating window for this separation
corresponds to that of weak partitioning
chr omat ogr aphy. Under these conditions, a 20-fold
reduction of product rel ated HWVspeci es was obt ai ned.
8. The nbshodlopelain Gt wheredh sheurbeatingeondisionsfarther ¢agnprige phosphate
conditions, in this exanple, were between 5.1-9.5

concenttBiidHs, &flciudcoRehiati SHYTERIYink @3REIntAtiSAS QlgciaX adidedtrations, and

was presented in hydroxyapatite where operating under
HEPES concentrations.

9. The method of any one of claims 1-3, wherein the operating conditions comprise

counterligand levels and pH levels.

10.  The method of claim 9, wherein the operating conditions further comprise imidazole

concentrations.

11. The method of claim 4, wherein the screening step uses batch binding studies.
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weak partitioning chromat ography was shown to provide
i nproved perfornmance with respect to HWVreducti on
wowaoh/ogeesl product recovery (> 80% . Product reCHUSZN6/008919
HWV speci es and HNMVspecies bi nd nore tightly to
ceram c resin than_the product. anti body, S .. .
12 e dokber SFoIoHy fy it RBCESHInG fiepusesebuR biadipg udics.
in this exanple corresponds to partition coefficients
between 8 and 20. [0207] It was once agai n shown that
the performance of the colum step can be optim zed
13. Mhe AR thod of RN ED, tzh@reﬁhme%hﬁﬁn PRding sibicseed biadienettion
used to run the colum. The approach presented here
provides a sinple neans of relating the inpact of
‘changi ng any one of several variables (pH, salt,
phosphate, arginine, HEPES etc.,) to colum
performance. The weak partitioning conditions for
opti mum performance can easily be identified using the
14.  HRS nahbddbcldias d2j Whereimthehioduran bilieg sfideesap isvadtic elution
presented here opens up the possibility of operating
studiesi N @ wi der operating space in this node of
chr omat ogr aphy than has been done before. [0208] It is
al so worth noting here that the concept of weak
partitioning chromatography al so works in systens that
are not driven by charge interactions. al one.
15.  Fhegestbedpf elapn dawhersda ghq opegating eanditionsfausea thegrediypm to bind at
be successfully applied to conplex systens such as H C
least 5 mgcbfiprddwet papaili ofemadiuwel | . For exanpl e, in addition
to the operating pH, several other variables such as
NaCl , phosphate salts, arginine / glycine, buffering
species, as well as the type of resin can all inpact

16. & %&gé@ 3 ;rl%lnng ht\xﬁ])fapé{{ii %ﬁgﬁgﬁﬂ%&ndﬁg éa}ﬂg«% %&Sme((ﬁﬂﬁl to bind at

npl e batch bindi ng experinments with the product of
least 1Q Wétfé%t) dugt peremlfipediugl.- zwitterionic buffer for
Protein A elution and subsequent ion exchange steps
[ 0209] A culture containing a nonoclonal antibody was
purified using MabSel ect resin. A Mabsel ect Protein A

17. 9REYARhY@SS ith 11 %@t@ﬁi tms bperiisot st Vg ¢ies tef mbdiuiMo bind at
Tris/ 150 mM Nadl , . e colum was then | oaded

d /'m in.
g AR, S0, POt esin

pH 7.5 and a

studies

18. The method of claim 1, wherein the operating conditions cause the medium to bind at

least 30 mg of product per mL of medium.

19.  The method of claim 1, wherein the operating conditions cause the medium to bind at

least 40 mg of product per mL of medium.

20. The method of claim 1, wherein the operating conditions cause the medium to bind at

least 50 mg of product per mL of medium.
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5CV wash containing 10 nM Tris, 75nM NaCl, pH 7.5
wash. The col um was then el uted usi ng 30rM HEPES, pH
w@@2as/0993e8 pr oduct pool was neutralized to pH 7PQI/uSio0¢008919

I M HEPES pH 8.0, resulting in a total HEPES
concentration of 55mM At pH 7.2, the HEPES
contributes 17mMionic strength to the buffer. [0210]
AUref erences cited herein are incorporated herein by

21.  rBfeanethod of gldimel,rwheneinrtbe gperating oondilibnpaayse siesmedium to bind at
the same extent as if each individual publication or

least 6(aicedk protuddiee ML apPRletfiati on was specifically and
individual ly indicated to be incorporated by reference
inits entirety for all purposes. To the extent
publ i cati ons and patents or patent applications

i.ncorporated hy reference contradi ct the disglosure,
2. Jdhecmbihed q%ﬁletlw@@ﬂ&?lflith%.wlaﬁ 9%3»@@%@%9 18K 1 i the range of
i ntended to supercede and/ or take precedence over any
about GUéthabart204di ctory material. [0211] Al nunbers
expressing quantities of ingredients, reaction
conditions, and so forth used in the specification and
clainms are to be understood as being nodified in al

inASt . - " or di. .
2. THEAOHEY of e oBiePhin Vit of BREEUIBh boc i By in the range of
set forth in the specification and attached clains are
ahm“(ﬁgﬂ?@%ﬂﬁapﬁgns that may vary depending upon the
desired properties sought to be obtained by the
present invention. At the very |east, and not as an
attenpt to limt the application of the doctrine of

24. e athealoF cladmt 1) evikesiRehOTalub of BlepdititioR @6EFRILHR I wathe range of
par anet er shoul d be construed in light of the nunber

Lol fd cant digits and ordinary roundi ng
about 12(?)60:%)& tgé(f' [0212] Many nodifications and variations
of this invention can be nade w thout departing from
its spirit and scope, as will be apparent to those
skilled in the art. The specificenbodi nents descri bed
25. Hdegnethad of cldimrdk evhsycindlye vilue phithsl parttipy cagffiiciant imistthe range of
nmeant to be limting in any way. It is intended that
about A heo spegisig.cati on and exanpl es be considered as
exenplary only, with a true scope and spirit of the
i nvention being indicated by the foll ow ng
clainms.Clains W claim

26. The method of claim 2, wherein the value of the partition coefficient is in the range of

about 0.5 to about 1.5.
27. The method of any one of claims 1-3, wherein the product is a protein selected from
the group consisting of fusion proteins, Fc-containing proteins, immunoconjugates,

cytokines, interleukins, hormones, and therapeutic enzymes.

28. The method of claim 23, wherein the Fc-containing protein is an antibody.
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1. A nethod of recovering a purified product froma
| oad fluid including one or nore inpurities,
w@oimpndsisg the steps of: passing the | oad fl uPdI/US2006/008919
t hrough a nedi um at operating conditions which cause
t ' ' . S of ,product .per_nilL .of
20 1 BRARY ol e ot e o B ety 8 e on exchange
. colum effluent during the |oad cycle and any
medilRssential |y i socratic wash. 2. A method of recovering
a purified product froma load fluid including one or
nmore inpurities, conprising the steps of: passing the
| oad fluid through a nmedi um at operating conditions
30.  dpdd ARthIDOEIBR] 9 tiReinqRE Eh&g@@ forPEx taﬂéé*ﬁéphﬂn I an anion
and recovering the purified product Int col um
ff nt during the |load cycle and any essentially
amhmﬁ%é%#gtic wash. 3. A nethod of recovering a purified
product froma load fluid including one or nore
impurities, conprising the steps of: passing the |oad
fluid through a nmedi um at operating conditions which
31.  cBhesmethod ofedhinn?9,oviisreid the oharged icrastching©mebim isication
nmg of product per niL of nedium and defined by a
exchanR@lrédihl on coefficient of 0.3 to 20; and recovering the
purified product in the colum effluent during the
| oad cycle and any essentially isocratic wash.4. The
met hod of any one of clains 1-3, wherein the operating
nditions are identified in a screening step. 5. The
rcﬁmaath@fi of 3y ore obrladmald; whezeinthe msidumiea bydrophpbig
conditions conprise pH levels and ionic strengths. 6.
interactitie chenisdgraphy kesion 5, wherein the operating
conditions further conprise salt concentrations. 7.
The nmethod of claim5, wherein the operating
conditions further conprise excipient

33. The method of any one of claims 1-3, wherein the medium is a hydroxyapatite resin.

32.

34.  The method of any one of claims 1-3, wherein the medium is an immobilized metal

affinity chromatography resin.
35.  The method of any one of claims 1-3, wherein the one or more impurities are selected
from the group consisting of host cell proteins, nucleic acids, product variants, endotoxins,

and Protein A.

36.  The method of claim 35, wherein the impurities further comprise viruses.
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concentrations. 8 The nethod of claim7, wherein the

operating conditions further conprise phosphate
w@oemweesspat i ons, cal ci um concentrations, argi NPEEUS2006/008919

concentrations, glycine concent rations, and HEPES

7. SRSaRTbl %, AR e BB G o s v

counterligand | evels and pH | evels. 10. The %5
concengrrtipmrimthe g Produst opap Mqrs ghavrhaut i BA aehest erfotemS per mg
conprise i mdazole concentrations. 11. The nethod of
of prodak@ai m 4, wherein the screening step uses batch binding
studi es. 12. The nmethod of claim4, wherein the
screeni ng step uses colum binding studies. 13. The
met hod of claim 12, wherein the colum binding studies

e L e

elution studies. 15. The net hod of claim 1, where

concentration pethgtpupigicd awadudt oh 80 daere dhamebays & Qr%gtf@SbP%Pf&EemS per mg
| east 5 ng of product per nL of nmedium 16. The net hod

of prodatt.cl aim 1, wherein the operating conditions cause the
mediumto bind at |east 10 ng of product per niL of
medium 17. The nethod of claim1, wherein the
operating conditions cause the mediumto bind at |east

éqlﬁnlﬂ?t%f d\%ﬁgﬁgrﬁﬁp ] 65%3 gléﬁ‘t Wﬁlrﬂge]ﬁ &%{%pgwg %0 éelilloéjtﬁf)ems with a

mediumto bind at |east 30 ng of product per of
concengretipu in thegurificd preduw @f ap mogithan abgiePRing ftq%cell proteins per mg
operating conditions cause the nediumto bind at | east
of prod#i@t.ng of product per nmL of medium 20. The nethod of
claim1, wherein the operating conditions cause the
mediumto bind at | east 50 ng of product per nL of
medi um 21. The nmethod of claim 1, wherein the

40. Olcheerr?lgtlh d %Opagjrlntéﬁo Whef &t e frrrﬁmr[f}e% c%%pr%e@rggu?}% with a

concentration in the purified product of no more than about 100 ng Protein A per mg of

product.

41. The method of claim 35, wherein the impurities comprise Protein A with a
concentration in the purified product of no more than about 50 ng Protein A per mg of

product.

42.  The method of claim 35, wherein the impurities comprise Protein A with a
concentration in the purified product of no more than about 10 ng Protein A per mg of

product.
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| east 60 ng of product per nL of nmedium 22. The
nmet hod of claim 2, wherein the value of the partition
w@eo@bidwsdent is in the range of about 0.2 to abOIUS2006/008919
20.0. 23. The nmethod of claim2, wherein the val ue of
the partitiaon cqefficient i.s in the range of .abouj O.
43, {The msohed atflaim 35, hREThEHBRUBieE FarRISS niHEACHS R 2
val ue of the partition coefficient is in the range of
concent@tinit inlthe ptiifiad pradust 6f n@ mord tennaktono d ngfnucleaé agids per mg of
wherein the value of the partition coefficient is in
productt e range of about 0.5 to about 5.0. 26. The nethod of
claim 2, wherein the value of the partition
coefficient is in the range of about 0.5 to about 1.5.
27. The nethod of any one of clainms 1-3, wherein the
Eyoduct is a protein selected fromthe gr&up ) ) =
baamethodgf elrim 33 wheisin the; GeacentgatiopRinradug varartsiip ghe purified
I mmunoconj ugat es, cytokines, interleukins, hornones,
productais Gotrthereahsuabaut @s%nes. 28. The net hod of cl ai m 23,
wherein the Fc-containing protein is an anti body. 29.
The net hod of any one of clainms 1-3, wherein the
mediumis a charged ion exchange medium 30. The

t hod, o l.ai m,29, .wherein the char i h s
45, TREmped bR 3 BT st pEEp FARE b YARIRRYR the purified
claim 29, wherein the charged ion exchange nediumis a
productgigmogpoigtbama@it2dei n. 32. The nethod of any one of
claims 1-3, wherein the nmediumis a hydrophobic
i nteracti on chromat ography resin. 33. The nethod of
any one of claims 1-3, wherein the nediumis a

46.  MYEmOetHaP8E iafin 385 Whereddt the [dWRCEBRIAIRh &f prodiyctAABiafls in the purified
clainms 1-3, wherein the nediumis an inmobilized netal

producs lothéb I S5GH3Y aphy resin.

44.

47.  The method of claim 35, wherein the concentration of product variants in the purified

product is no more than about 10%.

48.  The method of claim 36, wherein the log removal value of the viruses is greater than

1.0.

49.  The method of claim 36, wherein the log removal value of the viruses is greater than

2.0.

50.  The method of claim 36, wherein the log removal value of the viruses is greater than

3.0.
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35. The nethod of any one of clains 1-3, wherein the

one or nore inpurities are selected fromthe group
wa@eonsiost3nsg of host cell proteins, nucleic aciB&T/US2006/008919

product variants, endotoxins, and Protein A 36. The

nmet hod of cl aim35, wherein the inpurjti furthe .
51 Eberpetied of CHANE R VR ypbie it ac Bgt SFfl proteins s at
the inmpurities conprise host cell proteins with a
least 1.0concentration in the purified product of no nore than
about 100 ng host cell proteins per ng of product. 38.
The nmethod of claim 35, wherein the inpurities
conprise host cell proteins with a concentration in

e rifi or ‘o
2. iy pRhod ol g oG B840 it UB VR bR OB MRSteins s
claim 35, wherein the inpurities conprise host cel
least2.(hr ot eins With a concentration in the purified product
of no nore than about 500 ng host cell proteins per ng
of product. 40. The nmethod of claim 35, wherein the
inpurities conprise Protein Awth a concentration in
53,  The npihdd bedakh 89 Ugherein the 18P FambaNarlftthd B6st@ll proteins is at
Protein A per ng of product. 41. The nethod of claim
5, wherein the inpurities conprise Protein Awith a
oncentration in the purified product of no nore than
about 50 ng Protein A per ng of product. 42. The
met hod of claim 35, wherein the inpurities conprise
Protein Awith a concentration in the purified product
54,  Whe nwethad ef tlhan 34pwhereiOthedo@raneyal valyserf the Podtein A is at least
product. 43. The nethod of claim 35, wherein the
1.0. inpurities conprise nucleic acids with a concentration
in the purified product of no nore than about 1 ng
nucl ei ¢ acids per ng of product. 44. The nethod of
clai m 35, wherein the concentration of product

least 3.

, : h it . -
55. %ﬁg :;;?GQ}tlgd :)P cltairrel 3 ,u \Evlherle?rfj thperlgg %grilo{laf'l value Of the ?gtgma Q5% Teast

2.0.

56. The method of claim 35, wherein the log removal value of the Protein A is at least

3.0.

57.  The method of any one of claims 1-3, wherein a product-containing fluid is eluted
from a Protein A column using an elution buffer of low ionic strength; the pH and
conductivity of the product-containing fluid is adjusted using a neutralization buffer which
results in no more than 20mM of the ionic strength of the product-containing fluid, resulting

in the load fluid; and wherein such load fluid is passed through an ion exchange medium.
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45. The nethod of claim 35, wherein the concentration

of product variants in the purified product is no nore
WO b@n/oggserit 2% 46. The net hod of clai m 35, WhRCEUR2006/@08919

concentration of product variants in the purified

roduct is no npre %, .47. The nethod of
58. ”Ehgmeﬂssl of e W %re@otﬁei firlﬂdﬁpaﬁrse Fhygtich 3 affion exchange
variants in the purified product is no nore than about
mediuml@¥hodi®he fibed foatdiafiltrafiogl ai m 36, wherein the | og
renoval value of the viruses is greater than 1.0. 49.

The nmet hod of claim 36, wherein the |og renoval val ue
of the viruses is greater than 2.0. 50. The nethod of

9. Ghe gL URAESS AREh G IR bt ining

wherein the | og rempval val ue of the host ceIL
fluid is pdinsier msings autrabization befferswhichyesulisin gg magrethan 40mal of the

wherein the | og renoval value of the host cell

ionic stphethedfthe ipsodiict-centaini@g Auidc3. The met hod of cl ai m 35,
wherein the | og renoval value of the host cell
proteins is at least 3.0. 54. The method of claim 35,
wherein the | og renoval value of the Protein Ais at

0. 58t fag i P wEBRG st S PLSMRRs 0y g

The et hod of clajim.35, wherein the | og renov %

fluid s pflsted WM ERentRZatioh brECY ST GestSts in FRERHA AR SOFIM of the
any one of clainms 1-3, wherein a product-containing

ionic stfdngittof the prodiet-chntainiag Fluat.ei n A col utm using an
elution buffer of Iowionic strength; the pH and

61.  The method of claim 57, wherein the pH and conductivity of the product-containing
fluid is adjusted using a neutralization buffer which results in no more than 80mM of the

ionic strength of the product-containing fluid.

62.  The method of claim 57, wherein the elution buffer comprises molecules with a

charged anionic group with a pKa of 2-3.

63. The method of claim 62, wherein the elution buffer further comprises molecules with

a charged cationic group with a pKa of 6.5-10.

64.  The method of claim 57, wherein the elution buffer comprises molecules that are

zwitterions at pHs between 4 and 9.
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conductivity of the product-containing fluid is
adj usted using a neutralization buffer which results
WO 2006099308 € t han 20TM of the ionic strength of P€HES2006/008919

product-containing fluid, resulting in the load fluid;

and wherein such load fluid i s passed throH%h aqg%on
65.  Themetnsl ofecirinhD4avhergin the ZHategnsargseheai?d TR F1s group

the load fluid is passed through an ani on exchange
consistifgdf ggAcwid; heupipeheimebesd(dtlvamesilébnit tacil)j gipcylshciikhe

met hod of claim57, wherein the pH and conductivity of

cyclopetntb%eféﬁggfj9}3;@—95‘1&)39%?1&@Qcifﬂ NinLbist2 afidrstyRehyIRD BEniBoethanesulfonic

neutraliZatTi on er which results in no nore than

. of the ionic strength qf .t r od [ RinNg -
acids; 2- TP hgBEO PP e et A ity B S DRl Llhpinocthane
conductivity of the product-containing fluid
sulfonicrajidisNShudiongetyRparRane-Nir-sHaBerH ERiGAdHHEdyrraxyethyD-I-
in no nore than 60rM of the ionic strength of the
piperaziiepebpahe salfidmic Aty N-tris(ydréx imefhlydneeh yighycofe; ghaimanside; N,N-
wherein the pH and conductivity of the

is(2- 7 ONDG; - ane sulfonic acid; and
bis bR YA GATERIET N e e AR 2 it pRopanc o
q%gM.of the ionic strength of the product-containing
N-glycylrglyein®62. The nmethod of clai m 57, wherein the el ution
buf fer conprises nolecules with a charged anionic
group with a pKa of 2-5. 63. The nethod of claim62,
wherein the elution buffer further conprises nol ecul es
66.  Whtmahedaf gatin 68t whetecthg zotitpervarisicomprisa ghycise.5- 10.
64. The nmethod of claimb57, wherein the elution buffer
conprises nolecules that are zwitterions at pHs
between 4 and 9.65. The nethod of claim64, wherein

e zwW tterions are,selected fr e ISt
67. g gicthod &t e 531 Fup i AsgPut kbt P LAGRShb More than
| ycyl gl yci ne; cycl opentanetetra-1, 2, 3, 4-carboxylic
100 mMci d; N, N- bi s( 2- hydr oxyet hyl ) - 2- ami noet hanesul foni ¢
aci d; 2-(N-norpholino)propane-sul fonic acid;
N-tris(hydroxyl net hyl ) net hyl - 2- am noet hane sul foni c
aci d; N 2-hydroxyet hyl pi perazi ne-N - 2-ethanesul fonic
68.  A%kGnetfiod &f BMHN Yy ShBKin tﬁ&bﬁ@r@@ngap@ma N6acBBhidd8in® more than
aci d; N-tris(hydroxynethyl)nethyl glyci ne; gl yci nam de;
SOmMN Nbi s( 2- hydroxyet hyl ) gl yci ne;
N-tris(hydroxymet hyl ) met hyl - 2- am nopr opane sul foni c
acid; and

69. The method of claim 57, wherein the ionic strength of the load fluid is no more than

25 mM.

70.  The method of claim 57, wherein the ionic strength of the load fluid is no more than

10 mM.
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N-gl ycyl -glyci ne. 66. The nethod of claim65, where
the zwitterions conprise glycine. 67. The nethod of
W@ b@c/09BFs wherein the ionic strength of the |periusioné/ohs919
is no nore than 100 niM 68. The nethod of claim57,
71.  VOEE Blebhdd & dfirfe SHAARBID -@ig'
nor e tehan SOn(g,m\rEls 69. Tﬁ% ln%&géﬁég%éhgﬁﬁg?dﬁh ,H{v(\ﬁ’g?gﬁ lﬁaSt 90% of
. e.lonic strength of the lagad fluid is no nore than,
the imfyligo Ve B o st o8 hOsgabl P T b i A¢ids, product
. strength of the load fluid is no nore than 10 nM 7 1.
vanantphendaberige agtl ByateimAe of clains 1-3, wherein the
medi um renoves at | east 90% of the inpurities selected
fromthe group consisting of host cell proteins,
nucl ei ¢ acids, product variants, endotoxins, and
72. Prd Rlethoft of Raim! € WS, LA el Bobher o L
medi um r er?ov esma?ﬁl eas%ﬁgggé;ch)e@%gé Il%r#%%s\r/\%{tq |Eaesg Bg% %fctlhgampunues
host cel | .proteins,

f.,r-omthe group consistjng o )
selectef R ¥ R BnR B ot hod PURTGeins gk, Bisduct variants,
Protein A. 73. The nethod of claim 72, wherein the

endotong; anfl Peieings at | east 99. 9% of the inpurities
selected fromthe group consisting of host cell
proteins, nucleic acids, product variants, endotoxins,
and Protein AL 74. The nethod of any one of clains

73. i iR ;
i, LT e R HE bR i BRE 1R1 28% of the
. J.oaded onto the nmedium . 75. The net hod of claim 74
impuritigieTocted’ ﬁ%@?ﬂmﬂ% CRNISting08 hoglkFAProEing Auplsin apwls, product
. at |east 20% of the total product mass | oaded onto the
variantgeeadgiaxisg and Reotgisx Aod of cl ai m 75, wherein the total
product mass bound to the nmediumis at |east 30% of
the total product mass | oaded onto the nedium 77. The
nmet hod of any one of clainms 1-3, wherein the |oading

74.  dhetrh&hBl @FUHEY oREbPCIaNS 1-3, wherein the total product mass bound to the

medium is at least 10% of the total product mass loaded onto the medium.

75.  The method of claim 74, wherein the total product mass bound to the medium is at

least 20% of the total product mass loaded onto the medium.

76. The method of claim 75, wherein the total product mass bound to the medium is at

least 30% of the total product mass loaded onto the medium.

77.  The method of any one of claims 1-3, wherein the loading of the product onto the

medium is at least 10 mg of product per mL of medium.

66



mediumis at least 10 ng of product per niL of

medi um 78. The nethod of claim 77, wherein the | oading
wo@booblogo3ps oduct onto the nmediumis at | east 50PemyUsi006/008919

product per niL of nedium 79. The nethod of claim 78,

78. | i ct.onto th dj,um i .
e e e E A b o g Mo LT om is
thod of claim79, wherein the | oading of the product
leaStSQEHP%O?R@%HP%W‘ZQQ‘?CC‘?%‘QM 500 mg of product per ni
of medium 81. The nethod of claim80, wherein the
| oadi ng of the product -onto the nediumis at | east

1000 ng of product per nmL of nedium 82. The method of

79.  ale Aieehddf oftdl@niYBs, vKoreBE Gbdlih ' o
product in the |oad fIrSi dis at1 ?ggsh?ri%ﬁgﬁ%?hg?glg%%dmmm at

i The nmet hod of claim 82,
least lgﬁé?%%fnﬁ{oﬁlg&g%ﬁyéﬂn ?gfel%gﬁmbf product in the load fluid
is at least 5 ng of product per nL of load fluid. 84.
The nethod of claim 83, wherein the concentration of
product in the load fluid is at |least 10 ng of product
80.  pEhe micthord dfedadnk TYiveher8ih. thd hendivet dibihe pkodicaionBihe medium is at
wherein the concentration of product in the load fluid

least 508 ngf of gr@dbct3Rr WL, 6f nieiAANCt per L of load fluid. 86.
The net hod of claim85, wherein the concentrati on of

product in the load fluid is at |east 100 ng of
product per niL of load fluid. 87. The purified

oduc repared by the nmethod of claiml. 88. The
81. B’Eﬂq IPF&’(EPQFH? &&5&80@ Paisasiadhe{pading efetha pepdyict ent) the edium is at
89. The purified product prepared by the method of
least 1Q0Qymg of product pervi hofimediunecovering a purified protein
froma load fluid including one or nore inpurities,

conprising the steps of: passing the load fluid
through a nmedi um at operating conditions which cause

i ' . .of [ f .
2. TR s Bl 1SS e P BB o et n o o
oad cycl e and any

fluid isA? &euarsrpl %{gf (l)tu IJerghugt%re} 4 to? ?oald fluid.

83. The method of claim 82, wherein the concentration of product in the load fluid is at

least 5 mg of product per mL of load fluid.

84.  The method of claim 83, wherein the concentration of product in the load fluid is at

least 10 mg of product per mL of load fluid.

85.  The method of claim 84, wherein the concentration of product in the load fluid is at

least 50 mg of product per mL of load fluid.
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essentially isocratic wash. 91. A nethod of recovering

a purified protein froma load fluid including one or
wWOoRee/0papRiri ti es, conprising the steps of: pasBCTYS1006€008919

| oad fluid through a nmedi um at operating conditions

fined Qy .a pargition .coefficient . of at |least D.1: C
6. o MERo0.0E R b "HRrriA BaopGRarioR ol brodbagh R foad fluid is at
effluent during the |oad cycle and any essentially
least 1@ oxgreftirodueigier nd2of lea d of recovering a purified
protein froma load fluid including one or nore
inpurities, conprising the steps of:passing the | oad
fluid through a medi um at operating conditions which
' i to about 70
7. B IBGhA B BY oL AR ¥ e by
‘ partition coefficient of 0.3 to 20; and recovering the
purified protein in the colum effluent during the
| oad cycle and any essentially isocratic wash. 93. The
88.  plhei purdiedmrodestprpparpd by theomethiod afeldiou2.0f cl ai m 90.
' 94. The purified protein prepared by the nethod of

claim9l. 95. The purified protein prepared by the
met hod of claim92. 96. A nethod of recovering a

1L ] liuied.yi:nck udi ng one or
89. ﬂﬁéﬁqéﬁﬁﬁﬁ%ngﬂﬁgﬁﬁggpzP%%ﬁgﬁédg#ggéﬁb#ﬁ passi ng the
| oad fluid through a nmedi um at operating conditions
whi ch cause the nmediumto bind at |east |ng of
anti body per nL of nedium and recovering the purified
90.  gmdtheil/of recoveringd pumified proteintfraiu milogd fihisl inolding/eneor more
and any essentially isocratic wash. 97. A nmethod of

impurifi&s; e¥ehbtivhgahPvtepk bed anti body froma load fluid
including one or nore inpurities, conprising the steps

Gy BRI DS O FERMTLAL i s
medium to bind at least 1mg of protein per mL of medium; and

recovering the purified protein in the column effluent during the load cycle and any

essentially isocratic wash.

91. A method of recovering a purified protein from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions defined by a partition
coefficient of at least 0.1; and

recovering the purified protein in the column effluent during the load cycle and any

essentially isocratic wash.

92. A method of recovering a purified protein from a load fluid including one or more

impurities, comprising the steps of:
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coefficient of at |least 0.1; and recovering the
purified antibody in the colum effluent during the

wo o@d/ogyses e and any essentially isocratic washr@BUS206/008919
nmet hod of recovering a purified antibody froma | oad

LA T8 8050 RSl S SR R e

operating conditions which cause the nediumto bind .
mediunf todrind froneatsteadt It to abbot70 1R ofgproteimpen Wbyl pediup anst defined by a
medi um and defined by a partition coefficient of 0.3

partitiod oefflciedNEf 080626k iy the purified antibody in the
colum effluent during the | oad cycle and any

S jally i rafd : i '
FRE Rt P b AR cpliin cfhel i 4O PRAY and any
.anti body prepared by the nethod of claim97. 101. The
essentiallyisqcralsc Wath-nody prepared by the method of clai m 98.
102. A nethod of recovering a purified product froma
load fluid including one or nore inpurities,
conprising the steps of: passing the load fluid

93.  frht pugihed prReinyifepire@BY iR hdthotsTdil4ind98. whi ch cause
the nmediumto bind at [east | ng of product per nL of

medi um wherein the operating conditions are
identified in a screening step; and recovering the

urified product in e colu ef fl uent.. during the
94. &baaue%@ SIQIR %rﬁyarségé(ﬁﬁ? g}efrg}ﬂ %fgfd?la% ?’E- wash. 103. A
nmet hod of recovering a purified product froma | oad

fluid including one or nore inpurities, conprising the
steps of:passing the load fluid through a medi um at

95.  TBepatitipd pesl frepaed dgftho akihnd ¢ qaint D2 on _
coefficient of at |east 0.1; wherein the operating
conditions are identified in a screening step; and
recovering the purified product in the colum effl uent

96. \%;éliﬁ&l%dtol}erecl:oov%%ngyaC[!uerif?el?ldan%%%d}ef %r%%?%ilgallci ﬂuiidsigc ha}nigcone or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions which cause the
medium to bind at least 1mg of antibody per mL of medium; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

97. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:
passing the load fluid through a medium at operating conditions defined by a partition

coefficient of at least 0.1; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.
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104. A nethod of recovering a purified product froma
| oad fluid including one or nore inpurities,
w@oimpndsisg the steps of: passing the | oad fl uPdI/US2006/008919
t hrough a nedi um at operating conditions which cause
the nmediumto bind fromat least 1 to about 70 ng of
product per nL of nedium and defined by a partition
coefficient of 0.3 to 20; wherein the operating
98. wonmnodnfsemrmgaqpuriﬁl@ﬁanubody e adoadyflsidepcluding one or more
recovering the purified product in the colum effluent

impuriﬁ’éér b hgﬁgltp@g{egygf;e and any essentially isocratic
od of recovering a purified protein

fr om a .U n re | i Li ,
@8?&5‘?% gl} 8aq fﬁlgﬂ ?jéﬂ)usg%oéj glegglgg F%é)etr#? & éﬂﬂ)’ﬁé Yhfehrcause the
. throu a nedium at operating _conditions i.ch
mediunp Iﬁ%bﬁ%aﬁf%af leagt hip aloytdQgpg PhanRodyRar & ﬁgﬁe%{m@rﬂ defined by
medi um wherein the operating conditions are
a partiticthecveffiicient ofr).2ts20e@mmd ng st ep; and recovering the
purified protein in the colum effluent during the

lreafleANE it MRS @M ntoa9Nh e EolumBQErIAéhtCutREthe 186! cyﬁle and any
nmet hod of recovering a'purified protein froma | oad

clud ng one or nore inpurities, conprising the
essentuélky Egcr é’i ng the load fluid through a nedi um at

operatlng condltions defined by a partition
coefficient of at |least 0.1; wherein the operating
conditions are identified in a screening step; and

99. rRegueifiedgntibedp praphraeicbpthetra¢thod of thend@dl. um ef f | uent
during the |l oad cycle and any essentially isocratic
wash. 107. A method of recovering a purified protein
fron1a load fluid including one or nore inpurities,

100. r‘%ie'&%nhﬁ&&ib?% e%fby %%ﬁétﬂgd élflfe,la fam fluid

op era i'ng con I'ons whi ch cause
the nedlun1to bi nd fron1at | east 1 to about 70 ngy of
protein per nL of nedium and defined by a

101. The purified antibody prepared by the method of claim 98.

102. A method of recovering a purified product from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions which cause the
medium to bind at least 1mg of product per mL of medium; wherein the operating conditions
are identified in a screening step; and

recovering the purified product in the column effluent during the load cycle and any

essentially isocratic wash.

103. A method of recovering a purified product from a load fluid including one or more

impurities, comprising the steps of:
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partition coefficient of 0.3 to 20; wherein the
operating conditions are identified in a screening

W@ t@p/09sngl recovering the purified protein in PEEUS2006/008919
col um effluent during the |oad cycle and any

essentially jsaocratic wash. 108. A method. of . -
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essentially isocratic wash.

105. A method of recovering a purified protein from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions which cause the
medium to bind at least 1mg of protein per mL of medium; wherein the operating conditions
are identified in a screening step; and

recovering the purified protein in the column effluent during the load cycle and any

essentially isocratic wash.

106. A method of recovering a purified protein from a load fluid including one or more

impurities, comprising the steps of:
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108. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a medium at operating conditions which cause the
medium to bind at least 1mg of antibody per mL of medium; wherein the operating
conditions are identified in a screening step; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

109. A method of recovering a purified antibody from a load fluid including one or more

impurities, comprising the steps of:
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111. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a charged ion exchange medium at operating conditions
which cause the medium to bind at least 1mg of antibody per mL of medium; wherein the
operating conditions comprise pH levels and ionic strengths; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

112. A method of recovering a purified antibody from a load fluid including one or more

impurities, comprising the steps of:
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114. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a hydrophobic interaction chromatography resin at
operating conditions which cause the resin to bind at least 1mg of antibody per mL of resin;
wherein the operating conditions comprise pH levels, ionic strengths, and salt concentrations;
and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.
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116. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:
passing the load fluid through a hydrophobic interaction chromatography resin at
operating conditions which cause the medium to bind from at least 1 to about 70 mg of
antibody per mL of medium and defined by a partition coefficient of 0.3 to 20; wherein the
operating conditions comprise pH levels, ionic strengths, and salt concentrations; and
recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

117. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a hydroxyapatite chromatography resin at operating
conditions which cause the resin to bind at least 1mg of antibody per mL of resin; wherein
the operating conditions comprise pH levels, ionic strengths, phosphate concentrations,
calcium concentrations, arginine concentrations, glycine concentrations, and HEPES

concentrations; and
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recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

118. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a hydroxyapatite chromatography resin at operating
conditions defined by a partition coefficient of at least 0.1; wherein the operating conditions
comprise pH levels, ionic strengths, phosphate concentrations, calcium concentrations,
arginine concentrations, glycine concentrations, and HEPES concentrations; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

119. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through a hydroxyapatite chromatography resin at operating
conditions which cause the medium to bind from at least 1 to about 70 mg of antibody per
mL of medium and defined by a partition coefficient of 0.3 to 20; wherein the operating
conditions comprise pH levels, ionic strengths, phosphate concentrations, calcium
concentrations, arginine concentrations, glycine concentrations, and HEPES concentrations;
and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

120. A method of recovering a purified antibody from a load fluid including one or more

impurities, comprising the steps of:
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passing the load fluid through an immobilized metal affinity chromatography resin at
operating conditions which cause the resin to bind at least 1mg of antibody per mL of resin;
wherein the operating conditions comprise counterligand levels and pH levels; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

121. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through an immobilized metal affinity chromatography resin at
operating conditions defined by a partition coefficient of at least 0.1; wherein the operating
conditions comprise counterligand levels and pH levels; and

recovering the purified antibody in the column effluent during the load cycle and any

essentially isocratic wash.

122. A method of recovering a purified antibody from a load fluid including one or more
impurities, comprising the steps of:

passing the load fluid through an immobilized metal affinity chromatography resin at
operating conditions which cause the medium to bind from at least 1 to about 70 mg of
anﬁbody per mL of medium and defined by a partition coefficient of 0.3 to 20; wherein the
operating conditions comprise counterligand levels and pH levels; and

recovering the purified antibody in the column effluent during the load cycle and

any essentially isocratic wash.
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