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| ON EXCHANGE CHROVATOGRAPHY The present invention relates to the field of
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the present invention to describe a novel process for 5 purification of
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A to monomeric IgG have been reported to activate Fe-bearing leukocytes and the

complement system to generate oxidant and anaphylatoxin activity in vitro (Balint et al.,
Cancer Res. 44, 734, 1984).

The commercialisation of recombinant Protein A species as set forth in US6,399,750
which recombinant species is attached to the column matrix via a single thioester bond -
allowed for higher capacity protein A columns. As a concomittant disadvantage, the
leakage rate of such recombinant Protein A matrices is often drastically increased in -
25  contrast to many traditional, mulﬁ-point attached natural Protein A matrices obtained by
CNBr coupling. Protein A contaminant removal should therefore proceed without

concomitant removal of complexed IgG.
Balint et al, (ibd.) demonstrated that such IgG-Protein complexes can be separated from

30  uncomplexed IgG by gel filtration. Low through-put and loss in antibody yield are the
disadvantages of this method.
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cell surface protein found in Staphyl ococcus aureus. It has the property of
25 binding the Fc region of a mammalian anti body, in particular of 1gG
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20  preferably collecting at least 20% of the amount of antibody loaded onio ihe ion exchange
material in the flow-through of the ion exchanger whilst any contaminant protein A or

protein A derivative is bound to the ion exchange material.

Protein A is a cell surface protein found in Staphylococcus aureus. It has the property of

25  binding the Fe region of a mammalian antibody, in particular of IgG class antibodies.
Within a given class of antibodies, the affinity slightly varies with regard to species origin
and antibody subclass or allotype (reviewed in Surolia, A. et al., 1982, Protein A: Nature’s
universal ,antibody*, TIBS 7, 74-76; Langone et al., 1982, Protein A of staphylococcus
aureus and related immunoglobulin receptors, Advances in Immunology 32:157-252).

30 Protein A can be isolated directly from cultures of S. aureus that are secreting protfein A or
is more conveniently recombinantly expressed in E.coli (Lofdahl et al., 1983, Proc. Nafl.
Acad. Sci. USA 80:697-701). Its use for purification of antibodies, in particular

monoclonal IgG, is amply described in the prior art ( e.g. Langone et al., supra; Hjelm et '




I's coupled to a solid matrix such as crosslinked, uncharged agarose
(Sepharose, freed from charged fraction of natural agarose), trisacryl,
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confirmed in the NMR-solution study of Gouda et al., 1998, Biochemsttry 37: 129-136. In
principle, each of the IgG-binding domains A to E of protein A is sufficient for binding to
the Fe-portion of an IgG.
Further, certain alleles of the VH3 family in man have been found to mediate optionally
25  binding of human Ig by protein A (Ibrahim et al., 1993, J. Immunol. 151:3597-3603; V-
region mediated binding of human Ig by protein A ). In the context of the present

application, in another, separate object of the present invention, everything that has been
said applying to Fc-region binding of antibody to protein A applies likewise to the binding
of antibodies via such VH3 family protein A-binding aliele in case that the Fc-region of
30  such antibody did not allow on itself for high-affinity protein A binding. It may be
considered an equivalent embodiment of the prinicipal, Fe-based method of the present

invention; the latter is further described in the subsequent sections.




An 1 gG anti body according to the present invention is to be understood as
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Corporation.

Alone or in combination with a protein A or a functional protein A-fragment or derivative
as defined in the preceding sections, further preferred are protein A fragments that are

25  engineered to allow of single-point attachement. Single point attachment means that the
protein m;)iety is attached via a single covalent bond to a chromatographic support material
of the protein A affinity chromatography. Such single-point attachment by means of
suitably reactive residues which further are ideally placed at an exposed amino acid
position, namely in a loop, close to the N- or C-terminus or elsewhere on the outer

30 circumference of the protein fold. Suitable reactive groups are e.g. sulthydryl or amino
functions. More preferably, such recombinant protein A or functional fragment thereof
comprises a cysteine in its amino acid sequence. Most preferably, the cysteine is comprised

in a segment that consists of the last 30 amino acids of the C-terminus of the amino acid




sequence of the reconbi nant protein A or functional fragnent thereof. In a
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In a particularly preferred embodiment, the protein A. or functional protein A derivative
- according to the present invention is the recombinant protein A disclosed in US 6399750
which comprises a juxtaterminal, engineered cysteine residue and is,preferably by at least
50%, more preferably by at least 70%, coupled to the chromatographic support material
25  through the sulphur atom of said cysteine residue as the sole point of attachment. Further
preferi'ed, such coupling has been achieved by means of epoxide mediated activation, more
preferably either by means of 1.4-bis~+(2,3-epoxypropoxy) butane activation of e.g. an |
agarose matrix such as Sepharose Fast Flow (agarose beads crosslinked with
epichlorohydrin, Amersham Biosciences, UK) or by means of epichlorohydrin activation
30  of e.g. an agarose matrix such as Sepharose FF. Further preferred in combination with
afore said preferred embodiment according to this paragraph is that the first ion exchanger
is an anion exchanger, in particular a quaternary amine-based anion exchanger such as

Sepharose Q@ ™ FF (Amersham-Biosciences/Pharmacia), most preferably it is an anion




WO 2004/ 076485 PCT/ EP2004/ 002041 6 exchanger having the functi onal
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course of downsiream processing is usually not accomplished, in contrast to biochermical
research practice. Examples are Phenyl-methyl-sulfonyl-chloride (PMSF) or g-caproic
acid. Such chemical agents are undesirable as an additives in the production of
biopharmaceuticals. It is further possible that recombinant functional derivatives or

25 fragments of protein A are less protease resistant than wild-type protein A, depending on
the tertiary structure of the protein fold. Amino acid segments linking individual IgG
binding domains might be exposed once the total number of binding domains is reduced.
Interdomain contacts may possible contribute to the stability of domain folding. It might
also be that binding of antibody by protein A or said functional derivatives thereof

30 influences or facilitates susceptibility to protease action, due to conformational changes
induced upon binding of the antibody. Again, wild-type or full length protein A or
functional, engineered fragments thereof might behave differently. Preferably, contaminant

protein A according to the present invention still is functional, IgG binding protein and




functional, engineered fragnments thereof m ght behave differently.
Preferably, contam nant protein A according to the present invention still
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protein A f such el evated. | evel s, t ti body in a single,
fast pif e Pich BiEhgh, ege'éﬁ?wnamagtwtewg o PR eAll R east WlBout 1000x.
Fur t hegeRfig hrsteiada Lifini! ARGnd grh%h O;ﬁByM’lg}éboHBﬁlaH{ Sh&fidag paragraph,
that the 30 antibody that 1s t e purified by feans of protein A affinity

c hro nafegmaptsyf ivdldatype pradein ddwhich recombinant protein A is possibly single-point
attached protein A. An example of such is Streamline™ rProtcin A affinity

chromatography resin (Amersham Biosciences; essentially thioester single-point attached
recombinant protein A as described in US 6,399,750). Levels of about or in excess of 1000
ng contaminant protein A/mg antibody could be obtained with Streamline™ rProtein A

25  affinity columns. The method of the present invention distinguishes from the prior art in
efficiently reducing contaminant protein A from such elevated levels to < 1 ng/mg

antibody in a single, fast purification step, that is with a purification factor of about 1000x.

Further preferred is, alone or in combination with the preceding paragraph, that the

30 antibody that is to be purified by means of protein A affinity chromatography is not treated
as to inactivate proteases at or after harvest, more preferably is not in admixture with at
least one exogenously supplemented protease inhibitor after harvest. Most preferably, said

protease inhibitor is selected from the group consisting of PMSF, specific proteinase




as to inactivate proteases at or after harvest, nore preferably is not in
adm xture with at | east one exogenously suppl enented protease inhibitor
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been engineered to harbor additional sulfhydryl groups, proper maintenance of the protein

standard is important, It may be important to verify the monomeric character of such pure
protein A derivative used as a standard for quantification of the test sample, since covalent
di- or multimers formed via —S-S- bridges could lead to wrong results. Verification can be

25  easily achieved by SDS-PAGE analysis under reducing and non-reducing conditions, as is
customary in the art. Reduction of such protein A derivative- standard solution by means
of D'IT or beta-mercaptoethanol helps accordingly to circumvent errors of measurement in
the ELISA-technique.

30  Further preferred, in the method according to the present invention at least 70%, more
preferably at least 80%, most preferably at least 90% of the antibody loaded onto the first

ion exchanger can be recovered in the flow-through of the ion-exchanger.




I on exchanger can be recovered in the flowthrough of the ion-exchanger. WO
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har vest e nd purified | body, not the pl that can be si y predicted
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mol ecul ceonjna .,ticxr)]f’f1 \\ér?ﬂl'fﬂéj Esré%?g%rgtuaﬁorﬁeézchanger is that the antibody according to the

present invention is a monoclonal antibody that has an isoelectric point (pI) which is at

least two pH units above, that is it is more basic than, the pl of the protein A used in the
preceding protein A affinity chromatography step; e.g. whereas native protein A has a pI of

25  about 5.0, Streamline recombinant protein A has a pl of about 4.5. Preferably, the antibody
according to the present invention is a monoclonal antibody that has an isoelectric point
(pI) which is at least 6.5 or above, more preferably is 7.0 or above, most preferably has an
pl of at least 7.5 or above. It should be noted that this refers to the pl of the actually
harvested and purified antibody, not the pI that can be simply predicted from the amino

30  acid sequence alone. The actually purified antibody molecule may have undergone further
modifications of the polypeptide backbone such as glycosylation, which modifications may
add charged moieties and thus may have changed the pl of the molecule. Upon

determination of pI for product antibody by means of isoelectric focusing (IEF), the
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buf f er aﬂgo‘%ga ing buffer are identical in the nmethod of 15 the present

i nvent i%9H: nly enployed ultrafiltration devices such as sold by
Am;gon or MIIlipore can be expediently used for that purpose; those avoid
the dilution effects whilst using e.g. |ow nolecul ar weight porous
filtration rEhemederf operation of sdisHauion cerlrmgermseording trithe Besend yGRHQY
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MM nor e prefigitadHrymatogtaphinsteptvithlthe egilibritich buffefaftadfiyst aibnf rom 20 to
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' preferably has a salt concentration of a displacer salt such as e.g. sodium chloride in
20 the range of 1to 150 mM, more preferably of from 5 to 110 mM, most preferably
of from 20 to 100 mM salt. The pH of the equilibration buffer is preferably in the
range of pH 6.5 to pH 9.0, more preferably is in the range of pH 7.5 to pH 8.5, most
preferably is in the range of pH 7.9 to pH 8.4. It should be kept in mind that N-

terminal amino function of a protein has a pKs value of about 9.25, thus binding of

25 contaminant protein A and any other already negatively charged protein to an anion
exchanger will get stronger at more basic pH; for a given application, the pH of the
loading buffer might need finetuning for optimal discrimination of binding and
non-binding for a given pair of antibody and contaminant protein A having
differing pl values and different content of cysteine and histidine side chains which

30 may contribute to changes in charge within the selected ranges of pH. Further, a
more basic pH interferes with proteinA-antibody interactions as will do any
increase in ionic strength; likewise, ionic strength needs finetuning to balance

prevention of binding of antibody with the need to abolish binding of contaminant
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20 mS/em, most preferably of from 1.25-2.5 mS/cm. Ideally, it has a conductivity of
about 2 mS/cm. Examples of suitable buffer salts can be found in Good, N.E.
(1986, Biochemistry 5:467-476). E.g. Tris.HCI buffer or a sodium hydrogen

phosphate buffer as customarily employed are suitable buffering substances. The

concentration of the buffer substance is customarily in the range of e.g. 10-40 mM
25 buffer salt. Amongst potential anion species useful for devising a buffer, those
having lower specific strength of anion elution as compared to chloride, which
property of low elution strength is approximately inversely correlated with the
density of ionic charge and is approximately proportional to the jonic size, are
preferred. Empirical comparisons of strength of anionic elution are tabulated in the
30 standard textbooks of biochemistry. More preferably, the buffer substance
according to the present invention is a phosphate buffer. Hydrogenphosphate has a
low elution strength, in particular if employed at a pH at or below pH 8, and further

excels by particularly low chaotropic properties.
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as i s known twithous saying thagthearse ehextremy diluted sampples ghtd giveripetopurified i s

collected in L hr o} ' t IRC] udh t one

col um vol une&%Fea%Na%&\%%%%{ysé?n’g kéﬁ‘%ﬁllt‘lpﬁlre %&ﬁ%ﬁ pBISSp ?’eﬁfe %EQ%FF%%RELO t he

fl owt hrough sy patifiadjsisliected tn the Udw-ahropgh HDihe 'ﬂdﬁ@i:ig\/ogﬂmtﬁ)haﬁﬂlhdjhg and
ation and/or precipitation of antibody protein. After the

preventing aggre )
first anion eﬁ{oﬁ PRfesolump xolyme; of yepsh wWath the same equilibratiothbuffes) Thepllehs or may

be ened t | I . STY TRV L1 jkon net hods.

I n aﬂﬁurther ﬁ%ﬁ?@ﬁ?&%&&gﬁ%ﬁggﬁgﬁ?#q%ﬁgmﬁgﬁgﬁ%ggé e cug%% q%’?ep S

foll owed by apreemting aggregationmdie precipfation ofimtibody podeid. st ep t he anti body

i s | oaded and bound by the second ion exchange nediumand is eluted with a
buffer other than the | oading buffer, by neans of increased salt and/or

PH, as aRfESHEefkdt ahiod eRERAEEY tlﬁanﬁ%ﬁﬂg%&g%ﬁ%eéiﬂhﬁﬂﬁ‘aﬁonsftﬁiﬁ%é al ly’
nmeans |less than 5% in thisS context. "Prefefably, al’one or in cdnbination

with a plesmedtetsqpie &rthsd pokishinglesenstapeaty prrificatiopmegthelisnin s Buthenns, the

secopnd ion.exghanger | ion__exchanger uch,caonbi nat.i on_of protein
A o B RGBSk 1B S5 IoPkr BRB0 RS code b AR 0B fxtianfls D1 O
cati on estghimngech sdcoid step BRV@Itibody isl6adse lahd ke by thasedndtion &xchese

contam nant, proteins fromcell culture broth have nmuch | ower pl val ues than

ant i bodi medivmypnd as ¢lpted vith 3 bdterathes shandbe losdinghwflisr dyanepas f increaed: of or e
al |l ow of __ef fi.cient eqale ' [3) | al
i nfecti Os&gt aég@h?tg’ ﬁ%&s%@@&@%@%ﬁ@?,@% el aggﬁj% ‘%%Wc@%%gm nant s
ot her t Hass thmi 5%dayhis EbigettoPrefiesily, abfrer ditih oombinatgbn with a preferred

20 embodiment described in the preceding sections, the second ion exchanger is a cation

exchanger. Such combination of a protein A chromatography step followed by a first
anion exchanger and a second cation exchanger step is novel. It is well known that most
trace contaminant proteins from cell culture broth have much lower pI values than
antibodies, in particular IgG antibodies; cation exchange will therefore allow of efficient

25  removal both of aggregated antibody and potential infectious agents such as virus capsids
as well as of protein contaminants other than antibody. Due fo speedy operation, highly
efficient recovery of antibody after loading, binding to and elution from the co and high
capacity of loading, it allows also of repeated, cyclic operation with a single batch of
antibody with additive effect of the purification factor achieved in a single round of

30  binding and elution. Preferably, the pH of the loading buffer is about pH 4 to 7, more
preferably pH 4.01 to 6, most preferably pH 4.02 to 5.5. Further preferred, the the antibody
is eluted from the cation exchanger with a salt gradient in the range of from 0.1 t0o 1.2 M
salt, wherein the salt preferably is an alkaline metal salt, more preferably a lithium,




efficient recovery of antibody after |oading, binding to and elution from
the co and high capacity of loading, it allows also of repeated, cyclic
oper at i orW@i2fH/03648f ngl e batch of antibody with additi v BCEEPOH0P041 he
purification factor achieved in a sing{¢ round of 30 binding and el ution.
Preferably, the pH of the |oading buffer is about pH 4 to 7, nore
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preferably 4.01 to 6 for maxim zin rem)val of .contam nant protein A
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resin. In a particularly preferred od| ment é%g putglflcatlon nmet hod of a
first affigh eé@l@ﬁ&‘?ﬁ@@@aﬁ?ﬁﬂm CaURIL S qféﬁﬁ?é&ﬂiﬁ HRAlE O qutﬁnt‘%e aftermat h

of te I A58,

abser e Sitofhal el SRLAUERSY DR, ih Mool ARNLSRMIELAS, o
whi ch SEéxdlesign vhodnakogaphy SEQ) s&mﬂwhrchﬁ(@*tep wuuld lofé a moleaidrevedight cut
separatin a.ntlb y I e s, and/ or ant d r.ootein, A co exes from
rononer | SR bebiAingan o TaRarEs e e pE i L sEBih SREBLeET Fof et hoo
of the pﬁ-@,ﬁgﬁ@nbway%h%@n%}mgg gxploited for antibodies that have

been rai sed agai nst protein A-borne epitopes. Such antibodies are
di sclaimed, though this is an obvr ous limtation to the skilled artisan.

The npst ~appeal.i f r f t n t hat
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f1 ow t hr fhiaghavetden rdised agﬁﬁét(iiréfﬂmA-boﬁHae}ﬁ@bwTEuﬂﬁamibbdﬁh h:d dwulmmea t he
through-put of material; the capacity is on]y decisive wth regard to

m nor  anthougl thig is @s ebienn mitatiorotothe skilledarisen. Thi s saves a | ot of
processing tinme and material resources whilst allowng for very efficient
renoval of protein A contam nant. 25 WD 2004/ 076485 PCT/ EP2004/ 002041

The most appealing feature of the method of the present invention is that purifying

20  antibody via an anion exchanger in a non-binding or flow-through mode, the capacity of
the column is not all limiting the through-put of material; the capacity is only decisive with
regard to minor amounts of contaminant protein A retain. This saves a lot of processing
time and material resources whilst allowing for very efficient removal of protein A
contaminant,

25




14 Experinments 1. Protein A Elisa Nunerous Elisas for testing of protein A
or reconbi nant protein A have been described 5 (see U g .
referenWQsz‘)%%"é%‘bed in there). For all work descri be?ﬁ%ﬁ%%hq si npl e
sandwi ch Eli sa was used in which captigre anti-protein A antibody coated on
a flat bottonmed 96 well mcrotiter plate (NuncTM retains the protein A
Bound otei.n Ais then detected an a biotinylated anti-protein A

detecti SHREYSY, which allows for further ~bindi ng of streptavidin

conj ugat ed horseradi sh peroxi dase (Anmersham #RPN 1231). 10 Commrercially
avail abl e anti-protein A rabbit antibody (raised against the natural S.

aur eus 1 préYefil A é‘f or capture is available from Sigma-Aldrich (#P-3775).

It was this anti which was used through-out this study. The detection
r abbi t I\B.unerbnsjljhswfordqs.fa)lgld prgfeinh asrdombimantSirgiein Ahdvé bdendesaitsil. After

"o hsotocedT AL AL Bnd b abe Sovcbed o ARt Fhr AP0 ef?ﬁser@fﬁt%e BBy2 15 whi ch
capt ur g E'smﬁﬁch likd WA\ Red BE (vRichREphdd Blti_?ﬁﬁtéﬁh odypbdatdd G4 flaor otein A

and streptavi or seradi sh peroxi dase et ranet hy ben2| dine is used as
t he chbotiomed 96 w&thm:srotmr@la@@i‘méé‘) reftainsithe mmemdmmund protein Aistheread of f

t t.h t A
ol vatebettAnao e in & Srstih BAED: B Tots fudiuh® Coat g at
aci di ¢ pidi M#M&ﬁﬁ%atﬁ%r@&é@&@hd&ﬁ?ﬂ%#ﬂ%&2PI)OVen 20

important. Tn pafticular”for reconbinant protein A's engineered to carry
addpt i @mw@ﬂblawalabi@mtﬂpretméhﬁh@t antthodg(atsadgaiest ﬁ:@aélmal Aowesner sham

Bi osci en rerl v .Phar | t|o oynd to ‘
Fequi r EPa LB R i P IEBE SRt SRR T T B ronorer ¢
stat e @fhiéhRaPiedehdugh-onthisdnily] The eétectwnlrdaﬁwmbaﬂpw equallst andard, in
contrast, is comercially available froma nunber of 25 conpanies, e.g.

Si gma- numhmqé/fsmﬁma- ich/A#ET75) 14 fter, copHing the preteinby ungnerifiga _QSOHW@D does
ggtserv a%g%dg)%&g&t a%dﬁgn%}&nr& e&eAﬁwﬁ?@%%ﬁ nert "r'rlﬁrb%l?i X,

sanpl esvlﬁ)éh wma jatiiisdde ds ﬁmmemlntemeﬂ with bidirylated rabbitantiqdottinofantie
manuf act urer, were us as q .stanpdard. vﬁwegmgm Q764 5 PCT/ EP2004/ 002041 15
1.1 pr steRtayidinkorssradighparnridase fetsmagthy togAziuted apthes brIBRORARIG ant

Prot ei QupiibeS SARphS SFEAG N bnbdhtfahibn 2 BATbArASAM Y Stanbarld AR Fidy

the very parent-protein A or -protein A derivative of the contaminant protein A sought to

be detected. Coating at acidic pH as well as proper preparation of the standard has proven
20  important. In particular for recombinant protein A’s engineered to carry additional cysteine
~ residue such as e.g. Streamline protein A™ (Amersham Biosciences, formerly Pharmacia),
the standard solution was found to require pretreatment with a reducing sulthydryl agent to
ensure monomeric state of the protein standard solution.
Wild-type protein A standard, in contrast, is commercially available from a number of
25  companies, e.g. Sigma-Aldrich/Switzerland (#P6031) or Pharmacia (#17-0770-01) and
does not require such pretreatment. For the below described experiments observing leakage
of contaminant protein A from Streamline™ matrix, samples of unconjugated recombinant

protein A obtained from the manufacturer were used as a standard.




affinity chromatography (Amersham Bi osciences) colum naterial was obtai ned
5 freeze-dried from Pharnmaci a/ Amer sham Bi osci ences. Up to 20 ng/m protein
were dWEEHOHBW48T 0. 1M Tris pH 8 containing 0.5 M NaCPCT/ERMOEPRAtIand 20 nMV
dithioerythritol, incubated for 15-30j4qmin. at roomtenperature and desalted
with a disposable PD-10 gel filtration colum (Amersham Bi osci ences). All
buffers used for handling the standard sol uti on before coating should be
N2-treated to prevent 10 oxidation of the thiol groups. Preparation of the
protein stangamfeitRatneéitiof Cysnkichbd pPoRin An¥mAdatE! Y prior to use of the
standard for_coating the mcrotiter plates, Optionally, a Ing/m stock

sol uti on wasPye éﬁfwgunm BrateipiA-§y's agemningreipllyrin dheedtreanfne®Y proteinidng,

nononeri c ch t.ej s gssaved frqm an al i.quot gaded on
non-reducin gg@%@ Mﬂt‘%&l@) o@&éﬂﬁaﬁ ﬁb%c%ﬁceﬁi %cﬁgﬁnﬂ ng% *@ E\G, 0\‘)&5&“%5 '
det &5 m ned bftedZealifed frbnd Pha¥acl AbRhs Biostiences! Vo ml?hﬂéih%e

72: 248-254; Splittgerber et al., 1989, Anal. Biochem 179:198-201) as well

aﬁ by aut ona‘ﬂié?P]VeériﬂﬁdMal’r? p&hé condhining1he M Na(l,t L nafyl ED'E? apd 30 ndt Lrelnt i's I
[ Fi g,. - J 10%, SDS- PAGE
Srotein A s dite R Bofatcd 81§30 55T B fom irirahs® o esfted RN o ot )

and pure, undigpihkid PB-1€ gl filietddv flumA ¢AHtRami BiBsabfies). AlbufR wed by
courtesy of Pharnmacia, now Amershanmt Biosciences; |ane 4: native

recombi nant {oF bendling ghe stapdard soluiorcbefpreconting showld be Natreated to preventol ecul ar

wei ght mar ker_.w r | ar . m ' d on the
vertl cal axié}fl _ og @aﬁ%{l%&@?&kﬂ%@%@%&ﬁﬁ%ww CLE‘%@@?‘?%%@?%{&%

addi tional Qystineaedinelypridris usd dfthe steaiied farcohiing hieehiciitee plidiesl Wei ght; a
25 nononeri c_band, at f@% 34 kD is preserved and nmuch nore intense,

slt emming  obYPERRally; 3 staskspltion wvasprepaced andkephat-6g Edn@ifsze; 1.2
El i 1.2.1 | , | ' - 200. 000
| sa ﬂLe‘f- %,%&héﬁ%&és?ﬁr {e‘iPA%Asl%zskﬂségﬁito??%}] aliquof

di lution of the protern ard ‘st ock S prepared to
provi de t he Ipafedstnamsarcducitg SDSARAGE. THhereedtratibnl ofprateia stadawd was 0. 2 ng/ ni

et antar e EiRID Aal PR Gt 6 e d a7 ok ieE d AT ot & D

20041 076435 SUFTEREPOI 093 hout BIRIRSHIT10I98BOE o Felly bk it 07 Ier 10

excl ude presence of interfering substances 1nt
amino acid analysis. The result of such pretreatrnent is shown in Fig. 1 by means of

non-reducing 10% SDS-PAGE for a staphylococcal protein A standard (lane 1:
native protein A; lane 2: after pretreatment) and pure, uncoupled Streamline™

20 recombinant protein A (provided by courtesy of Pharmacia, now Amersham-
Biosciences; lane 4: native recombinant protein A; lane 5: after pretrcatment). Lane
1 is a molecular weight marker with the corresponding molecular masses being
denoted on the vertical axis. The recombinant protein A from Pharmacia harboring
an additional Cys residue shifts after reduction to lower molecular weight; a

25 monomeric band at about 34 kD is preserved and much more intense, stemming

obviously from dissociation of disulfide bridged dimers.

1.2 Elisa 7
1.2.1 Preparation of sample

30 By two dilution steps, 1: 200.000 dilution of the 1 mg/ml protein A standard stock
solution was prepared to provide the top standard at 50 ng/ml. Thereof, dilutions
down to 0.2 ng/ml were prepared for assaying the standard curve. Further, the

dilutions of the standard (‘spinking solutions’) were used for spiking of duplicate




For final product sanple testing, every sanple is divided into 2 equal

-volunes_of 500 |. One is spiked wwth the 1000 ng/m spikj I on, or
the 10 P HMB74EY ution if appropriate, to give a fi na?bﬁgg]gizﬁ&zﬁhcontent

of 10 ng protein A per ng of antibodip The other half is spiked with the
sanme volunme of sanple buffer; thus the dilution factor of the product

sanpl e due t Soﬁﬁéstié%a@g%fs?o ﬁéﬁg&aﬁx@& Plo e Om%g_eﬁc% of@;&teﬁéﬁ%gg@gifg&sw Il be

referred to sanp in the fo The sanp er was
made up froninAbh&sampl€el yci ne (base), 5.84 g NaCl, 0.5 m Triton X-100 10 to

a vol unme of L_with deionized or bidestil]ated.water., For. optimnmal.accuracy
nmeasur enent si,T‘)l'tﬁF\é\{l arRduplamPilesing: UG SALpieds &’{gﬂgmﬂecbqua\,@&gnes of
pre-determn y Wﬁ’@!’ ' likid; t rther
standard so ut?%ﬁﬁs\!ggs spl ke wm%?hogg\g@}e%lugg%d&ﬁtl nboﬁrgi@lgr%%&}s]t andard

ant ivody. of soiumiymaif apprepiaiedo zixte a gl proteihfA oortgntfod 10 pgpretein A\petog
determ ne effjciency of the .acidification step and. to rayel  any

bot enti o syetaiRod, he ather hAR IS pikad i e dAme soRye semaly Wodteg 110 hus
scavengi ng ' ' ﬁ’\ﬂﬂ'gg AT . O 450 | of
spi ked sarrploglgg‘rah{si?lgﬁa%go?gf ?‘@5%“&53%’6%@3?‘@5? 0. I\ﬁ/lcdcgdl"%drtgdta%)‘ %ﬂ%% Triton
X-100 buf f er ogreprthtdrOwilldbd refearedite as (piked dample! in the fqllavang. A he20mpler t her , -

di lutions of, sanple were prepared d.tested in triplicate _sin e assay
wor ks opt | eI R GaE dod i G e e i & NeChoFh et C1 g o > and
0.219 my/ M . IhevAehdof | $ANHIPBishiAd bEbidEHitaRY walerl Ne present assay to

| i berate contam nant protein A or A fragnents which were otherw se bound

to the excesEoraptimal atxouicy meageremenisnthe laatibadypiopcentiationsoin thogniples 2 Coat i ng
of mcrotiter plates wih.antibod atin ffer. was_nm fr .59 g/L
208, 2. o ETRaEe i BY el R oy R o Bl sl ¢ o,

was adj ust edsdigidiive Pikeaithleequhl fBowitolf B @Hywh elatiddrd anfisydyw 1 conpri si ng

anti body in an ampunt sufficient _as not to show saturation for the protein
A standard. @mparable eenstant ragiqn affnity: fariprefeianty tpdateemine effigiencyiof fhec harmber |

| ncuybate at 37 ver nl. f i I r N | wells 3
S L S e P e S R TS
2004/ 076485 RfubodyBiditeQ0 204 fhus sdawghiing WediR Q. fidth Aple i the adsBFA 3.7 g/ L,
Tween-20 0.2 g/L, butanol 10 m /L, pH 7.2], and tap dry. Add 250 |

bl ocki ng buffer [coating buffer with 0.5 % casein
Acidification: To 450 pl of spiked sample or standard is added 200 ul of 0.2 M

citrate/0.05% Triton X-100 buffer at pH 3.0. All samples were done in triplicate,

20 Further, dilutions of sample were prepared and tested in triplicate since the assay
works optimal for antibody concentrations being in the range of 1 mg/mi and 0.2
mg/ml. The acidification step is crucial in the present assay to liberate contaminant
protein A or A fragments which were otherwise bound to the excess of antibody

present in the sample solution.

25
1.2.2 Coating of microtiter plates with antibody
Coating buffer was made up from 1.59 g/L. Na2CO03, 2.93 g/L. NaHCO3 and 0.20
g/L sodium azide. The pH of the buffer was adjusted to pH 9.6. Add 100 ul

30 antibody solution per well comprising antibody in an amount sufficient as not fo

show saturation for the protein A standard. Cover plate with plastic film and place
in humidity chamber. Incubate at 37°C overnight for approximately 18 hours. Rinse
all wells 3 times with at least 300 pl washing buffer [NaCl 5.8 g/, Na;HPO4 1.15




hammarsten] to each well and incubate for 2 hours at anbient tenperature on
a benchtop orbital shaker (speed 120 rpn). Rinse all wells three tines

W th at W@2e4/0%648D0 | washi ng buffer, and tap dry. 1. 2PGT/ER2184Q020dh of
sanpl e and detection Plate out standargls and sanpl es including any spiked
sanples with 100 .I /well. to Cover plate with plastic filmand incubate

for 90 m nut | e r i hal neht shake Ri nse
a1 vel st nEas L REO Y o e T EIA S 1. Phecli ) bR rfibo o A Bl

D | ut eI bijolt i ﬁézﬂ,ailﬂdzp dlbfgigkid;’%;ﬁﬂip;l Flookia'gﬂbuﬂ‘e?t[cdalﬁﬁglbﬁﬁm:ﬁiﬂﬁ by %jelagesﬁi m;jned

opti ma ilufion. Al 1 ., cover ate wth plastic filman

i ncubat e formﬁtﬁiﬂ&eﬁh%&?{%wcﬁﬁﬁﬁygﬂ]@%%Mﬁ%@m@lﬂﬂgﬁal@er. Repeat
15 rinsing. ) ' iﬂfﬂgt? i ' t th

previ ousl y- d%liec#m%n%grt%%tﬁ%ﬂtﬁégl( [ F%ﬁ%ﬁ gss}fsgglﬁg%é | 3%2? gmg%metgrat fqﬁngHP04l. 15
g/ L,5Nad 5. 300 gl washiddabifR@dandAfp Gry26 g/ L, EDTA 3.73 g/L, Triton X-100
0.05% (v/v), pH7.2]. Add 100 pl/well, cover plate in plastic film and

i ncubate for 45 mnutes at anmbient 20 tenperatur on an orbital shaker.
Repeat rinsing. Add 100 pl freshly-prepared tetranethyl-benzidine (TMB,

| CN product number #980502) substrate solution. The substrate solution is
prepared |i ke2@hineubdtion ofsample uhd detectiopr epared by dissolving 10 ng TMB

in1lm DI\/BC%’ 10 | of tBat tock, further 10 gl of H202 are added to a
2.05 % (w w)r el slagdards udigg any spiked samplaswithjl0R pbiwelb 25 pH

6. 0gM th O. Iidid GriRGl1skt;c! \ ' . ed for
pr eé)ari ng aﬁs%%gg%%ﬁl%ﬁj I%ﬁxg ﬁg%l %ggﬁégb%@%% %&%U%P]ﬂ]?)i/&lt {eﬁlgg}aﬁéwg% oni zed
ul trapure H amerbial beaghtop shakes tRihdeaflledelisathme tinldvewishu bt 450860 @lowvashign i s

i ncubat ed at, gpbi ent, t . .. for 8-11. mnutes,on a, shaker, The
reaction is THHSY %“?’Jﬁ%gg}?@ﬁ%%%ww?@e‘??a BAnHerptely At BSPISYOWHl uti on 30
[ 139 12SO4] - defbrntél dytinil ilulb. LA 11vidh 8bver'har® LARRIAE. ABh dhaon. the

absorbance of the wells at wavel ength 450 nm s determ on a

pl at e- r eadi rigcubsigsfor 08 priovtsaat ambieftempeaeimo: owan bilital shaker. Reygdat El i sa is 0. 2
ng/[g Pr oteil_?nsA with a working range of WO 2004/ 076485 PCT/ EP2004/ 002041
18 from 0.2 10 % ng/m. The interassay variability is less than 10% Fig.

2 shows t he Diginelstreptividif MRBr4dRBPRRIXIRRE aithe beivioily-Tetanlihdas¥ingfiuat es from
dilution using conjugate buffer [Na2HPO4 1.15 g/L, NaCl 5.84 g/L,
NaH2PO4.H20 0.26 /L, EDTA 3.73 g/L, Triton X-100 0.05% (v/v), pH 7.2]. Add

100 pl/well, cover plate in plastic film and incubate for 45 minutes at ambient

20 temperatur on an orbital shaker. Repeat rinsing. Add 100 pl freshly-prepared
tetramethyl-benzidine (TME, ICN product number #980502) substrate solution.
The substrate solution is prepared like this: A stock solution is prepared by
dissolving 10 mg TMB in 1 ml DMSO. 10 pl of that stock, further 10 pl of Hy0-
are added to a 2.05 % (w/w) sodium acetate acgueous solution that was adjusted to

25 pH 6.0 with 0.5 M citric acid. It goes without saying that all water used for
preparing any reagent of the assay is of highest quality, that is deionized ultrapure
or at least bidestillated water.
The substrate solution is incubated at ambient temperature for 8-11 minutes ona
shaker. The reaction is then stopped by adding 50 pl per well of stopping solution

30 [13% H2S504). Within 10 min. after addition of the stopping solution, the
absorbance of the wells at wavelength 450 nm is determined on a plate-reading
spectrophotometer.

The detection limit for such Elisa is 0.2 ng/ml Protein A, with a working range of




Streanl i ne reconbi nant protein A chromatography with single-point attached
protein Ain thioether |inkage. The cycle nunber refers to repeated use
after eMA?ZOHOBH th 1 M sodi um chloride and re-equil i BFHEFERYRAE eas

| eakage fromcell culture broth fromhybridoma cell culture was typically
in the order of 500 ppm other cell types gave |levels as high as 1000 ppm
An overview on the rate of |eakage from differently sourced matrices is
given in Table 1; chromatography was jgerforned according to manufacturer’
instruction. 10 Table 1 Matrix Supplier Coaling Typical |eakage WrKking

Fl ow Rate cheghgloryio3o Be/Ml G afdrisday(vaiilitty is(lelagh 108t i ve Protein A

Amer sham Ml ti_ poi nt %]% - 20 g 0.30 - 300 Se haros,g 4F|1: Bi gsci ences
attached 15 ONBig # tHewettsieels ohledkrd repmbinantarofet A% tibady elusiss 034 30. 300
Sepi nrose Bi osghantms™abdoabinast prasie a ofirdilaBigrapRpivite ndiipdiht idhed 10 - 50 10
500- 1000 Capacity Bi_oti@tﬁlenj attached Protein A Bi os‘f ra_Mi|ti point up
to 300 10-20 200tcisHin effinkage, Hhercycle pymbhen sfprolg renspied we Afts eBHAL s ham

Si ngl e oi nt 59k QAP scARADchRR3 Akl reRbuiFGiGtidAl WhekaIeRsgeRdntel bbbl eet her
| i nkage MabSe| ect Anmersham Single point SO 1000, 2040 500 Bi osci ences

attached Thl oebetlyfrom hybgideraa celiss 1y A ibe Srdshot 589 rgr-@thsess  50- 1000
20-40 200. 400 fﬁés?a%lave‘?s BinPhGE SMgpmahh aedieie Th R edtb6f Teakage frdnt Nkage Fig. 3

further provides data on insubstantially redgrced | eakage of contam nant
differently sourced matrices is given in Table 1; chromatography was performed :

according to manufacturer’ instruction.

10

Table 1
Matrix Supplier Compling Typical leakags | Working Flow Rate
chemistry p.p.m Capacity {cmh®)
(mgmi)
Native Protein A | Amersham- Mukti -point 10-20 520 30-300
Sepharose 4FF | Biosciences attached
15 CNBsy
map Proteln & | Amersham- i polint 10-20 5-20 30-300
Scphatose Biosclences attached
Poros A High Applied Rinli polnt: - 19 -50 i0 500 - 1000
Capacity Biosysiems aitached
Protein A Biosepta MuRi point Up to 300 10-20 200- 500
Ceramic HyperD attached
20 rioieht £ Amercham- Elagle polut | 50 1000 2040 30-300
Scpharoso Biosclences siiached
Thiosiher
linkage
MabSelect Amersham- Siagle point 50-1000 2040 500
Biosclences attached
Thicether
linkage
25 STREAMLINE Amershani- Single point 50-1000 2040 200 - 400
rProfein A Biosclences attached
Thioether
linkage
Fig. 3 further provides data on insubstantially reduced leakage of contaminant
30 protein A during repeated runs of the protein A affinity chromatography with the

same affinity matrix matexial ; wild-type protein A multipoint-attached Sepharose 4
FF (Amersham-Biosciences) was repeatedly used as described in section 2.1 below

and the level of contaminant protein A in the eluate, before any further processing




30 protein A during repeated runs of the protein A affinity chromatography
with the sanme affinity matrix material ; wild-type protein A

mul t i poiwd 200d{03€#2d Sepharose 4 FF (Amer sham Bi osci enEE€TEPRE/0pWEbat edl y
used as described in section 2.1 beloyy and the level of contamni nant
protein Ain the eluate, before any further processing WO 2004/ 076485

PCT/ EP2004/ 002Q4 19 of eluate,_was determ ned by Elisa as described
above. 2. p?ﬁ%&%‘ﬁ’%sa‘f?&e ydlisa@s grscribad 8B9%phy 5 2.1 Protein A
affinity chromatography with Streamliner ' Cell culture supernatant froma
" NSO nyel oma cell culture was crudely purifed by centrifugation and in
depth filtra2i dirotein Acaomt SephaosecQishrematogiraphy ation; ultrafiltration was
- al so used to exchange the culture fluid to PBS pH 7.5. The titer of the
anti body #5 produced by the cells was 0.2 ng/m, a total of 1 L buffer 10
exchanged supgriatdRiA ¥@mi %g@,gamglpwv{% dikeniBneal onal anti body #5 was

~ 8.5. The protein A Streanfinent c 5.0 m volune) was previously
equi | i br at edCelhcultnre Gupashasant fion a8 yelana oill giliure was givdelyrmairifedby 8. 8, 4. 3

M NadCl; flow rate was at. 200 . For, | oadi ng,,.t he cal u was operated at
aflowrate ‘(‘fﬁm@%‘ga ; ;mﬁsaf&%&%éi@%ﬁ)&a%&mﬁ%ﬁﬁa%; mat r !Ox
material). Bgfi@afiRratoHWa8lsold& tla@x%%ﬂé@%é"’%ﬁlu%%ﬂﬁﬂto‘gﬁﬁ?ﬁtli.%%ttitéro col um

vol unes of glycine equilibration buffer supplemented-w
addi ti onal - zoéhmm #armeduced by thecoells Gvas B A g, avirgal cfdHi bukfer- wi t h

elutjon buffer,mde up of 0.1 clne/ HA4.Q buffer. jatel

ar 11 %0 o ofterimietsiBeerat el e R! & e onecloml paBbet A S
neutral i zed Thé profdin AdSEHARTIRBY Edlingh (9.0 Al Wiy washirbviblibly equiibdidauf f er 20
exchanged with an Am con diafiltration device with | oadi ng/g@gl | i bration

buf fer  (10nvitrd0spom yolmgepof omM gineiaejelysinatepH $:8 flowon for the
subsequent i I -fO j r o acidic
pH. The anti ggd&&c%)r?@gﬁ ra'tFi‘og?loeagn(g’ e?o@iéﬁ?g}?ﬁgéﬁ?ﬁ@ﬁﬁ?%ﬂéggggem ration
were det er nemkd lasdiogsapatibe tasdtone 20 Tpml satix mbtefial) Befbreasbbtidar tHeei n A i n
the eluate 25 anmounted to 1434 ng/ng anti body before and _anounted to 1650
ng/ Hy ant i botRmp¥es washsd with atleash 10 ealumnsveluipes of glycipg epdlibrabenswifern  he

810D the conbberinedNBl AR FARELRENAES anfh.thd Pledl A0 Tl P61 10" 6
mg/ m . WO 20ddhicdésh4bth chiontRZROha0080 £0.1 M glycine/HC] pH 4.0 buffer. _
Immediately after elution, fractions of eluate comprising the antibody peak were
neutralized with an adequate aliquot of 0.5 M TrisHCI pH 7.5 and buffer
20 exchanged with an Amicon diafiltration device with leading/equilibration buffer
(10mM Tris/HC] pH §.0, 50 mM NaCl) of the present invention for the subsequent

anion exchanger step for preventing longer exposure to acidic pH.

The antibody concentration and the contaminant protein A concentration were
determined as described above. The level of contaminant protein A in the eluate

25 amounted to 1434 ng/mg antibody before and amounted to 1650 ng/mg antibody
after diafiltration. The recovery of antibody based on the titer of the buffer
exchanged supernatant solution prior to loading was 81%; the concentration of
antibody in the diafiltrated solution was 3.6 mg/ml.




20 2.2 Q Sepharose FF ani on exchange step in non-bindi ng node The purified
anti body fromsection 2.1 was further processed as descri bed: -m
Q SephaMi3 200768F urm ( Aner sham Bi osci ences) was packeHCI@P?H04’8?2"ﬁl 1 M
NaOH, followed by 2 colum volunmes ofs@.1 MTris pH 8, and equilibrated in
10 5 colum volunmes of 10 MM Tris pH 8/ 50 MM NaCl, at a flowrate of 75

cnh. After _&gﬁ_iéiﬁratig‘ t.he fl.ow r te was e (klcedt 50 emh. 6 mM of
the diafiltr& CBRTIASH %%?%F¥%nﬁé§ ep iu BB bIRYIBE Mode 5| ym and the f1ow
through was ¢pd p@efhichntibedy frdfd $8fioP? GRS Firfithr phdt@ssell QWdbiEBLEA 5085

continued to be collected until, after having Ioaded the colum with the

initial 6 m mhRESerhareseFEsoelumu GhmeisharaBiossienais) was pagkedd 0 mobef (b Mor

Fllow t hr oughAGH ot 0 S ebdpopeess o A Em e By R 1€ e cover
of anti body edlmhﬁ%idtﬁwdfhomlm@ﬂ{%Orfﬁmnwbamﬂ&&%of@%ﬁﬂﬁnmI on of

the level of contam nant protein Aresulted in < g/ ng_anti body. Further

processi ng o@thbrgtl@,mwe“@awwoaﬁﬂmﬁbdﬁnﬂ@fﬂw Cbgiﬁlt}eledfl ltration 15

(size excl usi hr t ogr aph oV r Cr. |n

Phosphat e ﬁ&}’og ‘% fh%ﬁ%ﬁ’éﬁé‘bﬂ?ﬁf’@? (g&’ rfiﬁl’t"@%d qﬁleég\e%h a

| oading rati ﬁbr?ﬁnﬂe? prd¥essiit; hﬁ@ﬂdwﬂﬁbu@ﬁtv%'coﬂﬁixeﬁ%ﬁé cBl@éctéEihﬁiMeaﬁdi“ s trace
contam nant protein A | evel substantrall y 303/ more. By experience, SEC may

be used to f loadestthe eoluma witls theriniiebém! 30d hodng gentipued thezasftarwtth pr ot ei n

ool a to «rate et or iR bt RTo BTl phX RBM AnCEtSRsbBib U1 1

i nt er act i onsof the Aotwidfshgh Midrinasd /280 aaMviE BiRRto Baselille\héastal Rogveiy t he
unavoi dabl e dilution of sanple and sl gw process with allows for same

decay of t heokantibpdyip the ﬂpmﬁhmﬁmaﬁm&w&ﬁdywﬁﬁb%th 8%y of the
anount of angl, q)(}%h %QéﬁA%@ﬁ?eﬁ%F é/{f’ﬁ%@{‘%& pabI y result in 25

| oss of materi al UI ring mic har ose col unm was
recycl ed forFlirtHet bﬂyceumg dﬁths@@epﬁaeo&lpuhﬁe@anﬁboﬂbﬂbafdh(ﬂy gehfiltfatioh her

Prictiei n A andaE5ARIR EQSGRATIRSa b EoN OUFH PRSIl b ALER LS nge
fnt)ﬁfjb: Ed?nguéngf’ 186 RV NI bustef '@ AW RRCYE fd&ﬂ?h%& afoadingRHib b 10 @
mg antibody per ml gel was found not change this trace contaminant protein A
level substantially any more. By experience, SEC may be used to further reduce
levels of about 30-100 ng/mg contaminant protein A io about 1-5 ng/mg. Thus SEC
20 has a very low purification factor with regard to trace amounts of protein A,
possibly accounting for affinity interactions in between antibody and contminant A.
However, due to the unavoidable dilution of sample and slow processing with
allows for same decay of the antibody protein, SEC will allow for 70% recovery
only of the amount of antibody loaded. This means SEC will unavoidably result in

25 loss of material whilst requiring much time.

The Q-Sepharose column was recycled for further use by separate elution in 2M
NaCi and further equilibration as described above. |




5 by Q Sepharose ani on exchange was used. Instead of testing a further,
final SEC purification step, the antibody harvested in the fl owthrough of
t he SepNéQ HPOT48T 0l uMm was subjected to a second cati BATEX2NARNEH st ep

w th a SP-Sepharose FF (SP=Sul phoprogyl-) matrix from

Amer sham Bi osci ences. The SP-Sepharose FF allowed of a flow rate of 100
cnmih with a reproducible yield of 93% anti body after 10 | oadi ng, washi ng
and elution of the anti body fromthe cation exchanger. For |oading, the pH
of the anti b®dProtein/Al il Sdpibairo) pluiHicafiGR WHhuBséduehl cafisk @tdhafgst ep was
adjusted to pH 4.5-5.0 with 50 mM acetate buffer pH 4.5. The Ioaﬁi ng
capacity was sétePwith 10 ng/m natrix material at a conductivity of [oad of

baseli o A T R AEEhALS, Bt hBbodPob i 10) AlRSRA PR bRl RBde
for sel uti on iBf Q-Sephirbes vinioARREREEE Srad DbddO Rt bPteang h fisither, il SEC

aggregates used to elute in the tail fractions at hi c}lh ionic strength. Use

of a Iess stsHicadon step,dbe anttbody harvegedinshe Howdhrayghot ghe Sepheepge Ght in t he
| ution buff i . col ' | Veof €851 bl e:rdi 1 ect
Coor 1 on Dot EhuRELRE STUTRI % 0l G Rk lel G YA P SO P o

consequent | y(SPefelphomeple) satsiaTRirh Agn ot Bivstiehicds| TRSSPISephifsdedce in the
acidic solution. After elution, the acidic buffer was gui ckl exchanged

for PBS pH Alpwedefafloperatent 109emihivrithn reprodueible yieldwfHR% snbigpdyalisryat e
rorSirer i ¢ by Cacil whshind ahd SBUER, o Mo RBey R ARt AR T 000/ 002041
Tl £ Dol Nt -t 1aChed Dot ol 0 A S Th g TUrE o o roehot St team fneTH

pr ot e!on A- affdtiicaon sten ygs wﬁgste&qm#é%@“ﬁ ﬁ%ﬂgﬁ@e‘migéatﬂ%

Bi ot ech ( novroﬁegﬁ%é@g%m saghﬁ 10 ﬂnkﬂ/ﬂﬁqﬁat{:@ﬁfat&% aPélc&ﬂ&cHﬁB“éf%&d‘ﬁﬁr by

coupling the Stre neTM -type reconbinant protein A having a
t ermi nal Cysl#meSicuud@he 60t asefiate tofleh swas athentsed foraashingito, baseline. Ased

10 Real ot oo ey P Rl 42 LEENGCTHeR S B SR merEine SR ebup 1 g of

-SH groups  Rfbydy; aRMoRiesd Hﬁﬁb&dl}fél’ﬁtg@ﬁh@ﬂwﬁéi&ﬁ‘_a 3§ HikaRb klutd panget hod of
exp. 2.1 was repeated and the level of contam nant protein A was

det er mi ned vkl Fra@B®s athigh ionie sirdngtly Ustiof 8 Iese siesp salbgradiest ypde of coupl i ng

partly acco Lﬁq}pfen];e%atfog 3 3alt gradient in the elution buffer before pumping on the

column is equally feasible; direct application of a high-salt buffer results in less

20 diluted antibody and consequently more precisely sampling and shorter times of
residence in the acidic solution. After elution, the acidic buffer was quickly
exchanged for PBS pH 7.5. The level of contaminant protein A in the pooled eluate
was determined with < 0.4 ng/mg antibody, the antibody was shown to be >99%

monomeric by menas of size exclusion HPLC.




protein | eakage from hi gh-capacity, single-point attached reconbi nant
protein A 15 afflnlty matrices; the nodifications in amno aC|dosequ

i nt r odul&@PMPE*uch” reconbinant protein A as conpar SEYEPTO0 0204 gt h

wi | d-type protein A contribute consigerably to increased protein | eakage,
too. 5. Parallel conparison of nethods: Conparison with MIles Method 20
(Us4. 983, 722) The Mles Patent (No: 4,983,722) clains that bindi ng DEAE
Sepharose used as a second chromatography step with a salt gradient
(0.025M to O4. ﬁMauafaeTMmbtenmhmmanyenmm@ﬁgﬁ@limthQ&@thﬁﬂnﬁaet ein A
content in the elyate to | ess than 15ng/ nti body (range of protein A
was 0.9 to 1M ww-aﬂaalpﬂde. 30 35 V\D 2004/ 076485 PCT/ EP2004/ 002041
23 Table 2: Conparison of Protein A residues in eluate sanples of 6Al
Ant i body purified on single and nultipoint attached Protein A affinity
mat r5i ces 5 NHiig hmltﬁmﬁml-&taamltsﬁdan:&nb’e‘vﬂoiem Arsrfinlly matdit Ghsbibicin RIBAr OSe

Protein A eluate singl.e I nt attached) nnp Protein A Sepharose
Protein A el3disap leﬂéw hegmagia %ﬁ?tm h Govadmeghandtiavsagolteras mdempt ei n A

eluate <2.0 _ t of t hese

experinments b sQ' 0 con?'&r m tdr?aghﬂéthg g@ggb %@W&aﬁl ec ?Wg §ﬁnﬁ‘éﬁ e point
attached r PrgbdeimA Aaviap aitaominklt Qystedioneio thd saniy Sédebosé mbfribmétekiil, band to
directly conp(ﬁxre t.he non- bi ndi.ng Q Sepharose_ nethod (using different

equi | i br at i Jed Baditipgal GNBE chemistgy for actheation prd coupling insteadiod gpoxide-

10 mediated activation and selective reaction conditions for coupling of —SH groups

only (see product information from manufacturer). The method of exp. 2.1 was
repeated and the level of contaminant protein A was determined with 353 ng/mg
antibody. This means that the mode of coupling parily accounts for increased
protein leakage from high-capacity, single-point attached recombinant protein A
15 affinity matrices; the modifications in amino acid sequence introduced into such
recombinant protein A as compared to full-length wild-type protein A contribute

considerably to increased protein leakage, too.

5. Parallel comparison of methods: Comparison with Miles Method
20 (U54,963,722)

The Miles Patent (No: 4,983,722) claims that binding DEAE Sepharose used as a
second chromatography step with a salt gradient (0.025M to 0.25M NaCl) for

elution can reduce the leached Protein A content in the eluate to less than 15ng/mg

25 antibody (range of protein A was 0.9 to 14 ng/mg of antibody).

30

35




20 Method applied: The purification of 6Al anti body (pl6.5 - 7.5) included
two chronmat ography steps consisting of MabSel ect Protein A step foll owed
by Q Sep¥Harth4876Bt on exchange 25 chromat ogr aphy (non- bPEHERZNIOR0IDEAF
Sephar ose chromat ography (binding) step. See LO 9007 and LO 9375 MabSel ect
Protein A Chromatography: 30 Col umm rix Mab Sel ect reconbinant Protein A
(single B nf attached rPA) Colum dinmensions 1.6 cminternal dianmeter x
15 cm blg—l&é-ght WO 2004/ Q76485 PCT/ EP2004/ 002041 24 Columm volune 30 m ,
Qper ational f I GRampatsyef Exptain A kesidaesineluaiesampleyobfAdi ne HCL (2

col umm vol uneshntibodyipwifiethapisingksand multipaint atashed Rrotéinad i on 50V

gl yci ne/ gl yci naffiityHm@tidé¢@50nmM NaCL (8 col umtm vol unes) Post | oad wash 50nM
gl yci ne/ gl yci nate pH 8. 0/250mM NaCL (8 columm vol unes) El ution buffer
100mM gl yci ne pH 3.50 (6 fcol um vo[urres)+ Io Vash I00nM Gtric acjd pH 2.1
(2 coluym vol pigsx The cyl tur nat apt contgii) nti body was
purifipd on a I\/abiéel ect gol un?é?ggérr&), (,onnect[?(?l&ﬁéAqéi?ﬁA FPLC| system
The condi ti ons used were|as described in| the tabl e. The anti body was

el ut edust-ng—6—tM-ghyei-rge—pH-3-5—Following—el-ution 15 the el uyatef pH was
adj ustl:ed to pH 7.0, and tthen the eluate s$anple was divided into 5
al i quop s™PrelsEmAfephuese was Prseind eleatet efed into a @0 erent bufflr for

ani on [exsinglegeointatiaghed) ogr aphy. The firs{ aliquot was diafiltered|into
50mMIri sHCO pH8 / 75mWNaCl] for O Sepharose chronmatography run 1. [The second
aliquot was diafiltered iinto 50mMIri sHO | pH8 /100 20 mvDl aCl for

Q SephlafgSProtdih ASdéphafcadlly Bebteir A diitet hird al i quot oygs diafilterged into
20mM spdigmiRbasRbadRdpHe. 5 /80 M Nad tor Q Sepharose chromat ogr aphy Run

3. Alfguots four and—Tiye were buffer—egchanged—nto—25mr+—s—+g pH
8. 0/ 25 f . eyval uatign_of .bindi ngj DEAF Sephargse net hod degscri bed in
Ml es pmsveiﬁéte&%f er ¢nc rotemAelu%e &%

, epharose

{(multipoint attached)

10 The aim of these experiments was to confirm these results using MabSelect ( new single
point attached rProtein A matrix) with a lower pl antibody (pl 6.5-7.5), and to directly
compare the non-binding Q-Sepharose method (uéing different equilibration/loading
buffers) with the Miles Patent method.

20
Method applied:

The purification of 6A1 antibody (pI 6.5 — 7.5) included two chromatography steps
consisting of MabSelect Protein A step followed by Q-Sepharose anion exchange

25 chromatography (non-binding), or DEAE Sepharose chromatography (binding) step. See
1.0 9007 and L0 9375

MabSelect Protein A Chromatography:

30 Column matrix Mab Select recombinant Protein A (single point attached rPA)
Column dimensions 1.6 cm internal diameter x 15 cm bed height




between Runs 4 & 5 is that in Run 4 the main peak was coll ected as one

fraction and 25 diafiltered into standard phosphate buffered saline prior

to anal Y¥@ 2% @%H8%s in Run 5, the elution peak was frRETEEHAHER Y ng

di al ysed into a phosphate buffer prepa ed as described in the Mles

Patent. The conditions for each of the five colum runs are descri bed

bel owlcgﬁmggv Bar osgy {4ir omat ogr aphy: 'Ruln lj Col um matri x t()}geﬁharﬁse

Fast F | i Nt er na i aneter x 8 cm be ei ght

Col um eg;gﬁrréﬁﬁfgoﬂ 6 %m}(ﬁrﬁé%ff/%@gn Parjked in 0.1 M Sodi um Hydr oxi de

at 150 Ewir Oge.r atio gﬁwer}i (4 sy WES) 35/ min) O ean 0. 1M

Sodi um 1%?3(? Y cof UMS WOMMES) .  Loading capacity 15 ng /m matrix N

Equi ¥ i bEggfibrtisn m TriW@FPlB‘?/MHIJB&(’%{WﬂMI vol umes)  40. Post

| oad wash 50mM Tri sHC (8xahgnorgi8mesINaCl (5 col urm vol umes) Strip buffer 2

M Sodi uBestidadrwash (2 cHmMglydhe/glysinaté@P0O0RMImOPCT/ EP2004/ 002041 25

Wash 0. 1M Sodi um Hydr of§i cdburhi? velaingsin vol unes) Q  Sephar ose Chromat ography:

Run 2 SpfagblBaffeRt ri moﬁmﬁ? IE@.%D(E'cQI’MnﬁP{rdlﬁ?ﬁeii mensi ons 1.6 cm

I nt g na baneter x 8 ' I mL. Col uim preparation
8§ Nayadi &0 pry 99 cgﬁa}#ﬂﬁg@ 9 prep

i : .
Packed in 0.1 M Sodi um Hydr oxi de at™ 150 erational flow rate 100

Coadi ngTRE R bbrmmtand oilinthigl oA Y PS pihef et avebErER PRl s b/ 100mm
NaCl( 8 @ohl)yGonictedas hn ARUEA FPREGyYesD THBWhdiioat tded RidrSaddchOmaiNaC (5

columm volunes) Strip buffer 2 Sodi um Chl oride (2 colum vol unes) 15

wash 0. thetablripkeveHhe sntibrdy(waseitehwsing 04 v glycingpikb ph Bollewingiehdiont ogr aphy:
Run;g3 Cﬂl& Eﬂﬁtergﬁ Was a@u&%@ %"f\ﬁ%, BA% {heﬁ ltl?eV\éluate sample was divided into 5

aliquots; each aliquot was then diafiltered into a different buffer for anion exchange

chromatography.
The first aliquot was diafiltered into 50mMTrisHCI pHS /75mMNaCl for Q-Sepharose
chromatography run 1. The second aliquot was diafiltered into S0mMTrisHCI pHS /100
20 miMNaCl for Q-Sephhrose chromatography Run 2. The third aliquot was diafiltered into
20mM sodium phosphate pH6.5 /80 mM NaCl for Q-Sepharose chromatography Run 3.
Aliquots four and five were buffer exchangt;d into 25mMTris HCI pH 8.0/25 mMNaCl for
evaluation of binding DEAE Sepharose method described in Miles patent. The difference
between Runs 4 & 5 is that in Run 4 the main peak was collected as one fraction and

diafiltered into standard phosphate buffered saline prior to analysis whereas in Run 5, the

b
U

elution peak was fractionated and dialysed into a phosphate buffer prepared as described in
the Miles Patent. |

The conditions for each of the five column runs are described below:

30 Q- Sepharose Chromatography: Run 1

Column matrix Q-Sepharose Fast Flow
Column dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL,

35 Column preparation Packed in 0.1 M Sodium Hydroxide at 150 cm/hr
. Operational flow rate 100 covhr (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity 15 mg /ml matrix :
Equilibration S0mM TrisHCI pH 8.0/75mM NaCl (8 column volumes)

40  Post load wash S0mM TrisHCI pH 8.0/75mM NaCl (5 column volumes)
Strip buffer 2 M Sodium Chloride (2 column volumes)




20 Columm dinmensions 1.6 cminternal dianmeter x 8 cm bed height Colum
vol ume 16 nL Col unm preparation Packed in 0.1 M Sodi um Hydr oxi de at 150
cm hr @peeetjoosiss flow rate 100 cnf hr (3.35m Jnmi n) C een/EP2ANOBHdT um

Hydr oxi de (2 colum vol unes) 25 Loadjpng capacity 7.5 nmg /m matrix

Equi l i brati on 20mM Sodi um phosphate pH 6.5/80mM NaCl Post | oad wash 20mM
Sodi um phosphate pH 6.5/ 8 .Na (5,c I.u voI rres Strip buffer 2M

Sodi um %lbrl de (2 colqlzhlﬁ(oé)% k‘fﬁ?&)}df@@ ‘?/\%s‘l"? m Hydr oxi de (2 col um
vol unmes DEAE Sepharose Run 4 Col urm matri x DEAE Sepharose 35 Col um

di mensi @ - HOOHRPAYE BHNE 8 cm bed height Col umm vol une 16 ni
Col umm prepar at | on Packed i n eqw | ibration buffer at 150 cm hr Operati onal
f1 ovg r aCeluddOmetikhr ( -BephdrodeFasCFwan O 1M Sodi um HydrOX| de (2 colum

vol UWBS():oluﬁﬁl difRAL6Es Cﬁ@aﬁﬂlhbénfal&amtérrﬂsaﬁ%ahe%ﬁw libration 25mM Tri sHC
pH 8. 6/ 8 cypn volunes) Post |oad wash 25mM Tri sHCl pH

8. 6/ 25 I

TrisHCl pH

8.6/25 ) Pr W S é&&?@%‘#ﬁﬁﬂa%ﬁi% | umm vol ungs) Wash
2M Sodi AT 1% @ é q\fm@i()o‘” 076485 PCT/ EP2004/ 002041 26
DEAE sé ose bindin . T UIHRVAEES) 5 Col unm matri x DEAF
Sephar okeading capacity 5 mg /ml matrix

Equilibration 50mM TrisHCI pH 8.0/100mM NaCl (§ column volumes)

Post load wash 50mM TrisHCI pH 8.0/100mM NaCl (5 column volumes)

Strip buffer 2 M Sodium Chloride (2 column volumes)

15 Wash 0.1M Sodium Hydroxide (2 column volumes)

Q- Sepharose Chromatography: Run 3

Colurnn matrix Q-Sepharose Fast Flow
20 Columa dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL

Column preparation Packed in 0.1 M Sodlum Hydroxide at 150 cm/hr
Operational flow rate 100 em/br (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
25  Loading capacity - 7.5 mg /ml matrix
Equilibration 20mM Sodivm phosphate pH 6.5/80mM NaCl

Post load wash 20mM Sodium phosphate pH 6.5/80mM NaCl
(5 column volumes)
Strip buffer 2M Sodium Chloride (2 column volumes)
30  Wash 0.1M Sodium Hydroxide (2 column volumes)

DEAE Sepharose: Run 4

Column matrix DEAE Sepharose
35  Column dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL

Column preparation Packed in equilibration buffer at 150 cm/hr
Operational flow rate 100 cv/hr (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
40  Loading capacity 7.5 mg /ml matrix
Equilibration 25mM TrisHCl pH 8.6/25mM NaCl

(8 column volumes)
Post load wash 25mM TrisHCI pH 8.6/25mM NaCl
(5 column volumes)

45  Elution buffer 25mM TrisHCI pH 8.6/25mM NaCl To 25mM TrisHCl pH
8.6/250mM NaCl
(10 column volumes)
‘Wash 2M Sodium Chloride

(2 column volumes)




Col um dinensions 1.6 cminternal diameter x 8 cmbed height Columm vol une
16 nL Colum preparation Packed in equilibration buffer at 150 cm hr 10
Qper at | BIAOHPWIBY at e 100 cm hr (3.35nL/nin) O ean 0. RFXBRFGHIVHYr oxi de (2
colum vol unmes) Loading capacity 7.%6ng /m matrix Equilibration 25mM
TrisHO pH 8.6/25nM NaCl (8 columm volunes) is Post |oad wash 25nM Tri sHC
pH 8.6/ 25mM NaCl (5 columm vol unes) Elution buffer 25mM Tri sHCl pH
8.6/ 25mM NaCl To 25nmM TrisHCl pH 8.6/250mM NaCl (10 col um volunes) 20
Wash 2M Sodi um Chloride (2 colum volunes) The pr operties of the different
buf f er e elution profiles for
A8PAros: e ok : lshown in 25 Figures-')
- 55 Eluate sarrpl es generat ed fromthe 5 i on exchange runs were assayed for
Pr ot ei iColumewedigx i n (INBAEBaplEros8A. The results are shown in Table 4. Table
3: 30 Erdlimnslimessionsn Léem istemdldifopeter ki8ram bedhdrght Conductivity Resin pH
Buf f er Gﬁlﬁﬁgl’voﬁﬂﬁé crr) 1BQaMM TrisHA pH 1 10.74 Q Sepharose 8.00 8.0 / 75nM

Ofﬁ%ﬂerdhﬁléﬁhhsﬁu%n%&ﬁ@@t@s GRalmar ose 8.01 8.0/ | COnM
30 ephar ose 6. 50 phosphate pH 6.5 /
“q%’g% g Ao o o AaREAE. 560 5.6 250 N

Sephar io%i?ng capacity 7.5 mg /ml matnx
Equilibration 25mM TrisHCI pH 8.6/25mM NaCl
(8 column volumes) '
15 Post load wash 25mM TrisHCI pH 8.6/25mM NaCl
(5 column volumes)

Elution buffer 25mM TrisHCI pH 8.6/25mM NaCl To 25mM TrisHC] pH
8.6/250mM NaCl
(10 column volumes)
20 Wash 2M Sodium Chloride

(2 column volumes)

The propetties of the different buffers used in this study are shown in Table 3.
The elution profiles for each of the anion exchange chromatography runs are shown in

25 Figures 2 -5.

Eluate samples generated from the 5 ion exchange runs were assayed for Protein A levels
in the ¥PA ELISA. The results are shown in Table 4.

Table 3:
30 Buffers used in this study
Equilibration Run Conductivity Resin pH
Buffer number (ms/em)
50mM TrisHCI pH i 10.74 Q-Sepharose 8.00
8.0 / 75mM NaCl (non-binding)
50mM TrisHCI pH 2 12.85 Q-Sepharose - 8.01
8.0/ 100mM NaCl (non-binding)
20mM Sodium 3 10.20 Q-Sepharose 6.50
phosphate pH 6.5 / (non-binding)
80mM NaC(l
25mM TrisHCl pH 4/5 3.35 DEAE- 8.60
8.6/25mM NaCt Sepharose
(binding)
25mM TrisHCI pH 4/5 24.54 DEAE- 8.61
8.6/250 mM NaCl* Sepharose
{(binding)




(binding) 25mM TrisHC pH 4/5 24.54 DEAF- 8.61 8.6/250 nM NaCl* Sepbarose
(bi ndi ng) WO 2004/ 076485 PCT/ EP2004/ 002041 27 *Gadient elution buffer
Fracti omeo 20m0%@83 he el ution Profile of DEAE- Sephar oser&uEP200¢ibioes net hod)

were 5 collected and analysed in theyjProtein A ELISA; the results are
shown in Table 5. Table 4: rProtein %\ ELI SA Results: *Where CV' s denotes

colum vol unes Sanple ID rProtein A Antibody % Elution |evels

concent gat | gvery. Volunes (rig/mg) (ng /mM (CV' s Q Sepharose < 0.4
1.42 82 %Hg‘%é?ﬁ‘ﬁf”é%ﬁﬁﬁfl Q Sepharose 2.94 1.49 70 3.5 eluate Run 2

Q Sepharose 0.73 1.86 85 3.4 eluate Run 3 DEAF Sepharose 1.72 2.16 75 2.5
el uat e %%Tmﬁﬁﬁ’f%s gﬁoﬂl{ﬁ‘éﬁ prafile o DEAEiSepbirosd e 5 Ghfiles hetipd) wake 1. 83 733 3
el uat e pisciedind asalysdskin gl rPRominsA ELISW) thefestiltaatd shosm iR Thle§) 10 Tabl e 5:
Level s of rProtein A in Eluate fractions across the elution peak obtained
during Wablé &OFPLAFNTABIASASReSEMSY At | ONrhfh S dondBl A9 voRiksD 15

Sample ID rProtein A Antibody % Elution
levels concentration Recovery | Volumes
(ng/mg) (mg /ml) (CV’s)*

Q-Sepharose <04 1.42 82 4.5
eluate Run 1
Q-Sepharose 2.94 1.49 70 3.5
eluate Run 2
Q-Sepharose 0.73 1.86 8 34
eluate Run 3 '
DEAE Sepharose 1.72 2.16 75 25
eluate pool Rum 4 .
(pool of all
fractions)
DEAE Sepharose . 1.55 1.83 73 3
eluate pool (Miles
Method) Run 5
(pool of fractions
2to 6)

10
Table 5: Leveﬁls of rProtein A in Eluate fractions across the elution peal
obizained during binding DEAE-Sephaross separaton (Miles
Method); Run 5.

15

Fraction rProtein A levels Absorbance
Number {ng/mg) {A2g0}

1 3.33 0.018

2 0.4 0.108

3 0.4 0.22

4 0.4 0.169

5 2.01 0.092

6 16.7 0.042

7 0.38 0.016




Fraction rProtein A | evel s Absorbance plunber (ng/ng) (A280) 1 3 33 0.018
2 0.4 0.108 3 0.40.22 40.40.169 5 2.01 0.092 6 16.7 0.042 6. 38
0.016 WAOYWMPP#BUS5 PCT/ EP2004/ 002041 28 The hi ghestPﬁ?E’EB%P@ffW(’ﬁs% and
best clearance of rProtein A for thisp@antibody (6Al; pl 6.5 - 7.5) was

obt ai ned under non-binding conditions on Q Sepharose using 20 nM sodi um 5
phosphate pH 6.5 / 80 nM NaCl buffer (corresponding to Run 3). Run 1 al so
showed good recovery (82% and rPr otei n A cl earance however, the elution

L e R e ey 53 AR e O RS B BRSSP R 185 o e

col umm Lty 3)Ria obtslrdedund¥Shdibintie @aditioak: d1Q-Shhross ARRE DO HN sOfiukRUN 2)

resul ted |n | ower rProtein A clearance, hence the buffer systemused 10 in

Run 8 vxalsOSpbatﬁ PHRS 650 pedd NG bufter Ecormspiondisg to Runifas Ruedrlwishopedvi ousf
b
hoh pr el G2 e A SRt iowsen e tytich Tolimy B 2hRRin for |

neut r al wag sighi mmﬂmﬁr%&%@b@@%&%ﬂlﬁaﬁ% expectg%% ng\Rh@aldone at

simlar capacities : resin) we woul e ‘able to use this
non- bi m@amﬁ@wmbndﬁhnmwmnap&mbu%mfsﬁ@ﬁ nrgedsing theNaBlIl d expect

h 15 bindi th b | f
exanp! Ry B teled B 10Fe B X eBrtot hteriis AR SEOPBARET (uch
as st ﬁrmu@ wlaﬂhﬂecmim&awfbr 1188 bh @AY d 1Qas b\één YRPrevieliSSbservRAs thahi S

process to be nore ‘applicable to large scale production conpared to the

M | es nibebytfensysiemypred in Byadiis nmemmomﬁeﬁ@h@pph@@bo@esd Melsgtbsﬁ of Run
5 (Mleg , t i
o bt 1 ontS B Bittey GBI pliaPbr ieh R Bl AmiRE 87 S FRUE rBRERRE: | 1C, of or 0

requi r ewerealone assimtlagepacidb e, ﬁﬂigﬁnhfesth’wewm &pe@hﬂoﬂ:rehxblb tafisé thact on

recovery (73% and even in_.this case did no ive as good cl earance as
obt ai netPiapipding methns Aty Hghercapasiies €530 %B@BMW%WOH@mt {ereore it is

F?L‘?s?;‘%i‘?i%%éﬁ°“§@‘ﬁ%§;§%ﬁ°a%ﬁ%e VA R SR LR B 0 e ¢

comonl addition to anion exchange membrane adsorbers (such as Mustang Q, Intercept Q and

Sartobind Q). We would also expect this process to be more applicable to large scale
production compared to the Miles method as higher capacities etc can be applied.

20  Inthe case of Run 5 (Miles method), fractionation of rProtein A was observed across the
main elution peak as shown in table 5 . Careful pooling of fractions is therefore required to
ensure good clearance of rProtein A. This bad an impact on recovery (73%) and even in
this case did not give as good clearance as obtained with the non-binding method, For the
Miles method therefore it is more difficult to achieve good clearance and high recovery for

25 cell lines/antibodies in cases where very high leakage is observed (such as that commonly

obtained with single point attached matrices)

Data from Run 5 is representative of the conditions described in the Miles patent.

An overview of method comparisons and the data obtained is shown in Table 6, below.




obtained with single point attached matrices) Data fromRun 5 is
representative of the conditions described in the MIles patent. An overview
of met h¥O2HHI3s488ons and the data obtained is shown i RCTEN2@0400204&] ow. WO
2004/ 076485 PCT/ EP2004/002041 29 Tabhe 6 5 Summary of rProtein A Levels
at Different Stages of Antibody Purification. NSO ace. to Ex. 5 Culture
Supernatant 10 15 rProtein A Sepharose (130) Concentration/Di afilteration
20 (50mMM TrisHcl /1 COnvNacl pH 8.00) (71.40) Concentration/1?i afilteration
Concentrati offaéagi | teration (20nmvBodi unphosphat e/ 8omvNaCL pH6. 50) 25
(50.80) (46.7 7 30 Anion Exchange DEAE (2.94) Anion Exchange Q (0.73) DEAE
~ Sepharose (1.55) (50nrWt TrisHcl /| QOrWacl pH 8.00) (20nmMSodi unphosphat e/
Mles' Gadient Elution SOmWaCL pH6.50) (50nr1\4TrisHcl/25mWaCl 35

pHS. §0 to 25mMTIri sHcl / 250mMWNaCl  pH3. 60) Non- bi ndi ng Non- bi ndi ng Bi ndi ng

40 "Al exmﬁﬁ@%w&em& D0 af DPrebvdnt SHoel Qf‘d,ﬁlhﬁﬂ? a@ﬁfgﬁf@%é o2

15rng/ m | oadi ng Capacity: Concentrat1on &and )
TrisHcl /75m MNaCl pH 8. 00) Aﬂé@gccﬁ)écﬁ}@ge Q (<0.4) (50nMM TrisHcl/75m
MNaCl pH 8.00) 50 Culture Supernatant
10 l
15 rProtein A Sepharose (130)
Concentration/Diafilteration
20  (50mM TrisHcl/100mMNacl pH 8.00)
(71.40)
Y .
Concentration/Diafilteration Concentration/Diafilteration
(20mMSodiumphosphate/80mMNaCL pH6.50)
25 (50.50) (46.70)
30 v
Anion Exchange DEAE (2.94) Anion Ezchange Q (0.73) DEAE Sepharose ( 1.55)
(50mM TrisHcl/100miviNacl pH §.00) (20mbiSodiumphosphate/ Miles® Gradient Elution
80mMNaCL pH6.50) (50mb TrisHel/25mpMNaCl
35 pHS.60 to 25mMTrisHel/250mMMaCl
pH$.60)
Non-binding Non-binding Binding

40 *All examples carried out with 7.5 mng/inl loading of exchanges
or

15mg/ml loading capacity:

45 Concentration and diafiltration
(50mM TrisHcl/75m MNaCl pH 8.00)
&
Anion Exchange Q (<0.4)
(50mM TrisHcl/75m MNaCl pH 8.00)
50

Note: Levels of rProtein A are shown in brackets ng/mg; note that not all NSO clenal
cell lines supernatants give similar contamination levels of protein A.




Note: Levels of rProtein A are shown in brackets ng/ng; note that not all
NSO clonal . cell lines supernatants give simlar cont el s of

pr ot ei nWR 2#H0%I8%/ 076485 PCT/ EP2004/ 002041 30 6. Puﬁ%ﬂ@g%“%ﬂ%&y a high
Pl Antibody A high pl antibody (pl 9.3 9.3) was purified using Protein A
Affinity Chromatography (MabSeI ect - single point attached recombi nant
Protei n ApNp . phar ose ani on exchange chromat ogr aphy
(under o" cimuivigy Fenoval of trace contam nants) foll owed
by SP- Sephar ose cation exchange chr omat ogr aphy (under bi nding conditions

for renAvigh pf a@@gdﬁ R1t98-9.3) vas prifissbabing Reoteih A8 1fdly Cliromitoigrapby ect

Concent ARSI el 413t ubing PPl b o BRIGPRERY Cobcper | ment al
Mat 4 i akgplanfe Nﬁiﬁ)ﬁ(&éha'iée drlopkdes h?r(ﬁtlcfdrrl’loﬁ‘b Eﬁfoﬁﬁ”ﬁh‘ reERJvHﬁff mat rix

Mab Sel ect reconbi nant Protein 5| ngl e point attached rPA)
di nensi mmn&nnmtﬁtfeﬁmwbUSHﬂeghamsemtmmbér&ng@clghmmaﬁhy (lmdexlol une 30

mL Oper |onal ate 5 m hr (16.80nL/ m n) C ean 6M guani dine HCL (2
col um lﬁ'ﬁé’g %&%’65‘7’8‘%‘28@%@%004/ 002041 31 Loading capacity 35
ng /m matrix Eqw |i brati on 50mM gl yci ne/ gl ycinate pH 8.0/ 250mM NaCL (8
col umm vol unes) ) ,

10
Anﬁbwng (pI >8.00)
15 . Mab Select Protein A
Concentration /Diafiltration
20
Q-Sepharose chromatography
25 1

Concentration /Diafiltration

. l

SP-Sepharose chromatography

Experimental Materials and Methods

35
MabSelect Protein A Chromatography:
Column matrix Mab Select recombinant Protein A (single point attached rPA)
Column dimensions 1.6 cm internal diameter x 15 cm bed height

40  Column volume 30 mL

Operational flow rate 500 cm/hr (16.80mL/min)
Clean 6M guanidine HCL (2 column volumes)




Post | oad wash 50mM gl yci ne/ gl yci nate pH 8.0/ 250mM NaCL 5 (8 col umm

vol unmes) Elution buffer 100mM gl ycine pH 3.50 (6 columm vol unes) Wash
100mM Cntey hans@gd4a8s pH 2.1 (2 col um vol unes) 10 Cul t ur e peyibialoasti

contai ning high pl antibody was purified on a MabSel ect Protein A Affinity
colum (30m ), connected to an AKTA FH.C system The conditions used were
as described in the table above. The anti body was eluted using 0.1Mglycine
pH 3. 5. Logdihg capaeity el (45imog /ml atrit uat e was hel d at pH 3. 69 (no adj ust ment
requi r eByuitibrati6® m n (30md ghytine/plysinateaH 8.0250mM Na€l) , and t hen
neutralised to pH 8 us(sraghﬁ;uiwalms ase. Three cycles 15 on Protein A were

per f or NPk IGHIGRART T eCOMENDE] /Q@Eﬁzﬁfé‘oﬂﬁﬁ'/g oARBfpmrand is shown in Table
7 for each cycl e Tabl( g)r b Sel ect rotein A Columm Cycle
Nunber £ B‘Sﬁ 1 8]1 fter MahSel ect Protein A

0 y é cl es were pool ed

chr omat he eI
t oget heﬁ’%ﬁ d buffer e r"PlémBHV ugesky. Sephar ose

equi libration buffer) u5|ng an Am con stirred cell concentrator fitted
with | CkDa MIIlipore nenbrane. 25 0- Sepharose Chromatography: Col um

To 0 X Shine Safinal BotamidhiER pY BRI R pRtfied o a MAMSUE! PRIGIHAS™  ©0 1 )

éodl umOAﬁiml W)qolimra@Oﬁﬂ)Scongiehted tQalanﬂfI{Tz@nlﬁ‘iﬁ’LCfdyM aftee domditions bﬁeid(\ﬁ%fg ./ ;nmn)
e CcO VO N capacl

natG?Px %di}/lqu%ﬁgé’f%%% V?ricé‘ %W@%ﬁng‘g% me?ﬁiﬁ t | ogg wash

20MM TrEglonihSelBtidd ﬂfeoéwafewéghlumbf@ 59 gls&%.% Qe g%fég nlgls Qxc(x%'\" NaCl

(2 colum vol unes) 1M Sodi tm Hyd oxl|
2004/ omssummmastbp)oamhnhen neutralised to pH 8 using 2 M Tris Base. Three cycles

15  onProtein A were performed; product recovery was determined by A280nm and is shown

in Table 7 for each cycle.

Table 7: % Recovery on Mab Seleet Protein A Column

Cycle Number % Recovery
1 381
2 81
3 80

Adfter MabSelect Protein A chromatography the eluates from each of the three cycles were
pooled together and buffer exchanged into 25miM Tris pH 8.0 (Q-Sepharose equilibration
buffer) using an Amicon stirred cell concentrator fitted with 10kDa Millipore membrane.

25 Q- Sepharose Chromatography:

Column matrix Q-Sepharose Fast Flow
Column dimensijons 1.6 cm internal diameter x 15 cm bed height
Column volume 30 mL

30 Column preparation Packed in 0.1 M Sodium Hydroxide at 225 cm/hr
Operational flow rate 150 cmv/hr (5.0 mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity =~ 40 mg /ml matrix
Equilibration 20mM Tris pH 8.0 (8 column volumes)
35  Postload wash 20mM Tris pH 8.0 (5 column volumes)
Strip buffer 20mM Tris pH 8.0 /2M NaCl (2 column volumes)

Wash 0.1M Sodium Hydroxide (2 column volumes)




32 40mL of concentrated/diafiltered MabSel ect Protein A eluate was | oaded
on @Q Sepharose colum at a |oading capacity of 40ng/m matrix. The col um
was opeMdd 24076485 non- bi ndi ng node and t he unbound frBEVEBHOFHROH ni ng t he
anti body was collected. The recovery,pon this step was 69% by Al so. This is
slightly | ower than obtained under th3¢3?se 5 conditions for this antibody and
may be due |frs1cg’ccurate est&{nﬁﬁlonﬁf t he ngfd@éfl umcel due to hold up vol une
in the o Déafﬁd-f%a QE)PS%‘p syatecvRs ﬁ%ded@%ﬁi,epham@ unbound
fracti oeelvrn atgﬁaémgrcapwym 49® g4l magiknTThaendunih afas operated inatmonSP- Sephar ose
equi | i brindingmdaiefaid the(1@hboivhdhdition @ottizitg thEGnibisdyOiaSediledlad] Theisi ng an

Ani con retoverpdn ddb btef ivas 6906yt Ansh. OKRlg idMlighily toveer thdnldbadihéd eidkk tiege MeNbr ane.
SP- 5Sepdvaidftidhs @ tRivRk manmayﬁbaﬂd&ﬁ&cﬁﬁwémﬁu&e%ﬁfe%ﬁ Fitiie Ghow Col umn

di mensiggid e é%{mg 15 cm bed height Colum volunme 30 ni
Col um prepatr1 Y‘?lonePagiqgi ?/J%gdl um Hydr oxi de at 150 cml hr

Oper at i | .f1 te 0 cm hr ) Cl ean dr oxi de
(2 col ﬁﬂfi %e%% %@i’?’t@‘ ﬁﬁ%gm {}Aﬁiﬁegg%m 25mM
Sodi um ?“6" wash 25nM
SodPu mﬁ&@@é@%ﬂ@lmm stiged cethfittebwithd 8kDa Millinoss 25mv Sodi um
acet at dJiafifeoon semwaweC (25col um vol umes) 25 Strip buffer 25mM Sodi um
acetate pH 5.00/2M Nad (2columm volunes) Wash 0.1 M Sodi um Hydr oxi de (2

col um §plL g@@hragemlﬁﬁtmg@%;exchanged Q Sepharose eluate was | oaded
onto the gpharose colum a | oadi ng capacity of I Org/m matrix. The

col . um ) operat ed |3%g 3 de the eluate was collected as
fracti U, ons on profl |l e were anal ysed by GP- HPLC
to det erfimg. q%é‘l“@@’e@@@@@""é de careddivight i n Tabl e 8. Sanpl es

foll ovxd%ﬁu“@a@ ronﬁpé@r’aphy step were coll ected and anal ysed for
r Pr ot eiGolpmngsénamation Peckedtin Ozl M SaBumHgskonidehtil0Taghe 9. Tabl e 8:
r Pr ot eiQpetatidnabloReate 108 caflirdB. 36 adimdrjr omat ogr aphy step Sanple ID rProtein

A Anti didan 0.1M Sodivm Hydroxide (2 column volumes)
Loading capacity =~ 10 mg /ml matrix
Equilibration 25mM Sodium acetate pH 5.00 /25mM NaCl (8 column volumes)
Post load wash 25mi Sodium acetate pH 5.00/25mM NaCl (6column volumes)
Elution 25mM Sodium acetate pH 5.00/186mM NaCl (25column volumes)

25

Strip buffer 25mM Sodium acetate pH 5.00/2M NaCl (2column volumes)
Wash 0.1M Sodium Hydroxide (2 column volumes)

30 24ml of buffer exchanged Q-Sepharose eluate was loaded onto the SP-Sepharose column
at a loading capacity of 10mg/ml matrix. The column was operated in a binding mode; the.
eluate was collected as fractions. Fractions across the elution profile were analysed by GP-
HPLC to determine aggregate levels results and are shown in Table 8. Samples following
each chromatography step were collected and analysed for rProtein A residues, results are '

35  presented in Table 9. _
Table 8: rProtein A ELISA Results after each chromatography step

Sample ID rProtein A Antibody

levels(ng/mg) concentration
{(mg/ml)

MabSelect Protein A 2.64 46.7

eluate (after conc/diaf)

Q-Sepharose eluate <4 8.10

SP-Sepharose eluate <4 1.79

pool ¥(1-16)




| evel s(ng/ ng) concentration (nmg/m) MabSelect Protein A 2.64 46.7 eluate
(after conc/diaf) Q Sepharose eluate <4 8.10 SP-Sepharose eluate <4 1.79
pool F( WQeysd423004/ 076485 PCT/ EP2004/ 002041 33 5 Tabirareo4@F0PLC

Anal ysi s of SP-Sepharose fractions 3Banple |ID % Aggregates Absorbance Al so
SP eluate pool F(1-3) 0.57 11.2 SP eluate pool F(4-6) 1.10 2.7 SP eluate
pool F(7-9) 2.07 0.655 SP eluate pool F(10-12) 2.12 0.351 SP eluate pool
F(13%¥15) 2.56 0.208 10 Conclusion: Fractionation of aggregates was
observed during step elution of the antibody peak; see Table 4. Wth the
aggr egale, K19 < GP-APISC ARalRis of 8P-SepiltirokefrabGohsi | end of the el ution

peak) conpared to non-aggregate is containing fractions. The tail fractions

can be ramttegfromthegrpootto—obtain; 99% nmomoneri ¢ pool and still
have hiéﬁ“ﬂg‘émer y ( >95‘V$ % 4§ Uy ac ? Eﬁ%ﬁbﬁgﬁe of jaggregates across the
SP- Sepharose elution peak for high pa 3 dy 2 12 . -:;- 32530 10
1} -'i SP eluage pool F(1-3) 0.57 11.2
SP eluate pool F(4-6) 1.10 2.7
SP eluate pool F(7-9) 2.07 0.655
'SP eluate pool F(10-12) 2.12 0351
SP eluate pool F(13-15) 2.56 0.208

10

Conclusion: Fractionation of aggregates was observed during step elution of
the antibody peak; see Table 4. With the aggregate enriched fractions eluting
later (on the tail end of the elution peak) compared to non-aggregate

15 containing fractions. The tail fractions can be omitted from the main pool to
obtain 99% monomeric pool and still have high recovery (>25%).

Table 4 Fractionation of aggregates across the SP-Sepharose elution peak
for high plI antibody
20 :

12

10 - 2.5 10
é’- 87 % Aggregate
(=]
§ 15 -—x—Absoibance
8°7 ’ —+—Y% Aggregate]
& 40
[=7]
(=]

£
" vy

- 0.5

0 r_ A ,:_} . IR ) 25 0
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Fraction Mumber
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QO 0 "1-374-6 7-9 10-12 13-15 Fraction Nunmber 1 dains 1. Method of

puiifying an antibody, preferably an I]((JG ant i body, conprising the steps of:

5 Purifying an anti body by means of otein A affinity chromat ography

wherein the protein Ais a native prote| n A or a functional derivative

thereof, Loading the purified antibody on an ani on exchange material under
conditi?n ich allow for binding of the protein A or its derivative and

10 Col et ng at |east 70% of the amount of antibody | oaded onto the anion

exchange materi a| in the flowthrough of the ion exchanger V\/ni | st a

tontam nant protein A is bound.to t ' d

accor di i‘agMe(tﬁQﬂ W‘iﬁngﬂﬁraﬁ %‘H ?fhmhiyt%eleg?é{}ﬁgg&% {%E Bt?he

fi rst 15 ani on exeha a&mowlﬁéﬂ o@i,rgtéghtpbgfﬁnmrohfgmﬂggﬁ@hg ant i body,
preferably all ow ng rem)va aggregated antibody. 3. Method according
to claim?2, charaetherdiz e proteithd xsa@pnvﬁpmtnmﬁerrr Q)ﬁlﬂ?tﬂl’rah@e%‘éﬁtﬁ’e anti body

by renoval of aggre at ed anti body. 20 4. Method according to claiml,
characterized in 0%t he protein Ais a reconbinant protein Athat is

engi neered such, ag ohin'thOPurPheFiiiboly BRbAnidhlcRchEE Matérial anded urm

conditions which allow for binding of the protein A or its derivative and

10 e Collecting at least 70% of the amount of antibody loaded onto the anion
exchange material in the flow-through of the jon exchanger whilst a

contaminant protein A is bound to the jon exchange material

2. Method according to claim 1, characterized in the method comprises, after the first
15 anion exchanger step, the step of further purifying said anfibody, prefembly allowing of
removal of aggregated antibody.

3. Method according to claim 2, characterized in the step of further purifying said
antibody by removal of aggregated antibody.
20

4. Method according to claim 1, characterized in that the protein A. is a recombinant

protein A that is engineered such as to allow of single-point attachement to a column

material.

25 5. Method according to claim 4, characterized in that the recombinant protein A is
attached by at least 50 % via a thioether bond from a cysteine to the chromatographic
support material of the protein A affinity chromatography.

6. Method according to one of the preceding claims, characterized in that the protein A or
30 its functional derivative is reduced to a concentration of <Ing/mg IgG in the flow-

through of the ion-exchanger.
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from a cysteine to the chromatographic support material of the proteifi /A "
affinity chromatography. 6. Method according to one of the preceding

clainms, characterized in that the protein A or 30 its functional

derivati i ced tp a c entration, of <ing/ng 1gGin the flow

t hr ough \31? I‘I‘%“e“["[fgﬁ?" ‘II%II% r°.cIntﬁ?>P¥%F 88 chins, czemt,egmh%\nbag the GRABENORR04 2
7. Met hod agiefedt legsttod aiwbopé. t he preceding clains, characterized in that

thé antibody has a pl of at least 6.5 or above. 8. Method according to one
of the preceding clains, characterized in that the antibody is 5 a '

I I ' | I i.body wherein the 1gG anti bod
may be ohi Nerror aecsBpELF AP alind GrecinBininips. disagierived indubiivangbody o i m

8, cHaract eamrawclonal duéibody) préfei@bRpid REF¥nt s thd hose . portions of
the anti bodél?thal are rel e}IIlgnt for bi%gI}Ingﬂbt%g?gvﬂprot gﬁén@garﬁli’@fig I§)‘3in

its 10 Fe pBPHHS of (AR-gmafied IgGantibedy. binding to protein A nore
preferably in the C?2-Cy3 interface region of 1gG conprising the binding
sites for protein A of such species origin and I gG subclass origin which
ori gi ns @l | Mgtlodracbordmgab tlairinty charatteriged 1 tRAtAREIIE arflibo i&%le%%%ﬁ%é? q

S e

according to gl ai char.acterized in that the I'gG antibody TS

from the ge%ﬁgnsc%ﬁm%gymm Jeifvant fog bindingfolag@atein Ahprefigably ihotst he Fe
por tibon of REdyortigh . [ to claim8, characterized in
that the anttIlg)ody i;bﬁgIﬂ\%éslIIgﬁ%@%%éﬁ%g‘g&%éﬁ%%rﬁlmﬁa@%I e{d2rfei3 fyi ng
the anti bod§teEpcorsgion ofie@compirising thé binding/sites RrqFBtR0A 264 ¥hch bgecilEt hod
accordi ng to?ig?&%}dﬁgﬁl bgpar act.erihzﬁg i.n. that the antibody is harvested from
a mammalian ce PG Ess oty wvhigh erigias allow for hish affinitydinding o protdia,
characteriZed in that the antibody that is to be purified by nmeans of
protein A affinity chromatography is not treated as to inactivate

st 50 % via a thioet heEPBOR00204

g)é characterized in that-the — ...

15 10. Method according to claim 9, characterized in that the IgG antibody is selected from

the group comprising human IgG1, IgG2 and IgG4 with regard to the Fc portion of the
antibody. '

11. Method according to claim 8, characterized in that the antibody is harvested from a

20 cell culture prior to purifying the antibody by means of protein A affinity
chromatography.

12. Method according to claim 11, characterized in that the antibody is harvested from a
mammalian cell culture.
25

13. Method according to claim 11 or 12, characterized in that the antibody that is to be
purified by means of protein A affinity chromatography is not treated as to inactivate
proteases, preferably is not in admixture with at least one protease inhibitor.

30 14. Method of purifying an antibody comprising the steps of:

* Purifying an antibody by means of protein A affinity chromatography wherein
the protfein A is a native protein A or a functional derivative thereof,
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Loading the purified antib on,a.firs ni on exchange material under
condi tions whi C;dog%flg%n?%qnqﬁq\é@&gh&d%?n ?Lﬁéﬁmxﬁﬁﬁl% ?tF’é‘aldJ_é]fiFY/at ive,
ColTecting the amdithad wHigpslRey fHndRE P PRoeXCARUS dEBVRfeal in the
fl'ow through of the ion exchangier whilst a contam nant protein Ais bound

t'o the ion 5 Xellestigg threandibpdy loaded dnfathelasionmachingemyatetial iathé fody by
| oadi ng on, binding,ta.,and eluting it.. from a.second,i.on exchanger. 15.
Met hod accor di %"[“%hé’? %%%%’f%%ﬁ%a‘@lgt Ff@ataflﬁnﬁal?mé?n Ir'&eé%('?oufgg’&‘ &e ToRe
amoupt of 10 asich&fp@d¥miteaded onto the first anion exchange material are

recovered in the flow through. 16. Method according to one claim 15,
charact eri zed® i4nd fiuther perifying the aptiady by lpadiog oat bindingdo aiid Blutingdbfiom. 15
17. Method accordi to claim15, characterized in that the second ion
exchanger is aa%ﬁ{’]ﬁﬁo%%cﬁ%%e&r. 18. Method according to clainms 14 or 17,
characterized in that the purified antibody is 20 nononeric antibody and

that the second_ion exchange step allows _of renoval of aggregated
ant i bodyd- Methgd accprdinggpelaim ddpgmpragterized irp oy at least 70% of the amount of

10 antibody loaded onto the first anion exchange material are recovered in the flow-
through.

16. Method according to one claim 15, characterized in that the antibody has a pI of at

least 7.5 or above.

15
17. Method according to claim 135, characterized in that the second ion exchangerisa
cation exchanger.
18. Method according to claims 14 or 17, characterized in that the purified antibody is
20 monomeric antibody and that the second ion exchange step allows of removal of
aggregated antibody.
25
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