SELECTIVE ENRICHMENT OF ANTIBODIES 5BACKGROUND TO THE INVENTION TECHNICAL
FIELD  The present invention relates to purification processes for proteins, particularly
10immunoglobulins or other proteins that have an Fc domain. STATE OF THE ART Biomolecules
such as proteins, polynucleotides, polysaccharides and the like are increas- 15 ingly gaining
commercial importance as medicines, as diagnostic agents, as additives in foods, detergents and the
like, as research reagents and for many other applications. The need for such biomolecules can no
longer normally be met - for example in the case of proteins - by isolating molecules from natural
sources, but requires the use of biotechnological production methods. 20 The biotechnological

preparation of proteins typicafiEdBDT Witk PR RICIRIVENTNAFTZgNTER DD ESiitable expression

vector, After transfection of the expression vector into suitable prokaryotic or eukaryotic expression
cells and subsequent selection of transfected cells the latter are cultivated in bioreactors and the
desired protein is expressed. 25Then the cells or the culture supernatant is or are harvested and the

protein contained therein is worked up, ' %h @e f 5 tic expression systems, i.e.
when usinSg mammalian cell cultures suc g?g& oﬂﬁ\tl (Eﬁggl(fg&gﬁ )?éﬁ)ple, there has been a
significant increase in the last 3015 years in the concentration of the desired protein in the cell cultures
or cell culture sgReYRataNtSRapcan be achieved in the expression step. Over the same period, the
binding capacity of chromatographic materials that are used in the subsequent purification of the

proteins increased only slightly, by comparison. For this reason there is a pressing need for improved,
optimised purificatrasaethoestfon bidates écpledjaidicptadyysesténerttEihsgrabre@artjed out on a

large indystrial sealeoo e Sae% ALPIABRATASEHICRISSHORAS Jar example proteins used as drugs,

e.g. 5 therapeutic antibodies, the separation of impurities Is of major importance, in addition to the
product yield. A distinction can be drawn between process- and product-dependent impurities. The
process-depesdsttENQEuTIHES ARNtain components of the host cells such as proteins (host cell
proteins, HCP) and nucleic acids and originate from the cell culture (such as components of the

medium) or from the working up (such as for example salts or
Biomolecules such as proteins, polynucleotides, polysaccharides and the like are increas-

15 ingly gaining commercial importance as medicines, as diagnostic agents, as additives in
foods, detergents and the like, as research reagents and for many other applications. The
need for such biomolecules can no longer normally be met - for example in the case of
proteins - by isolating molecules from natural sources, but requires the use of biotechno-
logical production methods.

20
The biotechnological preparation of proteins typically begins with the cloning of a DNA
fragment into a suitable expression vector. After transfection of the expression vector into
suitable prokaryotic or eukaryotic expression cells and subsequent selection of trans-
fected cells the latter are cultivated in bioreactors and the desired protein is expressed.

25 Then the cells or the culture supernatant is or are harvested and the protein contained

therein is worked up and purified.

In the case of eukaryotic expression systems, i.e. when using mammalian cell cultures
such as CHO or NSO cells, for example, there has been a significant increase in the last
30 15 years in the concentration of the desired protein in the cell cultures or cell culture
supernatants that can be achieved in the expression step. Over the same period, the
binding capacity of chromatographic materials that are used in the subsequent purification

of the proteins increased only slightly, by comparison. For this reason there is a pressing



lodissolved chromatography ligands). Product-dependent impurities are molecular variants of the
product with different properties. These include shortened forms such as precursors and hydrolytic
breakdown products, but also modified forms, produced for example by deaminations, incorrect
glycosylations or wrongly linked disulphide bridges. Also included among the product-dependent
variants are polymers and aggregates, 150ther impurities are contaminants. This term covers all other
materials of a chemical, biochemical or microbiological nature that do not belong directly to the

production process.. Examples of contaminants include yiruses that may occur in undesirable manner
in cell cuIturespi‘i)‘?n%!é11 REeGs %‘RSBH%"F%&%%*&&?&Q@,’ﬂ%%\?ﬁﬁégfgg\?@ﬁg%%%a&’é‘&’%ﬂ%H&%ﬁese
concerns are ifitehsifidekifaackederytaften laegspodsaitd biafgharmaceuticals, the therapeutic proteins are
administered directly into the bloodstream by injection or infusion. Thus, host cell components may
lead to allergic reactions or immunopatho_lo?ical effects. In addition, impurities may also lead to an

undesirable imM{RoFES GhP BRI PR r dintr e iPricespitay atpl)siget Pa tedeSidble
immune reactitietaptheitheThipelidic, tgestpartiiopafiantypidssibiyiessdngnpdifertbeeateniagion to
anaphylactic s , there | r SU rification processes by, means of which
all unwanted sﬁ%j%r_?cng %@r@e béR r%%ﬁb@é '?c? %&%ﬁﬁ%@ﬁ%@?#%gﬁ ?ﬁ%%o ner%rgga?’{ter?/% elrﬁdﬁngv case of
biopharmaceutitaiis iggoribipRreeafsiioRasies ciammisitins rpfdrstcaneR)ents pidtiadiash ealls pustfication
metdhodsduSsdmlt@iﬁ@(wg@émﬁlﬁ%@mH@W)‘?fmcddéﬂéiﬁt%&&ﬁ%@' uﬁét@&ﬁﬁ#ﬂﬁ%‘ﬂéﬁpg&l%@us
produced. As working up and processing steps.for proteins, (column) chromatggraphic processes as
well as fiItrati0?13%%51a[grgé)mﬂ%é)rﬁtsp?o%ﬁeessees ﬁ‘rneq)o rc&ﬁg?efpﬁn %Qﬁc _%Hag,ﬁﬁngﬁéeaggﬁgpﬁ&% of
concentrating aisfibaikbshcontaieg apsiclisangeirificedtebyeatfinigntimombiesgeap holdmderdiagays

numerous methagls BRI ICRIRERSHPSFRANdriReseGhERmAtograni RAIglR fhat can be used in

these processes are currently known. Atfinity chromatography matrices are used as the stationary
phase in the irRiGEHRP S ARV ¥ RIS QB & S| R IR i ey FaES RO YRR 6
specifically congemipiting dewinnatiyisg isobstangbsdsglatiane or cedagly aiffkuty deuthie qeaditiges. ligand
L0used. For thﬁéB%H&%‘J’é‘rﬂB@é{gQ shantbedie é'é‘%%é’?%%g%ﬁ’@%?%gﬁ%?@%géré}’q{;

hgg%g ification of
monoclonal antibodies, immobi rotein A'is often used as the | purification’ steép. Protein A is a

protein with alfoties MavEties AN isardisdaratasivris alieitagmalerialy ofaghamical12 M of
human IgG) tooibeneiiAT biantlomisitiogidiienEtire that do not belong directly to the production

process. Examples of contaminants include viruses that may occur in undesirable

manner in cell cultures.

20 Inthe case of biopharmaceuticals, impurities give rise to safety concerns. These
concerns are intensified if, as very often happens with biopharmaceuticals, the therapeutic
proteins are administered directly into the bloodstream by injection or infusion. Thus, host
cell components may lead to allergic reactions or immunopathological effects. In addition,
impurities may also lead to an undesirable immunogenicity of the protein administered, i.e.

25  they may trigger an undesirable immune reaction to the therapeutic agent in the patient,
possibly leading to life-threatening anaphylactic shock. Therefore, there is a need for
suitable purification processes by means of which all unwanted substances can be

reduced to a harmless level.

30  On the other hand, even in the case of biopharmaceuticals, economic considerations
cannot be ignored. Thus, the production and purification methods used should not

compromise the economic viability of the biopharmaceutical product thus produced.



region of immunoglobulins. In protein A chromatography, immunoglobulins or fusion 15proteins that
have a protein A-binding Fc region from the mobile phase bind specifically to the protein A ligand,
which is covalently coupled to a carrier (e.g. Sepharose). Protein A from Staphylococcus aureus
(wild-type protein A) and genetically modified recombinant protein A (rec. protein A) interacts through
non-covalent interactions with the constant region (Fc fragment) of the antibodies. This specific
interaction can be used to separate 20impurities efficiently from the antibody. By altering the pH, the
interaction bet\Aveen the antiboay and th.eé)r teian Ii?a d cap e deliberatel stor%),ed and the antibody
released or eldt@d HEMIHE SAtBRA BINEsE e R 0 TSI Brot &R R AR RAIR T RRAIREPEES e Hrisny
other moleculegediasdiitigtioncind [28dhée vndtodtss Pe dragrinentid imgpitaticiluiihdenteénsafigrotein

A are used instaacLah e EOMBIRIS P IFIfEHiE IR IGNALUNLS BFS KR NBichffer precisely from

the B domain of the protein A, which are suitable for binding Fc-fragment-containing molecules (16,

17). These diffePENT IS REiRGCRLBAN Ay TRIRESHTBRRATO R WA BrosratressRAY iAnerier to
increase the stabiityatordoipdiy gafinity. thitesemwetasds of the Brlomsieatedisuadit3Rridawn as
Z-domain or protein Z. Besides protein A or protein G, various peptides are also suitable for selective
binding to the Fc fragment (14). The present great interest in affinity ligands for the Fc fragment lead
one to suppos@ iy sHIremsieArRYMaticas are wEaaproliasialighany Rhreeatberastpaal particularly

the frequently pgestatiotedt fasblieraietiniy arfrRuIRRVIgARE BAckealy e TeR dhesrigspincreasing

product concentratioqfs in thaen}‘jerrtpn gr/}tner argj !a]rjge q(%%%téggo%ff ro%}ug}iwt&ri]ﬁr&?ﬁ%Igggn:sqgggiﬁ%nd

chromatograpﬁﬁ:nﬁﬁﬁ i2adA proce 4l
capacities? 5 mgather of tbpdledsrietestfidatis) powttipidine §ramd tpgiolitiéss hfdsutitariany the future,

therefore, altegiativa RINHICRBABISASESSES WG RasENta: Adsnetal Qrery e PLaventignal

purification strategies, includin% affinity chromatography and alternative methods of affinity
|

chromatograpRY EERA'E8 f5thdTiPIRE IR RNG B ML BRoHbT AR RbRiaBdef aReA st s ariahy
chromatograpbindsegthotigh efirstaritly irvotiised affinityatigam touhdChagirndtmaisaiipiised
affinity ligand S, M [ g ' inity ligan ies.a fusipn tag or a
fusion protein qv%%?gﬁ %ﬁ&%@é&?ﬁ%tﬁ c%rrgr?/& é%ﬁr?ﬁ%ﬁgﬁﬁggﬁb‘ﬁ%ﬁ:ﬂ%@%ﬁ%@ﬂ%@%ﬁ '%?r? a solid
phase that takBL RS A thavscBrjedfed-Indng hexiesiep fesntheonokitiehasatinfyseredisattoéraphy,
the 15target pratejrdesepatried amnthediganshundaisividable aonditiens sppgiiwsslutesiéiom the

column. The,invention described here uses, affinity precipitatign instead of affinity chromatography to
purify biomolefcrﬁfgsg%ﬁrl})sy e ﬁ%ﬁgﬁﬁ%ﬁf 6(%(93 gfé)%et'rbobea ga?f)?&%lcsa X/r\%%ﬂe s@&%%hﬁ%%‘arger
scale (1, 2). Affiieitgipredipitaioleis Mentenattefeistivdh menkrsyaléeplinteira giienspiti dme(29r$taet
precipitation ofgy W@E%ff&@'ﬁ%&x?%pﬂ@éﬂﬁ%ﬁ%@ﬁ@ YR kpmarpRseesdhrt isdreqressvased,
Thus, many pr,otelns,hav?f,a,lre %/ been separated from a solution by .
20" * impunities efficiently from the antibody. By altering the pH, the interaction between the
antibody and the protein A ligand can be deliberately stopped and the antibody released

or eluted from the stationary phase.

Apart from protein A as affinity ligand, there are many other molecules currently known

25  that bind to the Fc fragment. Thus, individual domains of protein A are used instead of the
complete protein (8). Protein variants are known, which differ precisely from the B domain
of the protein A, which are suitable for binding Fc-fragment-containing molecules (16, 17).
These different variants differ essentially in the mutations that have been inserted in order
to increase the stability or binding affinity. These mutants of the B domain are usually

30 known as Z-domain or protein Z. Besides protein A or protein G, various peptides are
also suitable for selective binding to the Fc fragment (14). The present great interest in
affinity ligands for the Fc fragment lead one to suppose that still more affinity ligands are
being found.



25ammonium sulphate precipitation from a protein mixture. During this precipitation, macromolecules
(e.g. proteins) are removed from the solution and converted into particles. Depending on the difference
in density between the particle and the solution and the particle diameter, this step leads to
precipitation. However, this precipitation usually takes place non-specifically. 30 For more selective
concentration of a molecule, e.g. a protein, therefore, affinity precipitation was developed. Affinity
precipitation makes use of the selective binding of an affinity molecule to a target molecule. Affinity
molecules may be for example proteins, peptides, oligonucleotides or small chemical molecules. A
distinction is dfHYFRFRMRIC SRR iRRbRAMEWRSH AR BRI SSRRPRIRINS A RarA RS apigFe
precipitation (Bxperfaist @t paffindly presipitetioardiottréheiadfiimidymoteciskenaativiieitarget molecule
have two bindi | hat it i ' t tg form.hetween wp molecules and an
affinity comple%gilg§ %ﬁ%@g t @tlgséegﬁ%ﬁgst) @E%eﬁﬁ’l\g%}}é gf% (s'@(l:t%r?éﬁv g'r% 5 r a%rﬁ ?/gé p@(’:?pitation,
affinity macroligiffa{pvArpegesgasdbatenRenmplactrowis s oigrerapitanon; 'ardiaginrpanidrscule is

bound to & stirquatabler sybistaneecdisaiea podymalintdiepinulaiaiie stbstRNCtHIRANGRSLS
solubility charqgge(r%ifsticsa?ts aresult of a chané;(e in the anm ient conqdit'o S, such as e.?. a sgift in the pH

| . , |
SHOROR S RISl BripiRy Pai o aABR A VMo heed for a

or temperature, and precipitation oceurs.
bifunctional affieiyerdinTsibeundetifar sileigiesionellgingeaffimie chtereittegraphitendféitéy ptigeipitation
that is mostly wse ot pHifY, RDHR G AR eRNE EAIRIE SHTMRIVRG LU BRET (Medators (15).

15The affinity precipitation of molecules containing Fc fragment has already been described in a
number of studies. The most common application at present is characterised by the use of so-called
"smart polymesshé@meant pohyetters biafititpahnespogsamyinteligent palgaetls onadiniked
macroligands)_afe. r ch [JeYs les.in. 1o rnal.infl
(physical or chﬁﬁlégﬁuﬁﬁlép%g%g @_ti\r@%%%may%@%%%@%%%m%%%ﬁg% %b pér%ﬁ%ﬁagijre
(12-13). UsualRFokdrt Polyhferdlirdlyciadnmen demiiURiRA e simiudanmeiainismichhmalescivitation
can be reversegsaiies thezigstectise parasinnsafishe steesAmigNigoldtiona RyiRulirkle genditiess. Smart

polymers can bF gé)pAngg%ee% gvﬁwas\/arlol.lstg)lomojre ules, Ieadlng to.a Ia(%%im cu,;pulatlon of

polymer/biomoqeacule systems t an be Used for all Rinds of a%rbtﬁ)c% Ions. x%\rﬁ)ﬁlqg%o@tr%%etgg

biomolecties itFcufi@ototeinsepijaieddientidessigandunses spitaitiectciaditioos fficityusreliisitslion is the
recently descrigedopffipity sinking” method. In this form of affinity precipitation, a linking molecular
scaffold is used to bind a number of affinity ligands to one another. This then makes it possible to form
the network required

The invention described here uses affinity precipitation instead of affinity chromatography

to purify biomolecules. This method appears to have great potential precisely when used

20 on a larger scale (1, 2).

Affinity precipitation is the most effective method of protein precipitation (2). The
precipitation of a protein from a solution in general is a well known process that is
frequently used. Thus, many proteins have already been separated from a solution by
25  ammonium sulphate precipitation from a protein mixture. During this precipitation,
macromolecules (e.g. proteins) are removed from the solution and converted into
particles. Depending on the difference in density between the particle and the solution
and the particle diameter, this step leads to precipitation. However, this precipitation
usually takes place non-specifically.
30
For more selective concentration of a molecule, e.g. a protein, therefore, affinity
precipitation was developed. Affinity precipitation makes use of the selective binding of an
affinity molecule to a target molecule. Affinity molecules may be for example proteins,

peptides, oligonucleotides or small chemical molecules. A distinction is drawn in affinity
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30for precipitation. The binding of the affinity ligand to the network former may take place both
non-covalently and covalently. This method was recently described in the patent "Compositions and
methods for purifying and crystallizing molecules of interest” (6). In this, first of all a solution containing
antibodies is mixed with an affinity ligand that is covalently bound to a crosslinker. No precipitation is
observed. Only after the subsequent addition of a coordinating on or molecule does precipitation take
place. In a second similar application the affinity ligand is linked to a biotin-binding protein which forms
a network with the mediator avidin (9). 5US patent 7,083,943 describes an affinity precipitation in
which a bindin§"86RiEHCfPEisaaReCRIRSIRIeS IHREENS Seseat I eloriiiytRecaRiiptracid)skdiishce of

which is intenagddp Assist sheisindencydm precifitaticnochan and thotinran tendrserhe the affinity
precipitation of lgG with poly(N- 10isopropylacrylamide)-protein A conjugates. The precipitation of
antibodies withb'lﬁ%r%Ia modi fgsd %‘g’g‘@?{n’tﬁf ﬁ%?/vgéé\!/%?f}/ ER (ralqc‘ﬁ)op%o%ﬁ rg?fgeéhv%%ﬁ% t&‘@a'ﬁ%%ﬁt@ﬁ% %ﬁhe
methods descrbeaffinittheopritexais forthed thaiisgdine ditletr affirsiofiprezipititisrsopreeigikatidinity possible

only via the cressdintdnennsaiesien - ineaeRNAMIS ardelseffindy ssiniationa isaulatable
substance is re?uwe,d. Other dlsad,vantages of the affinity precipitations that are best known are on the

one hand a) stBIRCRIRIZhBS R TMIMANE R thie ARSI HRREIR SYRHAREE bYSHRA b MARTIYTS
high-moleculaiTafintiy nieisbidigabsianbg ttrengsslithdisiativity afhtire qeeisijuitade ch pedyinef semplgx is
slow, c) the nop, [fi -precipitati iImpuLit] e [ ipitation
20step, ) the Buaa] e S BIRcg e i 5 e b e e, 6 PRIt o1
BRIEF SUMMAFYr&FURiie fWEN’?[@NWﬂﬁ%CWE?é&ﬂ: iMeER iR ERAE daaHifHRGtIeRABffi¥Yn using

a binding frotetibwihidwe oingling:stiemaviieledispeosrscppaipletely with an additional fusion protein
or a linker molecule, The affinity protein on its own is sufficient for the precipitation, and there is no

need for a stationary phase. The invention used here also makes it easier to recover the affinity
protein. In the affinity precipitation that is mostly used, the affinity ligands are at present coupled to

polymers or other mediators (15).

15 The affinity precipitation of molecules containing Fc fragment has already been described
in a number of studies. The most common application at present is characterised by the
use of so-called "smart polymers". "Smart polymers" (or stimuli-responsive "intelligent"
polymers or affinity macroligands) are polymers that can change their properties in
response to external influences (physical or chemical stimuli). These stimuli may be for

20  example changes in pH or temperature (12-13). Usually, smart polymers react to their
stimuli with precipitation in solution. This precipitation can be reversed, after the desired
separation of the supernatant solution, by suitable conditions. Smart polymers can be
conjugated with various biomolecules, leading to a large accumulation of
polymer/biomolecule systems that can be used for all kinds of applications. Examples of

25 these biomolecules include proteins, oligonucleotides and sugars.

Another form of affinity precipitation is the recently described "affinity sinking” method. In
this form of affinity precipitation, a linking molecular scaffold is used to bind a number of
affinity ligands to one another. This then makes it possible to form the network required

30  for precipitation. The binding of the affinity ligand to the network former may take place
both non-covalently and covalently. This method was recently described in the patent
"Compositions and methods for purifying and crystallizing molecules of interest” (6). In
this, first of all a solution containing antibodies is mixed with an affinity ligand that is

covalently bound to a crosslinker. No precipitation is observed. Only after the
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30 The invention relates in particular to a process for the selective concentration of immunoglobulins
or other proteins that contain an Fc domain (target protein), comprising the following steps: a.
preparing a solution that contains the target protein; b. incorporating an Fc-binding protein with
precisely two binding sites under conditions that allow binding to occur; c. separating the precipitate
from the liquid phase; d. undoing the binding of the target protein from the Fc-binding protein. In
another aspect the invention relates to a process in which the Fc-binding protein is a dimer of an
Fc-binding domain of protein A or protein G. Preferably, the two monomers of the dimer are linked to
one another viglASHSHSHiREBitagE asrrEiiertas LheEMAetHirAtRh IR temtpkedRasan Wisich the

dimer is a homedbRersitARaFEPPIBEE ehavaithth ayeribesSEke dRoNQictinTrAiNg Meleid whigh 1D NO: 3
or SEQ ID NOf 7r or ag,e %(? C(:T‘ﬂ'%ht tew]fg {stgrromiﬁrg%lD NO.1in1,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16,(1??313, TG 28 amino acids. 1511 an l)ner aspect the Fc-binding protein is used in a
ratio of 0.5 - 20 in relation to the target protein. The solution in step a. preferably has a pH of 5.5 - 8.

Preferably, the jgngoing ofdbe Mindipg-HpstemditakeRiacRalR RHWIA abpdRPRahaR asPget the

invention relates to an Fc-binding protein consisting of 2 identical 20 sub-units that have the sequence
SEQ ID NO: 1/ %E5ABRIB SINEETI8 RBT3C SEEAB Ne2a7 8P 34dG6aree mhat titierd$iaR"SEH 1D
NO. 1in 1, 2, & 4s8s6hé, t8n@eridy, thrad@pitdjo, 15, 16, 17, 18, 19 or 20 amino acids, the two
sub-units being linked to each other via a covalent bond. Preferably, the covalent bond is a disulphide
bond. 25 BRIEF DESCRIPTION OF THE FIGURES Figure 1: SDS-PAGE of the Z dimer. To
demonstrate ti8MIEHSARBR I L3kerrEb e S alinRERe BHRYGB R desh il RrtM(Mithiothreitol was

added before tbepappliaatinaminié)eien B-BMabaitrnoadamgitation of antibodies with unmodified

protein A, however, has not proved effective.

One disadvantage of the methods described in the prior art is that during first order affinity
precipitation, precipitation is possible only via the cross-linking molecule, or in second

15 order affinity precipitation a stimulatable substance is required. Other disadvantages of
the affinity precipitations that are best known are on the one hand a) steric hindrance in
which the binding of the target protein is limited by the binding of high-molecular affinity
macroligands, b) the resolubilisation of the precipitated polymer complex is slow, c) the
non-specific co-precipitation of impurities, that generally require a second precipitation

20  step, d) the additional step of binding an affinity protein to the polymer or to the cross-
linker (2-5).

BRIEF SUMMARY OF THE INVENTION

25  The present invention relates to affinity precipitation using a binding protein with two
binding sites, which dispenses completely with an additional fusion protein or a linker
molecule. The affinity protein on its own is sufficient for the precipitation, and there is no
need for a stationary phase. The invention used here also makes it easier to recover the
affinity protein.

30
The invention relates in particular to a process for the selective concentration of
immunoglobulins or other proteins that contain an Fc domain (target protein), comprising
the following steps:

a. preparing a solution that contains the target protein;

-6-



recombinant Z-dimer mixed 1 with 0.6 pmol iodoacetamide 10recombinant Z-dimer mixed 2with 0.3
pmol DTT and iodoacetamide 3pure recombinant Z-dimer 4Kombi marker 15recombinant Z-dimer
mixed 5 with 0.2 pmol iodoacetamide recombinant Z-dimer mixed 6with 0.1 pmol DTT and 0.2 pmol
iodoacetamide 207pure recombinant Z-dimer Figure 2: Affinity precipitation using Z-dimer. As the first
step, protein Z is oxidised. In the second step the Z-dimer is added to a solution containing antibody
(mAB), which leads to the selective precipitation of the antibody. 25 Figure 3: UV diagram of ion
exchange chromatography under acid conditions for separating the Z dimer from the antibody
(Experiment 2). TRe U\PXRRASAMABDEPA-BINSTT PReRISMRRIeCcierly tie DPgoREOGS@A at 280 nm is
shown in blue and thednergasingtentenbridigfer &2 £de mM phosphate, 3 M NaCl) is shown in green.

30
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c. separating the precipitate from the liquid phase;

d. undoing the binding of the target protein from the Fc-binding protein.

In another aspect the invention relates to a process in which the Fc-binding protein is a
dimer of an Fc-binding domain of protein A or protein G. Preferably, the two monomers of

the dimer are linked to one another via a disulphide bridge.

In another aspect the invention relates to a process in which the dimer is a homodimer,
the monomers of which have the SEQ ID NO: 1, SEQ ID NO: 2, SEQ IDNO: 3 or SEQ ID
NO. 7 or a sequence that differs from SEQIDNO.1in 1,2, 3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 amino acids.

In another aspect the Fc-binding protein is used in a ratio of 0.5 - 20 in relation to the
target protein. The solution in step a. preferably has a pH of 5.5 - 8. Preferably, the
undoing of the binding in step d. takes place ata pH of 2 - 4.5.

In another aspect the invention relates to an Fc-binding protein consisting of 2 identical

sub-units that have the sequence SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO. 7 or a sequence that differs from SEQIDNO.1in1,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 amino acids, the two sub-units being linked to each other

via a covalent bond. Preferably, the covalent bond is a disulphide bond.



Figure 4. SDS-PAGE for Experiment 2. TraceSample Ipurified antibody 2protein Z dimer 5
3supernatant after precipitation 4supernatant after an optional washing step 5resuspended pellet
(antibody with Z-dimer) 6peak 1 of the ion exchange chromatography at an acid pH (antibody) peak 2
of the acid ion exchange 7 chromatography at an acid pH (Z-dim$ 8Kombi marker DETAILED
DESCRIPTION OF THE INVENTION 15The present invention relates to methods of depleting
impurities, particularly host cell protein (HCP) and DNA, from protein compositions of the kind obtained
from cell cultures in which proteins are expressed recombinantly or endogenously. In particular, the

invention relates to methods of puriff3tET B&EREERPIRON DFr St FGHREProtein) by binding an

Fc-binding protein or multimer thereof with at least two binding sites. In further
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10
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20

25
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Figure 1: SDS-PAGE of the Z dimer. To demonstrate the dimerisation via cysteines,
iodoacetamide or iodoacetamide with dithiothreitol was added before the application to the
SDS-PAGE.

Trace Sample
recombinant Z-dimer mixed
with 0.6 ymol iodoacetamide
recombinant Z-dimer mixed

2 with 0.3 umol DTT and
iodoacetamide
pure recombinant Z-dimer
Kombi marker
recombinant Z-dimer mixed
with 0.2 ymol iodoacetamide
recombinant Z-dimer mixed
6 with 0.1 umol DTT and 0.2
pumol iodoacetamide

7 pure recombinant Z-dimer

Figure 2: Affinity precipitation using Z-dimer. As the first step, protein Z is oxidised. In the
second step the Z-dimer is added to a solution containing antibody (mAB), which leads to

the selective precipitation of the antibody.

Figure 3: UV diagram of ion exchange chromatography under acid conditions for
separating the Z dimer from the antibody (Experiment 2). The UV chromatogram at 220
nm is shown in red, the UV chromatogram at 280 nm is shown in blue and the increasing

content of buffer B (20 mM phosphate, 3 M NaCl) is shown in green.



20steps the precipitate is separated off and then the binding of the Fc-binding protein to the target
protein is removed using suitable conditions. The present invention relates to a process for the
selective concentration of immunoglobulins or other proteins that contain an Fc domain (target
protein), comprising 25the following steps: a. preparing a solution that contains the target protein; b.
incorporating an Fc-binding protein with precisely two binding sites under conditions that allow binding
to occur; c. separating the precipitate from the liquid phase; 30d. undoing the binding of the target
protein from the Fc-binding protein. The target protein may be in particular an immunoglobulin or a

protein that cofita#e thePo o rEPaIRRIHdglobulin and can bind to protein A or fragments of

protein A. Immunoglobulins consist of two heavy and two light chains. The heavy chains each have

one variable arddéree to four constaghggnains depending on the immunoglobulin. These are referred

to analogously gs VH aneb & Elkisshl2. CH3. The variable domains of a light and a heavy chain form the

antigen binding site. p&?egec:)g@in Cr: 2 contains a carbohydrate chain which forms a binding site for the
e

complement system. Edomain contains the Fc-receptor binding site. Target proteins to which

the process accdrdint} RS AR AN EAFHREER B Ubplied are all proteins that have an Fc domain.
Examples of préteinSHr&lediatia CHBToPiPRag e HRRbodies, immunoadhesins and fusion
proteins in which therpsossiansfeitheetst (Bndbadevtigt Zedir@H2/CH3 region. In one embodiment of the
invention, the tagget peatemds tfoy iexasxghargye antibody that has a ioCH2/CH3 region and is thus
capable of binding tocproteatodrapihe tdram &iPpEHBegion) refers to the amino acids in the Fc region of
an antibody that interaeiktihpiredeitidion kedherdysding protein comprises according to the invention
precisely two bindingchites dargoaehl atoneid h6 I(Zammbéf’r aspect the invention relates to a process
wherein the Fc-ginding peatgisrkea dimer of an Fc-binding domain of protein A or protein G. The two
monomers of the dimer are preferably linked together by a disulphide bridge.

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention relates to methods of depleting impurities, particularly host cell
protein (HCP) and DNA, from protein compositions of the kind obtained from cell cultures
in which proteins are expressed recombinantly or endogenously. In particular, the
invention relates to methods of purifying or concentrating a protein (target protein) by
binding an Fc-binding protein or multimer thereof with at least two binding sites. In further

20  steps the precipitate is separated off and then the binding of the Fc-binding protein to the

target protein is removed using suitable conditions.

The present invention relates to a process for the selective concentration of
immunoglobulins or other proteins that contain an Fc domain (target protein), comprising
25  the following steps:
a. preparing a solution that contains the target protein;
b. incorporating an Fc-binding protein with precisely two binding sites under
conditions that allow binding to occur;
separating the precipitate from the liquid phase;
30 d. undoing the binding of the target protein from the Fc-binding protein.

The target protein may be in particular an immunoglobulin or a protein that contains the Fc
domain of an immunoglobulin and can bind to protein A or fragments of protein A.

Immunoglobulins consist of two heavy and two light chains. The heavy chains each have



20By an Fc-binding protein are meant proteins or peptides which are capable of binding to the Fc
region. Preferably, Fc-binding proteins bind with a dissociation constant (KO value) in the range from
10-2-10-13M. In preferred embodiments of the invention the Fc-binding protein is a homo- or
25heterodimer of Fc-binding domains which comprise or contain the sequences listed in Table 1:
SEQ ID NO: sequence Description 1 ,MVDNKENKEQ QNAFYETLHL PNLNEFORNA FIQSLKDDPS
QSANLLAEAK KLNDAQAPKS SACRFRRRRR RR Z-domain Cys tag MVDNKFNKFQ ONAFSEILHL
PNLNEEQRNA FIOSLKDDPS QSANILAEAK KLNDAQAPKS SAC Z-domain CyS D DNKFNKEQQN
AFly ILHIPN PRPERTRNAR O BIER HDPES O AR s IRISAGERK haisrianoglobulin.

These are referred to analogously as VH and CH1, CH2, CH3. The variable domains of a
light and a heavy chain form the antigen binding site. The domain CH2 contains a
carbohydrate chain which forms a binding site for the complement system. The CH3

5  domain contains the Fc-receptor binding site. Target proteins to which the process
according to the invention can be applied are all proteins that have an Fc domain.
Examples of proteins that contain CH2/CH3 regions are antibodies, immunoadhesins and
fusion proteins in which the protein of interest is connected to a CH2/CH3 region. In one
embodiment of the invention, the target protein is for example an antibody that has a

10 CH2/CH3 region and is thus capable of binding to protein A. The term CH2/CH3 region

refers to the amino acids in the Fc region of an antibody that interact with protein A.

The Fc-binding protein comprises according to the invention precisely two binding sites for
one Fc domain.

15
In another aspect the invention relates to a process wherein the Fc-binding protein is a
dimer of an Fc-binding domain of protein A or protein G. The two monomers of the dimer

are preferably linked together by a disulphide bridge.

20 By an Fe-binding protein are meant proteins or peptides which are capable of binding to
the Fc region. Preferably, Fc-binding proteins bind with a dissociation constant (Kp value)
in the range from 102-107"*M.

In preferred embodiments of the invention the Fc-binding protein is a homo- or

25 heterodimer of Fc-binding domains which comprise or contain the sequences listed in
Table 1:
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QQONAFYQVLN MPNLNADQRN GFIQSLKDDP SQ5AI1711,CEA QKLNDSQAPK E domain of protein A
(Swissprot P02967) QNNFNKDQQS AFYEILNNPN LNEAQRNGFI QSLKDDPSQS TWLGEAKKL
NESQAPK D domain of protein A (Swissprot P02967) 6 TINNENKFOQN AFYSIINMPN LNEEQRNGFI
QSLKIDPSQS ANLLSEAKKL NESQAPK C domain of protein A (Swissprot P02967) 7
DNEFNKEQQN AFVEILHLPN LNEEQRNGFI QSLRDDPSQS ANLLAEAKKL NDAQAPK B domain of
protein A (Swissprot P02967) DNDNKEQQN AFYEILHAPN LTE 'QRNGFI QSLKDDPSVS
KFIIAEAKKL NDAQAPK A domain of protein A (Swissprot P02967) TTyKLVINGK TLKGETTTKT

VDAETAERAE KQYANONGVD GVWTYDDATK TFTVT protein G Fc binning domain from

Streptococcusssp. Mot Qa3337) Description
NO:
1 MVDNKFNKEQ ONAFYEILHL PNLNEEQRNA FIQSLKDDPS | Z-domain Cys tag
QSANLLAEAK KLNDAQAPKS SACRRRRRRR RP
2 MVDNKFNKEQ ONAFYEILHL PNLNEEQRNA FIQSLKDDPS | Z-domain Cys
QSANLLAEAK KLNDAQAPKS SAC
3 DNKFNKEQON AFYEILHLPN LNEEQRNAFI QSLKDDPSQS | Zz-domain
ANLLAEAKKI, NDAQAPK
4 QONAFYQVLN MPNLNADQRN GFIQSLKDDP SQSANVLGEA | E domain of
QKLNDSQAPK protein A
(Swissprot
P02967)
5 QNNFNKDQQS AFYEILNMPN LNEAQRNGFI QSLKDDPSQS | D domain of
TNVLGEAKKL NESQAPK protein A
(Swissprot
P02967)
5 DNNFNKEQQN AFYEILNMPN LNEEQRNGFI QSLKDDPSQS | C domain of
ANLLSEAKKL NESQAPK protein A
{(Swissprot
P02967)
7 DNKFNKEQON AFYEILHLPN LNEEQRNGFI QSLKDDPSQS | B domain of
ANLLAEAKKL NDAQAPK protein A
(Swissprot
P02967)
8 DNKFNKEQQON AFYEILHLPN LTEEQRNGFI QSLKDDPSVS | A domain of
KETLAEAKKL NDAQAPK protej_n A
(Swissprot
P02967)
9 TTYKLVINGK TLRKGETTTKT VDAETAEKAF KQYANDNGVD | protein G Fc-
GVWTYDDATK TFTVT binding domain
from Streptococcus
Sp. (Uniprot
Q53337)
10 TTYKLVINGK TLKGETTTKA VDAETAEKAF KQYANDNGVD | protein G Fc-
GVWTYDDATK TFTVT binding domain
from Streptococcus
dysgalactiae
(YP_002997067)
11 TTYRLVIKGV TFSGETATKA VDAATAEQTF RQYANDNGIT | IgG binding domain
GEWAYDTATK TFTVTE from Streptococcus
egui
(YP_002123072)

By a homodimer is meant, in this context, an Fc-binding protein that is made up of two

sub-units of the same sequence.

-11-




TTYRLVINGK TLTTTKA\TDAETAERAF KQYANDNCVD GVWTYDDATK TFTVT protein C Fpbinding
domain from Streptococcus dysgalactiae (YP_002997067) TT RLVIKGV TFSGETATKA
VDAATA2QTY RQYANDNGIT CEtvslAYDTATK TFTVTF. IgG binding domain from Streptococcus
equi (YP 002123072) By a homod mer is meant, in this context, an Fc-binding protein that is made
up of two 5sub-units of the same sequence. By a heterodimer is meant, in this context, an Fc-binding
protein that is made up of two sub-units of different sequences, each of which has a binding site for an
Fc domain. Preferabl{e, the sub-units contain sequences that are selected from the sequences in Table

1. 5 In anothe P¥shBREPREMAIeh AR HidRisCenivc s NpfErStRECHIM &akia MadsodmetfMRe
monomers of witicinhave R HPQlichcSE QaliR BrQiNsHRQ dDiNG: PsieFa Ha NOyohaHi@ sequence

that differs fro EQIDNO.1in1 2 3.4.56,7,8 9,10, 11 %2%3 4 %}16 17,18, 19 or 20
amino acids. THE TAne ErS toat AP IS SEFIBRGE HessPees et et 01 12, 15,
14, 15, 16, 17,T88e19 or 20 amino acids have the property of binding Fc-domains with a KD value in
the range from 10-2- 10'3f,A. Methods for determining the KD value are known to the skilled man.

Binding conditI{ons are conditions in which bindin%to the target protein by the Fc-binding 15proteins
takes place, pref@r8RI§iASRFH FARJYSIING EBIey (9, ARIPSER? §'-Which the dimer is a homodimer
the monomers of which have SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQIDNO. 7

or a sequence that differs from SEQIDNO. 1in 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19 or 20 amino acids. The monomers that differ from SEQ ID NO. 1in 1, 2,
10 3,4,56,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids have the

property of binding Fc-domains with a Kp value in the range from 10?- 10"*M. Methods

for determining the Ky value are known to the skilled man.

Binding conditions are conditions in which binding to the target protein by the Fc-binding
15 proteins takes place, preferably in a pH range of pH 5.5 - 9, preferably 6 - 8.

The precipitation occurs spontaneously under binding conditions, such as those found for
example in cell-free eukaryotic culture supernatant. There is no need to link the dimers
according to the invention to polymers, e.g. polyethyleneglycols, in order to promote

20  precipitation with polymers.

In another aspect the Fc-binding protein is used in a molar ratio of 0.5-20 relative to the
target protein.

25 The separation of the precipitate may be carried out by centrifugation and subsequent

removal of the supernatant, but also by filtration techniques.

The undoing of the binding to the target protein is carried out under conditions that enable
the Fc-binding protein to be separated from the target protein. Preferably, this can be
30 done by adjusting the pH to a range between pH 2 and 4.5.

In another aspect the invention relates to an Fc-binding protein that consists of 2 identical

sub-units that have the sequence SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO. 7 or a sequence that differs from SEQIDNO.1in1,2,3,4,5,6,7,8,9, 10, 11, 12,
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The precipitation occurs spontaneously under binding conditions, such as those found for example in
cell-free eukaryotic culture supernatant. There is no need to link the dimers according to the invention
to polymers, e.g. polyethyleneglycols, in order to promote 20precipitation with polymers. In another
aspect the Fc-binding protein is used in a molar ratio of 0.5-20 relative to the target protein. 25The
separation of the precipitate may be carried out by centrifugation and subsequent removal of the
supernatant, but also by filtration techniques. The undoing of the binding to the target protein is carried
out under conditions that enable  the Fc-binding protein to be separated from the target protein.

Preferably, thid ¢atftb&30d8oné B ath estdtaminpacid 5 vdrajeih e ben piE-ards @ Snkediteapiber
aspect the inveptippiriRiainhan Fefiagipany etsindnabeansistsdad Aoidastizalsub-units that have the
sequence SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO. 7 or a sequence that differs from
SEQIDNO.1in1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids,
wherein the two sub-units are linked together by a covalent bond. Preferably, the covalent bond is a
disulphide bongxlém gES Equipment and Methods: Preparation of the dimerised protein Z
ioProtein Z was Obtained as a recombinant protein from E. con. The removal of impurities was carried
out after separation of the cell debris by ion exchange chromatography. Protein sequence of the Z
domain used: Mat:\abhshid RiktgsPhe-Asn-Lys-Glu-GIn-GIn-Asn-Ala-Phe-Tyr-Glu-lle-Leu-His-Leu-
15
Pro-Asn-Leu-Asn-Glu-Glu-GIn-Arg-Asn-Ala-Phe-lle-GIn-Ser-Leu-Lys-Asp-Asp-Pro-Ser-GIn-Ser-Ala-As
n-Leu-Leu-AlaPGduaidaidryst ttys dieerAsd-gspeilA-GIn-Ala-Pro-Lys-Ser-Ser-Ala-Cys-Arg-Arg-Arg-Arg-A
"g-Arg-ArgATgRSQ By (DSSTHIG AR NAKE AURIS B ARG N ReRtdS: chAln Sh R % ARTpaIiL'S

possible to

was carried out after separation of the cell debris by ion exchange chromatography.

Protein sequence of the Z domain used:
Met-Val-Asp-Asn-Lys-Phe-Asn-Lys-Glu-GIn-GIn-Asn-Ala-Phe-Tyr-Glu-lle-Leu-His-Leu-
15 Pro-Asn-Leu-Asn-Glu-Glu-Gin-Arg-Asn-Ala-Phe-lle-Gin-Ser-Leu-Lys-Asp-Asp-Pro-Ser-
Gin-Ser-Ala-Asn-Leu-Leu-Ala-Glu-Ala-Lys-Lys-Leu-Asn-Asp-Ala-Gin-Ala-Pro-Lys-Ser-
Ser-Ala-Cys-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Pro

By inserting a non-native cysteine into the peptide chain of the Z domain it is possible to
20  deliberately connect two protein Z molecules via a disulphide bridge. Directly after the
purification of the recombinant protein Z the latter is obtained by oxidation as a dimerised

protein.

Cell-free eukaryotic culture supernatant

25 The cell culture supernatant of CHO cells optimised to secretory production was obtained

by filtration or centrifugation after several days' culture.

SEC Analysis
The analysis of protein impurities and the antibody content of the samples from

30  Experiment 1 was carried out by analytical size exclusion chromatography (SEC). A TSK-
GEL SW 3000 was used with the precolumn recommended by the manufacturer (TOSOH
Bioscience). Analysis was carried out on a Dionex Ultimate apparatus with monitoring of
the UV signal at 280 and 220 nm.

13-



20deliberately connect two protein Z molecules via a disulphide bridge. Directly after the purification of
the recombinant protein Z the latter is obtained by oxidation as a dimerised protein. Cell-free
eukaryotic culture supernatant 25The cell culture supernatant of CHO cells optimised to secretory
production was obtained by filtration or centrifugation after several days' culture. SEC Analysis The
analysis of protein impurities and the antibody content of the samples from 30 Experiment 1 was
carried out by analytical size exclusion chromatography (SEC). A 15K-GEL SW 3000 was used with
the precolumn recommended by the manufacturer (TOSOH B|05C|ence). Analysis was carried out on a
Dionex Ultimated FEES-A GH V519 Hbagh exchange
chromatograplﬁyéoorseparangg ¢h®®adu@mpﬁpmahezaneb@niy ohlam mhmﬂmlwerdﬂ@mfmrap hy was
cartied out onATA ExpIPieh LA anvatsiis (Fpafbeaie uka shapaialon af he U asorpion

at 220 and 280 nm. The column material used was SP Sepharose FF mL ge . After

the applicatio"Gt e8! si5eAct e R pEROBEPSR & AIIPHI® EG@OYBMWWaéf@ﬁG"IﬁJ?Q@@Wﬂﬁ’ obtheM
phosphate buffen&trablisedraud &temmdambm@yoanﬁﬁhwzs@mﬁrbwe arpaetem frpspRs@nother
over a 25 colubm voI A%ﬁ]lgﬂ%: d|e ﬁ%ﬁé\daphdo buffer with 3 M Nﬁ? I at pH 3.3 as used
for the elution. 0 ro?ePn roteln% tiva te'@e()rrvﬁ%anseef grarg atgg’ 6]8&89 mps
and column o@RNY2790M5NMD\VeletretonyRadonivas2isel tohdepbatarinfies withiBddNegitaintdf cell
culture-free supgrpatanand ayefigdigntipody. The antibody content of the solutions was determined
using the UV signal of the acidically eluting peak. 15 Concentration The solutions obtained in the tests

were partly concentrated for the analytical methods (Amicon Ultra, exclusion size 3 kD). 20
SDS-PAGBE: Protein AHPLC

Protein A HPLC on a Waters or Dionex apparatus (injector pumps and column oven
W2790/5, UV detector W2489) was used to determine the antibody content of cell culture-
free supernatant and purified antibody. The antibody content of the solutions was

determined using the UV signal of the acidically eluting peak.
15
Concentration
The solutions obtained in the tests were partly concentrated for the analytical methods

(Amicon Ultra, exclusion size 3 kD).
20 SDS-PAGE:
A 20% homogeneous SDS gel was used to test the individual fractions and supernatants.

The protein bands were detected by silver staining according to Heukeshoven.

Host cell protein analysis by ELISA assay

25 In Experiment 3 the host cell protein analysis was carried out using an ELISA assay.

DNA analysis
The DNA analysis was carried out after single strand production by an enzymatically

catalysed detecting reaction.
30
UF/DF
A 50 kDa Centramate Sheet PES (polyethersulphone) made by Messrs Pall with a surface

area of 180 cm? was used for the UF/DF tests in Experiment 3. The UF/DF was carried

out so that the antibody was initially concentrated six-fold and then diafiltered (exchanged
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A 20% homogeneous SDS gel was used to test the individual fractions and supernatants. The protein
bands were detected by silver staining according to Heukeshoven. Host cell protein analysis by ELISA
assay 25In Experiment 3 the host cell protein analysis was carried out using an ELISA assay. DNA
analysis The DNA analysis was carried out after single strand production by an enzymatically
catalysed detecting reaction. 30 UF/DF A 50 kDa Centramate Sheet PES (polyethersulphone) made
by Messrs Pall with a surface area of 180 cm2 was used for the UF/DF tests in Experiment 3. The
UF/DF was carried out so that the antibody was initially concentrated six-fold and then diafiltered

(exchanged fdPBO¥IHMES 6f the itifes))IsEerdBiBm §itGHRIRAE b9 TOMWHNWIA tRenEaE Malve e
fully open. Th@ﬁaflltratmnwaﬁatmeﬂégdéwm@a’ heidetalrbi-(BXE WasDrR e Qudtivdtb RAwVEacetate

buffer + 100 mM 1 a1gi rkn% }igdnnwl\éarlé[” %OSHW %} c3 Bteractlon Chromatography (H IC)
nc

The hydrophoblc iteraction chromato Ex efiment 3) Wag Carried out with a 27 mL column on
an AKTA apparatus. The column material used was Toyopearl Phenyl 650 M made by Tosoh. For this

purpose, after thaldFiibhic ShRMAasHnE BRI (Puier was added to the retentate until a
conductivity of 165 mS/cm was obtained. The column 10equilibrated with buffer (50 mM acetate + 1.2

M ammonium SOfpR¥EEBRPRIC DIgracion Cooma e RIV{EXRSIGINhS) VR ERd M iR idnk was
run over 40 be@btxmhmmesatoﬁmé/baﬁea&nmMWMmmHaﬂerEkp%MMsTd@ﬁmeﬁh@ﬁneso M

dimerisation ofraLeiy £JSENSEPIAR purpose, after the UF/DF, 3.5 M ammonium sulphate buffer was
added to the retentate until a conductivity of 165 mS/cm was obtained. The column

10 equilibrated with buffer (50 mM acetate + 1.2 M ammonium sulphate pH 4) was charged
with the retentate from the UF/DF and then a gradient was run over 40 bed volumes to the
buffer 50 mM acetate, pH 4.

Experiments:
15

Detecting the dimerisation of protein Z by cysteine

Detection of the dimerisation of protein Z by cysteine was carried out by SDS-PAGE
analysis (Figure 1). To ensure that the working up does not induce any oxidation of the
20  protein Z, first of all the free cysteine groups were alkylated with iodoacetamide. For
detecting the monomer, additionally reduction was carried out with dithiothreitol (DTT).
2.6 nmol of Z-dimer were mixed with DTT or a corresponding volume of buffer and
incubated for five minutes at 95°C. Then the mixture was cooled to ambient temperature
and iodoacetamide or a corresponding volume of buffer was added and the mixture was
25 incubated for a further 20 min in the dark. After five minutes' incubation with SDS-PAGE
buffer the preparation was applied to the SDS-PAGE.
The SDS-PAGE analysis shows that the Z monomer is formed by the addition of the
reducing agent DTT and the gel band of the Z dimer disappears.

30  Selective precipitation using a Z-dimer
The tests described below show that the selective precipitation of an antibody can be

achieved with a Z-dimer (Figure 2, Experiment 1). The Z-dimer is the dimerised B-domain

of protein A from Staphylococcus aureus linked via two non-native cysteines, which
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Detection of the dimerisation of protein Z by cysteine was carried out by SOS-PAGE analysis (Figure
1). To ensure that the working up does not induce any oxidation of the 20protein Z, first of all the free
cysteine groups were alkylated with iodoacetamide. For detecting the monomer, additionally reduction
was carried out with dithiothreitol (DTT), 2.6 nmol of Z-dimer were mixed with OTT or a corresponding
volume of buffer and incubated for five minutes at 95C. Then the mixture was cooled to ambient
temperature and iodoacetamide or a corresponding volume of buffer was added and the mixture was
25incubated for a further 20 min in the dark. After five minutes' incubation with SDS-PAGE buffer the
preparation wSg|5sIR AR SePRpRE Rt e Biitstmed. hulipsnesheiksMethane) Maswyeter is

formed by the agglifipneaf thesreciigiageagenttXTJemndotigigs) Bandobthe 4Kimesdisapnesy's.
aoSelective precsiBitation using a Z-dimer The tesést describe%beéow show that th& selecgve

precipitation of SERTEAAY BaT b SRV RN R hed TAG e 9" ESJERREH 295 FhEos e is
the dimerised B-dioraalry éfrpesthianadairoSeiphdpepetas adgidpsllinked via two non-native cysteines,
which cargies a mutation compared with the wild-type (cf. Equipment and Methods). Moreover,
Experiment 2 demonstrates that the pellet obtained can be put back into solution by resuspension in
the acid pH rafif@%Efien an antibody can be removed again from the Z-dimer by ion exchange
chromatograpjifeatremt eatidspdd pokewperimentdodyifferent satreseott ifaigirrZd e aaiibotly dthaireas

present in cel{Ipg RUKAMAURGULILE SHARGRIAN SIS IRRIH 1] pafliinn, sralme.gldhe ndividual

batches was varied. In test 1, 0.13 pmol of Z-dimer were incubated, wit ing, with 0 pmol of

IgG4 10contaifsd in ©4R-HER Qi rosE WaltiFCYhpahatdAt SRk ifgamibI 0 R@SatBA PG 2 h. In test

2, 16.25 nmol edrtahmenveerieriss ¢hategbiwitusiakingemithaatin tmoligidecsisainedingeelihfree
eukaryotic culture supe ntin a tatal volume of 5.2 mL, again for .2 h. Thep.the mixture was
centrifuged forﬁgersrﬁ% a1¢rtgl Z Omf)]rﬁ)f?n' ! %rsmﬁepggr'ﬂg?a%ﬁ?%fas sesg?ahga’f%% {heg gé‘ﬁ‘é‘ﬁ%% antibody
content of the sepleimeddnoaialerestaimeicopiBmewpryudtan D Bitpl abbiragalgicanS Eadaindany

protein A chromatagiapie (ReIRMER st MRIBees) 1 d Recanienbebantibetheindhe Ralet was
determined by subtractlrf{%the antltg%d)é,content of the superpatant from the total content of antibody

used. A preciptei¥AEF H5 T B8 RCIRIIEG RO BhSaRIBH RENe S\ RRyRRIaat wassRieMEIRL¥r, the
culture supernateatavdshexdnsigosfarf pratigticarpitmsiisfpretaimdfadten thatography (Equipment

and Methods). The content of antibody in the pellet was determined by subtracting the
antibody content of the supernatant from the total content of antibody used. A
precipitation of up to 99% antibody was observed (test 1. 99%/ test 2: 76%). Moreover,
the culture supernatant was examined for protein impurities before and after the

20  precipitation by analytical SEC. The chromatogram from the cell-free eukaryotic culture
supernatant was compared directly with the supernatant after precipitation. Depletions of
protein impurities ranging from 90-99% were observed (test 1 90%/ test 2 99%). This
means that 1% or 10% of the protein impurities had been co-precipitated. Protein
impurities here may be both host cell proteins and fragments or aggregates of the target

25 protein.

Experiment 2:

A cation exchanger (SP Sepharose FF) was used to separate the Z-dimer from the

antibody. 0.2 pmol of purified antibody were incubated with 0.2 umol of Z-dimer in a
30  volume of 10.1 mL for 36 min. After subsequent centrifugation (4000 rpm, 10 min) the

supernatant was removed. Then the pellet was dissolved batchwise in 10 mL phosphate

buffer at pH 7.4 and centrifuged again (4000 rpm, 10 min). The pellet thus obtained was

resuspended in 20 mL phosphate buffer (20 mM phosphate, pH 3.3) and purified using an
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20precipitation by analytical SEC. The chromatogram from the cell-free eukaryotic culture supernatant
was compared directly with the supernatant after precipitation. Depletions of protein impurities ranging
from 90-99% were observed (test 1 90%/ test 2 99%). This means that 1% or 10% of the protein
impurities had been co-precipitated. Protein impurities here may be both host cell proteins and
fragments or aggregates of the target 25protein. Experiment 2: A cation exchanger (SP Sepharose FF)
was used to separate the Z-dimer from the antibody. 0.2 pmol of purified antibody were incubated with
0.2 pmol of Z-dimer in a 30 volume of 10.1 mL for 36 min. After subsequent centrifugation (4000 rpm,

10 min) the su[S&rA%EAADIRLS TemEvBRSTRRIANE enarales iHpsedhreanbheshiinselieni®d srdsih sphate

buffer at pH 7.45pshcRir{bg ediqaainz(4A8Q ypm, 10 min). The pellet thus obtained was resuspended
in 20 mL phosphate buffer (20 mM phosphate, pH 3.3) and purified using an ion exchanger. The

Z-dimer could be separated from the antibody through a gradient over 25 bed volumes (Figures 3 and
4). ExperimentE3psAmmanitBstep antibody purification process was carried out with affinity precipitation

as the capguremauéagmgéﬂims% pRelvarsdssdidy et bk fedipret GPmeN in

the precipitation from ce ure supernatant. After one hour's incubation’with gentle agitation,
the entire suspERSHR 2R added to a 0.22 pm filter (Millipore) and in this way 10 the supernatant of
the precipitate sgasnsg paratgiddey fittrationo T hepyagipdate avagithen washedavitbrqefter@sh minef 50

L 50 i acOlSEGHER 4 200N Sro o 1A ASCI DH ). T CyArHes (RE 2 WP om
the antibody, @Blt@Pwailkecantie Bispaitica 3GkBddaeitheafe2Tiim fikxt Sviiipates BING to tepamte off
the Z-dimey 15aacisthesimpurites plhsdeiRl weld sdsbrreiiBpdiuasO8 Healite iR apiRitaion and
decreased to E\;/Zaé)h%c}evrvith buffer (231 mL of 50 mM phosphate buffer, pH 7.4) and in the next step
resuspended in the filter with acetate buffer (179 mL 50 mM acetate buffer + 100 mM
arginine + 150 mM NaCl pH 3.0). To separate the Z-dimer from the antibody, UF/ DF was
carried out with a 50 kDa membrane. The next step was HIC to separate off the Z-dimer

15 and further impurities.

The total yield of the antibody was 98% after the precipitation and decreased to 87% after
UF/DF and to 64% after HIC. In addition to the good yields obtained with the selective
precipitation of the antibody, DNA and host cell protein analysis showed that the DNA
20 could be reduced by 99% by the precipitation step followed by UF/DF and the host cell
protein content could be reduced by 99.9% compared with the initial value (cell-free

culture supernatant).
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concentration of immunoglobulins or other proteins that contain an Fc domain (target protein),
comprising the followp’%cesg%rg%esiﬁ rn asol t|on th contalnskt e target moteln b.

incorporating an Fc-binding protein wi '}/gmsef:ep ratt?lpl Ing 'SItes SISO R G BRSRIAT SR tha[)lndlng

to occur; c. separatlngoﬂh@ipm?ﬁtémmﬁfﬁﬁ@eﬁWﬁa@@mﬂamddhﬁgfﬂﬂevbnmmef the target protein

from the Fg-binding psotejr kR Bresess ReeArsintisalaim et hasagterised in that the Fc-binding

protein is a
b. incorporating an Fc-binding protein with precisely two binding sites under

conditions that allow binding to occur;
c. separating the precipitate from the liquid phase;
d. undoing the binding of the target protein from the Fc-binding protein.
10
2. Process according to claim 1, characterised in that the Fc-binding protein is a

dimer of an Fc-binding domain of protein A or protein G.

3. Process according to claim 2, characterised in that the Fc-binding domain

15 comprises or contains one of the sequences SEQ ID NO: 1 to SEQ ID NO: 11.

4, Process according to claim 2 or 3, characterised in that the two monomers of the

dimer are linked together by a disulphide bridge

20 5. Process according to one of the preceding claims, characterised in that the dimer
is a homodimer, the monomers of which have the sequence SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO. 7 or a sequence that differs from SEQ ID NO. 1in 1, 2, 3,
4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids.

25 6. Process according to one of the preceding claims, characterised in that the Fc-

binding protein is used in a molar ratio of 0.5-20 in relation to the target protein.

7. Process according to one of the preceding claims, characterised in that the
solution in step a. has a pH of 5.5-9, preferably 6-8.

30
8. Process according to one of the preceding claims, characterised in that the

undoing of the binding in step d. takes place at a pH of 2-4.5.
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dimer of an Fc-binding domain of protein A or protein G. 3.Process according to claim 2, characterised
in that the Fc-binding domain 15comprises or contains one of the sequences SEQ ID NO: 1 to SEQ ID
NO: 11. 4.Process according to claim 2 or 3, characterised in that the two monomers of the dimer are
linked together by a disulphide bridge 205.Process according to one of the preceding claims,
characterised in that the dimer is a homodimer, the monomers of which have the sequence SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO. 7 or a sequence that differs from SEQ ID NO. 1 in
1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids. 256.Process according
to one of the pfecedifg ORHRY BrRipiktbaLeRNFista sl thidertisshsiRg pitstiiatisavedbiarseaveiae ratio of
0.5-20 in relatigE | thel(arges PEIBINOY 2PSEE@RHS RCSAdBRGAPNDOT thesegesiog Hatsiers

characterised in th lytiop.in step,a.,.has.a 5.9-9, preferably 6-8. Process according

to one of the p%&%%%ﬁ@m, {;hna?zgte%sf"é ’ir? 'tﬁg ”[?%Ie 1u(?1§3ih§0f{ %é%iﬂgin)? i s‘téﬁd@zﬂf place

at a pH of 2-4.8Mip geidsindiiagjeaitdhe b auboiiserefinkdd toigethenbiapitotmigtidemthe sequence

SEQ ID N@: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO. 7 or a sequence that differs from SEQ ID

NO.1in1, 2, ?% 4, 5’&-6’ % 8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids, wherein the
CEr gAY 018 2L [oFla ™Y, FeBrARG BB ibR DseruRigRbRaRMNFo,

two sub-units ar& link
characterised mdlsatphidecbwatent bond is a disulphide bond.
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