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This application clainms the benefit of the filing date of U S. S N
561/ 384, 680,20f@d4em10n Sept enber 20, 2011, the contents eCTWs2a@h/0arses
i ncorporated herein by reference in their entirety. I. | NTRODUCTI ON
The present | YGRIRINTRIR'GE o P56 USING SIMUTRTIE MOVING'BED

chr omat ogr aphi'c” puri ion O AP s nonocl onal anti bodi es
("mAbs"), 10 enpl oying inproved @lﬁtrgu a efaé(n}ow nnged ("SMB") separation

strategies and, in certain enbodi nents, Raman spectroscopy. 2. BACKGROUND
OF THE | NVENTI ON Protein purification strategies comonly

enpl oy one or nore chrofaipphiamdnCclappakial benefittefpthel filing diate 06 E8A.Nde
host cell proteins ("HCPs") from 15 fi nal Furified rotein preparatiops.
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Such chr dnat@g&ptalc flehanalaptambsr 49 2848 theaenntendhn af (Whighe afeopisR@Oraed pat ch
node", where a .singl . with a particul ar chromatographic
support is 3?6%%%#?%%@%5@?‘?%&3? d, | oaded, washed, eluted, and then
regener at ed. Because batch node chromatography relies on | oading the colum

only to the col unh' NORODUCTD@ANaci ty rather than |oading the colum to 20
its saturation capacity, each cycle of |oading and separati on nakes use of

only 30%to 50% of the_columm's. actual binding capacity. .[Thu ch, node
separation requires th %E’é“'sfﬁt ]E‘B?I}}Wsre??ﬂ?ﬁ %%ngﬁlﬁoqsh?@eqq%wgaﬁ%%e

vol ume than upyhstobepRReRRdECton SanEiBbMER SuMBASMBRKI G dnodiAqi hAbs™),
saturation capacity. By utilizing only 30% 50% of the col um's act ual

bi ndi ng 1®apamnplyyinpatphoved demehiteshaovggabddy (tSHEB S saparatian sttegies sndhén use
of significantly higher quantities of chromatographic separation supports
and ext ends Cteﬁtéx“tq“ﬁ@%@g§’ PP e each cycle of |oading and
separation, which substantially raises the costs associated with protein

purification. FurjhBAOKGROUNDWE THE ¢NVENEIGMVi ng two to three tines the
vol unme that woul d be necessary if the separation was performed at

saturation, |eads to significant i.ncreases in the%@rmunt of
30equi | i bration, wash, Prai# epuiigHoBubrdsaice nfamgPerlyi sTRIY Mjle Cef¥rat i on

cycl e, resu'%h#;g#ggrggﬂgis g;i)fﬂ nsﬁ%tinﬁﬂﬂerrt& Beonh daafok .I%Sﬂ.eﬁﬁ'(“HCPs” from

In I'ight of ol ng, ere exists a need in the art for 1 nproved
net hods 150 niiiat @frffiedi pritdiy preparbionst otSichschromatogdiphiy StErapausicps are

anti bodi es. The present _inventign addresses this need by incorparatin
i nproved si ntAdaieng 1ﬁnﬂﬁrf?§nﬁ‘gdﬂs§1ﬁ‘¥3‘am"§ﬁ s PREE RS ?? i r’irhé’af)l{)?%i Wiltha_ i on
of protei ns-pﬁculé”%ﬁxﬁtn%ap% suDYENTL Cgﬁquentiaﬂy ec%uiliﬂrﬁteﬁ,e Ak, nbRd ments

the present ‘invention is directed towards nmethods for producing a host
cel | - pr ot ei reljtelCPindrtbelu cegringrated e Bepause diatchpnejrashaeinatogfapbynrelios amdpading xt ur e

conprising a,target protei.n and at ] east one HCP.. In certain_enbodi nents,
Che’ et hods F CPREM FUF4h e SRIERS FoNRaBiRPeeloamedirrig e LR RTohE ¥
protei n-pgont;g ﬁhﬂ%i&%@hﬁg%ééﬂﬁoﬁléﬁ 18adiig QNP aFEBA YnakeShde cfwaby 3dvato t he
resin is |oaded to about 50%400% i ncluding greater than about 50% _greater

t han about 6% oftheatcdumnlsaactuabbundinzosapagjbyeatldps,thatoh moduseraEEn eI eat er

t han about 90% of .its satur.ated hindi ng capacit i -
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Raman spectrosco% i.;s enployed in order to nonitor and/or determne the
conposi ti on e colwanos agipldinding pepasity-thaldumpdneiromafography dherplpss wglven t he

productifn g - o i tJ . tts and
Certain nbot F?rlg‘%? gﬁ% qcﬁrg[ﬂgﬁlggéeﬁﬁlﬁﬁgg% |%{r€&g%§§@@c§t€g§§t€%n {HE Op? oducti on
of HCP- r educegdertdarige timer mcedsirypioajpaipddtt @ach tyit of bnpdingsadcepamtion,mghiah 20
target protein-containing sa e mxture to a chro ogra esin such
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that the resiURsipBialy S e petihaBacigisd vty pegiogopuriticetion FIEWYeriD han

about 50% AR EE] v/ o g t grealer itdan
about 80% glglsgaégf?g}iterq%ﬁa aOg%t%%%ﬁﬁ%s?{ﬁet@ﬁgg?ﬁgg?vgggﬁ?end‘igdr?g c}ébatci ty,

and col | ect i sepamaticlhmasmpedomagdhit cataeatioh eleadshtorseggnificai theuhsesa thgaaghit of
sanple conpri s sai d HCP-reduced target protein 25 pr.eparation and the
chr it ot AEHETIEL W PO P PRE O TnS &f FRgEorPaRoR e
chronmat ogr apfakQihes bditidal Eo5¢ RaNERe SradEBAQe. aphi ¢ resin, and hydrophobic
i nteraction chromatographic resin. In certain of such enbodi nents, Ranan

spectroscopy is enployed in order to nonitor and/or determ ne the
conposition of
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one or nore of the multi-conponent m xtures involved in the production of
such 30 HCP-reduced target protein preparations. Certain

enbodi merwe 20f2/mb@1present i nvention are directed to thecCprsduaossm of
HCP-reduced target protein preparations that conprise contacting a target
pr ot ei n-cont ai ni ng sanpl 1 %t -a_C yolo]s : | t he
resin is |oaded to ab%tﬁ%&gfﬁég}gég%g =u‘§‘?%%§g§?%?¥tl{ﬁgﬁé g%o%uﬁfn%%ﬂ%%d

great er thameheds tObre gfftidrely pliep mbeins, #2%digy értapeutihantiddoest BB and
greater than about 90% of its saturated .binding capacity,. and collecting a
chr omat ogr aphFsent gisnion afdresses thiginged; by HRcRRI80RES p@vgéﬁgx}x@atgg prises
said HCP-re : i A the target proteinis
selected f rg[%(afs E%&rgtﬁ(%ﬁ%rag%ﬁéssﬁ}sl{&itﬁ%ﬁg?ﬁéghggﬁg@?m%%pti de hor nones;

pol ycl onal anti bodi es; human nonocl onal anti bodi es; humani zed nonocl onal
anti bodi és; chi ned.i SUMMaARYS O THE INVBNIdONi ngl e chai n anti bodi es; Fab
anti body fragnents; F(ab')2 antibody fragnents; Fd anti body fragnents; Fv

anti body 10 fragnents;. isolate . di_abodi es: DVDs, .. i adhesi ons.
In certain of such erTbI(‘S‘cﬁe Wteénﬂmg}%%ﬁ? &15@5?%@%'[5188%@0'11515 %%Iq%fytgga {Hr% order to
moni tor  and/,@Ethd@ R PidiitcinBe HorNRUShrbiea (P eeudRl tarpEtrefein freparation

mul ti-conmponent m xtures involved in the production of such HCP-reduced

target prot diemprsepateamixsis comprisiag i tagplaupieihand ajfcashnedieBefit cqrtafent i on
are directed_to the 1 roduct i f_ HCP- . i

preparati onser?%oéjfmglgﬁ’gpgrsng%ggé g@’[ei%rllsgtanglp ?‘%ﬁgglfg%p%%%ﬁﬁag{ﬁ ﬁla?%egt sanpl e
m xture Mo grokimo@itagingaypleaaixiurs ve b chidatatdgiephyassiin sich thaatetestrisabout
50%100% i ncl udi ng greater than about 50% greater t han about 60% greater

than about T7i98gedgp ahewS0ArAR0apwatudmeogreaterdhan abaub F0tongisatehBgn B0, of its
sat urat ed bi g ' [ j of,

wherei - sai o RRESTRL beut P Bty e o L O R 0l et
protei n prepa @tirand dirdirig@apadityo amd cgicaphy a clrenmatographae foatple,wieran sadi es of
fluidly-connected col ums separated by flc’#’i d coaHduits, wherei n the nunber
of fluidly cO¥eBiCeRPEiGISamRY GoamsispeeabH (FrisMealdagrRIplEbEPERion . 2,
3, 4, 5,156, , : d [ aTo VA : il &6 hidvitoPf such
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involved in the pduction of such -reduced target protei.n preparations.
Certain enbo‘&?’?llé(g‘igﬂg‘? pfcf‘iﬁlc'iﬁ?lb@gﬁ‘llfh %éﬁﬁ%‘?‘lietﬁgg?ﬁlg&é%&éegaﬁa O?Eﬁe product i on
of HCP-reduced target @éﬂiﬁ%ﬁb@&iﬁ%fs%ﬂt@é"?re&éﬁinv@ﬁﬁm{ A8 Qire@Bd aLthkng a

target protein-containing sanple mxture to a chronatography resin such
that the respmdddionofHZRteadures atgstprosin@cpuations thativameprise santeetingan about

50% greater, than about 60% qgreater .than _about .70%. greater t
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col l ecting astiHded®ds pavaahiious 30%L BI0WhRIediAg Sadattr EHENOMBLIOT G e ershap| €
conprises said HCP-reduced target %’rot ein preparation and the

chr omat ogr ap#bput efengieatepder aboyt 70%. gregkarithug ahpubl0% candrgreater than about

fluidly-con ed... C r b i.0 i j e colums
are separat 2%9 /%y&flfsus%l%c{gc?l%%ﬁ@g ct% hg%%ybé}gnﬁl%%eg%@?%%%ﬁ) I gﬁlce%g@%r S, such
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eluates. In certain of such enbodi nents, Ranan spectroscopy | oyed in
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order t @morPrepAratignrsythe hromatogganperesirigissicdifm Hie %O‘Bh%‘mé‘rsuﬂ%igg of the

mul ti - conpo nﬁﬂhitﬂfﬁfoﬂ{aﬁ?gr%@fﬁ?fééﬁ? ioirxrbx{:%.ﬁngg CRAGHS %?b}?{] reshif %{ﬁ&?ﬁ%@@ d

target proteln ptréparatico rtain e iments e pres ntion
are direct edintevadtion chrontiicgrapiic odsirt-liPesrtadiuofaich @nmpetinpmex, ®iamapr epar at i ons

t hat conprise contactjng tar.get . protein-containing.s le mxture to a
chr omat ogr apFeiREPRY %Slféfffp?? 1N Offler F%@Pﬂlt‘ir()"‘rﬁﬁzorldﬁ'éf&gﬁleﬁgg RS 5’(90}%%100%
i ncludi ng gr gal §hmd B3R RRANE - PondiGRkEIred HDIVER Atihe PRBucEELEE RIcht han

about 70% greater than about 80% and greater than about 90% of its

sat ur at ) bi HOPrgdweap suigetypromndprepdrittémtsi ng a chr onat ogr aphi ¢ sanpl e,
wherein said chromat ographi c _sanpl e, c rises. said.HCP-reduc ar get

protei n preparation an@elﬁ)ﬂ’ée@wgﬁé&nm {0 RO BHSPA% &S d‘ller ctteﬁgo{he

chr omat ogr aphydi@nIHCRiEREd Ardbbvtdin prebarationd #RNEEnpristRopRLRE £d from a
range of about 0.5 to about 12 minutes, in one enbodinent it can be
selected fromthe group consisting of up to about 0.5, up to about 1, up to
about 2, up to about 3, up to about 4, up to about 5, up to about 6, up to

about 7, up to about 8, up to about 9, up to about 10, up to about 11, and
up to about



12 minutes. In certain of such enbodi nents, Raman spectroscopy is enpl oyed
in 20 order to nonitor and/or determ ne the conposition of one or nore of

t he mul t iwoanpaaenst m xtures involved in the producti onPpofi/useeh/oFH8? r educed
target protein preparations. Certain enbodi nents of the present
| nvention artgrlggfaérg‘?esnggorﬁﬁnﬁl %a:%gféqﬂﬁ(rtﬁrg [Pozgghﬂé'ﬁaf(f gf%’siﬁ A B8 hatRhOfe8in"
preparations conprise contacting a targe rot el n-cont ai ni ng sanpl e
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certain of such errf)odl nents, Raman spectroscopy is enployed in order to
noni t or and/menaibinel mrtivedichechiroaporionedenad angngdiess single shah anteodigs; Fab

conponent m xt.ures.invol v i th reduct i on. of .such - C get
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inventiqp arfagidnfe is8thtddCDRE; ikt DVD) bnd-fainieshdaegdordsarng eértdii of ei n
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nixture to auehewhedivgnispRgmar spasirasrOny iTRMPleYl ingEdes to MopHALGREY/ Ao about
50%100% i nc] udi F 1 9 LA Sk 9 eat er
t han about f{?k%mgr%éggg&kﬁ Séttrll(;}g o%@%g&%ﬁgé{%%iggr eat% é)lrntptra ﬁ%ﬁ%gg%?sqgg%%&%f its
sat urat ed biindhdgoéaiaaiof yuclidPaediced tirpg proteinroamirgt@maphi ¢ sanpl e,
wherei n said chromat ogr?'%g.ilc sanpl e caonpri ses sai d. HCP-r,educed Earget
protein preparation arferrEm eBodHICAE @ therresent %ﬁ%}qng"é%dwﬁtﬁfﬁ@tt Yr aphy
resin h, : ] t 8 isPeoalalat ed and
progr amrrﬁréd i‘ﬁg%{lrcggg%%q g%a#ﬁ?%@ﬁ%%ﬁteprﬁ%éﬁgﬁ%g%ﬁatc%t?cr?g t Se céarrplg to the
chr omat ogr aphger @stein-tanthieifgrsampédnintur2 084 chroatatagraBGiesih sudhethtt theresin t he
process, in .one particular e dinmenf. it is gbout 5Q%, In certain of such
enbodi ment s,18 Mﬁﬁfﬁtc’sﬁbéeﬁ °§@§B§/"’i‘rgf gyalgrt 6%’?1‘3%61/‘6 rhgn a%@“énd/ or

det er mi ne t heyof ONDRS thiPibodt 76AEgRhtel AR aBut!8e:, Bl bicufe? MRANBBEL JVUK LT €S
i nvol ved in the production of such HCP-reduced targét protein preparations.

4. BRI EF DESGRiaRiTitGhbiDripHEp#i@ RIS ollecting a chromatdgraphicesample] eicrsin said
conventi.gnal .chromat ogr aphy. fl ow di agr s. .a si.mul at ed. movi ng. bed

chr omat A aPTRBReRGraRe ogEre B BHCE e AeRdivisin ppipicn and
chromat ogr aphy cﬁrbﬁ‘i&’tc%&&%%@@in f k& Bito &168R1e8 bS f1BidSy-Batnated coRwingg bed
chromat ogr aphy fl ow di agifam ] Figure 4. depicts a chromatogram
reflecting tseparated bytfiideonduits.malerotn shamnahes @f Apidlyneormeered ke l9mas éyr aphy
case study. 25Fj gure 3. depicts. t.he pryodu VEr d. pr {: lity
anal ysi s forsefeﬁteg#%n a’e ?r"ﬁ?%qnéﬁ%lﬂ%\(}?r%gg’b%%’ é’?}’r:’%’rg’[ %Og?g’pﬁ@ @gggltwscﬁ‘égy.
Figure 6. depihs. dnebiaiRTeghasmbodihess, Rigndnhsettassobpsis @pldyed fmbbrdér

sinul ated novi ng bed chromat ography case study. . Figure 7.
depi ct s 2he tpmepniier arderdaierninniic spHaawiionabena g mersIof hesmultircompongd mp v

si mul at ed noyj |
Geptct st he HARGp B AT The BRoRR M FAAEN Hckeduced (rpet proteinpthiiolls |
novi ng bed chronat ogr aQdiyai asbodibiets.of the present inventkorgare dirSctediepthet s t he. mAb

Y % br eakt hrough analysis relating to the mAb Y sinul ated novi ng bed
chr omat ogr agigducsien of myr_educed target protein preparations that comprise contacting a

target protein-containing sample mixture to a chromatography resin such that the resin

30  is loaded to about 50%-100%, including greater than about 50%, greater than about
60%, greater than about 70%, greater than about 80%, and greater than about 90%, of
its saturated binding capacity, and collecting a chromatographic sample, wherein said
chromatographic sample comprises said HCP-reduced target protein preparation and

the chromatography resin is packed into a series of at least 2 fluidly-connected



Figure 10. depicts a pilot scale sinulated noving bed chromatography flow
di agram Figure 11. depicts the Raman Spectra of 3 Conponent
(ar gi ni newoizbrzao@ei d/ trehal ose) buffer systemthat ineChdsgoa05®M NO
acid, a pH buffer species, and a 5 sugar. This plot was generated using
Uretries S1 + Al @hid Each data
point is a Ranman S%P&teggée%d%%uﬁs %P(l:egﬁlhgh%i&rep %’?? gﬁc?r%e%ﬁ?l?anan Shi ft
wavenunber (meidi}s that pelmmt)meamltmduc'ﬁma tuiffess, slcarats squﬂlbmtlmmmm@r elu@go (=

Num 0) to 8Q0 Num .Th a kLS of
Intensity (rf éf%&SWS A ﬁ’ﬂ*ﬁlﬁg?‘ﬁaanpﬁf g‘ m!?ﬁfh?elgl e hows
10 the mean %@&%&E@& ﬁ@ﬁ@ﬁaﬁh il 8t Rr ﬁafmbﬁlﬁartaﬁﬂl%ﬁdbteﬁhlﬁb Monﬁfé@i]ﬁ@ﬁ@ﬂt s (in
water). The average 'val ue of the spectra is 0. The other values are

rel ativesto driear ,mqac obthisInyultircostpanetd meix theesi involuetsinitho prodnetiqpeafisuch

Figure 12. dlﬁﬁ:ﬁ’ (? gﬁrn%]ar son_of ct ual vs. predicted concentration for a
3 conponent ucgd farg P(%%F‘&H{?lﬁ‘é B"7ri ¢ aciditrehal ose) with random

val ues. 15 This Fi gur eCc¥fn 6fmBadifRntsof e fro@neitiveitonhreatedted » the edi ct the
concentrations of new solutions. The x and y-axis are concentrations (m.

Fi gure 13. derpﬂmu@n@f ESHpredneashtarget protaim preparatipnsdhpiqoatpriss RUEAINEE o n for 3
conponent b stem
co %o nent . i E)’Ef e”iﬁomél rlgrtst%m%% %L%t{éﬂeggg%g%%ﬁt%% S gélg Q%{gi o?d %E conmponent

buf fer syst agidadeaenadoat 5@%1 lwoes)iiniding giedteﬂﬂ'laii[\abaltt'ﬂ@%, gituterthaxdtout s
spectr al |nten5|ty, the x-axis is wave nupber ure 15.
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spectra s hOMmbrﬂaiEg@phle sdmmercowtprﬁbs sahthCPpnegmepnargef proeqgi prapdratsorbaein
expanded. gure 16. de ur onen SNV/ DYDX/ Mean
Center specthas@nplg I@Bﬂ‘ﬁ%ﬁé’ﬁptaﬁl?flft%ﬂl ézipgqr%q{ggraghy resin in order fo obtain a

(manni t gl | WeiT & 5 (P4 HRus MOWNtEs, G e 6 is
based o(rjlist %@gﬁegﬁgéﬁgﬂ%zﬁ gurdg?saboqigﬁ af te;l al | 30 preprocessi ng:

st andar d noremsbodimentat wmn(‘tBNwecfedrfrqnmﬁ@rgmug/cqmmhng plun foowoutl @6, wetoi vat i ve

for b | | , f .
Figure 17. 'Qeia% o BBk b B b 2 regt A uf PR, bEMishort SRdR ror 4
conponent  bufg,gf B%Hbm(t@ ikd SbduBL b RNibbEY 10, 8p itslakat Toeg@auptowbélt random

i)
WO 2012/ 040041PC‘I’/ USs2011/ 051@74 val ues. This was created usi n? t he existing
nmodel to predd mintdse Inoﬁ'(t:aelmt)f atdlcﬂté)@fmm?@mantsp@m@.scopy is employed itFj gur e

18. depigts a corrparl S..opLe concentr or 3
conpone bucfrflﬁrrtoﬂ%‘? (ﬁ%‘%ﬁ% }l?e ﬁogj «tjlﬁl sPTdi ey \?\‘/téﬂen n%ft

i ndi vi dual C@mﬁﬂ@ﬂtmlxtures involved in fhe@vdcRiclidn oﬂ@j@hﬁ@—?ed}ﬁtﬂécﬁ‘taﬁgwpmmt raw
spectra for 3 conponent buffer systemwth protein

(manni tol/ neRTEPBRAIES/ hi st i di ne/ adal i mumab) Raw spectra showi ng Raman
intensity. ertaﬁfl %Sdlﬁpen sdo%é:[%rése?lt BiVefri&Pae %ﬂ*@@t{ed fPfeSpectra
for 3 conponent 10 buf er sys emvm protern

(manni t ol / mebiwnion@f MCH-redubel akt pmueriﬁbiepawtlbim ﬁnhecdrilmg;e rcpntacting £gi on
(800- 1700 cm 1) shown in, detail gure dS\‘RE ﬁjts a%re
conponerd® SNWTESYPIRIUESANtEBRETAMpPle BbHBTSTR ﬁtChﬁﬁlFfft%&TaE@bé'feélﬁl i hapthseesih. The

data shown i bﬁ)?e t gtkyys,n 10,
after all prlg l(!)r:dgg&eﬂi(g?br]loh Sg%)a Hﬂ%élﬁglgﬁggﬁ I%tﬁeaﬁi SN\/)érgatEﬂt?ﬁ gor?g?ty
normal i zati m%ngatd:ethawdbowté()‘f/@grdamﬁlahliaheutrﬂﬂ“/ﬁrmlndga&ammhmmhdvuh% of

centering for scaling, .. . . . o
g its saturateg %mdmg capacity, and collecting a chromatographic sample, wherein said

chromatographic sample comprises said HCP-reduced target protein preparation and
30  the method further comprises the steps of equilibrating the chromatographic resin
prior to contact with the sample mixture and washing the chromatographic resin after
contact with the sample mixture, where the equilibration and wash buffers are
identical buffers. In certain of such embodiments, Raman spectroscopy is employed

in order to monitor and/or determine the composition of one or more of the multi-



Figure 22. depicts a conparison of actual vs. predicted concentration for 3
conponent buffer systemw th protein by individual conponent. Figure 23.
depi ct s awoadeldspmab purification process that enpl oysP20/USa0ma051874

Spectroscopy as part of process and/or quality control. Fi gure
24. depicts QpddnBR ﬂﬁ%ﬁ&@s ROBGER I @b %u@ﬁ&%iﬁstubﬁ’?ﬁjpolfedacéé'tﬁfgle{ proilid On
process involving a three conponent xture of buff sugar, and am no

acid (nmethi gwepeedtiansi i t ol / hi stidine). Figure 25. depl cts repeat ed
diafiltration process ol vi .a thr 25 co nt m xture. of. buffer,
sugar, and anino acid ??@%F%H&%WHG@%WW’WP H)é‘)areﬁ Bt BiBF dat a

poi nts i ncl uydegudiioh of BRIFCRABELI 8SRt prote@Rpreparations that confpri@é Eént#fingdepi cts a

Raman cal i bration of sugar (mannitol)/protein (adalinumab) sol ut| on. Figure
27. depi 6t s terget proteiRapmininingrempla mbitets tpAshiomategraphyfregin awchoﬂﬂ&&th@ FasHX | on

buf f er exchange C r8p nni t ol
solution to f)?oc?\ggfgig 3b0 héw%@ﬁ’%n Cﬁ ?ﬁ%ﬁ%ﬁ& h%é&g b S%rgﬁ%»%eag%% 1'n“i'he
buf f er exchagigerédier thid soRd70%, Piedlefihan @BOGBOLS, ahd Qitater than about 90%,I13|fgur e
28. depicts a repeat of the ex eri ment depicted in Figure 27, where the

prot ei n conclésrﬁaFUé@tP‘éhméh‘@sC@P@% Ye?ell‘b‘ﬁﬂi@ﬂfﬂi&)a q_lggm@ngraphp:; ke, 3derepidt s a

R l'ib L A4 Fi
30, depi ct s SR TRREape BB AOT MOV TR A kPO prepartionndy 9 ©

buf f er axchahg meﬂfodq‘eﬁﬁembﬁfpﬁsw@ir@nﬁtogfapmteem washl epl acqederatidistapsH
hi stidine solution., The histidine exchanged is_followed hy adali numab
concent r at i gibere such steps can pe gglpwatgd Andprogagnwed oTdei{gAPFRIGH BF SEROfal vs.

predicted c r [cTagale t by
i ndi vi dual g%?r%%gfnlfé%me%%n B%rtloih 6gonce%fﬁ’g1t alp Hg?ésﬁgtoﬁ%%ﬁ?té\&%?gg(feﬁtaﬁgﬁ on; and
C. Adali rrurrﬂ!i)%of\themtmaamﬁtbﬂprdéesgumrﬁmrt&ulademboﬂmeat tosgaouk SO, dh  act ual

vs. predicted 10 ent I’%]tl on f 1 corrgonent buf fler S st mw th protein
by i ndi vi dudi®@®, 5H Imes ﬁfﬁ%ﬂﬁﬁ& PREPRY {sGplayrg 1 45 TR0

concent rat i Ofhd/or determme the Edr@8lsRionnhf o8 BE flose bfBe ﬁﬁlﬂg—béﬂnﬂ&%n%)fniﬂﬂﬁls oyed
when two anti bodies (D2E7 and ABT-874) were separately aggregated using
phot o i nducedvaresis-the piidngfiar ofisnelp HiGHHedugeddargetigotel! @epyratidise ant i bodi es
were exposed to the aggreg urs.

e‘I i Ho )ﬁ%ﬁ{r rﬁﬁ](}g@ﬁ of the

Figure 34. depicts the siz ottt ographe—1t

cross-linking outlinedgigfirdi. %ﬁﬁts@eonventlonal chromfo@tipBy Slow deghls. Raman
spectroscopy and the spectra nodel ed u3|ng principal conponent analysis of

D2E7 sanpl e§1mnhmdda@vzngb@d1@hr0@g@g5@ay wedipgells 20 have distinct principal

Cpootrodlopy o o PG YER TR AR RRRNR SR BT

spectra nodel ed usi ng FguRc3.fiRbicaaniiontindd @oahy Beé clebmABErdphd fanpl es,
i ndi cating tdhat aggr egat ed
lagram.

Figure 4. depicts a chromatogram reflecting the results of the mAb X
simulated moving bed chromatography case study.
25 Figure 5. depicts the product recovery and product quality analysis for
the mAb X simulated moving bed chromatography case study.
Figure 6. depicts a chromatogram reflecting the results of the mAb 'Y
simulated moving bed chromatography case study.
Figure 7. depicts the product recovery and product quality analysis for
30 the mAb Y simulated moving bed chromatography case study.
Figure 8. depicts the mAb X % breakthrough analysis relating to the
mAb X simulated moving bed chromatography case study.
Figure 9. depicts the mAb Y % breakthrough analysis relating to the
mAb Y simulated moving bed chromatography case study.



sanpl es have distinct principal conponent scores and can be discrim nated
from 25 aggregates using Raman spectroscopy. Fi gure 37A-13.
depi ct s Raoeni2gpetr oscopy and the spectra nodel ed usi ng@Cparstéialosiseast
squares anal ysis of (A D2E7 sanples and (B) ABT-974 sanples, indicating

sone correlation bet PEGLL; i Ld 090 Heh@nrfEtat h
measur enents. 305. Déﬁﬁgt%%gg%%ﬁéﬁlag%ﬂy%ﬁ%ﬁ#WEﬁﬁ% o8tap yThe
present i nvefidw diagraat.at es to conpositi ons and net hods for chromat ographic
purification of antibaqdies, ch, as nocl qpal . ant i bodi es L oyi,ng.

i nproved sinul ated no ‘ﬁl_ﬂ;reoleﬁ Eﬁ%’f‘r%}?' Hlagg}’ﬁ?téagi’ %%ﬁ@ron@?tggﬁpgwx%{ﬂg“cnot
by way of | ij5d/achBse)bukr Q%Tééﬂl kied RaEE laRlahRib héid 0 YTttt BicRickrd a
foll owi ng sub-portions: 5.1 finitions; 5.2. Anti body Generation;

55. 3. Ant Sbocpg®r Gtisclptonas Seneratert isieglynPRudstSIVHEA Bt V28RS nPlhary axis is
Purification, Strategies: . and 5 6Raman. Spect 5 0Th
Pur 12 o ke S5 B pS TR SREEEAE00N Syl BRbL §1gf B0

pol ypepti de 1ghRitbs withRai8a 8iif( khvaaibes (@it énvehel X alis. (The eftaistists with
i nterconnected by disulfide bonds. Each heavy chain is conprised of a heavy

chai n var i abvevensgben! §08H5Newn 4D éal SPHR (= NHmMatl0deyiRhe Rayiap sperirahTavedat) it hai n
constant eahub GlhuarlS GERNE IR MufRP St Akl QBT ERTTIRE Yy {1 oo

domai ns, an ain 1's ‘conpr

chai n vani abhe nicagientetcdbipeevilalaedohtkahikedadibidll eompdnen@rith watek)ghThehai n
constant region. The Iiight chain constant region is caonprised of a?)ne_
dommi n, CL. 2FeeRgwivaliscPivhe spestigns Ve ahhpether velnes arsuplafive dthat irebabdyithns of

hyper var i abic#tivl\fdt)éﬁd J&r B ﬁB{%};{l—n@%Qﬁ.a” ty determ ning regions (CDRs),

i nt ersperse regrons t are nore conserved, 20 terned framework
regi ons (FR). Each VH Eigareé/12.ideptngp osegaridont dfraetiaCRpredicied @oncdiRation

arranged from ani no-term nus to carboxy-t in in the foll ow n rder:
PRI, CDRL, FRpA eymRonersbulfegstopparaitine/sine acid/refiglosd wib 5PHOrEN ndi ng

porti on" sof I "ant b @) an
ant i body °t haris g{%ﬁwtg%‘é&g%? |“?’{ﬁ§ ﬂ?%%%@%@?ﬂf? ijlfet@%lrt\g{% g@%@gﬁgﬁg% It

has been shaowitionatThehearsnt-axjearclmiondinigtibum@Mpn of an anti body can be
performed by fragnments_.of a full-length antib anpl es._of bi ndi
fragnents encorrpassedsl\-'k/gl‘fﬁ 't BIq%?g?mBmﬁoé‘e‘ﬁ?%ngéﬁ rﬁ(ﬁfﬁeﬁﬁﬁnceﬁgaﬁ%
anti body i nchpde Cohpéhdnfbbi @Rt @ar%ﬁﬁh@/ﬁ{rﬁ;ntacfd?t@&ME CQPRiRAdEL t he
VL, VH, CL and CHI dI())mai ns; (il j@?sgnlé(ab )2 fragnent, a bi v)al ent fragnent

conpri si ng tospeaentf ragnents |inked by a disulfide bridge at the hinge
region; J(iii) a Fd fragnment .conpr.i.sing the VH and CHI mai ps; (iy Fv
fr agrrentz(ocorrpri si ng tﬁ‘gg“_e g\%’dg%ilft oarrglurnesc%@p%n g?ﬁ%WeSp &rrﬁ 8?§1aﬁ %Pn%l}e%tody,
(v) a dAb fragreniys{eWarchaahit@imethiohBRMisthddTReatt), 544h846.axish e epéduiab
teaching of which is incorporated herein by reference), ich conprises a
VH 5 domai n;inteagity, thox-aks isurva muntess-brent ari ty deternining regi on (CDR).

Furthernore, although ﬁiQSret 18, g%ﬂ@tisrhspﬁge E&ﬁpgﬁén{ L0 H%Uira ¥ ARmYShent ©

coded for
buffer system (mannitol/methionine/histidine/Tween™) The y-axis is spectral

25  intensity, the x-axis is wave number cm-1. Figure 5 is an more detailed view of the
spectra shown in Figure 4, in which the “fingerprint” region has been expanded.
Figure 16. depicts a pure component SNV/DYDX/Mean Center
spectra of 4 component buffer system (mannitol/methionine/histidine/Tween™). The
data shown in Figure 6 is based on the same data shown in Figures 4-5, after all
30  preprocessing: standard normal variate (SNV) for intensity normalization, Ist
derivative for base line normalization, and mean centering for scaling.
Figure 17. depicts a comparison of actual vs. predicted concentration

for 4 component buffer system (mannitol/methionine/histidine/Tween™) with random



by separate genes, they can be joined, using reconbinant methods, by a
synthetic linker that enables themto be nade as a single protein chain in
whi ch t hewOkoermdoodid r egi ons pair to form nonoval ent nol @Culuso1loBIM as
single chain Fv (scFv); see, 10e.g., Bird et al. (1988) Science

242: 423- 426,y and 1S (A0 ciRhted using HRBSdistileqfodeNe prediCCRE comfentratiésd of new

85: 5879-5883, the entire teachings of V\ﬁl ch are incorporated herein by

ref erence). s8ltionsi ngl e chain anti bodies are also intended to be
enconpassed within the.term.: ant.igen-hbindin ortion' of i . O her
forms of single chai n%ﬁﬁ%%@@?ggfgﬁm Sod}g %fgagg.}a(ﬁegé?gfeéﬁ% S%&g%%tgd?rr%éssed.
Di abodi es arfgr Bicyabsiint bidferyse@QiiangitelthéthiogimRmidtiding TokeMM) band VL
dormai ns are expressed on a single polypeptide chain, but using a |inker
that is oo iBigidual eorepane. f or pairing between the two donmins on the sane

chain, thereby forcing.th 1.Nns. .t I | kLar i ns of
anot her chain and cr egﬁt‘léﬁge f@mﬁg@gﬁiad)g%ggt}rﬁ%&%{%aﬁf%g&?@g’3%8?{189?%' liger,
P., et al. (HA9R3}yrAeith\ablein AasthitoBaiethitiShe/ABtifihdAdaENaIRgvabpectRa 20J.
et al. (1994) Structure 2:1121-1123, the entire teachings of which are
i ncor por at echwing Ramagn mémeitence) . Still further, an antibody or
anti gen-bi ndi ng porti : for AALRRABAERSI on
nol ecul e, forned by c?\F}gflgﬁ(ﬁg%plﬁﬁ-ﬁ%gﬁéﬁ&%g%&%%nrof t he anti body or
ant i bodylOporiuffen sysitdrh watheproteimaanaid e ethjamotediistidins/agediptuntds, willktwepl es of
such i mmunoadhesi on npl ecul es j ncl ude use ,of, t he 25streptavidin core region
to nake a te@frgéﬁﬁ?qtﬁe%@l:&%gﬁl g@ﬂIC@‘?HhﬁWWﬁHSWﬂ' S. M, et al. (1995) Human
Anti bodi es and Hybrid ﬁ¥§2ﬁ%é%@%’ar}5&ﬁ'@c&ﬂﬁéﬂeﬁt S RO/ Nealichiler LS

a

i ncorporated herein by referenc use of a cysteine residue, a nmarker
pepti de and cnponentriufifzt systdny wiithtpirateme Thaglatashowiken Fignad this basell on the

bi otinyl ated scFy, nol ecul Ki prj S. M,.et al. (:1994) Ml | .
31 1047- 105 GAREHBIER RN PR SO0 RSt RRPEI et sBRp P R n oy
referengg). (/éw\i)%%t&@{t%hmﬁzﬁﬁ&ﬂ 1 3iSdeFiahei A @r bAsaink: 2ofhAGAEGE, Sndcan be

(0]

prepared from whol e antibodi es using conventional techniques, such as
papai n or pepsimcediegogtionsealingspectively, of whol e antibodi es. Moreover,

anti bodi es, antibody pgrtio nd, I nmunoadhesi o . t ai ned
usi ng standard recorrb{)ﬁlgﬁfe %&%{’lg@ﬁh‘i"a’{?@&so éfacfg"sag? %g)g%ilﬁgcri g‘?ﬂrzf.e Ht?ar;[%glne
aspect, the RpgicEMBokindBLITer H8chi W pjtéin 6 Hidieidaaldonmonsntor pairs of

conpl ete donai ns. The terns "Kabat nunbering", "Kabat

definitions" and "KabaFignae23.idspictsanadaimymah penbeativgeapmess Wat @nploysrhese
terns, ichy,are recoagni z i : ystem of nunbering
am no acid rh%%rfl%ﬁj%%’c{) fcé)ll‘ﬁg? ggr}réfgroggsisitagg/{ogaﬁh.t%??Iﬁﬁﬁy'per vari abl e) than
other am no aci d resi deigaré 24.tdepicthaaviineeRamin ghicewtheion pradictadns ef negi ons  of
an anti body, or an antigen bindi ng portion ther.eof (%@Ept et al., (1971)
Ann. NY Acaddialgisation prpcessinedlyinggdhreggpmpongst maxtureqt byller, sygarg sn 8nces

of Proteins gt ; o¥-1 4 Lk , Fifth Edition, U S. Departnent of
Heal th and rﬁ%@%‘%ﬁn\%{é@gﬁmw&ﬁﬁ. cation No. 91-3242, the entire

t eachi ngs of which ar eFigneo2falepicasdepeiteai diafljratiefd prosesseivolfng atthree heavy
chain variable region, the ervaiiable region,r es from.am np.acjd
posi ti o 31°0%P ntleP‘t‘éBRipzﬁ?ﬁ sheanang ’t“‘ilgﬁg‘&gg’nfri?/ %WW%’@%&'and
am no aci d pRgkilibRtadhdifts ARuded TorGhERRasci96soldiRm! | ght chai n vari abl e
region, the hypervatiable region ranges fromamno acid positions 24 to 34
for CDRL, 15 anmino aci Bignos2e6.idspetssORemaneliboationfzugaithanniolYpratiin
positions 89 hé‘ 97 f@r g{gafs The term "human anti body" includes anti bodi es
havi ng vari dBfEMWERRDGRYRt regi ons corresponding to human gerniine

i mmunogl obul i n sequencppups 2feRpictRdliRYR fakatorRentdtion(phedictiaRala et al .
(1991) Sequences of proteins of |Imunological Interest, Fifth Edition, U S
Depar t neft  ofiafisation baffer axghange poocsss where sntibgdy ipaterdstapiasedwyithay - 3242) |
The human anti bodi.e f the invent] i ] I siqdies not
encoded by hﬂwﬂ%ééﬁﬁﬁ?%é) rr%@ ﬁ%g]l%%{gﬁ’%%s quen@g%ﬁ?}gﬁ%aﬁfﬁ?tgﬁ' orlﬁ{sé

i ntroduced byuffarrdeHIN@sd BifbRoBAELY protimubrRgrtiaiins in vitro or by somatic
nmutation in vivo), e. in the CDRs and in particular CDR3. The nutations

can be introduced usi g.ﬁfg&f%@-él?ﬂo@ea ﬁﬂfﬁ@éﬁ@sﬁxﬁ’e@ﬁlﬁ?@féiﬁe@ﬁﬁé TBHIRd ]
25ant i body ;@Hergﬁl){ r@{eh{ ?&h% ntﬁﬁﬁm&ﬁﬁééi& QRich&H %Q§g g%t h an am no acid

resi due, e.g., ct1vity enhancing am no acl ue which is not
encoded by the human gernline

7



i mmunogl obul i n sequence. The human anti body can have up to twenty positions
replaced with am no acid residues which are not part of the human gerniine
i mmunogl owol2ore/meguence. | n ot her enbodi ments, up to te®mCTA|$2010/05i87€, up to
three or 30 up to two positions are replaced. In one enbodi nent, these

repl acenents are wthi Splagi% i : e LAA adUER

anti body", as used herlggIrl]&ezls' n '?E?ln%gl?] eégﬂpg‘YIigggfh%gdlgﬁﬁﬁ)g%%hes iarl1) whi ch
CDR sequenceshdmnsved fromthe germine of another mammalian species, such

as a nouse, have been graft ont o human, framewor eqgquences.
The phrase "reconbi nant!8h dﬁﬂ‘?fsﬁﬁéy‘ﬁrh%qqﬁ?gge'h{?ﬁﬁﬂp‘éﬁ%ﬂ‘i%%ﬁ%% that are
prepared, expr@ss6ch berFeakeshn@t phfdsahiRde Bibtdis GOFRICH ﬁ%}glﬁ@eﬂnﬁih guch as

anti bodi es expressed using a reconmbi nant expression vector transfected into
a host cél | histitindedites. i el hastisiihe axgharged sscfobbwedby adajirnatseareeratininan

anti body |ibrary, 5anti.bodi i.solated from.an i e. O. nouse) that
is transgenic for hu gpmﬁ%-éfgﬁwpﬁﬁcgg}?ggsctns%écp%i Eé‘,pr 1 (gr, L. D, et
al . (1992) NuglbentAfibflforBesompiiheRAfhficd dktom Wi pRotein 1/ inéidtdiiahgoraponehi:ch i s
i ncorporated herein by reference) or antibodi es prepared, expressed,
created or iAclugedepyrasiny; Bt Aeqtataeantsntralion; pad b} ddalinpmpl pergeairatiiinan

i nmunogl obul i n gene Se@gﬁ?e;%fA-tB?dgﬁi&%ra C%Eﬁgoqlum%ﬁl%l vsshﬂ?éaa&?d r econbi nant

human anti bodi es have e and  const regions derive rom human

ger m i ngoi NasReeHt@bibh ifdt IS@aRNeASHUf e eystdi@bath, préteinby individial cqriSGibht:
Sequences of Proteins of Imunological Interest, Fifth Edition, U S

Depart ment oh Treean{™ coprenimiien and By Adakmumgh porenEdidilon No. 91-3242). In
certain enbodi ment s, | j '

subjected to in vi trorﬁngﬁgegieaﬁggﬁggf@&?%@i%%g&eaﬁ@ﬁ?rragh??gh@goeog?eg for
human 1g seqiefvendABTISEY) weie separateyapgtdgateduting phetoi injucad drasbliskinge ami no
aci d sequences of the VH angBVL regio f .the reconbinant antibodies are

! ns .
sequences t Hitnmgdified retens SBIGYm Hisgntibedieswere SxResed o Hsr3gRTa8a R | and WL
sequencas, repl ist within the human anti body germline
repertoiq?e ﬁ?ﬁi?%?@?%ﬁc(gr%goﬁéénbodi ments, however, such reconbi nant 20
anti bodi es are the resKigared4.slepietstthe sizerenchiggeoneshirgmatographichreslts of the
back-nmutation or "isol ated anti body" includes an

.both. . . . An
ant i body tha&mﬁsél_lrg‘_éflﬁs?‘ﬁh‘t“?ddp@g‘i‘r?éé of other antibodies having different
antigenic specificitiefglife 35. defidts R HEctRRRESROMA hOFPechB@fddbicd@sing bi nds
a particular target is substantially free of ant’ibodies that specifically
bi nd ant i germinsifaéeornprnent sralyspedfi DB dsampege tridicaing thab hggregptethsantidesy t hat
specifically 25 .bi.nds a particul ar, hupan target ;. i h ar get
Fom ot R0r ge ABuRSseBRLeo i Rh SR ant SR il M f s8R S P
free of ot hafsiri(‘?qurﬂé@pefi%s%bﬂ and/ or chem cal s. The term
"Koff", as used herein, is intended to refer to the off rate constant for
di ssoci ation of an antKigBEs36.dgpictsian SPBSERFCRRit dgidhe srashp aedelsd PR@St er m
"Kd ", as used herein, is. i d  oef - | a5 const ant of
a particul arp%élﬁ%pﬁég%?/g%lﬁﬁ ? %ﬁéﬁﬁ?sn(ﬁg‘bf%’gtgﬁgﬁ%ﬁpfeg 1£5i‘3atﬂ{gst ﬁ%ﬁdg@% rgtraége "nucl ei c
aci d nol ecul sampidadiavel @stibddrimeipeedngsonamcciisdandtachd discririinated lfeinc aci d
nol ecul e may be singl e-stranded or doubl e-stranded, but in one aspect is
doubl e- 5r arfd&PEPIRRUSING Raman spectrofePYphr ase "i sol at ed nucl ei ¢ aci d

nol ecul e, " as used hergin,.d k. i ﬂﬁpd'nq I i bodi es
or anti body pprti ons (@hgré%g%ﬁwﬂg&gﬁsg se ﬁﬁiﬁk&??}ﬁﬂ)&@féﬁ
particul ar twsirgefariédl dedshjuarts snalysisiof @A )D2ET shnmypleseand (B) ABTWMIV ¢ bartpies,

nucl eoti de sequences encodin he antj body or antibody, port.i o re free of
5ot her nucl €8 ‘icﬁf@gss@&l?e"f?@@iat Hé’@ﬁ?’fﬁ@ ASBETEASCHY rﬁﬂﬁﬁsﬁ‘ﬁé@ep%ﬁéi ons t hat

bi nd anti geng.QtAslentshan the particular target, which other sequences nmay
naturally flank the nucleic acid in human genonmic DNA. The phrase "isol ated
nucl ei ¢ 38ci d nol ez UDETAILED) BESCGRIFTION ¢ HE] K] ddO&hces encodi ng

bi val ent, bispecific antibodies, such as diabodies in which VH and VL
regions contain no othgr sequences 10 ot her than the.sequences of

i abody. Tl PRS0 SSalBnol i HoSrh Rt 38 Felig’ Moo

cel I'") incl uiesmaog@bhici Hudifiohticin & recibodicganicieXy esdhedlonCantibdiis, been
i ntroduced. It should be understood that such terns are intended tq refer
not only to dHHoyAg inpipved siydpied maving bes seppigtipn strgegige nfjolotladtycmd a0t el | .
Because certain nodifications may occur in 15 succeedi ng generations due to
either mutation or environnental influences, such progeny may not, in fact,
be identical to the parent cell, but aregstill included within the scope of
the term"host cell" as used herein. The term "about”, as used herein, is
intended to refer to ranges of approximately 10-20% greater than or |ess
than the referenced value. In certain 20 circunstances, one of skill in the

o, - 2 1. e b o, o Y “ 1 Y "




" Chr omat ogr aphy”, as used herein, refers to analytical techniques used for
the separation of target nolecules of interest froma m xture of nol ecul es,
and 25 rewvpesiaponrisel ective attracti on anong conponent CofUSké1g/0Ri8I4 ure to
a solid phase. Exanples include affinity chromatography, ion exchange

chr omat ogr a I Ze: L S : : . y Hfeywh ction
chr omat ogr a%Wa§ (ﬁehﬁﬁgtll&ﬁ tﬂgu‘%ﬁlﬁgﬁa&%gwgf %eﬁgﬂgﬁﬂgp?d anrbagttilé ﬁgllﬁecul e
of interest poftignsm xture indicates that its relative concentration (weight
of target divided by the weight of all 30 conmponents or fractions in the

m xture) is incresafedrﬁ%/ at least 20% In one series of enbodinents, the
rel ative concent rati o?{WMS eased by at | east about 40% about 50% about
60% about 75% about 100% about 150% or about 200% A target nol ecul e of
interest can al sg pe sahithod9 heeubhfi ed when the relative concentration of
conponents fromwhich it is purified (wei ght of component or fraction from
which it is purified divided by the weight of all conponents or fractions
in the ndxture) i%3.dechutihods Psgdugtioneast about 20% about 40% about 50%
about 60% about 75% about 85% about 95% about 98% or about 100% In
still another serdgs o J .the target nolecule of interest is
purified to a relga i veg%tmgﬁu@?%%ﬁ’of 5 at | east about 50% about 65%
about 75% about 85% about 90% about 97% about 98% or about 99% Wen a
target nol ecul e df.5i ntlreagtary PudficatemiSiditemes; and " separ at ed" from ot her
conponents or fractions, it will be understood that in other enbodi nents

t he conponent or action is "purified" at levels provided herein. 5. 2.
Ant i body Generatigo 1&%%%%&0%P¥'body" as used in this section refers to
an intact antibody or an antigen binding fragment thereof The anti bodi es of
the present disclosure gan pefigiivmsat ed by a variety of techniques,

i ncl udi ng i mmuni zation of an animal with the antigen of interest followed

by conventional nonocl onal antibody net hodol ogies e.g., tffe t andard
15somat i1 cel | hybri di Pisttewn "aabray goeluges aoRmawmogiRpulin malequle ¢ompresed nat ur e
256: 495. A I eel [T I: r sypi cal, In
principle, oﬁﬁgﬁq{bﬁﬁ? %@“sa?ﬁ%#w%y%ﬁgﬁgﬁd&@nocfgﬁg Eaﬁ?icgl(% 33/5%{%% be

enpl oyed e. gonnsttedly disulide boeds. Eath desfyahaimtis oompfiseB dfnheloceliags. One

typi cal animal, systemfor pre ing h i do is.the nurine 20 system
Hybri doma pr‘@ﬂ‘é@@irﬁgﬂo? ga%gr@@*%%\%?‘%%i‘ﬁé%ﬁiogm_aﬁflagl?am ghaif coRSHNG at | on
protocol s an@%ihﬁ%@ﬁ?.qw&éhéaq chaifllBhitnt rOfioh INRMMFRE] SPIERAfIAS, Ter, f usi on
are known in the art. Fusion partners (e.g., nurine nyeloma cells) and

f usi on pdisocedi? esd EH8. Bhaoligh ohmin ivvpraprised oy lightaihoml Yayiableregiena human, a

chinmeric, or hunani zed 2 iLbo i reric. or humani zed tibodi es of
the present @ .EY%EEF"@TG&‘&?;@@{’ (ggég’)eﬁaﬁgg@&C}éﬂnf’?@t%ﬁ?ﬁéﬂtzﬂﬁfhgﬁgnon-human
nonocl onal  abinkQdYaf epiah edcdtpriied of bAedoratiaVeL. PhAVengerivngesibes awavy and
l'ight chain itnnunoglobulins can be obtained fromthe non-human hybridoma
of interest herdfirthergubdizided into regiomsed{rhypervaniahihe, (camed complementarity

i mmunogl obul | n sequences i standard. nel ecul ar..bi ol o 30 ni ques.

For exanpl e,defewgﬁg%fe@loémgﬁ%a’ilg%g’ﬁf:lis%%‘cw?l r%??sntgatv%? Fg%? %Ol}sé%%@’ns can be
l'i nked ©9 husmfedcPafidwek ré EhOIFR)Y Fablg VIEIHAOAE ikapnpbsedof theccdl DR a8 €. g. ,
U S. Patent No. 4,816,567 to Cabilly et al.). To create _a humani zed

anti body, miPrhERCBRangss; ftnm agupe-EMinG ép caboxnteoniEus dhi felamvgerderusi ng

nmet hods kno i P@&E ) Uss., Patent No. 5,225,539 to Wnter,
and U. S. Pa\t/ﬁei%ft’%lgﬁ ) %ﬁ%fﬁS@%?g : 5,693,762 and 6,180,370 to Queen
et al.). | Theaiggn Nanigehbiridimgp@tibtefaanintibbde(cattntbodiyes of this

di scl osure are,hq'm_an nonaocl onal anti bodi es. Such hunman mno%g% .
anti bodi es c¥EIHE) Ychiles fragments of A antihody fast retaig the sHydR ey yoind ce

carryi n@SpartB%n%ti%%? 1B eh Wtﬁyﬁkﬁmigéﬁﬁﬁﬁiéﬂgmtﬂo%f?ﬁ‘Aﬁ@boﬁi%;r%taﬂm .
These transgenic a transchromosomc nmice”include mce referred to herein
as t he HuMAbeNmufoetied by Megaesx of b fid]-)engiidniibode (E3janfiNesdel erding fimginentand

Xenolbusee (e%ggﬁggs'sed within the term "antigen-binding portion" of an antibody include (i) a

Fab fragment, a monovalent fragment comprising the VL, VH, CL and CH1 domains;
(ii) a F(ab")2 fragment, a bivalent fragment comprising two Fab fragments linked by a



Moreover, alternative transchronosom c ani mal systens expressing 10 human

i munogl obul i n genes are available in the art and can be used to raise

ant i bodi esoap1z¢dieo4di scl osure. For exanple, mce carryi ngCoatskoia/onsman heavy
chai n transchr onosone and a human |ight chain tranchronosone, referred to
as "TC mce"y (2000)
Proc. Natl. g Q&#&%&ﬁﬂ@&% 26;}{1??:3??%??%@&3% gg%%ﬁ??{y?ﬁg@itmn
heavy and Ilcgzlnm.amda@wmafﬁ ftmgmentmmmgﬁhs\ﬁam%ﬁehndwmﬁaMNWWDart

g;e)plgl éa:( :Jggl?\ﬁl%be%?‘é)o%%%ﬂéfi‘ ed?&ﬁt E%ﬁﬁ%ﬁ%&?@g 5?ﬁ3h%ﬁ‘ﬁ}fﬁod. es of

this di scl 0Sdiding of which is 1ncorﬁ%ﬁfém?1'eﬂ=§tﬂb RifsRAcHNhiR BbBBrigts atVig | nvention
can be isol ated by screening of a reconbl nant conbi natorial anti body

| i brary, 5e. gloman;sef(vi) haireldédyinpleRonthiityrdeteymipresgicad (¥ong hunman VL and

VH cDNAs ed f d f I
N et T o b TR T Bl O L bl e
ddi t t 0 WONPRAG Ry IR Age: t

?l blralr |Ogs ?e theggﬁiﬁ rramag%gg(gggrdt)?lﬁlg%? écPha e Atrﬂertg)gg 5\55)?%}?1& gt al og

no. 27- 9400-loker ﬁmﬂertahbsgnqnatca@@mdwaszm@wmqsﬁagbalaulww ¢ VL andtVilog no.
25240612, the entl r.e t ) sec€Xanpl es
of nethods angor %lretﬁ’t@n%g!rl i Et%feg@g%g(gf){yﬂ% g%?h?%%\gsgf;@f?ng and
screening amdg. bBHr& etlilsIo8y) $¢1atoamestzean6pmdfﬁm étrnl. (@988) Proadvell et al .
U.S. Patent No. 223,409; Kang et al. PCT_Publication . 92/18619;
Dower et al .AfdT SPuHSﬁc%ﬁﬁf’r? 3, tho eutirerteachings\af wilash ae I%PTPOF‘?E?& B cati on

No. WD 92/ 2 9;

Breitling e937 ygxﬂefer%i?fpﬁ%ﬂ ?!6}}1&{% l&%egggoéf%@@ﬁ/ﬁ%gﬁe\e/%%@%@

Publ i cat i on Wohin\i2 @7h Odddkén-iatingpattien” af an #EbodubOthenfdrms olﬂlemgMEham

92/ 09690; Fuchs et al. (1991). Bi o/ Technol o 1 1370-.1372, et al. (1992)

Hum Ant i bod #9yBPdigs saeh a8 digbaglics ag also E‘Bcogipgc‘gs(eggiéﬁb"é&ﬁs @rg% b 1275- 1281;

I\/bCaf Ferlsy %IS&ICIﬁC MNAbSiEs 1\91%?15 V@f‘ﬁl(ﬁﬁﬁ (féﬁﬁmsqré £ é3r$§§§d & ad né}e( 1993) EMBO
12: 725-734;" Hawki ns et al 1992) Bi ol 889- 896; ackson et

aI (1991) Nwlwegtl%ﬂ‘lmzbuﬁﬁﬁng ahalmethatas; too(shglgzc) alRNARTGRIrBEAGHEEB0he

Garrard et al 1991 o/Tec Q : 137.3- 137 Hoogenboam et al. (1991)
Nuc Acid Red™ %’i’am% éﬁ%ﬁ%émas% ‘%5’@1‘} B 7978 7982: the
entire teac rﬂoﬂﬂﬁerﬁéntéﬁ‘}'déﬁlaﬂ{seof@h%@f ARRLRICrBRM@Itho antigen binding sttéiBée

nonocl onal anti'bodi es”of this disclosure can al so be prepared usi ngt SoD

m ce into whighHnlligan Bi.retrahél 98) Peochbivd. Aeadh Seiebidis10: 6%@4@518%]%

human ang.i body n are
descri bl i -6 of (BRHSrEAty S PRIFLA, ARt BRGel TG g ?&é@%%?o

W son et alperdi@by r&f@fenaéyomrﬁlﬂﬁaom aRfdod9bor tnlitegehnﬂﬁlihg pmloamheraﬁdnaqs or
fragnents thereof, can be altered wherein the constant region of the

anti body is becrarofadaresr mu@@da@swwlecmef%@ﬁéb&ﬁ@vql@tj|06ﬁ01i1ré@w%%d

bi ol ogi cal ef r. f-unc Hgafy [ nmodi fy
an anti body o%oct?#%%niort;\lg%nﬁt%ﬁd %&bé ¥b81{t Qﬂl I SJ“E S?g{ gfb‘i‘é‘ns El-loto t he
Fe recept or,pdpkides. THﬂaﬁﬁﬂésQﬂlﬂMHhmmﬁadhésmﬂgbmbuisegmhﬂb usf oflthet he anti body
can be nutated at_ particular re'%ﬁc ns necessary for Fe recept or N&ECR)
i nt er acﬁSonsstl(e@@@ldlwge regiom o TBRKE ieHAEFE F%Fd'rfn?lfgéi IpriyERaY, Sy, ot al.

173: 1483- 14 r}gﬂfﬁ I i 26/en id he
entire teachi ng@ 0 é&"n cﬁﬁ%(?%s I ncorpgroatag 9&4{2“% mﬁedu%ﬁﬁgol n Fe1

bi ndi ng abi lintyrpofatddieramby befdgcnn@)wndlusmofasdysdmnmebldne eftharkeiopeptidaend ons
which rely on_FcR. nteractjons, such as on| at L 2 d phagocytosis
and anti gen- %@ﬁ%‘ﬁﬂ%ﬁtpoi&ﬂlﬁtﬂ%ta%% Bk lcYFIF Zt%(’t Eﬁt?‘gﬁ%g’ @8@8‘5‘"’“ on

To express AR dnBOSY. M, ef Jﬂeﬁ@@ 1%@3%%161%?@099 tR@Ehtir8heaRhing of
full-length ht and hedvy chains are inserted into one or nore expression
vect or Sich whigh istineorgertsl leran by eefatcnos) ),Aritlbndzeuomlons rsaqrisaﬁlimandnal and
transl ation S5seq ences 14,128, the
entire teacﬁ#(ﬁé%#ra%? ¥ P FRFQ?’&S@J‘%H’}IR?Q&&IROW ?Sé?%?oéwglémjﬂ n this
context, theefiffidiesReR aé paRkyor peﬁklﬂdiigdsﬁoﬂl epREedly, of KRBk ddidbdian anti body
gene is ligated into a vector_s that transcriptional and translational
control sequdaresyerpriiodiashantibedy pertioas ¢rd mpanoadhesiorimalerulss €arobe of
regulating the &&?ﬁ%ﬁgé éthEdai?&‘re%&%b I{aﬁ{'ﬁ tﬂe&%lgﬁest &edeééﬁﬂeﬁ%%}‘elﬂeﬂle 30 The
expressi on Vector an expression con nces are chosen

conpatible with the expression host cell used The anti body i ght cha| n
gene and the antibody heavy chain gene cfpn be inserted into a separate
vector or, nore typically, both genes




WO 2012/ 040041PCT/ US2011/ 051874 are inserted into the sane expression
vector. The anti body genes are inserted into an expression vector by

st andar d wethedsoq4e. g., |igation of conplenmentary restrPCTius2013/061834 on t he
anti body gene fragment and vector, or blunt end ligation if no restriction
sites are pr t el | i Sb&(ibé hedy-rel at ed
| i ght or hef\?é&g t%%%ﬁwegga%@n%@gﬁlﬁgg%?%ﬁ?@?\ﬁﬂ\llect OFQ%E‘/&% lts%ady carry
ant i body con®hadins. r egi on sequences. For exanpl e, one approach to converting

particular VIl and VL sequences.to M-|ength antihbody genes,.] 0 insert
theminto expression v@“t?tﬂ%‘i‘%s %bé%“@?@gdi Eﬂj‘%ﬁte‘%x’%g%ﬂ i?ﬁi&#@? nt and
l'ight chain lﬁﬁ@ga% s in?&éhan%@z%@fﬁéﬂe%‘?|’Bhes§ééﬁﬁs,tvﬂﬁéh dre@ecdn8@EME | S

operatively d to the CH segnent(s) within the vector and 10 the VL
segnent s aperefti toel systeinnkeuntbering em@lo asédresiduesyivhich are merenaeieble (L.,

Addi ti onal | | .t tively, th i nant i . d

R na pe JoPhe At Bl e wplod SRt Tte 6480 BTN Yaahasign oncode

host cel . -'}Egioﬁé‘éféipﬁﬁi_b&l!:ﬁgﬁ aﬁﬁ?@g&@i‘mﬁﬁg Eb@i@ﬁ_(ﬂhéréﬁfQKhb& eYEC{®7154ah. t hat
e

the signal peptide is |lin in-frame to the amno term nus of the antibody

chai n gene. N¥eAwigreil 199H2- 3 andnKpkatal Asphatud8g!)otrarenses phReteipedlt i de or

non. i mmunog BRBFIRrbEaRtys Fit Bdiion, S, RaRn RERE B R dupen i

genes, gor e NIHPNBIERARNQT0. VeI, hE chit@ teautiiat oOWwhivarare mconporaal or
more regul atory sequence that controls the expression of the fimti pody chain
genes in a Hiwsdinbzreferempd. For theheagushainysriablgeivacthe hyperyanablerrgian t o

i ncl ude pronpt er C - ki h Of; I a 64 €. 9.,
pol yadenyl a&?ﬁo%esifogﬁgﬁg}’ ﬁdziﬁ@s@g"r???’éﬁs ?}?é&{(?ﬁaﬁgtér}?%tgra%ﬁ(ﬂg?ﬁltor gﬁ(ﬁs]f ation of

t he anti bodyfoe&IR?, gehafinoSkihpdsiipuk 85 06 Y0X foq @R E sFarthe Hglgchalnedriableg. , in
Goeddel ; Gene Expression Techno| ogy: t hods.in Ia}rzg/nol O%X 1%) @?@g m c
Press, San DFsigs, hehvpervyinble egiondges dromaRoRGIAROSHANE A1 3¢ iy at ed
herein [y r @ pobitioo ¥ UYL ChAhRhPKid PRRGorsieoltb 66 fbCHRS art

t hat th(tapsde%ﬁggﬁatpﬁgﬁlgﬁépm{sc}s?égﬁrvect c’)?d,l@l ncl udi1 ng the sel ection of

regul atory sequences e tdap&mdnamargibotly'f imcludesardibodige hating variable aide host

cell to be transforned, the |eyel af expres?i on_ of n{)jrlolt@,ﬁj n desired, etc.
Sui t abl e r e iSRRIy SOBY ERTHEBDGS ¢ §SHRUIAD SPMPRYE OWHEILTG $ncl ude

viral el emerdgedatoydtdactt 411 @Be kavg! & 2f(199 DRy ReREP6BRSIRR Jfn manmal i an
cells, such as 30 pronoters and/or enhancers derived from cytonegal ovirus

(EM/) (such Iasnmm?/éomﬁﬂmﬁmﬁaﬁli%ﬁandéﬁ) Degirfmem Of’ﬂeglléh aul (Igvan) (SUICh as
SVv4 X i , . 0. i I j
e SV pr S ] SO SO e o MABOAIEIPHS By 2

okl - U e b Bl ot ol and U S Charent No.
inski, U S. Paten . 4,510, y Bell et al. and _U.S. Patent No.
4,968, 615 bysegutnats (veg, mutatipns infrpducsd by rendoanehiitggpeefic filagengsigin vitro

i ncorporated_herein.. reference. In L : ' i n genes
and regul at ot yssgaﬁggé‘g%{ﬁma lggg‘%%ﬁ'%aﬁtqﬂé%s@%ﬁgg%@?r éo t ﬁfah%i nventi on
nMay carry onau@fiofEda@ hedaliréduesdlisibg e gelesid@mutagiesia approsd) URRdamidnat

regul ates replication of the vector .in host cells (e.g., origins of

repl i cati%on)anibedneandhayepblopsiiong PREFRRFEPISAE WithE 2aupe é?lglﬁ?sé&{ﬁ’a?'ﬁe fgene
it roduced (S0SE ehfhele iR plE re o RGP ShdReA BRI SRR IS 1o 017
all by Axel igimédoglotulia senichce Tledamagmtibbdywanchavanp to teortppostiad her ei n

by reference).. For exanple, 10typically the sel ectahl e marker. gene confers
resi stance tIEPHP%Fb‘é’}thW %‘}@-‘? cs Wg&%&ﬁ?%?tﬁagﬁ%ﬁﬁblﬂﬁ?w&flgon a host
cell into V\’gl'nﬁj Jéﬁ)b\ﬁﬁgtSQ uepées. RERREriHHoRANGR up By tdhaly) B £R), aptahk& grar ker
genes include the™di hy f f

rofolate reductase (DHFR) gene g@or use in dhfr-
host celd0s wif fo twetpositioex acecsatedc thh on¢ empbdifricna thestyepiasdmente arewithjgne (f or

A18 sel ection 5An antj bod or, ant,i bod rti,pn, of,.the i.nvention can
be prepar ed tg‘?)cr])el%ﬁq%?qﬁa 0"@9{%1;’ HESern fb‘fm’iﬂﬁ?fﬁf?@}’oﬁ%l‘?eﬁ BerdmS By heavy
chain genes jnfnded®Sihcla8¢ hntibbdied P WARH GIDR 3B dneskier 960 Foh B gbimlirk dfost
cell is transfected with one or nore reconbi nant expression vectors
carryi ng DNArfothey mammsalancpeties sedhiesiamovssghatsiieeh sraflgdh ontedymd@ayy chai ns
of the anti bﬁg"é sui(h that the light and heavy 20 chains are expressed in
t he host cel RE'SEEREE i nto the nediumin which the host

11



cells are cultured, fromwhich mediumthe antibodies can be recovered.

St andar d reconbi nant DNA net hodol ogi es are used to obtain anti body heavy
and | i ghtwohaizn4g@mes, i ncorporate these genes into recegiusact/osesps essi on
vectors and introduce the vectors into host cells, such as those descri bed

i n Sanmbrook, Fritsch &l £ ﬁgﬁﬁ | WaTely poratory
Manual , Second Editi oﬁﬂ%%@%geslf#?rﬁlé%r or‘?}n %?{?‘88&'(1% lél%s,qm,gﬁ}gluaﬁlg})&gt al .
(eds.) Curr anit af plepareli sexipreshddl, exufedior Botalteidyy, reGrrekinentRodsing sduicin gs

Associ ates, (1989) and in U,S. Patent Nos. 4,816,397 & g Q%Eé%zqaj}h i)he
entire teacHAnigediss expmesserd ByiRE # FREGMBHIAEE SPTFraion; VACIOEBRISESE] PSHf t he

light and h%}’l}/ar?ﬁghig isoldi&l ﬁ&ﬂraﬁ-éédn?ﬁnéﬁﬁcéo%ﬂiﬁét?lﬁ’ﬁ Iﬁﬁfaﬁ%ﬁﬁbdghtﬁ)éitﬁ,aw and

light chains 15 (are) transfected into a host cell by standar ni ques.
The vari 6us dntibodieofsolated fraen em atinsah & £ ct imonsc)dhas i§ mansgelid fardigrwoonpass a

wi de variety of technj.ques comonl se r.t i duct i. of exogenous
DNA into a dF’é‘R‘H}OﬁE’EP Fgfneé&f&?r §&t i)féﬁﬂ’bj‘t'ng’efftla?né)%bﬁ\Pu@Fé%cl“fsg%%ﬁ ation,
cal ci um phospigise o8 CihRichel te4thi X hadbrpdraed heid Brefiendener | i ke.
Al though it T1s theoretically W) 2012/ 040041PCT/ US2011/ 051874 possible to
express t he atibbdiesiprepared, expeesiady eneatied or isalagdd heanyprtiranspos that Bvobigkar yot i ¢
host cells, expression of antihodi.es in eukaryotig ¢ a nmmal i an
host cells, qpﬁglggp? Bian FEEHY 8@&%@88 ﬁ%ﬂ%gg?e%égo 8&‘? ?{I\}fgﬁe&%{gﬁ&%ﬁ?@ul ar
mamal i g Ceaklsmbiaim hiBla8 ahiik&lids RdvraRafdik and/ nstintRklons Heriesisorhl e and
secrete a properly folded and 5 i rmunol ogi cal |y active antibodﬁ.

e

Prokar yot i ¢ lexpnegssmbne bhmumegielodin sgerrasesises, Babal Eeporct aly (1991

ineffective for produgtion ' J: ' -antri o nd Wbod
(1085 1 mmursegeroney a8l mh bl dhoh, 3 BABRL 8Bk of

i ncor por at edi&Mheind HindreSavieas JH KiblitakinaN®eat321e).| B deetnincdneidirgerds,
expressing the DNA in the vectors 10 herein are the r_okar%ote, Xeast, or
hi gher eukariastedes spehsrepambinppdwma pEbodies 3ra SR eEpdIoARHFQEIUASEIGSE s

pur pose .i.ncl i [ VE: : kv e

or gani SFTIES , e@g%}%é%?er 0 éal?faél%é ggbe%gh%%glggeq%@égFsﬂ%ﬁ%ﬁ%‘%&%ﬁa}%& coli,

Ent er obact ermufagsiesispanddhaebticelnliag add etqences SdltheoYiHl and Vieregions 8élheonel | a
typhimurium Serratia, .e.g., Senatia rcescans, d Shigel | s well as
Baci |11 sucHesam Bnan tibdies ars srriiepcos hatehte 6‘?‘1%63%(08? & ,reE‘.teaq o dRBIFf or mi s
41P di scl oseg. QI;}%'@ , 1S By ed2BRhinfRE AP ARDoaYCh as
P. aerugi nos ,Hlngﬂd t?@p?%% es.késbqlgggﬁ?lgazgmm%eyg.l col imcl oni ng h_ost0 ?s E.
coli 294 (ATgbnHfe dpéitpiraln tivagh atrtasy ensbadiingnts wetevers sih regdmbiBantE,  col |

X1776 (ATCC 31,537), d E..coli WB110 (ATCC 27,325) are sujt.able, These
exanpl esdar eanitllbf’%?’% ?Iﬁftl\q‘?/@s‘rﬂ&f’g?he“}/l\ﬁﬁﬁll’l&fgﬁfl‘fﬁl%@pr% ﬁrﬁﬁ%’ﬁuk O 8T both.
prokaryotes, eukaryotigyMsglalaentiBss) iAdudds!aammBibouisthhUB SibsbintiBAste 8f €
sui tabl e cloning or expression hosts for polypeptide encodi ng vectors.

Sacchar ony c esheremgibodicskaving difrarb antigerisrspecilieiiss (e.g. san iselated entibesdyiibef y

d | tic .host, ni i . th
Goner a s peciEg o PENT A proSiEt el oS e & M B PREhedly S0
as 25Schi zosgifg by 6@Sr BRAME spéLifivd efr8dty CAS idvtatdaiibolly &t sgecificallik.

lactis, K fragilis (ATCC 12,424), K. _bulgaricus (ATCC 16, 045), K
wi cker ardSi (bnurgxﬁ partiqyiagy humman tgeget may piamche sensoget fiwm fhglssPseics-ar um ( ATCC

pasvor! s (e BRSPS b 2R, D00 2
crassa; Schwaianirefiy@Ralssuch as 30 Schwar mi onyces occidentalis; and

filamentous fungi such as, e.g., Neurospora, .Penicilliu Tol ypoecl adi um
and Aspergillus hosts FE@F‘C‘W“&S%AH nAYYcd hereih ds ;Qteqql%g}r_e?érto the diPrate

Sui tabl e hos - b S 8 m Wy SRB%H gﬁqi%eg%' fdi es are
derived frorrclgorlrl&l%ﬂ %@P%?cgir}ﬁ)gﬁggﬁi%gﬁ%@aa%es of ?{nve teb{rlgte_ cells

i ncl ude 3 ant and i nsethe eahl"Kd "Nesmesed hsrelmg duintenidedito tardd He dgsdeiation ant s
and correspondi ng WO 201 /04Q84 PCT/ US2011/ 051874 perm ssive insect host
cel I's from HE¥F4 'é?f(ﬁ'?aﬁgc FaYpe 'Q?tfgeﬂé?tﬁ'@?ﬁ%'(pat erpillar), Aedes aegypti
(nosquito), Aedes al bopjChitsse FRSIEH doR) molb @S ORI dRs X AhRURGIEAnd RNA
(fruitfly), and Bonbyx nori have been identified. A variety of viral

strai ns for mpknsiecAinoplear aigumbolaculeynayii dingle-etrarded or dowfee strandedy b of
Aut ographa californic NPV an e Bm5 strain of Bonmbyx nori NPV, and
such vi rusesor}?e?ﬁp‘ffélﬁ.@é’gleé rapﬁgﬁjpms herein according to the present
invention, particularly for transfection of
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Spodoptera frugi perda cells. Plant cell cultures of cotton, corn, potato,
soybean, petunia, tomato, and tobacco can also be utilized as hosts.

Sui t abl e warmmld4e31host cell s for expressing the reconbipoaniS2did/oarsr4 bodi es
of the invention include Chinese Hanster Ovary (CHO cells) (including
dhfi-- CHO cells, descgi Y : i PHASHYRA

77:4216- 4220, used w tOT;] e}%%iﬁRlsseﬁk%gﬁgﬁ%ac%ﬁﬁc}l é?agg%seas dgggri bed in
Kauf man and rSfeagnpe (d@g2dic Mills emioding ahfiBodieslerG@dipodhporéons (ee. .t \edcY¥lngs of

whi ch i ted herejn b f NS | onp. cel | s, cel |
o Ben ol ICRBNE fosoier Hate Prgtcals Fes b s PSR Ol oy
genes are i%ﬁiﬁlgﬂﬁ:%cieﬁﬁﬁ 5&8 p&?&or ek 8RR thE Shilbody bb Sntdi¥idly peftidsaré frée B 0duced

by culturing t ost ce a period of tinme sufficient to allow for

expr essi 6n afthérmaclantiddxedyericas tlmedingsntibeditsoramtibedy parfiors that hindé ant i body
into the culture diumin which the host. cel.ls are grown. ro.exanpl es
of useful T’l?sﬁh%g@@tntg‘épf‘mf’}l Ear%ﬁt,w MR " RURE Sernlaﬁlﬁaﬁiﬁ]aéﬁsforned
by 20 SV40 (O fndleic Adidin &ftnart 8domic MNAN TEEBAMSE Misolklicd RaYleiciadRt (293 or 293

cells subcloned for growh in suspension culture, Grahamet al., J. Gen
Viral . 36: 59n¢leaiid)is alsodngndrshietiedludg s¢aesncessrcedingiaryalont.dasrecific10) ;  Chi nese

h cel.l s/ - DHFER. Ur | , Prog. I .. USA
774216 (1088 Fo0 D 0ud Saptigros Bt han® ik el o g i reaifbes 50
(1980) ) ;10n0rdtRdt thdrdRe Yeqton&t|of she( BodhTCC CCL 70); African green nonkey

ki dney cells (VERO-76, ATCC CRL-1587); hunman cervical carcinoma cells
(HELA, ATCC CCL 2); caheamhrasedrrepmbaionshestetk (onsimphcdossegll’) wekfdey & r at

liver cells . X : CCL 75);
uman 11 ver Fng (gl ool R AT R 0T, Aroc
CCL51); TR gekissoodMeitRech Rimakbre intdfidedinoatfer Mdtinlydnate pAttulaBibjcttedB
(1982)); MRC 5 cells; FS4 cells; and a human he%;#.onﬁ line f(1I—|ep &), the
entire teacHWgsthspregsny Rt g 3 ¢sllo HGRLC S8TIHB MAGIRHORRIEY GHEE N

Host celylss I \ nddjse% ' j cl oni ng
vectors L or a%‘ﬁ%‘%"ﬁ%@'ﬁegérgﬁ%ésm‘%ﬁ° %ﬁ@e’ﬁ%ﬁﬁ"r ed | ﬁirglgﬁslgﬁlﬁ f‘gﬁﬁcgﬂﬁﬁ‘ﬁ ent nedia
WO 2012/ 0400408267/ rhiS2exd lin(hdiSFetidenidial toettie psreapallpputi ae efilt mclidad wdihirg

pronot ers, Egl ecting. transfor mar] 0 | ifying the genes encoding the

S, or a
desired sequéh&¥¥® H@tﬁ%fh‘!%ﬁt aﬁé‘é‘ﬁ”ﬂeggﬁr oduce an anti body may be

cultured in a variety Bfe @R abouPORVRIRIRKY, id¥Rlddabkerdmdb farpeehrt as Han s
FI OTm (Sigma), Mnimal 5 Essential MediurnTM ((MEM), (Sigma), RPM - 1640

(Si gma), anchppuiximetely K-Rfdigréatet tEaygdrdess thasdhe mifkrcpcivEge. Igicgriain ar e

doscrbed | Firsiistapedone GhatfD S ar SgnshoBls bied Yue Rt Haple B L 5,

4,560, 655; o B i35 468 "V B0 0ahs0. Mo By 00195 or U S Par Ner’ 10 Re.
30,985 may beomdkai vakiecul ture nedia for the host cells, the entire _
ey be suppl enent ed- ac SECSEEHPhES b TSl bl SR IS el etiokp Rl TOT

(such as i nsfak iHe sepdratif eftarget molectlRs Ofinteest Goavd Mittaat afimoleadts and such as
sodi um chl ori de, cal cium magnesium and phosphate), buffers (such as
HEPES) , Z3uciebes ¥nos selspld¥e s{Factnnasmugi coepanents alihe mixaye toagalifipdesces (such

as gentanyci . J S il i ds usually
present at f%%ﬁﬁg%lﬁglgﬁ€§§n%%§?&ﬁmﬁ?%gﬁ%?:t?gen)%ﬁ%ﬂlgg r ange%tﬁggﬁ@:’)g#gcose or an
equi val ent enehgionshtomaogrplyy, ahth aydrophetss angraciompihesraaibgraply. al so be
included at appropriate caoncentrations that would be known to those skilled
inthe art. The cul tur &@%ﬁ | Vi ghgqfe.arglggpp %Eargeéﬁ‘tfg?%‘ﬁz%?ﬁf‘teﬁﬁ LR
20l i ke, are %ﬁ%ﬁﬁs faf 5 Rt &ﬁ@&tﬁﬁﬁ&%&% t@%érgfﬁﬂzidécl?ilaﬁﬁ{e%igﬂrofa11

expressi on, e apparent to th dinarrly skilled artisan. Host

cel |l s ca@® al®mpvacnts edfibdiqms dultheenixarre) ismeresksed by atceash 30 duioss series of
embodiments, the relative concentration is increased by at least about 40%, about

50%, about 60%, about 75%, about 100%, about 150%, or about 200%. A target

molecule of interest can also be said to be purified when the relative concentration of

components from which it is purified (weight of component or fraction from which it
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such as Fab fragnments or scFv nolecules. It is understood that variations
on the above procedure are within the scope of the present invention. For
exanpl e, wo28R/@ersttai n enbodi ments it may be desirabl e PoTiUSaIgfe1874 2 host
cell with DNA encoding either the light chain or the heavy chain (but not

both) of an ;aptBadi g bYics: hBYENS MonBRRERBLRRRIINY hesnekaay My al so

be used to refdbve sonme or-a e DNA"encoding either or both of the
| i ght and hekeeasddaiyng ldaapdbout2096] atnet 6&% aabpuf 5% aattoutedfebibedt B, The

nmol ecul es expressed fro ch tr at ed lLecul es .30 ar.e SO
enconpassed f’g’?mtffﬁ?ﬁ:aﬂ’?ﬂ‘ ’é’é’OBJTég%é‘r P?R}%Dﬁl@?%ﬁ.m Ftﬂk?ﬂﬁ etrisgﬂ?s"gji f unct i onal
anti bodi es r@%bogﬁna{t?,%@ﬁfﬁeit thoMbufd bfaR@rdieia pWirifidooNR dtive lRbneeRBhilorasfe an

anti body of the Invention and the other heavy and light chain are specific
for an afti geheastdhont $0%4mbiohe6Bhi afionhl 5%nabiogbss foyabenb8@oi #heuhy7%nabest i body

of the invenijon t e anti body by .standard.chem . | i nki ng
net hods. V\g%ﬁﬁgﬁ%(?ﬁfp ﬁ%ﬁrg?td'é‘ilg%ﬂe bARMSRY uf qunér{ﬁ]gd délﬁl:éét&zgl e system
for reconbi NgElarf¥Pr B&if ofier @bmPonehid dritRdyiong kit willtbedetsioddithg ipothes on
thereof, of the invention, a reconbinant expression vector encoding both
t he anti bodyenthaslitypenth thercompanetior Anctioody il atlexels pravidedthesdiiced into
dhfr-CHO cel I s by cal ci um phosphat e-nedi ated transfection. Wthin the 5
reconbi nant expressio ect QI .. j y heavy and |ight chain genes are
each operatively i nkgsdy't o] %%&r}ﬁgg@éeﬂrapggmp pronoter regulatory el enents
to drive,high | evels transcription of ;the. '
expressﬁgn vector al sco)f}%eszlr%‘llegt{tizi Btﬂr% ‘858%24]%6&%?% gﬁ&aﬁeg%\%g%g@ms&e%@?%n of
CHO cel | s t hatanhaygerbigiding farsfcacthedoM t h the vector using nethotrexate
selection/anplification. The selected 10 transforma,nt host %el ls are

[

cultured to allow for Bigsmébedishoothe precahttisclpsyie %@éwea?fatefl yrRtVaBRYi ns and
I ntact antibn gchh?qu'é?ﬁﬁéi&&lgg @A 060 & éﬁriﬁalr@n@ﬂ Hi@an§gélp61ﬁﬁg:ré@ l'ecul ar

bi ol ogy techni quesl are Usedto prepare the recombi nant &xpression vector,
transfect thellbesd bgedblveniice evinotlonaltantbedyomathndslpgies b pythe stdmelatibst cel | s

d the anti body fromthe, cult di 15 ' [ t
Fechn quss, OB AREH YN Ekimte BB BT ERS Slrir W) REhREpts: 385 "2
per i pl asi  &RRGEN sShatl EAPhYHARRDR bRC oo yiendn fincll, Gleraspect . i

t he anti body oduced I ntTrace rly, as a tirst step, the particulate
debris, eit Hechniqes fargirbduchrg ingsedom bhishode .cgn be cmployed ng.,fvitahor

honogeni zati on), can b?. rem)ve? e. % SE% centrifugation or
ul'trafiltratQSRESNHERSIMBLGR Of BJHPPPCYSer et ed into the 20 medi um
supernatants from Sucm%ﬁ?ﬁﬁhﬁﬁaﬁ%ﬁe@ﬁﬁn@?@aﬁﬁg hitsdonsRns gRtni@iRd using a
commercially avail able protein concentration filter, e.g., an Am conTM or
M1 1ipor2é Pelysiconriviridonragfroductioniida venivell-established procedprg. dmmugnigaiienpr ocess

of the invention,, procedures for rifi.cation of il ' £

Gebri's | ni ¢ PG AR AR e oPtobr iR Eef maB PRI TR ARIE8YE some
anti bodi es Garhdmt.SEeI@E Rty @E I urideafyélb@a celld) ahd fisid@osedukauingi ng
grom h nedia; others are nmade intracellularly. For the latter anti bodies,

the first st®§ lgiova.purification process typically involves: lysis of the
cell, which can be don . I t v ool [ Qﬁﬂ%dcal

shear, osnotic shock, %?%tﬁ%fﬁﬁlgélﬁ%%t%n S. sﬁéﬁ%ﬁﬂgfﬁgﬁﬁﬁ rel eases the
entire q3nt efttivodf. Chignceeldr hunfanized entdddre i genatent disdosute agdbd i on
produces subcel | ul ar fra%gents that, are difficult to re,m)éﬁ due to their

smal | size. Praeaed hsed ga s seapgnce ofaperhyanniqnerlong) apfibednpiePtagat i on or
oy f11trat i oot Bobd SoRIN eiBlis!ife RAGY ShE Heh MBS IHARERLIAM AL
expr essi on sys%ens are generally First c nCentr at e using a comercially
avai | abl e praiftgined fomeeahomhiuaan hibridma ef igteresamdlenigimaiihd to cothinl ioper e

PelliconTMultrafjltrati on. WO 2012/ 040041PCT/ US2011/ 051874 unit . \there the
anti body | s BERG RIS THEHREPOHIT SLCTSE BiTDR HARER GLIee POIRdh o) so
be separgf edefiifeds hEor&lampis!ltd retteBHiMBlc Satthody Riulifdefblegiloh®¥in
filtration. AntiDbodies can be further recovered ?,rom the cul ture_nedi um

usi ng the arks linded tpbwman cersiaphragemsodmgaietheds knawanin therart 68¢ 42., Ahbi body

Purificatio . i urificatd General ly . . The_ pyention
provi des a ﬁ%ﬁ%@%é%%ﬁﬁ@@ eﬁg]r)l. ﬁpoeﬂe??)?wg%ﬁ%%b@dy’ %HFIE%QQ);{
preparati on fERAY BalbediridGRISR hnihaofrahewdikividm&nRsdsHnok@ag thoae(seEP. The
purification process of the invention begins at the separation step 10 when
t he anti body has been produced using nethods descri bed above and
conventional nmethods in the art. Table 1;gummarizes one enbodi nent of a
purification schenme. Variations of this schene, including, but not limted
to, variations where the order of the ion exchange steps is reversed, are
envi saged and are within the scope of this invention. 15 Table

. ® T o L T o "~ . ® o



Pur pose Primary recovery clarification of sanple matrix Affinity

chromat ography anti body capture, host cell protein and associated inpurity
reduct i orwbawm2pHodsmcubat i on viral reduction/inactivati oRCAMSeM1AZBAANgE
chromat ogr aphy anti body capture, host cell protein and associated inpurity

reduction %C’gj@{%ﬂagegww 364 5 QI OMANELRODAP B PALE 51530, 100 8583, bogly

aggregates a ot éins tration renoval ['ar ge
viruses, if ﬁﬁ%mandld,twﬂ(ltb@ueenkdélafi | tration concentr at | on and buffer

exchange Final filtratjon con trat e f or mul aj t
Once a clarified sol utllncﬂﬁleéan' flﬁg @mBB%B'I‘ePEﬂ?‘Fng gdlgg?#tgﬁd%}lsﬁ%sémb‘r’égn
obt ai ned, aﬁ.ﬁﬁaﬁltﬂl&qbc%na Qﬁl%ﬁ%kbg% fulrRA &Bﬁo&&ﬂ?ﬁntﬂfo@ie@'c%b@?&%&ﬂ by

the cell, as HCPs, 1s performed using a conbination of different
purifi catsi omsurg:ﬂrﬂnsgmgr umbhrdmmgorai‘f:fmmf:tcmegamx ofghe htll@pls {ratnung on

ctep(s). ThovsepHader Bndrepe REaya dRtEs e tIsa iR SRR I HE Basi s of
} Eeggeblagdl ﬂacmh@ﬁa@etx%fen%alt& SerefABSHUNEW BRUK® gmaurep ag), KVMo@e@si ze.
pect of the invention, separation is per med usi ng
(Medarex, Inc.), and XenoMouse® {Amgen).
Moreover, alternative transchromosomic animal systems expressing

10  human immunoglobulin genes are available in the art and can be used to raise
antibodies of the disclosure. For example, mice carrying both a human heavy chain
transchromosome and a human light chain tranchromosome, referred to as “TC mice”
can be used; such mice are described in Tomizuka et al. (2000) Proc. Natl. Acad. Sci.
USA 97:722-727. Furthermore, cows carrying human heavy and light chain

15  transchromosomes have been described in the art (e.g., Kuroiwa et al. (2002) Nature
Biotechnology 20:889-894 and PCT application No. WO 2002/092812) and can be
used to raise the antibodies of this disclosure.

Recombinant human antibodies of the invention can be isolated by
screening of a recombinant combinatorial antibody library, e.g., a scFv phage display

20  library, prepared using human VL and VH cDNAs prepared from mRNA derived
from human lymphocytes. Methodologies for preparing and screening such libraries
are known in the art. In addition to commercially available kits for generating phage
display libraries (e.g., the Pharmacia Recombinant Phage Antibody System, catalog
no. 27-9400-01; and the Stratagene SurfZAPTM phage display kit, catalog no.

25 240612, the entire teachings of which are incorporated herein), examples of methods
and reagents particularly amenable for use in generating and screening antibody
display libraries can be found in, e.g., Ladner et al. U.S. Patent No. 5,223,409; Kang
et al. PCT Publication No. WO 92/18619; Dower et al. PCT Publication No. WO
91/17271; Winter et al. PCT Publication No. WO 92/20791; Markland et al. PCT

30  Publication No. WO 92/15679; Breitling et al. PCT Publication No. WO 93/01288;
McCafferty et al. PCT Publication No. WO 92/01047; Garrard et al. PCT Publication
No. WO 92/09690; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al.
(1992) Hum Antibod Hybridomas 3:81-85; Huse et al. (1989) Science 246:1273~
1281; McCafferty et al., Nature (1990) 348:552-554; Griffiths et al. (1993) EMBO J

15



chr omat ogr aphy, including affinity, cationic, anionic, and hydrophobic
interaction. Several different chromatography resins are avail able for each
of these woechrgoas, allow ng accurate tailoring of thePpunistélaasisah schene
to the particular protein involved. The essence of each of the separation
met hods 1S 111897 PFOL ¢ Ak ap%lédé%@me@lopzzé@@-g%; OIRYSIS® 281951  er ent
rates down a columm, achi eving a physical separation that increases as they
pass furt herNaowrB2h24ea8y nem et alt ¢ 99ANBNASSOE BT 613580y Garsard gbals 991 ht i on

Cases. the anertshysipe EITT43 L HeparRpLY: 4 QA AR DB T es
speci fi cal | y4adh&iERiBad HQ1.GOOMTPNAKIZE NO7TANYE N Belyertioeeadtihgs df vehich drae

15anti body is present in the flow through. As not ed above,
accur at e 3t aiihovrporgtegfhezeipuri fi cati on schene relies on consideration of the

protein to be purifiedy, ln certain I : i of the
i nstant invention ar edlé[%ﬁ%%ao?algnaéggggogql%e%ﬁ%ggagg%%%%gf%bgﬁﬁ%gféﬂnre
HCPs. Wi | e (g PTES BiMe ihfoweRith Bmas irdinkae t&ll Have pEdpireéonsiutddf suclattiaon

generally, it can 20 be specifically adapted to the purification of
ant i bodi es. IFsnancausifpdwrespense sepbesenermed won IHENIEAe8s BUEh PIGSAG f i ed usi ng

t he net hods oA gl Q. il t k [t RLen | 9A,

| gA2, | gD, |‘g§?£§éggﬁ’?f°?§’@ﬂ?’g%§; Pﬂg‘éﬁ&aﬁ’%ﬁﬁg%% ?’gg%f?g%{ rllltgcerté'i n
enbodi meMt s, the puri fincgt ithGtentodiph@s obthetitveenting amtibodinyenfragnmenesccl ude
the use of Protein A affinity chromatography, f exanmpl e in.t cont ext of
t he 25puri f i ggeph fappe pligesd whetesy Pé%f}S%’é’é rﬁf%@%ogtﬁif’ f%tgtdqdéfés %"!OHHJPQ?(SO Protein A
i nefficient 'r%du%al%%astf ; chgﬁa%%oﬁ-%%téﬁioﬁ)%% EtrGordduh@ldnBlafle ® an

|
purification schene i n ut~are not mted to: the presence or
absence of amni@lifiebamsibofe. Fo mddifytanentbedyettthoventidn dueh gtahitaehibitedy as

dt Fab.fr. t _th f). b Protein A binds to the.F
Feoton. _t he BaNeRDAdRE BEPRFF A5 0t br CECUP ) BTN aREPR AP RET BE
ant i body 530 @f ahiMdleah be altfatbdS: RRiACracdionCRTBAGH foPRe Pécef)ﬂa?(ﬁzlﬁ(lt)i body

(e.g., the primary Sequence of the antibody as well” as the overa
g P Yy q 0oay
char ge/ hydr opteodsitions (segfe.g. Heanfisidand Mprrisant(1 ¥Hd i eBxs Mbed. Ag3:0A%3-649lhor e
characteristic .can be i.fied. usin [N i strategi.es tailored to
take advant & 161‘“'31‘31’231( PW&S ;‘coﬁwglta%% g’%&%&%ﬁﬁﬁ’%%%%%ﬂ%ﬁBM
5.4.2. Si mul at atoMoratb@néieth) CReaitibA 4 BBR Binding ability of tiSar®itblly frdl akbove,
antibody purification typically incorporates _one or nore_chronatography
separ at 1 on steapss oL QLeCOf eUNCH o

i awee, ot affscion émctiproowhich gely phiFeRaisEACt PR AU as P sefiigation
traditi |1y performed i 1 npgde separations can
intr odug@aS asﬁld ;hlagf&é’é%sgs J}nﬁea?@ P%?‘é‘%ﬁg%mi%ﬁ?@afﬁ}é&gﬁgﬁ ?’i cation process. For
exanpl e, because the use of chromatography colums in batch node requires

t he colums be | oaded ®B)] y Aatibbdy Preliuetiohc capacity, batch node requires
the use of two to three tinmes nore resin than if the colums were to be

| oaded to their saturafion capacity. This ineffici can. gr eat i ncrease
overal | costs as prot Z’r?\e’ﬁﬁfﬁr?&taaag%ﬁh@tjtﬁj%ﬁvﬁgu%Pﬁgwoaﬁgfﬁﬁhé&pensi ve.
Addi ti onal | Yﬁullyﬁﬁé:lP ﬁgﬂt Sl Heh PN IR RCHS HRSrtédinRAbKd braRb e MRp i B AG RO

require substantial fluid volunes, which not only increase the cost of the
puri fi cati onthptrtbe gstses ampesdtoslslinkst 4mtragdcriptionad and trenslationa] ¢gpatrabeded to

| et h . i i ts, .the. at, J ti i
i r oot ed o THITHEE ez one SEL AR BoTIarPE A s srtimBan s ST " S
chr omat ogr aplkGrpsRRARY4IA B refeftn6EY UtHis 65RO 6 ik "cpetivelyBinkepas at i ons

are in addition to, or take the place of, one or nore traditional batch
mode separ atintsnded ReveanshatswRinghedingansds lighed iniepaecter web thatvol ve the use

of colums that are | d j i i -1 hey
require smnal ?WCWFO%%‘%%wghﬁél%tcé%rr @gﬁ%en?gs;%ﬁlh&QQY%g&%%#‘%%h%%c ause SMB
20 separ at i Oagendéd Aclior oMREelatihd theitentcriptish aad tragdlationat the anibedggend he use

of SMB separations lead to substantjally reduced consunption of buffers and
more ti . ef TR PRSSIONVESIPE A SPIeFsigB 693l sequences are chose tq; g gppptible

enbodi nent s, ﬁl\% . bl Ll i R Bai L 2% fhblfGhdMt h solid
phase chr orra\?fg%r ap@%’e@é‘éﬁ%@%ﬂckl@%“@f&pﬁgrﬁ? lllgglcu?jlg%ggut 25arae noty limted
to, affinityhazhy ohah geueginite ingsied $nto iagepazate vactgeo hrooertipomgilgphvite geresi ns,

and hydrophobic interaction chromatographic resins. In certain enbodi nents,
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a particular nodule can include one or a plurality of chromatographic
colums, provided that the system conprises at |east two chromat ography
col utms. W 0evaei4m enbodi ments, the vari ous aspects of peaais2omasises as
wel | as each nodule in a nmulti- 30 nodule system are in fluid

cormmuni cat i o, Yﬂs&tt]e ﬁ‘t:cr't SHRE exﬂn ssfdt JeRtol, ?g@?ﬁiﬂ&?tg\%nessd#@ﬁlséﬂté& itlto an
conmmuni cation I's ac |eve via I'nterconnecte Id”conduits. In certain
enbodi ment s, exptskion euetu bysstandard mpthods 6. blysatiah wé sompleotchi@ry restistion or
permtting the |ntrodugt|on a d/or wi t hdr awnal

f flyid. . WO .
D012/ 040041 Petes PRSP iBedegene egment and Veoidh, qrdilyniend BEHIRR RSSO
present 1nv d hiStibbBhe ARNREY ok AfHBHISIERAD IRAtodmpMmet r eam
ends of the%;%/gB s ;@ég{;ﬁ)tg ngré}r% a 1oop t hr ough B,V\Ihl ch a§(fl uid %{hx?ure ?s
cont i nuows! ychairr sequaicesj thexpressivaivactpoinay slréddyicarytantbedy avagtapidegintr oduced

and at other point ffluent streans t hdra r

o nent s, RN Ao P E Blee MO PESBLY ety oy mees il L aps §Fshirtess
sel ectively tB%!lllér%fh &ﬁlbbﬂ& 8bnds Q¢ tof insh hBIhShiodxpredion ﬂéc%rsfaﬁéaﬁl ution
buffer, an outlet for di sassoci at ed conponent and_an outlet for an

unassoci at ecencoding éswya&é@umoelsf@@ ansldtabbemm consiang ESiGUS eEPS B HeNER . each

i nl et and out| e nt co nic For
exanpl o i n e VR et aReGRv i ks ERASBREATY Wil e ERIIRR 7O
desi gnatﬁ)d pt‘th/tLs’é"gﬁ'lehﬁlsI@Uﬁdvélblll@ld@i'ltottheC&CHeg@lelwmmnlﬂw wettri nuous
internal recirculation flow. This noving contact, results in a

chr omat ogr aphﬂ@tlgéﬁibfr(étaﬂtélﬁlabfelﬁdh‘bEﬁ‘f@ﬁlﬂ’@a@f EXPRESSIOB YECRREBY §15Pde 4588/l oci at ed
conponent s, i r

inabeoct at e DD el Ak PudoRécth of tctan83dy SBEE B A FEROCHAROAR, |
stream A bUffHaﬁf gdﬁf@lcﬁﬂﬂ bd bdhed aso teaicelor auvhabaane sipea peplmmﬂ tidkéd ionfrdne

solid phase is added at its inlet_ val ue betwee he res t| ve outlet valve
posi ti ons oftoitheemiwdeimipeyoiihe antihedy shaigspe- cﬂ%‘ﬂﬁ%ﬁ’ tide can be an I n

certain ?”g o e, obuilﬂglggﬁfsé#)ﬂﬁ& §Ha hatbRlo n%ﬂgs yl ;ﬁbh&'@b € a@%ﬁiat ?éﬁ‘iae are

di spl ace oWnst r &am one ion on the nifoldto the nex id phase
bed 20 col unﬁom‘ﬁhmnsntmmrtughﬂmhapcdtwbn such that the desi gnatl on of val ves
is properly synchroni z th the géjé%ern recircul ati oW, Under t hese
condi tions the system tl?&itPgher l%g@}fﬁya?f’%rp m\?ﬁ“t%pléeﬁel Pfic

product char get&lirtd ifSeRidReah Lty Bhe B RIRUEHITMBBAiERE (Rl Sohtfols gguence at
each valve position. This type of” system sinul ates val ves held in a single

posi tion whi mpmslsmnsﬁ Ithechrmbaéﬁchawg@leaun ahes ell.ahhe Eom teeulery SedIFsct at e

dt d t |it h
Valve. 1 corueRtedh ot ranOLR sl AT b sl eoRi O Ehaf U

wher e the C oMol flden BtY@d &hd1y) thR\eflirolahé Heiscripfistab tyarQlativh af themechani cal
carousel, while the valve |locations renmain fixed. SNVB separatjon_ processes

appr oach t healmbadﬁ@haén geﬂesaﬁua]t tqgalatqm\s@m@n% %@%&*@%‘b P’ngaén Geeddibnber of

nodul es wi | | ere each nodul e
conpri ses ONPiggb, Gnr(¢990’);11h\éledﬁﬁl teﬁhtngr’ﬁtvdgckamhyccﬁmmmﬂilerehmbpmfemmd at

enbodi ments, the SMB systemwi | |_.incl|ude hr col ums
2012/ 04084 1P} besmmreded by HosnsUpd i the éﬁﬁ‘é?&m%fﬂs S et et ng ng
bed process gﬁhﬁ[@ tﬂ%( gg{e‘gt toq??%@gr;glgyggg@gm@g b P&ﬁ/enamggf RYHAPNhe | N

certain enbo mat er | I's cap e of selectively
or speci fi cathocadiiibié hgst tell toies tamisfdrmdgt, thé leivnt effexptessibloof protdin degredx anpl es
of such chronmat ogr tl;ihl C mat erial cI ude: ﬁt ein A Protein

chr omat ogr apfifc SHEIRE Fegh a&fﬁﬁ?‘i‘?P?ﬁf h’é‘a’é’ﬁ’tal g8 Oﬁd’ﬁﬂﬁkwsstl%mﬁhﬁ? BBy of
interest, ang ﬁ@ﬁ@%&%ﬂ% ¢1§1e0@1§ %ﬂél%ltmﬁ@m%és%rﬂﬁ Adnmslid adkNacpEot ein. In

specific errbo I ments Inity chromatography st e&«hl nvol ves subj ecti ng
the prindty peowiesyndangihentas derosd from eﬁﬂmﬁg@owglsa( V1 ebrlearthe (K A

resin. Protein Ar sefu for ion an |on of
a variety 108993 &3‘7}’?%08’5 yS’é%l?n ST QE%Q?W %fcd% dl? 5@) PEG” Fﬁ@%ﬁéﬁm ein A
is a bacteri glen6@inhs, Y@él the adenovirus major late promoter (AdMLP)) and polyoma. For

further description of viral regulatory elements, and sequences thereof, see, e.g., U.S.

Patent No. 5,168,062 by Stinski, U.S. Patent No. 4,510,245 by Bell et al. and U.S.
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protein that binds to mammalian 1gGs primarily through their Fe regions. In
its native state, Protein A has five I1gG binding domains as well as other
dormai ns ovounirmawaif unction. In certain enbodi nents, thecgiuseéiansd7sovi ng
bed process is 15 enployed in the context of ion exchange chromat ography.

| on eXChang%’a?éé“:?%fo%'98@3!1??2%@3&%?&ﬁ‘?ftﬂéoéi’:tipé’teﬁ\éﬁiﬁé?s JihigRst ances are
separ at ed based on the di rence tn their respective ionic charges, and
can enpl oy dhtdrporatdthiesnin by exfefeacrye mat eri al or ani oni ¢ exchange nateri al

The use of a cationic exaﬁ ,a,nge ter.h{g{i ersus an Aani n%?c exchange
20material is based orF‘t _“‘8 é‘?_ €janfpogy aH]fgetnﬁ%a‘Hfr&g'é'a Y SHEPE B, it is
wi thin the g‘fé&ﬂﬁbiﬂﬁntteﬁ 1Ssdi Bt 681 T thOinO SR oA B catfyi i nfoX6 hddifenast ep pri or

to the use a cationic exchange step, or a cationic exchange step prior
to the uSe ockqemces o as aseqhencgthas regplatdueplivation phtheivectosindioshéallst he scope

of this invention to l,oy..onl cat.i gni.c _exchange st e ni oni c
exchange st e(ﬁ',g"nggﬁf%g%}ﬁ%ﬁmr@é’ﬁgl%ﬁ3??1.8‘%2@? MEE SR~ % éﬁ%%%%%%%ﬁge

chr omat ogr aphyie MRYlitales Self@iod B HoRTeANintOWhREGREVGorhap Bedt ihRbdiceé (e que.

| on exchange chr onmat ogr e}ﬁgy separates nol ecul es based on differences

bet ween t he aweVd. Paishisr 6f398,ﬁé6sn’b¢¥‘e@ﬁ5e?§1ﬁ 50191 ealpby Apekeital-ofhcof an
anti body, the. .antihod t. ;have a_c i that e

functi onal geﬁlgﬁeptegﬁﬁ%’hoﬁvﬁ}%h ?rﬁén%°6%°q§t§%§§8%§‘2§fn‘l§¥e§?‘§°§?', f‘(gr eé{%piegsi n, in
order tqobi ngpickioy thexaephble ndlketiehd oshifes resdhie t@ergs aukly ahades,an overal |

positive charge in the buffer pH belowits pl, will bind well to chgti on
exchange rmtlEramycingr wethemxae.Pnidipst eefbinie wWhish desdvectasdes beraingediepd

In ion exch r V. r : he
sol ute are atPaa bAERbRILARM e B RENRE IRARIERCA, e (R ferc
matri x, WO (Z&+hidé HAOH-THET¢dUS24d flilmehaBdhatpsctactidatiniphificatoomi) and theewrgighneof t he
surrounding huffer is l.ow Elution is generally achieved by increasing the
i oni ¢ strendf® ¢418seleci@Nductivity) of the buffer to conpete with the
solute fi@r the chargedysi f j YT 1 [ o ' t pH
and therlgby altering t%%h%tﬁ%g g’emloif?ﬁ;b h@ng(grﬁﬁ{ﬂ’e (S lg%ﬁbrgﬂhdgrca%sﬂtgé gla%grﬁ}gve

el ution of treorbbisaitekpressitrecCinangeglobudiohightaridticayy ohaip peneayn héogjcaldiual

(gradient elytion) or stepw se tep, el ution). Anianic or cationic
substi t uent srl‘*l r aﬁ@?‘é@ﬁ@ﬁ?@@ﬁ@ﬁ}y@@g‘o?’tﬁ%mé HS?%@OWIFH A P or
cationic su I OR L Q962 Ry inNON A ifibinend ef¥RiRd @8 of anionic
exchange suggﬁlﬁ%g%gxﬁﬁ%ﬁude di et hy gn‘i noet hyl (DIEAE), quaternary 10

am lnogt hyl (Sﬁ@u@gﬁ)bﬁuaﬂighmdﬁlefm d@érl@)ofgh@mﬁém?mmhdh?tdh@ Ligkitangd hiewtys
[ : SE : P) .. P
and sul Aot arer e priebis fohed Sl Sotudile 88 R BobueRIReRIE Y

DES2TM  CM 225 ureCMBarbd) framdyadh bdditinaie aaibodiaddaa beredovihd! 1Seandhidd.

Mai dst one, Kent, U K._ SEPHADEXe-based and -|ocross-1inked ion, exchangers
are al so knoweemipgant N Asasthedologiesngre useddp obtagppntibedy hepry agepighpehain ) and

SEQiEI- ;ib|Qé, f %%Q%E%S%’E%ﬁ%ggaﬁ ﬂtgrr, W%ﬁ%ﬁ%ﬁﬂ g?ﬁ“@ﬁ?ﬁogyg tg? hyl ene

gl ycol - net hagkivrain® Bexp o¢1%BichHs ¢hvsa HesklbeP AR BIE Alrit &chiGind vl arvhtind
TOYOPEARLTM CM 650S or M are avail able from Toso Haas. Co,, . Phi| adel phi a,
Pa. 20AR5 orfediciatrgulas Cdoningich Labhoriesy M@ﬁu@a%?cﬁfl‘é];aﬁwtnhgoﬁrﬁﬂrﬁﬁdy of
interest whidgpbeatiol RsolPALABERS of Gl Rurtdit ProudddICRNIBlo MRS AR, t e
i on exchange columm i’s ‘a Cation exchange col umm. For exanple, but "ot by
way of |i m t@teennPuldishingtiedsbaateg il P8 and suULS. Rateat Nos 4e306LEHTge 6¢BKIRR, | s CM
Hyper DFTM resi n.  These resins, are avail able fr.om comercial sources such as
Pal | Cor por & FSW.UGT‘I’ﬁcgmé%tP%Wﬁlcgﬁﬁ%‘é‘ﬁ@@oﬁedﬁ?%%@dure can be carried out at

or around room te”peraﬁdffeﬁgression of the i g!d ﬂld%{'ﬁkﬁhimx@%ﬁ%ﬁn veasr(%)_

si nmul ated novi ng bed process Is enpl in the context of hydrophobic

i nt er act3lon akodingtlegraphynd lightChiins Wiere} frenifestedinthahgs cch bystndygdaphy
relies on the charges, of the antibodies to isolate the hydr ophobi ¢

i nteraction 8?«1%%&?-03}1%5%‘{&5@“% ‘ﬁ@ﬂﬁ Wo%ﬁﬂ%?‘gl% i 1(51%9&;1?4/&:5&@? PR @
anti bodi es. JAERARBQRIT CecHARUBScAMbAG uB&Y fop @elyintrbd@tian lof vkddenbydDNBhobI ¢
groups on the colum. The nore hydrophobic a protein is the stronger it

wi | | i nt er adntow priokamyeticol enkaryotinliest celee. i cleelransratiomosalglumoeiospedle der i ved
I mpurities (g %pg%lon %?ﬂi-&éﬂ% £ SRl a ﬁﬂ:.eﬁﬂh&{ghvfﬂsqgéoreticaﬂy

product -rel e eci es
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WO 2012/ 040041PCT/ US2011/ 051874 Hydr ophobi c interactions are
strongest at high ionic strength, therefore, this formof separation is
conveni enwbyopaub@ined fol |l owi ng salt precipitations or PComSexialoarsge
procedures. Adsorption of the antibody to a HHC colum is favored by high
sal t concentJ gt lof ARNGEGHHLAA Siffer pRIkaMY oP¥altarpotitl de
range 5deperP ?%B@gﬁe%ﬁggsﬁg?g?tgﬁgﬁtoﬁg%gntﬁlgdy andrPhe parti cul ar?oHI C

| i gand choseipst d4ls] expsestion of emibokdies an eakagedicioells ssch asahimhalan bgshedise

seri es dependi n,? on whet her, t hey pr orTEte @/dragphqbi c int 31 aceti'[sonsmore

(sal ti ng- outls 8yifabl heragse SH?IE?'H‘;?%Y"E‘H&" $ RS P REteHan rapmatia Gells, AR IMOTe £ ot )
and |ead to i Hed Fdikhi y&t@fc iy Byinphabicerdids propety BldedGaidi ons are
ranked in terngyo F Cr 6as| na sal ting out _effect%og B%Jr_+; Ca++, ++;, 10
Li+ ; Cs$ ; iMarunoldgicallyRbtive artiiody. Rivknevotiniexpressinnyofifatipedikgames hastheehs of

i ncreasing chaotropic.effect as PO--- . SA--. ., = Ol - on -+, NOB-
. Cl04- ; |;T® d'tglbe ineffective jox pRRdygH OﬁRﬁh Wldosfg?%%?% a‘snl"jllbgi at Qs‘sosg%?decti vel y

pronot e Iiga&%a@(%@% Mninh&62¢ Thady 6:12-1B Ghe SafifeSedtbinghd wiieinigl at ed t hat
i nfluence the strength of the 15 i'nteraction as given by the foll ow ng

rel ati onshi pncqrhbijcddereinb)acfe@ice). Nadl > NHACL > NaBr > NaSCN. In general,
salt concentrations Oqut\}f gen, &%E&%ﬁfiﬁg gp&p?&gﬁktﬁﬁmmﬂé %Etélls!l fate or

bet ween about | _ and 4 are use ums normal |y
conpri sgoa basén RS the rdk@rydts, yeaspss highek eskaagne ol describedabetd. Suitaipe| yner
material) to which hydrophobic |igands (e.g., alk or 20.aryl I1%Erﬁups) are
coupl ed. A supkapptes Frdhis prmene BsHdeicaactaar. sisaRs amégqgﬂ“‘é%%s‘?' ited with
phenyl group yl K RdcheMBRY A3 G CREUuMs are
avail able ¢ ﬁ%&ﬁr&%ﬁﬁn@mF%ggﬁangeggﬁgﬁggM%% areC ﬁot _l?l’ieg’ted tl(_), Phenyl

g_e p{\ ar gs e;I'M ME‘?&M?’ ngm;id, mPh swlll‘am;ﬂomus,cﬁ;alﬂn_?tﬁ/lﬁﬁs aﬁs lglah"?mne&ia txphmaul{mu; a2 Ié KB
i ot echnol ogy, AB, Sweden); enyl Sepharose er f or pan ol.umm
(Phar maci a L aﬂﬁoﬁ-éeﬁ?ﬁt@g‘??m%‘ﬁ?n%\%‘ggﬁ‘)g?ﬁw Weh%éﬁ?&‘r“b?éc‘}qi\ﬂsﬁéﬁbnhs

Per f or ce I [ j; vegen) o nitiaatpgel TM
END Prop oo deps IR e iR aRThD. eilosdiin DMRQSTIC pinIa
Macr o- Pr epTNAMER) 1980), MaeudpniRmap Tidht as Bl agiugiBogg ond Str¢BpmyeesdOneapitablar ni a) ;

U P oD A AR o TR L 5 P SRR T
2012/ 040041RGT B2 Qb #/OBY8 A TE:(D3 EXSPhi Iy, J3UrWB 1 LAATIC SV 3abpgtes

In certain enbodinents, the SMB separation process wll enploy a series of
Protein A coduitable. These gramplaswranlustgivelrpthiet thag liewténgl e, t he SMB separation

process will enploy four Protein A colums. ln.s N i ., the 5
four Pr oztvgei n A col urmsﬂlmgmé{‘etaipémo Cof Elr%lglﬁg?bgé %‘éc?lgr%?ﬂog g{’:"?sn and are
packed w th MabSelwradt o aficbR d?orﬁg@bmexpmsi@hmegtmﬂpoeympb@aemamg

additional colums can be enployed, e.g., 5, 6, or 10 colums, and

7, 8, .9
the col umms vestPrbeSagthaserpyces eereaisiag, PrgogaRoRrbakeet ¥9ashitths @regheommealy) ¢ i ng
i n packed col uqm_vol . t bR ut 4, up
to about 5, 'ﬁsﬁg?agmg%(Hl)clg}?g%faj(ﬁrgg?%ﬁ%%gﬁ?}o??gaﬂ}éﬁ}sb?qé)g\%gg} ’§?h up E%){)%ﬁgalgout 9,
up to about ddhera)ppdciespdifudiralnk, ar¢igorhmonlyaivhilai?e andousefil hbrin, s asup t o about

14, up to about 15, up to about 16, up to ahout 17, up t bout_ 18, .up to
about 15 upSehizesaesharopmycespombe; dgyveromycas oty st ¢go X- t%&aﬁ%ﬁwﬁo,

ob 1o apoul Glrcfalaap oMoy i 2BRUS), KowillRydifi ROCE RRATRIRC! 0 aboutl

90, up to ab n certaln enbodi nrents, each Protein A
col um enpl oweltii (ATECISH, J090),1K alrbsuphBABrsEPERCA 56506 ) &h dremotoherbes, and K.

equi | : br a]E edmé\nﬁ%i{}&]g;l Sui tal,?li)l P?@i é%ﬁ Plré:'hor t%Pg?Irgnil};j{llg:f bgtﬁdEdi;d@ non-limting
exanpl e of a BI5YE > 4 BUeper: ’ 9] 2. A
non-1im ti NOTEXRHIE, %siﬁgﬁf' 3tk 03.80%chidRpdthicPRs S BRHvhARBE LS s880a™ Tri s,

pH of about : ng this equilibration, the sanple can be | oaded
ont o t he3ol SchwanRuinhyes nepiddntalispant] filgmehtouk ingd buplras, ¢ e Neplogpatacan be

washed one Of’enicillium, Tolypocladium, and Aspergillus hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of glycosylated antibodies are
derived from multicellular organisms. Examples of invertebrate cells include plant

and insect cells. Numerous baculoviral strains and variants and corresponding
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20 mul tiple tinmes using, e.g., the equilibrating buffer. Oher washes,

i ncl udi ng washes enploying different buffers, can be enployed prior to

el uting tweoola4nd1 For exanpl e, the colum can be washedTas2e1g/0618¢4 or nor e
colum volunes of 25 MM Tris at pH of about 7.2. This wash can optionally
be Toll owed dyym e Risclios; A S Wk Wich AESEpldR Ak BEaRihérpMianThe
Protein A c can then be eluted using an 25appropriate elution buffer.

/g P?n | i m' t imgieemagmhe(mqlatoamms latboplctitsi (oresgiitof.Proseplala raglanqgestgci d/ NaCl
uffer, ahout ondi S, a tic acid,
pH of about §BY)FHB‘§§I°H‘5’9’§ %’g%ﬁfﬁlf egﬁé%d u‘gs‘v%gtyg(f:%lr‘% Stﬁrgléqs\;\iéfl known to
those skill ec?aﬂsfécﬁ&?aﬁﬁahbhcﬁ? ravﬁmmag—,, theE-1ahigiantsioeoghpl RBiforaka be

fol | owed. Col um el uaté can’ be col [ ected starting with an initial

defl ecti én dﬁP‘dtaodthedS@-MmmoéB@@bwewnﬂ&P‘éf angsgoh vigusss mayde usebas g | i ng

edge of the elu eak The, el ut I n then be
pr epar ed for? W&‘tﬁ]ﬁ? %PB%%%MRSPR& 3'}%\}(@3@%@%@&\@@ f%,%tis)a(zrr)gl e can be
titrated to gpoabbefa ABAPrd®céllsuHiag cdll bsinfres ¢f cottdn,Cold, patatca spybeaf, about 10.

Optionally, this titrated sanple can be fjltered and further processed..
VO 2012/ 040 Qe /te1sgio] adygharpe can also be utilizadpshgsiai n enbodi ment's, sanpl e

loading i's cal cul at ed g eStbhoflaPndREll i} Biprl RShe FEShERARE time. In

speci fic enbodi ments, sanple Ing 1s calcu 0 resu In a target
resi dengg t Iamlbbdhﬁgbfl@eﬁr[\&mlabﬂhlud@ Chiriese &amster (Raryi ((IHE@ s¢lld) finckuding n

oh ro about A SHOGeRndarcrived MU E LA, Db PRAN VSR 7B bou: 5,
up to about Q. uRmtS %ﬁ?ﬂ%leétab%ﬁ&e@%%“ as %esc‘r‘lBe@ & RAGHan And (ShaﬂﬂF{l%Q)abOUt

10 minutes. Tn certarn e I ments ‘target resident time is m nut es.
In certain el\vﬂ;bd}mlemﬁkmhﬁm ¢hd eraite tgchisgndfophich betihedrperated huemby inupto

about 50, up to abp to,a t g, about 90,

or up to abo‘i?%er%}y lilﬁ"elo Pﬁ%?@ﬂé f)ffqﬁdflﬁgl)g(‘fe@sa%% {FCSIIHBH?EJ[ col um.

In certaisn eghadiith %étorsteheoéh@ R h& hr®irRAGSedl ift6GhMBmaBaPRést | cul ar

program for e 1 ntroduction ration, |oading, washi n%l el ution,
1

regener at | omella,rthe smtm@@ abfulblbéu@ Uymubéﬂnatm hestxsds i periodied H}eogr am vm |

consi st of thr d.th
non-1im ? i ngs“@i%{ﬁ"ﬁ% ﬁ‘?w %fs“d‘chﬁegﬁ“’BPg&}ea% ))m%oﬁ?% al rsgcgrg dur @ t?l%lsst run)
St ep Vol Uzﬁﬁlb()@/ﬁﬁ@ﬂl‘be clltem rﬁéil@n(lﬂwlﬁﬂ}iﬂle iﬁbﬁ%eﬂiﬁre)grcﬁaﬂp@ﬂleﬁakdnqﬂés on

Equi li bration 5.
of useful mammahan host cell lines are monkey kidney CV1 line transformed by

20 SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells
subcloned for growth in suspension culture, Graham et al., J. Gen Virol. 36:59
(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary
cells/-DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216 (1980));
mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney

25  cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC
CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442);
human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065);
mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al.,

30  Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a human
hepatoma line (Hep G2), the entire teachings of which are incorporated herein by
reference.

Host cells are transformed with the above-described expression or

cloning vectors for antibody production and cultured in conventional nuirient media

20



10.1 5.0 Load 1 32.1 322.6 10.1 32.1 Wash 1 5.0 50.3 10.1 5.0 Wash 2 5.0
50.3 10.1 5.0 Elution 50 50.3 10.1 5.0
WO 2012/040041 PCT/US2011/051874
modified as appropriate for inducing promoters, selecting transformants, or
amplifying the genes encoding the desired sequences.

The host cells used to produce an antibody may be cultured in a variety

of media. Commercially available media such as Ham's F10™ (Sigma), Minimal
5  Essential Medium™ ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's

Modified Eagle's Medium™ ((DMEM), Sigma) are suitable for culturing the host
cells. In addition, any of the media described in Ham et al., Meth. Enz. 58:44 (1979),
Barnes et al., Anal. Biochem. 102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,860,
4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Pat. No.

10  Re. 30,985 may be used as culture media for the host cells, the entire teachings of
which are incorporated herein by reference. Any of these media may be
supplemented as necessary with hormones and/or other growth factors (such as
insulin, transferrin, or epidermal growth factor), salts (such as sodium chloride,
calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as

15 adenosine and thymidine), antibiotics (such as gentamycin drug), trace elements
(defined as inorganic compounds usually present at final concentrations in the
micromolar range), and glucose or an equivalent energy source. Any other necessary
supplements may also be included at appropriate concentrations that would be known
to those skilled in the art. The culture conditions, such as temperature, pH, and the

20  like, are those previously used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan.

Host cells can also be used to produce portions of intact antibodies,
such as Fab fragments or scFv molecules. It is understood that variations on the
above procedure are within the scope of the present invention. For example, in

25  certain embodiments it may be desirable to transfect a host cell with DNA encoding
either the light chain or the heavy chain (but not both) of an antibody of this
invention. Recombinant DNA technology may also be used to remove some or all of
the DNA encoding either or both of the light and heavy chains that is not necessary
for antigen binding. The molecules expressed from such truncated DNA molecules

30  are also encompassed by the antibodies of the invention. In addition, bifunctional
antibodies may be produced in which one heavy and one light chain are an antibody
of the invention and the other heavy and light chain are specific for an antigen other
than the original antigen by crosslinking an antibody of the invention to a second

antibody by standard chemical crosslinking methods.
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Col I ect >100mAU in F5 Regeneration 5.0 50.3 10.1 5.0 Storage 5.0 50.3 10.1
5.0 Procedures (2nd run to (n-1)th run) StepSol ution Vol unme (CV) ()
EI 8W rat ewQrzb12m4o41Ti me (min) Sanpl e Col | ecti on Equil i brariuse015/081830. 3 10. 1

In a suitable system for recombinant expression of an antibody, or
antigen-binding portion thereof, of the invention, a recombinant expression vector
encoding both the antibody heavy chain and the antibody light chain is introduced
into dhfr-CHO cells by calcium phosphate-mediated transfection. Within the

5  recombinant cxpression vector, the antibody heavy and light chain genes are each
operatively linked to CMV enhancer/AdMLP promoter regulatory elements to drive
high levels of transcription of the genes. The recombinant expression vector also
carries a DHFR gene, which allows for selection of CHO cells that have been
transfected with the vector using methotrexate selection/amplification. The selected

10  transformant host cells are cultured to allow for expression of the antibody heavy and
light chains and intact antibody is recovered from the culture medium. Standard
molecular biology techniques are used to prepare the recombinant expression vector,
transfect the host cells, select for transformants, culture the host cells and recover the
antibody from the culture medium.

15 ‘When using recombinant techniques, the antibody can be produced
intracellularly, in the periplasmic space, or directly secreted into the medium. In one
aspect, if the antibody is produced intracellularly, as a first step, the particulate debris,
either host cells or lysed cells (e.g., resulting from homogenization), can be removed,
e.g., by centrifugation or ultrafiltration. Where the antibody is secreted into the

20  medium, supemnatants from such expression systems can be first concentrated using a
commercially available protein concentration filter, e.g., an Amicon™ or Millipore
Pellicon™ ultrafiltration unit.

Prior to the process of the invention, procedures for purification of
antibodies from cell debris initially depend on the site of expression of the antibody.

25  Some antibodies can be secreted directly from the cell into the surrounding growth
media; others are made intracellularly. For the latter antibodies, the first step of a
purification process typically involves: lysis of the cell, which can be done by a
variety of methods, including mechanical shear, osmotic shock, or enzymatic
treatments. Such disruption releases the entire contents of the cell into the

30  homogenate, and in addition produces subcellular fragments that are difficult to
remove due to their small size. These are generally removed by differential
centrifugation or by filtration. Where the antibody is secreted, supernatants from such
expression systems are generally first concentrated using a commercially available

protein concentration filter, e.g., an Amicon™ or Millipore Pellicon™ ultrafiltration
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Load 2 26.5 266.4 10.1 26.5 Wash 1 5.0 50.3 10.1 5.0 Wash 2 5.0 50.3 10.1
5.0 Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5 Regeneration 5.0
WO 2012/040041 PCT/US2011/051874
unit. Where the antibody is secreted into the medium, the recombinant host cells can
also be separated from the cell culture medium, e.g., by tangential flow filtration.

Antibodies can be further recovered from the culture medium using the antibody

purification methods of the invention.
5 5.4. Antibody Purification
5.4.1 Antibody Purification Generally

The invention provides a method for producing a purified (or “HCP-
reduced”) antibody preparation from a mixture comprising an antibody and at least
one HCP. The purification process of the invention begins at the separation step

10  when the antibody has been produced using methods described above and
conventional methods in the art. Table 1 summarizes one embodiment of a
purification scheme. Variations of this scheme, including, but not limited to,
variations where the order of the ion exchange steps is reversed, are envisaged and are

within the scope of this invention.

15 Tablel Purification steps with their associated purpose
Purification step Purpose

Primary recovery clarification of sample matrix

antibody capture, host cell protein and
Affinity chromatography
associated impurity reduction
Low pH incubation viral reduction/inactivation

Anion exchange antibody capture, host cell protein and

chromatography associated impurity reduction

Hydrophobic interaction reduction of antibody aggregates and host cell

chromatography proteins
Viral filtration removal of large viruses, if present
ultrafiltration/diafiltration concentration and buffer exchange
Final filtration concentrate and formulate antibody

Once a clarified solution or mixture comprising the antibody has been

obtained, separation of the antibody from the other proteins produced by the cell, such
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equi | i brat i dnclodingerfinityscpamtion stepsiontinrechage sépprdtionstep@@sindst ep can be
integrated into thgiﬁsarrpl e loadin n _enbodi nents .t he sh,

elution, 5 dndrondgbisanigtacann §ft‘p@5’§i%8§lt"?%g% hﬁ? gffeﬂragf’?llgﬂ SICRYSHEHYY WSS °h or der
to keep the [gaging thé BBid OF théir BRAMe hAMRHsEASCHAES, degee BAMAN Spectr oscopy
Ranan spectroscopy i s based on the principle that nronochromatic incident
radi ati of orhydedphobwity, aside. Be onesipect afdhe myewidneseperation at pasfosared Hsing
specific chromatography, including affinity, cationic, anionic, and hydrophobic interaction.
Several different chromatography resins are available for each of these techniques,
allowing accurate tailoring of the purification scheme to the particular protein
involved. The essence of each of the separation methods is that proteins can be
10  caused either to traverse at different rates down a column, achieving a physical
separation that increases as they pass further down the column, or to adhere
selectively to the separation medium, being then differentially eluted by different
solvents. In some cases, the antibody is separated from impurities when the
impurities specifically adhere to the column and the antibody does not, i.e., the
15  antibody is present in the flow through.

As noted above, accurate tailoring of a purification scheme relies on
consideration of the protein to be purified. In certain embodiments, the separation
steps of the instant invention are employed to separate an antibody from one or more
HCPs. While the present invention is directed to protein purification generally, it can

20  be specifically adapted to the purification of antibodies. For example, antibodies that
can be successfully purified using the methods described herein include, but are not
limited to, human IgAi, IgA,, gD, IgE, IgG, 1gGy, 1gGs, IgGa, and IgM antibodies.
In certain embodiments, the purification strategies of the instant invention exclude the
use of Protein A affinity chromatography, for example in the context of the

25  purification of IgG; antibodies, as IgGs antibodies bind to Protein A inefficiently.
Other factors that allow for specific tailoring of a purification scheme include, but are
not limited to: the presence or absence of an Fe region (e.g., in the context of full
length antibody as compared to an Fab fragment thereof) becanse Protein A binds to
the Fc region; the particular germline sequences employed in generating to antibody

30 ofinterest; and the amino acid composition of the antibody (e.g., the primary
sequence of the antibody as well as the overall charge/hydrophobicity of the

molecule). Antibodies sharing one or more characteristic can be purified using

purification strategies tailored to take advantage of that characteristic.
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acetate, or histidine conpound), a surfactant (e.g., polysorbate 80), a
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available from commercial sources such as Pall Corporation. This cation exchange

25  procedure can be carried out at or around room temperature.

In certain embodiments, the simulated moving bed process is
employed in the context of hydrophobic interaction chromatography (“HIC”).
‘Whereas ion exchange chromatography relies on the charges of the antibodies to
isolate them, hydrophobic interaction chromatography uses the hydrophobic

30  properties of the antibodies. Hydrophobic groups on the antibody interact with
hydrophobic groups on the column. The more hydrophobic a protein is the stronger it
will interact with the column. Thus, the HIC step removes host cell derived
impurities (e.g., DNA and other high and low molecular weight product-related

species).
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15  interaction as given by the following relationship: (NH4);SO4 > Na;SO, > NaCl >

NH,C1 > NaBr > NaSCN. In general, salt concentrations of between about 0.75 and

about 2 M ammonium sulfate or between about 1 and 4 M NaCl are useful.
HIC columns normally comprise a base matrix (e.g., cross-linked

agarose or synthetic copolymer material) to which hydrophobic ligands (e.g., alkyl or

20 aryl groups) are coupled. A suitable HIC column comprises an agarose resin
substituted with phenyl groups (e.g., a Phenyl Sepharose™ column). Many HIC
columns are available commercially. Examples include, but are not limited to, Phenyl
Sepharose™ 6 Fast Flow column with low or high substitution (Pharmacia LKB
Biotechnology, AB, Sweden); Phenyl Sepharose™ High Performance column

25  (Pharmacia LKB Biotechnology, AB, Sweden); Octyl Sepharose™ High Performance
column (Pharmacia LKB Biotechnology, AB, Sweden); Fractogel™ EMD Propyl or
Fractogel™ EMD Phenyl columns (E. Merck, Germany); Macro-Prep™ Mehyl or
Macro-Prep™ t-Buty! Supports (Bio-Rad, California); WP HI-Propyl (C3)™ column
(J. T. Baker, New Jersey); and Toyopearl™ ether, phenyl or butyl columns

30 (TosoHaas, PA).
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DBC. 41 g/L resin SBC. 73 g/L rgginnﬂ‘rl'arget | oad: 5%?4 g/L resin, 20% back off

SBC Procedure (1st runﬁ’1 St epVol une ) .
certain embodiments, the SMB separation process will employ a

series of Protein A columms. In a particular, non-limiting example, the SMB
separation process wifl employ four Protein A columns. In specific embodiments, the
5  four Protein A columns have a diameter of 1.6cm and a height of S5em and are packed

with MabSelect Protein A resin. In alternative embodiments additional columns can
be employed, e.g., 5, 6,7, 8, 9, or 10 columns, and the columns can be of substantially
larger diameter and height, resulting in packed column volumes of up to about 2, up
to about 3, up to about 4, up to about 5, up to about 6, up to about 7, up to about &, up

10 to about 9, up to about 10, up to about 11, up to about 12, up to about 13, up to about
14, up to about 15, up to about 16, up to about 17, up to about 18, up to about 19, up
to about 20, up to about 25, up to about 30, up to about 40, up to about 50, up to about
60, up to about 70, up to about 80, up to about 90, up to about 100, or more liters.

In certain embodiments, each Protein A column employed in a

15  particular SMB separation scheme can be equilibrated with a suitable buffer prior to
sample loading. A non-limiting example of a suitable buffer is a Tris buffer, pH of
about 7.2. A non-limiting example of suitable equilibration conditions is 350 mM
Tris, pH of about 7.2. Following this equilibration, the sample can be loaded onto the
column. Following the loading of the column, the column can be washed one or

20 multiple times using, e.g., the equilibrating buffer. Other washes, including washes
employing different buffers, can be employed prior to eluting the column. For
example, the column can be washed using one or more column volumes of 25 mM
Tris at pH of about 7.2. This wash can optionally be followed by one or more washes
using the equilibrating buffer. The Protein A column can then be eluted using an

25  appropriate elution buffer. A non-limiting example of a suitable elution buffer is an
acetic acid/NaCl buffer, pH of about 3.5. Suitable conditions are, e.g., 0.1 M acetic
acid, pH of about 3.5. The eluate can be monitored using techniques well known to
those skilled in the art. For example, the absorbance at OD5g can be followed.
Column eluate can be collected starting with an initial deflection of about 0.5 AU to a

30 reading of about 0.5 AU at the trailing edge of the elution peak. The elution
fraction(s) of interest can then be prepared for further processing. For example, the
collected sample can be titrated to a pH of about 5.0 using Tris (e.g., 1.0 M) at a pH of
about 10. Optionally, this titrated sample can be filtered and further processed..
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(VM) (M) Flowrate (mM/mn) Time (mn) Sanple Collection Equilibration 5.0
50.3 10.1 5.0 Load 1 32.1 322.6 10.1 32.1 Wash 1 5.0 50.3 10.1 5.0 Wash
2 5.0 50.\8020121040041 PCT/US2011/051874
In certain embodiments, sample loading is calculated to result in a
particular target residence time. In specific embodiments, sample loading is
calculated to result in a target residence time ranging from about 0.5 to about 12
minutes, in certain embodiments it is selected from the group consisting of up to
5  about 0.5, up to about 1, up to about 2, up to about 3, up to about 4, up to about 5, up
to about 6, up to about 7, up to about 8, up to about 9, or up to about 10 minutes. In
certain embodiments, the target resident time is 3 minutes. In certain embodiments
sample loading is also calculated to result in up to about 50, up to about 60, up to
about 70, up to about 80, up to about 90, or up to about 100% of the saturated binding
10 capacity of the column,
In certain embodiments, the SMB separation process involves a
particular program for the introduction of equilibration, loading, washing, elution,
regeneration, and storage buffers. In certain embodiments, the program will consist
of three parts: 1st run, 2nd to (n-1)th run, and the last run. A non-limiting example of
15  such a program is as follows:

Procedure (1% run)
Step Volume Flow rate Time Sample
(CV) (ml}  (mi/min} (min) Collection

Equilibration 5.0 50.3 10.1 5.0
Load 1 32.1 322.6 10.1 32.1
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0

Procedures (2" run to (n-1)* run)
Step Solution Volume Flow rate Time  Sample
(CV) (ml) (ml/min) (min) Collection

Eguilibration 5.0 50.3 10.1 5.0
Load 2 26.5 266.4 10.1 26.5
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0
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5.0 Collect Elution 5.0 50.3 10.1 5.0 >100mAU in F5 Regeneration 5.0
50.3 10.1 5.0 Storage 5.0 50.3 10.1 5.0

WO 2012/040041 PCT/US2011/051874

Procedure (last run)
Flow
Step Solution Volume rate Time Sample
(cv) (ml) {ml/min) (min) Collection

Equilibration 5.0 50.3 10.1 5.0
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0

In certain embodiments, the first wash step employs an identical buffer
as the equilibration buffer. In certain embodiments, the first wash step can be
integrated into the sample loading step. In certain embodiments the wash, elution,

5  and regeneration steps can be calculated and programmed in order to keep the loading

time to be about 50% of the run.
5.5. Raman Spectroscopy

Raman spectroscopy is based on the principle that monochromatic

incident radiation on materials will be reflected, absorbed or scattered in a specific
10  manner, which is dependent upon the particular molecule or protein which receives

the radiation. While a majority of the energy is scattered at the same wavelength

(Rayleigh scatter), a small amount (e.g., 107) of radiation is scattered at some

different wavelength (Stokes and Antistokes scatter). This scatter is associated with

rotational, vibrational and electronic level transitions. The change in wavelength of
15 the scattered photon provides chemical and structural information.

In certain embodiments, Raman spectroscopy can be performed on
multi-component mixtures, such as those employed in the context of the SMB
techniques described herein, to provide a highly specific “fingerprint” of the
components. The spectral fingerprint resulting from a Raman spectroscopy analysis

20  of a mixture will be the superposition of each individual component. The relative
intensities of the bands correlate with the relative concentrations of the particular
components. Accordingly, in certain embodiments, Raman spectroscopy can be used
to qualitatively and quantitatively characterize a mixture of components. Thus, in
certain of such embodiments, Raman spectroscopy can be employed to monitor and/or

25  determine the composition of one or more of the multi-component mixtures involved
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in the production of the HCP-reduced target protein preparations of the present
invention.

Raman spectroscopy can be used to characterize most samples,
including solids, liquids, slurries, gels, films, powders and some gases, with a very
short signal acquisition time. Generally, samples can be taken directly from the
bioprocess at issue, without the need for special preparation techniques. Also,
incident and scattered light can be transmitted over long distances allowing remote
monitoring. Furthermore, since water provides only a weak Raman scatter, aqueous
samples can be characterized without significant interference from the water.

The applicable processes and compositions described herein can be
analyzed based on commercially available Raman spectroscopy analyzers. For
example, a RamanRX2™ analyzer, or other analyzers commercially available from
Kaiser Optical Systems, Inc. (Ann Arbor, MI) can be employed. Alternatively,
Raman analyzers commercially available from, for example, PerkinElmer (Waltham,
MA), Renishaw (Gloucestershire, UK) and Princeton Instruments (Trenton, NJ).
Technical details and operating parameters for the commercially available Raman
spectroscopy analyzers can be obtained from the respective vendors.

Suitable exposure times, sample sizes and sampling frequencies can be
determined based on, for example, the Raman spectroscopy analyzer and the process
for which it is employed (e.g., in processes providing real-time monitoring of UF/DF
bioprocess operations). Similarly, proper probe placement can also be determined
based on the analyzer and process for which the analyzer is employed. For example,
the sample size for the immersion probe to provide an adequate signal can be less than
20 mL, or less than 10 mL (e.g., 8 mL or less). The exposure time to provide an
adequate signal can be less than 2 minutes, or less than 1 minute (e.g., 30 seconds).

For components for which quantization is desired, and that exist at
more than one pH dependent ionization forms (e.g., histidine), Raman spectroscopic
calibrations can be conducted at varying concentrations, and/or at various pH’s to
predict the concentration over a given pH range, such that measurement of the
component (e.g., histidine) is not pH-dependent. For example, calibration models for
histidine in different pH-dependent forms can be used to measure and quantify
histidine in various ionized forms such that solution properties can be ascertained.
Signal processing can be performed, which can include an intensity correction (e.g.,

standard normal variate (SNV)) and/or baseline correction (e.g., a first derivative).
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Wash 2 5.0 50.3 10.1 5.0 Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0 Storage 5.0 50.3 10.1 5.0 WO 2012/ 040041
WO 2012/040041 PCT/US2011/051874
Exposure times can be determined by measuring CCD saturation of
representative test solutions and ensuring that they are within the acceptable
instrument range (e.g., 40-80%).
In some embodiments, pH control or pH range modeling is employed
5  for particular components (e.g., buffers such as histidine). In some embodiments,
incident light is minimized, which can be achicved, for example, by use of a cover to
block ambient light sources from interfering with the spectroscopy (e.g., aluminum
foil).
In certain embodiments, in which, for example, a protein (such as an
10  antibody) is concentrated with non-charged species, the protein occupies a significant
volume of the solution, excluding a significant amount of solute. This results in an
net decrease in the concentration of the non-charged species. This effect is referred to
as “Volume exclusion,” which is proportional to the protein concentration.
In certain embodiments, such as those embodiments involving assays
15  of charged components, a Donnan Effect occurs because at higher concentrations
protein charge becomes a significant contribution to the overall charged species in
solution. Since an equilibrium is expected to be established on either side of the
membrane, the electroneutrality requirement results in a net decrease in positively
charged species (e.g., buffer species) on the retentate side of the membrane. This
20  phenomenon is called the Donnan effect.
According to certain embodiments of the present application, a
RamanRX2™ analyzer is employed. This analyzer, as well as other commercially
available Raman analyzers, provides the capability of monitoring up to four channels
with simultaneous full-spectral coverage. In certain embodiments, standard NIR laser
25  excitation is employed to maximize sample compatibility. Programmable sequential
monitoring formats can be employed, for example, by the RamanRX2™ analyzer, and
the apparatus is compatible with process optics, enabling one analyzer type to be
employed from the discovery phase to the production phase. A portable enclosure
and fiber optic sampling interface allows the analyzer to be used in multiple locations.
30 In certain embodiments of the presently disclosed subject matter, at
least one multi-component mixture standard containing pre-determined amounts of
known components (i.e., multi-component mixture standards) are characterized by
Raman spectroscopy in order to obtain a model for use with mixtures with unknown

components and/or unknown concentrations of known or unknown components (e.g.,
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10.1 5. 0 waste/@o045. 050. 3 PCT/US2011/051874
a calibration curve). Preferably, a series of multi-component mixture standards with
pre-determined amounts of known components are characterized via Raman
spectroscopy for purposes of obtaining a model.

Methodologies for obtaining a model for use with mixtures with

5 unknown components and/or unknown concentrations of known or unknown
components can be determined by persons of ordinary skill in the art. For example, a
Partial Least Squares Regression Analysis based on the principal components that are
expected to be present in multi-component test mixtures. Also, software programs
available from Raman spectroscopy vendors can be employed to design multi-

10 component mixture standards, which in turn can be used to develop the model for use
with the multi-component test mixtures.

It is understood that reference to “providing a multi-component
mixture standard with pre-determined amounts of known components” and
“performing a Raman Spectroscopy analysis on the multi-component mixture

15  standard,” and more generally, developing a model to characterize multi-component
mixtures with unknown components or unknown concentrations of components
includes both parallel analysis (i.e., data obtained “on-site”), as well as reference to
previously obtained or previously recorded results (e.g., Raman spectra fingerprints)
for multi-component mixture standards, i.e., multi-component mixtures with known

20  components with known concentrations. For example, reference to Raman spectra
results obtained from vendor product literature in encompassed by “providing a multi-
component mixture standard with pre-determined amounts of known components”
and “performing a Raman Spectroscopy analysis on the multi-component mixture
standard.

25 Certain embodiments of the present application employ Raman
spectroscopy techniques to characterize components (e.g., multi-component mixtures)
used in bioprocess operations, including, but not limited to, SMB operations. For
example, in certain embodiments, Raman spectroscopy can be used to characterize
formulations that are intended to be combined with a biologically active agent (e.g., a

30  monoclonal antibody) in the context of an SMB separation. These formulations,
sometimes referred to as “formulation buffers” are typically multi-component
mixtures that determine excipient Ievels in biologics. For example, such formulations
generally include one or more of the following: a pH buffer (e.g., a citrate, Tris,

acetate, or histidine compound), a surfactant (e.g., polysorbate 80), a sugar or sugar
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10.1 5.0 Wash 2 5.050.3 10.1 5.0 Elution 5.050.3 10.1 5.0 Collect
>100mAL1 in F5 Regeneration 5.050.3 10.1 5.0 Storage 5.050.3 10.1 5.0
WO 2012/040041 PCT/US2011/051874
alcohol (e.g., mannitol) and/or an amino acid (¢.g., L-arginine or methionine). Errors
in formulation buffers often result in rejected batches, which in turn result in
significant loses. Use of the techniques disclosed herein can reduce or eliminate such
inefficiencies.
5 In certain embodiments, Raman spectroscopy techniques can be used
to identify protein aggregations, such as, but not limited to, those that can form during
SMB operations. For example, but not by way of limitation, the Raman spectroscopy
techniques of the present invention can, in certain embodiments, identify aggregations
of protein Drug Substance and Drug Product samples, including, but not limited to,
10  antibody Drug Substance samples and antibody Drug Product samples.

In certain embodiments, Raman spectroscopy can be used to test and
characterize formulations  present in filtration operations (e.g.,
ultrafiltration/diafiltration processes), such as filtration operations in which a
biologically active agent, such as a monoclonal antibody is purified, including, but not

15  limited to operations performed in conjunction with an SMB operation. For example,
but not by way of limitation, the Raman spectroscopy techniques of the present
invention can be used to obtain samples obtained on-line or off-line to ascertain both
the identity and quantity of the components present in a single reading. In certain
embodiments, protein concentrations can be determined in addition to excipient

20  concentrations. In certain of such embodiments, protein concentrations in the range
of 0to 150 mg/m! can be analyzed.

In certain embodiments, Raman spectroscopy can be used to monitor,
verify, test and hence control bioprocess operations, such as, but not limited to, those
performed in conjunction with SMB operations. The unit operations that are used

25  with bioprocess operations, e.g., chromatography, filtration, pH changes, composition
changes by addition of components or dilution of solutions, all result in mixtures
composed of organic or inorganic components and biological molecules.
Accordingly, measuring rapidly and accurately the composition of intermediates, for
example, by employing Raman spectroscopy, provides opportunities to improve and

30  maintain consistency and quality of the operations as well as the biological product.

In certain embodiments, the measurement of the composition of
individual components in a mixture by Raman spectroscopy allows for accurate
preparation of such mixtures, with and without the presence of the biologic molecule.

For example, in certain embodiments, such a measurement will be useful in
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15 measurements are tedious and require sophisticated analytical methods that are not
amenable to implementation to real time use. The use of Raman spectroscopy allows
for measurements that provide a very high degree of assurance with documentation,

which is an expectation in regulated industries.
In certain embodiments, the techniques of the instant invention allow
20  for the ability to monitor and control protein — protein reactions, protein — small
molecule reactions, and/or protein modifications that are achieved by chemical,
physical or biological means. In certain of such embodiments, the unique
biochemical signature of the reactant (biologic in its original state) and the product
(biologic in its final state), as well as other reactants/catalysts that are either chemical
25  or biological in nature are monitored using Raman spectroscopy. Monitoring the
reactant(s) and product(s) in this fashion allows for, among other things, feed back
conirol of reaction conditions and reactant amounts. It is also possible, in certain
embodiments, to design a system to remove reaction by-products and/or products
continually to optimize, improve or maintain product quality or performance of such

30  systems.

In certain embodiments, Raman spectroscopy also allows for biologic
product isolation and purification in chromatography operations, including, but not
limited to, SMB operations. In certain of such embodiments, the elution of

product/product variants/product isoforms or impurities can be monitored and
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Col um vol une: 10. 05 nml area: 2. 01 cn? Linear Flow 100 cmihr Flow rate: 3.35
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rate Tinme
process performance. In certain embodiments, it is also possible to apply Raman

spectroscopy to the isolation/enrichment of fractions in other unit operations, such as,
but not limited to, filtration and non-chromatographic separations.

5 In certain embodiments, Raman spectroscopy is capable of being
deployed as a non-invasive tool. For example, but not by way of limitation, Raman
spectroscopy measurements can be made through materials that do not interfere with
the signal. This provides additional unique advantages in bioprocess operations
where maintaining the integrity of the containers/vessels containing these mixtures is

10 critical.

In certain embodiments, Raman spectroscopy can be an cxiremely
valuable means of detecting “contamination” of a solution with other components. In
certain of such embodiments, carryover of the chromatographic support, or a portion
thereof, from one purification step to another is detected. In certain embodiments,

15  such carryover includes, but is not limited to, Protein A leached from a Protein A
chromatographic support. In certain of such embodiments, Raman spectroscopy data
obtained from a contaminated solution is compared with the expected spectra using
statistical or spectral comparison techniques and, if different, can allow for the rapid
detection of errors in formulation of these solutions, before they are used in

20  bioprocesses.

In certain embodiments, as demonstrated through an example below as
a proof of concept, concentration of antibody in a mixture containing impurities from
the cell culture harvest materials including host cell proteins, DNA, lipids etc can be
measured quantitatively using Raman Spectroscopy. In such embodiments, the said

25 method can be used to monitor influents and effluents from bioprocess operations
containing unpurified mixtures. Examples could include, but not limited to loading
and eclution operations for columns, filters, and non-chromatographic separation
devices (expanded bed, fluidized bed, two phase extractions etc). The example
provided demonstrates that the antibody concentration from 0.1 to 1 g/L can be

30 quantified in a matrix that comprises the unbound fraction from a protein A affinity
chromatography column that was loaded with a clarified harvest solution prepared
from a chemically defined media based cell culture process. If Raman spectroscopy is
incorporated in-line, then such a measurement will enable direct monitoring and

control of the column loading, enabling consistent and optimal loading of the columns
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Sample (CV) (ml) (mM/mn) (mn) Collection Equilibration 5.0 50.3 3.4 15.0
Load 1 25.5 256.2 3.4 76.4 Wash 1 4.1 40.9 3.4 12.2 Wash 2

WO 2012/040041 PCT/US2011/051874
either at a predefined binding capacity that represents either a percent of the dynamic
binding capacity or static (equilibrium) capacity. One skilled in the art would
recognize that such technology could apply to various other operations as mentioned
above.

5 In certain embodiments, Raman spectroscopy can be used for quality
control and/or feedback control in bioprocess purification operations (e.g., to control
in-line buffer dilution for a therapeutic antibody purification process). In certain of
such embodiments, Raman spectroscopy can be used for quality control and/or
feedback control in processes involving protein conjugation reactions or other

10 chemical reactions (c.g., a liquid-phase Heck reaction), as described in Anal. Chem.,

77:1228-1236 (2005), hereby incorporated by reference in its entirety.

6. EXAMPLES
6.1. Case Study: mAb X
A case study was performed using an mAb X process intermediate as
15  the feed stream, and a typical agarose-based affinity Protein A chromatography media
as an affinity chromatography resin. A total of eight cycles were performed with four
columns. The columns were each loaded to saturation and Figure 4 shows the
resulting chromatogram. The even-number UV peaks indicate elution and the odd-

number UV peaks indicate wash 1 immediately after loading.

20 The following buffers were used for all SMB runs:

Line

positions Buffer

Equili/Wash 1 350mM Tris, pH 7.2

Wash 2 25mM Tris, pH 7.2

Elution 100mM Na Acetate, pH 3.5

Regeneration 200mM Acetic Acid

Storage 50mM Na Acetate, pH 5.0, 2% benzyl alcochol
25

The following tables outline the SMB purification program for mAb X.
There are three parts of program: 1¥ run, 2™ to (n-l)th run, and the last run. The Load
2 block was calculated by the area-under-curve (AUC) of the saturated binding
capacity (SBC) study (sce below). Note, the following separation processes were

30  performed at 20% less than the true SBC. The first separation process was performed
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4.1 40.9 3.4 12.2 Elution 5.0 50.3 3.4 15.0 Collect >100mAU in F5
Regeneration 4.1 40.9 3.4 12.2 Procedures (2nd run to (n-1)th run)

St epSol utworrzo12/o48@iune (CV) (ml) Flow rate (m /mn) Ti mePCRIUSROI1SQNSIE
Col I ection Equilibration

at 1 minute residence time, and the second was performed at 3 minutes residence

time.

Column Information:

Resin: MabSelect
Diameter 1.6 cm
Height 5 cm
Column
Column volume: 10.05 ml area: 2.01 cm?
Linear Flow; 300 cm/br
Flow rate: 10.05 ml/min  Res. Time: 1 min
Linear Flow: 100 cm/hr
Flow rate: 3.35 ml/min Res. Time: 3 min

Sample Information:
Clarified Harvest material from cell culture process.

No dilution.

0.22 micron filtration prior to load as necessary.

Titer: 1.82 g/L

DBC: 41 g/L resin

SBC: 73 g/L resin

Target load: 58.4 g/L resin, 20% back off SBC

Procedure (1% run)

Step Volume Flow rate Time Sample
(CV) (ml) {(mi/min) {min} Collection
Equilibration 5.0 50.3 10.1 5.0
Load 1 321 322.6 10.1 32.1
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Collect
Elution 5.0 50.3 10.1 5.0 >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0
5

Procedures (2™ run to (n-1)" run)

Flow
Step Solution Volume rate Time Sample

(cv) (mi) (ml/min) (min)} Collection

Equilibration 5.0 50.3 10.1 5.0
Load 2 26.5 266.4 10.1 26.5
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Elution 5.0 50.3 10.1 5.0 Collect =>100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0
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Procedure (last run)
Step Solution Volume Flow rate Time Sample
(cv) (mb)  (ml/min) (min) Collection
Equilibration 5.0 50.3 10.1 5.0
Wash 1 5.0 50.3 10.1 5.0
Wash 2 5.0 50.3 10.1 5.0
Elution 5.0 50.3 10.1 5.0 Collect >100mAU in F5
Regeneration 5.0 50.3 10.1 5.0
Storage 5.0 50.3 10.1 5.0
The data in Figure 8§ illustrates the saturated binding capacity (SBC)
study for mAb X. The flow through of the column was analyzed by Poros A HPLC

assay to determine the amount of product not bound onto the column. The area-
under-curve (AUC) up to the saturated binding capacity of 73 g/L indicates the
improvement achieved by SMB, vs. typical binding (“dynamic binding”) of 40 g/L.
The AUC was subtracted from the saturated binding capacity to calculate the load

amount for 2™ cycle to the last cycle (see Figure 8).

6.2. Case Study mAb Y

A case study was performed using an mAb Y process intermediate as
the feed stream, and a typical agarose-based affinity Protein A chromatography media
as an affinity chromatography resin. A total of eight cycles were performed with four
columns. The columns were each loaded to saturation and Figure 6 shows the
resulting chromatogram. The even-number UV peaks indicate elution and the odd-
number UV peaks indicate wash 1 immediately after loading.

These buffers were used for all SMB runs:

Line 20
positions Buffer

Equili/Wash 1 350mM Tris, pH 7.2

Wash 2 25mM Tris, pH 7.2

Elution 100mM Na Acetate, pH 3.5

Regeneration 200mM Acetic Acid

Storage 50mM Na Acetate, pH 5.0, 2% benzy! alcohol

The following tables outline the SMB purification program for mAb Y.
There are three parts of program: 1% run, 2™ to (n-1)" run, and the last run. The Load
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3.4 15.0 Collect >100mAU in F5 Regeneration 4.1 40.9 3.4 12.2 Storage 5.0

40.9 3.4 12.2 WO 2012/ 040041 Procedure (last run) Flow

PCT/ US20 MOQBBAAd04$t epSol ution Vol une rate Tinme PCT/US2011/051874
2 block was calculated by the area-under-curve (AUC) of the saturated binding
capacity (SBC) study (see below). The wash 1, wash 2, and regeneration steps were
calculated in order to keep the loading time to be 50% of the run and the loading step

was calculated to result in a 3 minute residence time. Note, the following separation

S processes were performed at 20% less than the true SBC.

Column Information:

Resin: MabSelect
Diameter 1.6 cm
Helight 5 cm
Column
Column volume: 10.05 mli area: 2.01 cm?
Linear Flow: 100 cm/hr
Flow rate: 3.35 ml/min Res. Time: 3 min

Sample Information:
Clarified Harvest material from cell culture process.

No dilution.
0.22 micron filtration prior to load as necessary.
Titer: 2.7 g/L
bBC: 52 g/Lresin
SBC: 86 g/L resin
Target load: 68.8 g/L resin, 20% back off SBC
Procedure (1% run)
Flow
Step Volume rate Time Sample

{CV) (ml) {ml/min} (min) Collection

Equilibration 5.0 50.3 3.4 15.0
Load 1 25.5 256.2 34 764
Wash 1 4.1 40.9 3.4 12.2
Wash 2 4.1 40.9 34 12.2
Elution 5.0 50.3 3.4 15.0 Collect »100mAU in F5
Regeneration 4.1 40,9 3.4 12.2

Procedures (2" run to (n-1)" run)
Step Solution Volume Flow rate Time Sample
(cv)y (ml)  (ml/min) (min) Collection

Equilibration 5.0 50.3 34 15.0
Load 2 22.2  223.2 3.4 66.6
Wash 1 4.1 40.9 3.4 12.2
Wash 2 4,1 40.9 3.4 12,2
Elution 5.0 50.3 3.4 15.0 Collect »>100mAU in F5
Regeneration 4.1 40.9 3.4 12.2
Storage 5.0 40.9 3.4 12.2
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Sample (CV) (M) (mM/mn) (mn) Collection Vash 1 4.1 40.9 3.4 12.2 Wash
2 4.1 40.9 3.4 12.2 Elution 5.0 50.3 3.4 15.0 Coll ect >100mAU in F5
Regener atworr012/040041 PCT/US2011/051874

Procedure (last run)

Flow
Step Solution Volume rate Time Sample
{(CV) (ml} (mi/min} (min) Collection

Wash 1 4.1 40.9 3.4 12.2

Wash 2 4.1 40.9 34 12.2

Elution 5.0 50.3 3.4 15.0 Collect >100mAU in F5
Regeneration 4.1 40.9 3.4 12.2

Storage 5.0 50.3 3.4 15.0

The data in Figure 8 illusirates the saturated binding capacity (SBC)

study for mAb Y. The flow through of the column was analyzed by Poros A HPLC

5  assay to determine the amount of product not bound onto the column. The AUC up to
the saturated binding capacity of 86 g/L indicates the improved binding capacity
achieved by SMB vs. typical binding (“dynamic binding”) of 45 g/L. This AUC was
subtracted from the saturated binding capacity to calculate the load amount for 2

cycle to the last cycle (See Figure 9).

10 6.3. Case Study mAb X, Detection of Impurity Carryover

A second SMB scparation was performed using mAb X. In this
separation, mAb X was present in chemically-defined media. A total of eight cycles
were performed with four columns. The columns were each loaded to saturation. The

following buffers were used for all SMB rumns:

Line 15
positions Buffer

Equili/Wash 1 350mM Tris, pH 7.2

Wash 2 25mM Tris, pH 7.2

Elution 100mM Na Acetate, pH 3.5

Regeneration 200mM Acetic Acid

Storage 50mM Na Acetate, pH 5.0, 2% benzyl alcohol

The following table outlines the SMB purification program for mAb X.

20  There are three parts of program: 1% run, 20 (n-l)th run, and the last run. The Load
2 block was calculated by the area-under-curve (AUC) of the saturated binding
capacity (SBC) study. Note, the following separation processes were performed at

20% less than the true SBC. The first separation process was performed at 1 minute

residence time, and the second was performed at 3 minutes residence time.
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4.1 40.9 3.4 12.2 Storage 5.0 50.3 3.4 15.0 The data in
Figure 8 illustrates the saturated binding capacity (SBC) study for mAb Y.
The fl owwbroteghomii t he col unm was anal yzed by Poros A IPPL@S201a9Smy4 t 0
determ ne the anmount of product not bound onto the colum. The AUG up to
the saturated binding capacity of 86 g/L indicates the inproved binding
capacity achieved by SMB vs. typical binding ("dynam c binding") of 45 g/L.
This AUG was subtracted fromthe saturated binding capacity to cal cul ate

t he | oad anoWwiuimor Irfdtmatipoke to the | ast cycle (See Figure 9). 106. 3.
Case Study mResi; Detecti oMabbeleapurity Carryover A second SMB
separ ati on wasampeterorned usihg nb X. In this separation, mAb X was present
i n chem cal | Heigfti ned nedi a. A total of eight cycles were perfornmed with
four columms. The columms were each | o&dkdnn o saturation. The f |1 owi ng

buf fers wer e Godwrdn fvolurml:|  SRES umb: 15areaie positi onsBuf f2&91 EGW | i / Wash
1350MM Tri s, Lptdav Fewash 225300 TemAr pH 7.2 El uti on100nmM Na Acetate, pH 3.5
Regener at i onFoOwMtacet i ¢ AGDDSSt ol/ageS0RKE.NEMAEet at e, 1pHN®. 0, 2% benzyl

al cohol The floldaoWiomg t abl e 0@ |¢mée the SMB purification programfor tnAb
X. 20 There d&itmy tdieee part s36f pmbgriam RestTimegn, 2nd Bo - 1)th run, and
the last run. The Load 2 bl ock was cal cul ated by the area-under-curve (AUC)
of the saturated binding capacity (SBC) study. Note, the follow ng
separation processes VBee opanll gigkddf tiis SBH $e@smtlbna&ra8t85% t AndySRCassajie

first separation process erforned a e res dence and the
second was r}g{% ﬁ{degvﬁsoﬁ%t Aassaydp dlgﬁ?gglr{el RonEtraSCEnd & BRreifl'X
5  leachable ELISA to determine the presence of Protem A carryover after each eulate
run. The latter indicated that Protein A leachable was higher for the second cycle
(eluate runs 5 — 8) than the first cycle (eluate runs 1 — 4), indicating some carryover

effect for this impurity.

6.4. Case Study mAb Z at Pilot Scale

10 The Protein A processes described above were scaled to pilot scale and
employed in the context of a mAb Z separation. Three columns (each 10 cm diameter
x 8 cm height, 785 mL) were packed with Protein A chromatographic support.
Similar to the small scale separations outlined above, column switching was operated
manually. With only three columns, the work flow can be carried out as depicted in
15  Figure 10.
mAb Z cell culture harvest was acidified to precipitate cells and cell
debris. The precipitation of such impurities improved the effectiveness of subsequent
centrifugation, and increased the capacity of the depth filters and membrane filters.
Clarifying the harvest enabled sample loading onto the Protein A column with a
20 simple wash step, and simplified cleaning procedures. An inline filter was added
before the column to protect it from debris and an air trap was added before the
column to protect it from air.
A simplified buffer system was used in all processing steps. The
equilibration, all washes, elution buffers were composed of only two components:
25  Tris, and Acetic Acid. With the defined amount of each component, pH can be

controlled by the molarity of each component. Hence, no pH adjustment was
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Col um I nformation: Resin: MabSel ect D anmeterl1l.6 cm Hei ght5 cm Col umm

vol unme: Linear Flow Flowrate: Linear Flow Flowrate: 10.05 m 300 cni hr
10. 05 m /worro0@o@m hr 3.35 nm/mn Colum area: 2. 01 cn? PREAIS2(i1/61814 M n
Res. Tine:3 mn The overall yield of this SMB separati on was

85% Anal ytifalss3SS8Y sl BEIFER! R e Ghi Hehed iteRR bAFerprafpaalor. OTkiefollbWinge MAD
concentration and“a Protein A5 Igeachabl e ELI SA to determ ne the presence

of Protein Aretehbpffeeyusad irethegilotprecdsat e run. The |l atter indicated that
Protein A | eachabl e was higher for the second cycle (eluate runs 5 - 8)
than the first cycle (eluate runs 1 - 4), indicating sone carryover effect
for this inpgunety. 6.4. Case Study mAb Z at Pilot Scale 10The Protein A
processes desasitibnsl abovBuffere scaled to pilot scale and enployed in the
context of aEquilbr@&igepar aFmWnlrisTRRZed dedtignieid,(mbéR 10 cm di aneter x 8 cm
hei ght, 785 Wha4h 1wer e pasd®kidMwirish269oietaetia Ak @htet-8gr aphi ¢ support .
Simlar to tWestsPal | scaR®mbiehis a2imdhacaigtAdihent aove, c\(,)é um swi t chi ng was
oper at ed narflafidry. Wt h 25y AdetiedcidoDiAmM Trisepiadrk f1 ow can be carried
out as depi RenemtiobFi gleM 6dium hydroxide rri Ab Z cell culture harvest was
acidified to precipitate cells and cell debris. The precipitation of such

I mpurities inproved the effectiveness of subsequent centrifugation, and

i ncreased the capaci tyAl(Pfth}ngcéﬁlg{;ﬁn%rvgf% E&fiRc@A dn "RARE Afing iclléaﬁfr%-, which

Clarifying the harvest ena oadi ng onto the Protein col um
with a 20 sisaptstheashust efrleaig agentsluséd. eBheflewmatagvasredusdd e300 an/hopt i ne
filter was added befgre . the colym to @;Og)t (r:hrit fromdebris and an air

trap was adde@deturgpdate s IRIFFTH PrSSyP G SUWES r A sinplified
buffer system was usedyidialdhleldf? @aS PdtessSk &P %, [dnonstrating that mAb Z cell

culture harvest can be clarified by acidification, followed by centrifugation/depth
filtration, and captured by Protein A affinity chromatography, resulting a simple mAb

capture process.
6.5 Testing of 3-Component Formulation Buffers

15 Formulation buffers containing predetermined mixtures of arginine,
citric acid, and trechalose were prepared with a water solvent. Components were
varied from 0 to 100 mM.

Raman spectra over the range of 800 to 1700 cm’’ were obtained for 15
mL aliquots of each mixture using a RAMANRXN2™ Analyzer (2 spectra/mixture).

20  The spectral filtering parameters were set to a standard normal variance (SNV)
intensity normalization, a 1st derivative (gap) baseline correction with 15 point
smoothing, and mean centering difference spectra with the average intensity value =
0. This is considered to be a data scaling rather than a spectral filter. The spectra
were collected using an immersion probe with an exposure time of 30 seconds per

25  sample.

Principal Components Methodology was used to develop a model. A
PLS (Partial Least Squares projections to latent structures) model was applied to each
of the three components to determine inter-component correlations. This result is a
linear model that translates spectral intensity (e.g. from 1700 — 800 cm™”) to

30  concentration (ax1 +bx2 +...... +2zx900 =-concentration). The software used for the
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col l ected using an inmmersion probe with an exposure tinme of 30 seconds per
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spectral intensity (e.g. from1700 - 800 cm 1) to 30 concentration (axl +
bx2 ++ zx900 = concentThet ingthipdoply of dixamatet.dsees srplicg He formulation buffers

containing 4 components, wherein the components were mannitol, methionine,

histidine, and Tween™ (polysorbate 80). The measured specira of the predetermined

mixtures are shown in Figures 14-16. The wave numbers range from the Far-IR

20 region to the Mid-IR region. Due to limitations with the sapphire cover, the range

from 100-800 cm™ can be disregarded in this particular example, and calibration
occurs from 8001800 cm™.

A model was obtained for a 4 component buffer system in the same

manner as the 3 component model obtained in Example 6.5. The predictions based on

25  the model obtained were compared against the actual spectra of random mixtures to

confirm that the model is sufficiently accurate. The results are shown in Figures 17

and 18.
6.7 Testing of 3-Component Formulation Buffers with Protein

The methodology of Example 6.6 was applied to formulation buffers
30  containing 3 components along with a protein at a concentration in the range of 0 to

100 mg/ml. The components were mannitol, methionine, histidine, and D2E7
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the nodel i[S SUTTsGhLRR&T Y ac¢cur at g .gghhe| resuli gsare shown in Figures 17 and
18. 6.7 Testing of 3-Conponent Fornul atjon _Buffers with Protein The

met hodol ogy| of ExweiHienine6 Was apm.98ed o for3@rati on buffers 30 containing
3 conponent|s_along with a protein.at a concentrationin the range of 0 to
100 ng/ m . [The coiligtidiont s were ma®3%21| met h#dRi ne, hijstidine, and D2E7
WO 2012/ 040041PCHUS2041/-0518+4(adat+rurab)—The—rmeastir ed spectra of the
predeterm ned m xtures are shown in Figures 19-21. A nodel was
obtai ned for a 3 conponent buffer systemw th protein in the same manner as
t he 4 conponent nodel @PtLa46HuabEOME Prdeedt. The predictions 5 based on

t he nodel obtai ned were conpared agai nst the actual spectra of random

m xtures to confirmthat the nodel is suffici enH# ac}c_urate. T(ge results
are shown in Figure 22AnyHemfilgatan/dipliliretion prgeess (HEAAE) 18 astedsheditd st andar d
1

error of cross-yalidation . kSy5 RIfed
spect o ar e Tt GRS hisEieeH i afinuml6. ke ERERCS RICHBUEE o
R2 SECV 150/ L)1 08gbiidesradass flow across the tangential flow filtration membrane, passing the

adalimumab containing solution in the reservoir over the membrane. The diafiliration
buffer (formulation buffer, containing Methionine, Mannitol and Histidine} is pumped
into the reservoir to match the filtration rate of the membrane (liquid flowing through
the permeate side of the membrane) (110). A feed stream (120) exiting the feed tank

20 is directed by a pump (130) to a membrane module (140). A permeate stream (150)
containing water, buffer components, and the like having a relatively smaller
molecular size passes through the membrane module. A retentate stream (160)
containing concentrated adalimumab is directed back to the feed tank, as controlled
by a retentate valve (170).

25 A Raman probe (180), compatible with a RamanRX2™ analyzer (190)
from Kaiser Opticals is placed within the feed tank to provide the ability to
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0.995 1.96 Man nitol 0.994 2.35 Methionine 0.989 3.27 Histidine 0.992 2.75
6.8 Adal i rumab UF/ DF Process An ultrafiltration/diafiltration
process (Wb/2DBjo4bd®t1est abli shed to introduce excipi ents PaT@Sa0130651874 on of
adal i mumab, shown in Figure 23. A feed punp 15 (100) provides cross flow

across the tﬁ@%@ﬂéhké‘he feh@8hd dfithe %hk%@né@%fﬁ%sﬁ@e%@ldwlﬁé&waﬂﬁ i mumab

containing solution 1n the reservoir over the nmenbrane. The diafiltration
buf f er (f or ruhwdriedrio barhpenent contatiationg using Himilhl@tloﬂvﬁ?fﬂﬁﬂd&m%@eHl sti di ne)

I's punped into the res to match the filtrat nmb
(liquid fl oxﬂf?%eﬁsrﬂfé‘i}jfgfﬁ ’%‘[ﬁf@{lﬁ%l’%ﬁ%ca&t"&&mé‘?m{eﬁe I 1 ol %ﬁig?eo%lﬁfg% i eed
stream (120)cxgpidnt Bshobit@atioBs that ARYiped Qué o ﬁlbfe@ﬁ‘dlﬁd:oboen&aﬂmm@f thé 3fteiho a
menbr ane nodul e (140). A perneate stream (150) containing water, buffer

conponenfs, (eavded by Dohkan dndwihargesxelupiancilesty) e IT@?mﬁ%qdef’é’Gl OQFIO%‘? e passes

Eggggg{‘r;{ﬁ&gﬁﬁqmg&g@%ﬂ @S{eﬁi Sy ‘%)ac toin?ﬁ% gl)lalgﬁ’ﬁtc%gg' cont roI | ed by

a retentat e yad Wecharab@Yize dbnd armlesat@h ehe(UlGRf Hirat omfimfilthition wrddesson a
RamanRX2TM anal yzer (190) from Kaj ser Optical s | s pl gced within the feed

tank to provegidantisisapppit oftheduality @911@910’5@@?4@ @Y figaog-pfocess.
characteri zg, 1 he%rg@@ttﬁggesg ts ?ﬁ'& heRg rah:ﬂgélgééﬂ Ye ustfo SREG!H& obt ai ned

will be converte onent concen atl ns using the calibration file
and henge thﬁn@ﬂ@@h&ﬁ%hd)dxaﬁllﬁeudm pfdcbﬂsraaﬂltmm@E@p@nt@:rmchéralmm tor ed I n
addi tion, the changes |n exci ptlhkgnt concentratlonez that ha

i ncrease in concentrat BHX@F@? stigling, gpaqniol qng HOBVGW%WQEWS charge
excl usi on efLaat 319BR ReuaRl L Mednantr ORI ANl i BRlrERlthestdler Raman

syst ens, beS| M ana yzer could al so be used to characterize
onl i ne sarrpll&mdrrSpmtrmemw ¢htaihed atrwbazlﬁnal titerivalst Wigh pash rp&tb@&g@w@ﬁn&aﬁ@gul ar

rocese.  Forsceguishe: Rprued LAREs () sirond eirar 2harys e haléh' feea to
2)5( z ?; |S eggec é‘%ggérﬁﬁﬂragﬂl g{rﬂgﬁ’é dibhBradoal istekpddtane E&fc‘%ﬁﬁatﬁﬂﬁbﬂlﬂtﬁvfdlu@lm
components increase during diafiltration reaching a plateau.

Figures 24-25 provide results from the on-line monitoring of the
diafiltration process. In Figure 24 sugar, buffer and amino acid concentrations are
provided for various diafiltration times. As shown in Figure 24 and 25, amino acid is

20  methionine, and concentration (mM) is plotted on the y-axis, sugar is mannitol, and
w/v % is plotted on the y-axis, and buffer is histidine, and concentration (mM) is
plotted along the y-axis. The x-axis for each of the plots in Figures 24-25 is retention
time, in which concentrations from 0 to 81 minutes were measured and plotted along
the x-axis.

25 Next, adalimumab at approximately 40 mg/ml present in water was
diafiltered into a sugar solution over 7 diavolumes across a 5 kiloDalton UF/DF
membrane (0.1 sq. m). The raman probe was placed in the retentate reservoir.

Raman Spectra were obtained at specified intervals, with each reading consisting of a
30 second exposure time, repeated 10 times (10 scans). Subsequently the protein was

30  concentrated to 140 g/L.

Figure 26 provides calibration data obtained from the sugar/protein
system (mannitol / adalimumab) that is employed in a UF/DF system and measured as
described above. The calibration curve from Figure 26 was used to ascertain mannitol

and adalimumab concentrations in Figures 27 and 28. Figures 27 and 28 show the
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A m xture of histidine, mannitol and nethionine were diafiltered across a
UF/ DF nenbrane. The raman probe was placed in the retentate reservoir.
Raman SpewOraizvwn@iobt ai ned at specified intervals, w tRCEaShoMAABTHY
consisting a 30 sec exposure, repeated 10 tinmes (10 scans). Figures 24-25
show the chafgged i bacanaast ddhisNamiubiinorhabidd aht ol oer@e ekt the
concentration o% I ndi vi dual conponents increase during diafiltration
reachi ng a phapexdgin concentration duringidipfiltratigvandshen sbsepeniadipliliranen il he

-1 i t.Or | f di afiltrati . ' buf f
ond am no. adiigebar Bi 5 SpeEosbot Pabl HRRA s Fe G ol RdtRom LS
As shown in JiOly @, A AAHmemabIBhdEtraGert(g1§ isihlotiet Veraniretenti@nblumes

concentration (mV) is plotted on the y-axis, sugar is nmannitol, and wv %
is plottéd dfronhestgtaiis, and buffer is histidine, and concentration (m\)

is plotted along the y;axis. e x-axi.s.for : g‘mﬂ] ShlnA&h gur es
24-25 is retention ti rf%s eﬁpﬁcﬁgh%&ggé%%ﬁ?gg{?%rci‘glrﬁe# téo(giﬁltn%ar%ut es were
measur ed andeptid £pladh@nTht PRotein fticBes G tiexdt conetatratinmeh Riguraffyoxi mat el y
40 mg/ M present 1n water was diafiltered into atgggar soJ ution over 7

di avol umes aveds] salibratetiie dbafle was wied DEIgVEH sioavsthe Jusgyangrotofhe 1 aman

pr obe was pl | Infrtas @Q)egir r i ned at
specified i naogl?%letlllla@ ?ﬁ%/]m&tl{ﬁ%[gilﬁ%ég&ﬁgwég r?[sjfagit%ia%ﬁlo a Sﬂt\gﬁoﬁlggg%%osur e
time, regpeatmiktd®s.ti nes (10 scans). Subsequently the protein was
30concentrated to 140aglgla, . Ftiﬁ&#%e éﬁ 1pr ovides calibration data
obt ai ned from the sugaffBrEiEIhAtAPRIoXHY pgimlpresgay i Bt hat i s

enpl oyed in : (fn%@ i cORNA 2 SThRigISaionbr at i on
curve from F@%%{Eéer% %ggﬁggglgq?%ﬁglzgrtai ﬁvang}?lﬁ?{{%lﬁﬁand adal i mumab

concent r at i OE/DimEinhrame$0.2%qam)l  T8e réngupobe X2s plade®® thaesfentate WO

2012/ 040041PCT/ US2011/ 051874 chanﬂﬁ i n \%gnceﬁf ration du“th%gc d}e% iinl tration
of the sugar SSeFRTpREmaR Peqte erg RPtauict AL SRAGEISS RERAl ¥y '

SERL AT 8N during

diafi | trgti ofndRtng 180 s&UbPBGE Nepuhtbd 3D ibick @10 Sans) Subigueas BE penein28,
sugar concentratioh (% is plotted versus retention volunmes (fromzero to
6), and adal walerabeitateskintSO/LoRiguey 29 proyidss selitwetionedaia abtpived fomoe v ol umes

5(f 6) .. d. t.h i i w duri
oo T ot el R S PR S R s B ool Bggee curine

concentrat i ofystidife/fid9k¥nEmal miRurfPRelp eRbd pAagetkit. OFiglre@0lprorideuspldt of-i gur e
28 shows the sugar and protein concentrations calculated using calibrations

obt ai ned wi t tiafib@tign volumss éiremde o<ligfliration yelumgs)ewersus histidine concenfgueR nyab

at approy na Q r | o8k fyhfal,ona histidine
sol uti oﬁﬁ( 50@&!)\/3 \%/1ea|§l %%3@8?%0%{5&%@? :ggﬁs)e%r WF&S&%@% %F?DF rmenbr ane (0.1
sq. M. The pamind Bifriacedlsgeesh. i n the retentate reservoir. Raman
Spectra were obtained at specified intervals, with each

readi
15consi sting a 30 sec Ehppoifshow hephanesip qqueeRiRion fﬁngéﬁ‘?‘ﬁtf&%%ﬁé}éequently
the protein - t : [ ' hbsst i on data
obt ai ned from ﬁggggﬁfeﬁﬁﬁﬁgﬁrgﬁhge {ptl’r-h(g)tv‘g‘it%éj %é%?ﬁ%%%%@y@tﬂzm isis
t he cal i br at diafiltranide hnd ten Birlsdeiyakin eltradidizdtiom ebexpextedithe coneentrptionob0 g/ L

protein. Figure 30 proyides _a.plot of diafiltration volunmes.(fromQO to 6
di af i | t r&t i ofPEpbinGrRes) dyriediafiliraten wprung s RALTRY é[?‘i“‘&ﬁ‘(’)tﬁ‘é‘ ff’?ﬁb}s tigforeet
adal i numab ¢ bdifh! 9Rid Plot FikRE 26PW HORE BANH: ALY &S0 O Was dsed. ane
protein in a buffer/protern system The pl ofs show the change

i N concent r atéreantdasionriy thek 61 ik lovedritlhan afpecthd ducde theimede] Himjitatiphevigelbt on

the right shows the pratein concentration (.q/l), during,diafilfrati and
then subsequ¥ft laitﬂrt“il%flﬁf’ﬁ%l?‘? ‘E??ﬁe _t ?(boé]t’ﬁaél nP#élS{é%lﬁ%elr\fOrdgisicgﬁ C%’%}ﬂg@ sugar
i ncrease durjHaGoslb & dthik bfhisAfink entiiabGiaboRl] dlstiaihe coheenpatbein godalines t he
target concentration. In this plot (Figure 29), a nodel calibrated to 50
g/ L was Msedpropegicgoncentration in the plot is |ower than expected, due to
the nodel limtation, i S i {5 . I dito the

i oni zation of histidi n)ef‘ﬁe ﬁ%a\gg@oﬁgﬁ?%gj?érjg#gbgﬁfﬁ)e&?%lﬁﬁzlé‘g ag{lgl%él of

hi sti di ne t ocdent@gioadlF/DB @erdiioné vithreproriicant anadddiivnalningle komtpanent.

Concentrations can be read every 3 minutes thus providing the ability to monitor

concentrations in real time (or near real-time). In the sugar/protein system, very high
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30properties. The data denonstrates the capability to nonitor

| ow and hi gh concentration UF/ DF operations with a protein and an

addi t i onawo=pregl4ao4¢onponent . Concentrati ons can be readPevrarsgoid/onisnut es
thus providing the ability to nonitor concentrations in real tinme (or near
real -tine). LR hOewsiSakihbd R4dishes st AMontaitvatidhebf pro&enl Make Was obt ai ned
wi th sugar for all concentrationsS of protein. In the buffer/protein system
hi gh buffer badfeupatsin spterobtigh heffersccirpeghens ehipihed aidoghashufet i ons and | ower

protein concentratjons. The ability to detect..and.n re vol cl usi on
effects and %?ﬁ?grﬁ{l‘é?sfaé’gﬁgwf’rsprﬁ{e goﬁ’?%f%@ﬂs'i Eﬁer %Jellllrﬂ?fte%;8 #%t% toa?ldgg%rs &é

real -tine). yhiise SaMBiorSHREtY MITRMah S eislisoasioddedn rehlomeksingaent
concentration neasurenents in protein solutions, and al so provides the

ability fo readdime. fihos Baman spesdnsony iiowseiylms adepliporrcimend gengsnEgion

concentrations to provide. pr - 5 nt

For mul ati on WW&P@H&&W Rf%&gg gﬁﬁ&ﬁcﬁgﬂ%@#Blggf%sgﬁez%ﬂﬂggé%q%&%%g applied
to fornul at ic@Acdiafistisin kddition i@ kLvipignioncenpationt 1 prvidspoess Aortrelt €, and a
protein, Adalinumab. The conponents were included in the fql Ilgwi ng ranges:
Tris 50-160mM Acet at &% estingafz-Camponeat Faimalation Byffers with Frotes

Cali bration curves can be obtained as outlined in Exanple 6.5. The nbdel s

devel oped above ver e Uyl 808 A SRR 0L ANDpRRPK! oAARGHG R ATre X ur es

15 of Tris, Acetate an anpl es pared according to the
concent rat i apstadfing abbmpanenty e aBd Aretate| and a pdtint AdglinmipabAlleg/ L) 160 30
4.0 50 130 4do%p%gerﬁ(sjw%15é i%cl%gec? 1?1’1 tﬁé %olﬁ)%ving ranges: Tris 50-160mM; Acetate 30-
130mM; and Adalimumab 4-15g/L.
Calibration curves can be obtained as outlined in Example 6.5. The
models developed above were used to generate predictions about spectra of mixtures
15  of Tris, Acetate and Adalimumab, in samples prepared according to the

concentrations of Table 3:

Table 3

Tris (mM) Acetate {mM) Ab (g/L)
160 30 4.0
50 130 40
50 30 _ 1.0
S0 93 8.1
85 30 11.5
(=1 - 85 4,0
105 80 9.5
106 59 6.2
100 B3 6.4
53 T 36 14.0
80 72 7.4
102 . 51 7.5
52 63 11.2
128 L. B2 4.8
128 ' 37 6.4
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30 11.5 99 85 4.0 105 80 9.5 106 59 6.2 100 63 6.4 53 36 14.0 80 72 7,4 102
51 7.5 52 63 11.2
WO 2012/040041 PCT/US2011/051874
These predictions were compared against the actual spectra to confirm

that the model falls within predetermined tolerances. The results are shown in Figure

31A-C.
6.10 Testing of Cell Culture Harvest with Protein

5 The methodology of Example 6.5 was applied to chemically defined
cell culture media harvest containing components, Tween™, and a protein,
Adalimumab. The cell culture media was harvested from a cell culture batch, filtered,
and loaded onto a protein A column. The protein A column flow through was pooled
and then sterile filtered prior to storage and testing.

10 This methodology would be used to determine the end point of a
protein A column load. Filtered cell culture harvest would be applied to a capture
column (typically protein A). The current method for monitoring column load output
uses A280 absorbance. The culture harvest, however, contains many constituents that
absorb light at 280 nm. The A280 absorbance is usually saturated, rendering the

15  A280 method incapable of measuring antibody breakthrough during the column load
phase.

The Raman spectrometer offers a specific measurement for antibody in
a capture column load output stream (the column flow-through). This test simulates a
proposed on-line antibody measurement by spiking various concentrations of purified

20  antibody API drug substance {e.g., Adalimumab) into a pool of protein A flow-
through. The API sample used for the spiking experiments contained 0.1% Tween™.
During a direct spiking experiment, the Tween™ concentration would change in
direct proportion with the antibody, and could be mistaken for antibody during the
Raman spectral calibration. To avoid this, the Tween™ was considered an additional

25  component and was spiked independently of the antibody concentrations. The
components were therefore included in the following ranges: Tween™ 0.1%-1.0%

and Adalimumab 0.1-1.0g/L.
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128 52 4.8 128 37 6.4 WD 2012/ 040041PCT/ US2011/ 051874 These
predi ctions were conpared against the actual spectra to confirmthat the
nodel falwe 20i2dadoz1pr edet ermi ned tol erances. The resul t CAUS26M0O374 N
Figure 31A-C. 6.10 Testing of Cell Culture Harvest with Protein 5The

met hodol ogy of Exanpl & fibpait@SufRR Chete btainbe A &Lﬁ ﬂléﬁ idetiangtk 6.6 Theul ture
nmedi a harvest containing conponents, TweenTm and rotein, Adalinmnab.
The cel | culrhodeds develiopedalsoviearare sseldo fgrneratg pt:@lltttlodﬂsuﬁ it spesérach mixfuraser ed,

d | oaded o
ool od and HenErE: AR ERY o Bebt et Rye et Bepriint AL

nmet hodol ogy 1\1%“441_ be used to determne the end point of a protein A colum
| oad. Filtered cell culture harvest would be applied to a capture col umm
(typical by pFatle#dn A). The current method for nonitoring colum |oad out put
uses A280 absor bance The culture harvest, however, contains many

constituentss—th abso Hrgtit .ﬁq rmm The A280 absorbance is usually
sat ur at ed, rélq 5?1 1{({%@4)1 K"/a ncapabl e of measuring anti body
br eakt hr ough duri n1gothe collum Iog,ql) phase. The Ranman

spectronmetegr _offers a specilfic measurene for antibody in a capture col umm
| oad out put strearﬁ‘@the colfum fld;\ﬂ-through). This test sinmulates a
proposed on—+te Hbotdy—reasture %m by—spi ki ng vari ous concentrations of
purified 2Q anti ba%é APl dnug subgt ance (e.g., Adalimmb) into a pool of
protein A ffowthrpggh. The APl sgnpl e used for the spiking experiments
contai ned 0.1% TweenTm Duning a direct spiking experinent, the TweenTm
concentratijon WouIlechange in di réd;')t propcrti on with the anti body, and
coul d be mistaken antt+hotdy—dut ..g the-{Raman spectral calibration. To
avoid this,| the T\AxsgnTm was consi d&red an |additional 25 conponent and was
spi ked i ndgpéndent3y of the antibgdy concentrations. The conponents were
therefore ijncluded in the flol|lowing rangeq: TweenTm 0.1% 1. 0% and

Adal i mumab [0. 1- 1. G@WL 0.4 Cal ilbration curves can be obtained as
out | i ned i —Exanrple6-5—he—rpdels—devetlgped above were used to generate
predi cti ong about @bectra of m xt qu"’es of TweenTu and Adal i nunab, in sanples

prepared according;§0 the goncentpgfions af Table 4: 5 Table 4 Adalinumab
(g/L) TweenTm (/0)

0.2 0.7
0.8 0.3

These predictions were compared against the actual spectra to confirm
that the model falls within predetermined tolerances. The results are shown in Figure

32A-B.
10 6.11 Testing of Antibody Aggregate Detection

Two antibodies (D2E7 and ABT-874) were separately aggregated
using photo induced cross linking of unmodified proteins (PICUP). The antibodies
were exposed to the aggregating light source from 0 — 4 hours (Figure 33 and 34) and
the aggregation quantified by size exclusion chromatography (SEC). Samples were

15 measured by Raman spectroscopy and the spectra modeled using principal component
analysis (PCA) (Figures 35 and 36) and partial least squares analysis PLS (Figures
37A and 37B). Figures 35 and 36 show that aggregated samples have distinct

principal component scores and can be discriminated from aggregates using Raman
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1.00.00.01.00.60.61.00.120.11.01.01.00.10.20.70.40.10.30.5
0.4 0.20.70.80.3 These predictions were conpared agai nst

t he act uavogpeaus@it o confirmthat the nodel falls w thiPaTarSedenersm ned

tol erances. The results are shown in Figure 32A-B

spectroscopy.  Figures 37A and 37B show some correlation between Raman

spectroscopy results and the SEC measurements.
* * * *

Various publications are cited herein, the contents of which are hereby

5  incorporated in their entireties.
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106. 11 Testing of Anti body Aggregate Detection Two anti bodi es (D2E7 and
ABT-874) were separately aggregated using photo induced cross |inking of
unnodi fi eslopptedias (Pl CUP). The anti bodi es were expose®CTraistéig/oags egat i ng
|l ight source fromO - 4 hours (Figure 33 and 34) and the aggregation
quantified Rypbif$s ©icAnikpschr omat ography (SEC). Sanples were 15 neasured
by Raman spectroscopy and the spectra nodel ed using principal conponent
anal ysis (PCA) (Figures 35 and 36) and partial |east squares anal ysis PLS
(Fi gures 37A and 137B) .A Ficthedder pedagitg 3bositesiiprofaim (HEdD eybiceditasgtipl es have

di stinct principal conponent scores and n [ L7 f
alggr ;gat eg :Pg?tlﬁ H!{M?q%l\/%rﬁﬁf%%dﬂw&% ? Iﬂgggﬁglf 8%%@%%:&%%%&1 c
Fi gures 37A 100, 3iBnehedcsapasiagr r el ati on bet ween Ranman spectroscopy

results and the SEC neasurenents. Vari ous publications are
cited herein, the contents of which are hereby_ 5j ncogj%Erat din their
entireti 8s. WO A0)2/ (eolomMERAISPCPIIRISTAMLAIAIAS qf S2iEs &1 A net hod

for producing a host cell-protein (HCP) reduced target protein preparation

froma sample mxpyre &g fi§%gﬂ§sﬁn 1808 hurdlo% Girdn@BEraphy FRASIucRARL P,
sai d net hod conprising: a)performng Raman spectroscopy anal ysis of said
sanpl e ni xt uesn is loaded 6 ApowtddacililbigoSs dtusatap bimdiripdapaaity; and

chromat ography resin such that the resin is | oaded to about 50% - 100% of

its saturated bindjng c city; and . (c).callecting a chromatographic
sanpl e; and (©) C(Oi‘?f’ H&%’ﬂ??ﬁ“ﬁ‘ﬁ%ﬁﬁﬁ%‘é&ﬂ%mopy anal ysis of said
chromat ographic 10 sanple to identify it as a HCP-reduced target protein
preparation. 2. Thg) methe@raingatahdd shevdscapnataigiscdisaidedhognatpsriaphicesin i s
sel ected fromthe group consisting of affinity chromatographic resin, ion
exchangd Oc hrsampleoigri dgriify itras siHHCP-seticed, WFZRd RENF1B PISPREAURBt | on chr omat ogr aphi ¢
resin. 153. The nethod of claim 1 wherein the target protein is selected

fromthe group copsi sthf&(g)lﬁgt{m% ﬁ??%ﬂiﬁ Wk{g@fﬁﬁ kﬁ%h%%ﬁ%ﬁ%ﬁic?@ilyfsl sefdied

anti bodi es; human nonoc odi es; hunmani cl onal anti bodi es;
chi neri ¢ noneeh dnegroan tolxixing ©f affiniylchrahaographit rdso i@ssxchaigeant i body

Ot g, e e SAD P LB i PV 20T DO

15 3. The method of claim 1 wherein the target protein is selected from the
group consisting of: enzymes; peptide hormones; polyclonal antibodies; human
monoclonal antibodies; humanized monoclonal antibodies; chimeric monoclonal
antibodies; single chain antibodies; Fab antibody fragments; F(ab")2 antibody
fragments; Fd antibody fragments; Fv antibody fragments; isolated CDRs; diabodies;

20  and immunoadhesions.

4, The method of claim 1 wherein the chromatography resin is packed
into a series of fluidly-connected columns separated by fluid conduits comprising
inlet and outlet valves, wherein the number of fluidly connected columns is selected

from the group consisting of: 2, 3,4, 5,6, 7,8, 9, 10, 11, and 12 columns.

25 5. The method of claim 1 wherein the sample mixture is contacted to the
chromatography resin in order to obtain a residence time sclected from the group

consisting of up to about 05, up to about 1, up to about 2, up to about 3, up to about 4,

54



20 and i mmunoadhesi ons. 4. The nethod of claim 1 wherein the chronatography
resin is packed into a series of fluidly-connected colums separated by
fluid cormlOizop/@ompri sing inlet and outl et val ves, wher @Cm/ush@/srsper of
fluidly connected colums is selected fromthe group consisting of: 2, 3,
4, 5, 6, 7, 8 ) o8, IRt Rues, pltaabadt wherein
the sanpl e nl‘ll%xt?%lr)%&igéu%&?@?éﬁ%%%ﬁ%ﬁ?%ﬁg?ogré{pi)’iﬁy r esi ndljan order to
obt ai n a r esli0depaeattoutrel st eptie dbdut d imihetegr oup consi sting of up to about
05, up to about 1, up to about 2, up to about 3, up to about 4, WO

u
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