USE OF SMALL MOLECULES I N METHODS FOR PURI FI CATI ON OF Bl OMOLECULES Rel at ed
Applications [0001] The present patent application clains the benefit of
priority wb0u38288a0vi si onal Patent Application Nos. 61PETAIS3¥B/049501 i ng
dat e August 19, 2WI1. and U.S. Provisional Patent Application No.

61/ 666, 287, filing date June 29, 2012, the entire contents of each of which
are incorporated by reference herein. Field [0002] The present invention
relates to novel and inproved methods for purification of blanDIecuIes In
particul ar, theSpOFsviALLMOMICH T ESHNavET | 2
purification which enploy snmall miDdtaLEEVULBa&Cckgr ound [00031The gener al
process for the manufacture of bionol ecules, such as proteins and

particul arl & qpbhkgﬂhstherapeutlc proteins, typically involves two main
steps: (1) ; of the protein in a host cell, and (2) the
purificati oi90of] the pirotBisent paDet fpplistios tlemsgeneneltiof piieripbliés- growi ng t he

d d h i f 1 f th
prez![ ;Ien O?Sl}’rﬁfrmonﬁ | dlC?ja_l\é)é)ﬁl%%%qs\\; 9r61;395 >ﬂ‘§:'ﬁ‘ l%é’atu?/\m%t W9(5]qs§{d%§0 €

rotein’i s expressed at the desired | evel s,
t he prote|nMngmpaﬁﬁwedzﬁnmqnmhebh@&@%céVH@maﬁaehmwﬁ@sﬁéalhEm%W@nded

mat eri al s, su%n“%§&g§ L&huﬁ%Lhm»H%ﬁﬂ%Qﬁ?dkmh&ﬂQﬁm@”d ot her insoluble matter

are typlcal(fon ein‘containing fluid by filtration or
centrlfugatme resulting in a clarlfled fluid containing the protein of

interest | n Au“ on ‘ﬂ\co 91 (l){i’/l‘1$e,h. Xﬂela&k‘? &R%Hﬂb%n ljgpcléirrhuh(ﬁﬁ or1000411The
second step erally 1nvolves h urification of the harvested protein to

renove the mm“ubkmOthmthWESlnE%aﬂﬁMe@v0@“@6WU%F@“F%§UWPPF&@G$ﬁclude host

cel | protei le(x nnﬁga"?‘lh}\l&hﬂﬁ efr] TO%(!Intﬂ(Pm%%CLﬁLCPS whi ch are cellular pr ot ei ns
ot her than eS|re or targeted protein), nucleic acids, endotoxins,

Vi ruses, proteln vari ants and protei n aggregates. 100051Th|s purification

typically ipyQlyvesq several chronatography steps, which may include one or
nore of bi gx%ﬁdlﬁfute hydr ophobi c interaction chromatography (H 1C);

f 1.ow t hr ougl®0Bldr ophobhaceeanpreepragess ionthe mﬂé‘f*fﬁ‘#kb"gPébﬁg}‘"k‘?‘ﬁ%i‘é}‘ S i xed node
chromat ogr a]ﬁ'&%mt; %ﬁnpilx Gl x&oglbrmrh'tmap@ﬂﬂ FhUhe ViRaky Gabivesinand ani on

exchange, bin el ut e hydrophobic and ion exchange interaction and
main Stcps (1) the expression of the protein in a host cell, and (2) the purificaton of
the protein. The first step generally involves growing the desired host cells ina
bioreactor to facilitate the expression of'the protein of interest. Once the protein is
expressed at the desired levels. the protein is removed from the host cells and
harvested. Suspended materials, such as cells, cell fragments, lipids and other
insoluble matter are typically removed from the protein-containing fluid by filtration
or centrifugation, resulting in a clarified fluid containing the protein of interest in
solution along with various soluble impurities.
[0004] The second step generally involves the purification of the harvested
protein to remove the soluble impuritics. Examples of soluble impurities include host
cell proteins (generally referred to as HCPs, which are cellular proteins other than the
desired or targeted protein). nucleic acids, endotoxins, viruses, protein variants and
protein aggregates.
[0005] This purification typically involves several chromatography steps.
which may include one or more of bind and elute hydrophobic interaction
chromatography (HI1C); low-through hydrophobic interaction chromatography
(FTHIC); mixed mode chromatography techniques, e.g.. bind and elute weak cation

and anion exchange, bind and elute hydrophobic and ion exchange interaction and



fl owt hrough hydrophobic and i on exchange m xed node interaction (FTMV),
both of which can utilize resins such as Capto Adhere, Capto MMC, |AEA
Hyper cel .wBPRM3A2g33er cel . [ 00061Cx her alternative net hodecras2@anidsyi ng
protei ns have been investigated in recent years, one such nethod invol ves a
floccul ation technique. In this technique, a soluble poly:electrolyte is
added to an unclarified cell culture broth to capture the suspended
materials and a portion of the soluble inpurities thereby formng a

f1 occul ant , Nuillebugdhshydwpbatuentidnyexcempyadef node inkeacppotfdidMs oblit i on by
filtration or centrifugati.on,.. ) 2 eakd NehY s Ry Bobal) &pa

pol yel ect roff;\f%&n%lﬁ} L'ngcarg%gb u'%IEJELS%%rFO?'Q%IE' Q‘ZLH cu?l’t ure b{? oth t(/) capture the
protein of Hmpeebst, thereby fonling a flocculam which is allowed to
settic and fO%B?]be. SUb%ﬁ&lﬂgm{%L%W% §1(3!hg‘&sefgr ;&[n?;%é Pr%le‘ %Bvc_ocfeelli _he SO! uf[' on. The
floccul ant I's t'ypi cal 'y washe o renove | oosely adhering inpurities.

Af t er war ds, insestipniot maseni yeatshene sadhundtiod' isvolvsp i dogufadpgtebhibivicnds about t he
di ssoci at i ofy;qf L « B RE&lR h& P YEIEE LALMES brotyRsequent |y
resul ting iﬁ”ﬁ(gaggggﬁégﬁﬁﬁgg?%ghﬂ%%E?ﬁ%ﬁpon@céb?ro%&tg into the

pr ot ei n- contapiun g septnded owteridl9@GB] Aoty sdtubldaekrits thetbs f 1 occul ati on
techni que | ﬁ).rll;lnlgtd ot iFAUHIESs L ?%q‘t‘éﬁlngm(ﬂgh YR fe hiBRIn FRYioRBE UP Wi th the
target protein, “may %e'toxlc and/or not easily cleared fromthe patient's
body, are pbtenen alckyribepemsi ve in terms of single use applications, and
not readi | y&Ogggl | abl € \a8rhfieYy. 954160 PASTe 81 RENSYILPABSI G eArineuepmary of the
I nvention 9] The present ‘invention provides i nproved processes for
purifi cati omlofc ispibiptaptut ds proffiesldnetie. Phrisbedsaigeaniorsyitatéiial s that are
| ess toxic, ,ah&q GASHIcLAd g s@bs@%‘&nﬂ; @olﬁ?ﬁ%ﬁ)ﬁh@n‘é@'olf_ﬁﬁlsﬁlmii_ﬁur'ltmer1 I'n some

enbodi nents, the processes according to e clainmed invention obviate the
need to useﬂ@prm9$vewﬁ@Bg@ﬁﬁtmaﬁﬂm@HW§ﬁﬁ9@§ﬁa$ﬁV&@P@b@ﬁCQWﬂﬁsmProtein A

af finity chponRto0n2RMiod Q0LOL IS HRESERbul VEALE T FhiRli@gat 0O Met hods of
using certain small nolecul es which arc capable of binding to a bionolecule
of i nterest Prelsehirens the Pobelseirolyipl sabgusntheregultingsn shsgrl SR IR ody (¢ he
process ref gni8ed bR 1RARbUm& ohtaind sbiigbd. as smal | nol ecul es whi ch bind
u, a soluble or an’insoluble inpurit cell proteins. DNA

_ ) S| | , .e.0.. host cell t ei.ns ,
virus, whol B8l |'s, cdhf mrigdrardpel %f,lzléﬂa%l%ei"h%‘?‘é‘f%t@.‘S P 5B 5P ogi cal
material  comt akdurpeiyiHeFs@RNmay Rn@iFl@fih the 1PEki bioyeid, hdrybali@ed anyodh@i N or

separate the target ‘protein fromthe inpurity. In sonme enhodinents, nethods
descri bed hewdy Heagdlrom the patient’s body, are potentially’expensive in terms of single use

applications. and not readily available as they often need to be synthesized.

Summary of the Invention

[0009] The present invention provides improved processes for purification of
biomolecules, where the processes employ materials that are less toxic, are easy to
handle and are readily available. Further, in some embodiments, the processes
according to the claimed invention obviate the need to use expensive reagents and
chromatography steps, e.g.. Protein A affinity chromatography.

[0010] The present invention relates to methods of using certain small
molecules which are capable of binding to a biomolecule of intercst such as a target
molecule, ¢.g.. a monoclonal antibody (the process referred to as “capture™), as well
as small molecules which bind 10 a soluble or an insoluble impurity, e.g.. host cell
proteins, DNA, virus, whole cells, cellular debris, endotoxins erc.. in a biological
material containing stream, in order io purify the target protein or separate the targel

protein from the impurity. In some embodiments, methods described herein are



particularly useful in the renoval of insoluble inpurities froma sanple
containing a protein of interest (the process referred to as

“clarifi oa0i2018/028331001111 n sone enbodi nents, the presentCirrseniossor el at es
to a method of separating a target bionolecule fromone or nore insoluble
inpurities in a sanple; the nmethod conprising the steps of: (i) providing a
sanpl e conprising a target bionolecule and one or nore insol uble
impurities; (ii) contacting the sanple with a small nol ecul e conprising at
| east one caﬂu@mvblgﬂehpﬂananavﬂD@a@bmbhémHWﬁﬁﬁwpﬁ%”@WB&&““PW &n anount
suffi cl ent bRl PHARIAELRLALAAATPL Snfchidfyone or more | nsol bl e
inpurities; (irrn) ving the precipitate fromthe sanple, thereby to
separ at e thémﬁdrget nﬁ?%@uk@“&ﬁﬁﬁﬂ%ﬁ@3@ﬁ%“@ﬁ“ﬁﬁ?%“ﬁWé&fﬁﬁf@°¢ urities.
[0012]I'n So%qrqntlbglmrﬁ@m@moltgﬁe tp&f'?%r?c'ur nld?é’@x&tlhlggnﬁ&na&35 at@n@e:nRt hod of
purifying an ant In a sanple; the nmethod conprising the steps of: (i)
provi di ng amséﬁﬁF@ﬂmbﬁﬁﬁW§$%@ ﬁOEWFﬁﬁﬁéymaﬂﬁcgﬁé”%W-Hﬂ%é i nsol ubl e

L puri ti es; yibhblkc@@Mdamk bhBofNRofidMhBuMct TifcshiRlihe WOLAGW itcoNpr i si ng at

| east one cationic roup and at |east one non-polar group, jn an amount
sufficient tonlfmelasude gMPeisipE et QBIFPIING HorRHE abliest B‘PC B8 nsol ubl e
inpurities %G'p n bl ARl Hxh@csi&l?(pfmﬁb§||eﬂg‘lJl@&nﬁﬂ?kh@Q&Yﬂne aﬂﬂon(d i1) subjecting
the liquid phase to at |east_ one chromatography step y to purify the

t ar get antlb@@ymeﬁm®1@$iﬁm%@ﬁﬁen@WBdﬂ?WﬁﬁPgﬂ“FH@‘%F”W8%§ er

chromat ogr aphyra&tiRPalest BRle@ld frdth I ofb6ARGE QGERPRYmMBIrRRs. | N a part i cul ar
enbodi ment, the affinity chronatogéﬁgh step caonprises the e.of a Protein

A based af f [08itly | Mandp Sopsgrbpeigcs @H%BHPH?HP%“JF%éoéﬁﬁW hblecule

conpri ses a,RapnPah &ib8APHPa %1p¢3"llk$xwea{0@n&i1bl¢smd e Q¢RI (pphodiinent s, the
smal | nol ecul e conprises a non-polar group [0015]|n

sone enbodlﬂ@ﬁ%%“mﬂ%%méﬁ%“ﬁwoﬁb¥@‘Wﬁ%ﬁ?ﬁb'Bg¢h$dWPTV%§(§V@"%g . In some
enbodi ment sy daiHBMAL TOEIE %b&cﬁl@ﬂmﬁ}irﬁdnﬂgl Rst bﬂia@ilorﬁﬂ@mﬁﬁﬂndomio@stgr oup and at
| east one non-polar group is selected formthe grou onS|smu%% of a
nDnoaIkyItrPWﬁPﬁWP“éﬁWBhNﬁﬁ?@BﬁT“i%kﬁF¥F%@?Tﬁ@m AN FEEPT P HE Y

cetyltrimet BMh@rﬁTmmubllmnhbmmed@nmfhq(tahi mbdedemptighg ed@ciytotly: um@tnhyl anmoni um
brom de or chloride, alkyltrine ryl.trimethyl
annnnlun1chﬂ@ﬁ#8@=”ﬂdﬂé@wa?ﬂ%@'ﬁg‘&hEEDWGWFWP h?ﬂ%thb L Mw@s%

cl odecyl di t patehylirbady. phenoxyethylannnnlun1bron1de hcxadecylanlne chl ori de
or brom de, _dbdecyl am ne or E HE cetﬁ ng” N SL)¥]naI11111011iUM
brom de or KW dride), BSARHIRC FBV iﬂ;Yﬁ‘H?ﬁ FOUTSHPUM galt (non-1imiting
exanpl es Inm#udedvah&ybd¢m&ﬁ&wﬂmeﬂimmLamﬂbmhmamcmt@Mmdﬁ and benzet honi um
chloride), a dialkyldimeth | xanpl es incl ude
domi phen brﬂﬁ?ﬁ@oyawaé&yfa’ﬁﬂfﬁ e‘ﬁh&%ﬂaﬂﬁféhﬁSasﬁﬁ“%%“%r%nlde and
'oetyldodecykmmmpthyl &nﬁmnumﬁmdhkmﬁndeumﬂhbmenudejmxaﬁhememobronat|c

ammoni um sal t é Bﬁ%Bé’I g%{Hlng llé?'lg er cm%odnmems %ic qng:a?l IXLIPWIJ c%'m%mschailn'oqes

(chl oride o#™H
polar group which is aliphatic.

[0015] In some embodiments, the one or more insoluble impurities are cells.
In some embodiments, a small molecule comprising at least one cationic group and at
least one non-polar group is selected form the group consisting of a
monoalkyltrimethyl ammonium salt (non-limiting examples include
cetyltrimethylammonium bromide or chloride, tetradecyltrimethylammonium bromide
or chloride, alkyltrimethyl ammonium chloride. alkylaryltrimethyl ammonium
chloride, dodecyltrimethylammonium bromide or chloride. dodecyldimethyl-2-
phenoxyethylammonium bromide, hexadecylamine chloride or bromide, dodecyl
amine or chloride, and cetyldimethylethyl ammonium bromide or chloride), a

monoalkyldimethylbenzyl ammonium salt (non-limiting examples include



hexadecyl pyri di ni um brom de or chloride, cis-isomer |

-113-chloroal I yl]-3,5,7-triaza- | - azoni aadamantane, alkyl-isoquinolinium

broni de, wodos/deyidi net hyl napht hyl met hyl anmoni um chl or Pd@)US2@12/049501

pol ysubstituted quaternary amoniumsalt, (non-limting exanples include

al kyl di met hyl benzyl ammoni um sacchari nate ‘and al kyl chnet hyl et hyl benzyl

anmmoni um cycl ohexyl sul famate), and a bi s-quaternary amoni um sal t

(non-limting exanples include 1,10-bis(2-nethyl-4- am noqui nolinium

chl ori de) - dekddiercthy!t@ni gm{ngzmn@tchSphd@.u(dzbcQchlotulumrg@tqu:) a

cycl ohexyp- JPEIQEMluﬂjc'tlmtul;l)ﬁon@lmmlnp\% Aﬁm i) 9 lebﬁ?ﬂﬂ&edo%lplﬁcrn'b?(lnqpé soni um

chl ori de, bi's-quat rete to as by Bucknan Brochures).

[0016] I n a didecyldoudthy! apwmsodimearide phbrosidgland pesldedsddingtiyénzet hon[ um

chloride [ 0‘91117l>xl Um%gl'allge orﬁm?#@l&)”?ﬂé og}gmtllh:emmnm?!qgll%ﬁ&pﬁlqhmg to the

present invention 0% xvt 7 a small nolecule I's added to a

sanpl e to previplssinstude Pﬁﬁpﬁﬁbl"bhdlnm @hioﬁ%qﬂlhﬁ?’@'d? h‘bm)r'i"tjl es. In some

enbodi ment Shc\§c'l“!:%gp§lrmll\ an@&:ﬁgubﬁ%lcﬁl IE SR AN e QHIH(ﬂgyl?J slakihfalcat i on

process step used in a protein purification process n some enbodi ments,

such a pr oc@sslailfb"ﬂamemtlllknlulmll@Flme@sbgomlfi@@ g}‘h‘l“'ﬁtﬁ%“@ﬁ'ﬁbﬁdl“ﬁ@hks one or

more smal | MPA@&M# 1@RIoHES A ﬁot%esgbslﬁﬁﬁﬂvdlnﬁﬁﬁn nflAf §MO(rBn Gl f | cation step

of a protein purification process ere such small nolecules may be added

directly toexamplepmehide @lwléwmlalhwﬁ@ agneailum sagehriie andn order to precipitate

one or nor ellL\qu{dht\lcﬂﬁibeliﬂl%1n\gﬁm@n@ggMW@LIﬁxma@q%n@E bliRuesABl | nDI ecul es

descri bed herern nmay be enployed dufing one or _nore other process steps in

a purifi cat#onopussdsgondinging cxamplesioslpdreld! 4-ps@HeBkdnpl es herein. [0019] I n

sone enbodi m'ﬂ&cﬁmnoﬁlnﬁmmﬂﬂt) fkait, 558 ‘lmélﬁﬂujl @ idaimdusadded 'is in-

solution form aV|ngaconcentrat|on ranging from!| to 200 ng/m . [0020] I'n

some enbodi srslehesy it meryidieeihyl anppqrgn shleq L| §e‘é%f~’r9”'é‘d0‘b~‘t?f“%“i dﬁ“’ﬁ’H rangi ng

];;?rg} g LO andiROALL A 1 SQFR 18 NGO BB MuskmdErofuRG). pi tate is removed fromthe
y

[0016] In a particular embodiment, the small molecule is benzethonium
chloride
[0017] In some embodiments of the methads according to the present

invention, 0.01 to 2.0% wt/vol of a small molecule is added to a sample to precipitate
the one or more insoluble impurities. In some embodiments, such small molecules
are employed during a clarification process step used in a protein purification process.
In some embodiments. such a process is a continuous process.

{0018] In some embodiments, one or more small molecules described herein
are used during a clarification step of a protein purification process, where such small
molecules may be added directly to a bioreactor containing a cell culture, in order to
precipitate one or more impurities. In other embodiments, one or more small
molecules described herein may be employed during one or more other process steps
in a purification process, e.g., as described in the Examples herein.

[0019] In some embodiments, the amount of a small molecule that is added
is in solution form having a concentration ranging from | to 200 mg/ml.

[0020] In some embodiments, the precipitation step is carried out at a pHl
ranging from 2 to 9.

[0021] In some embodiments, the precipitate is removed from the sample by
filtration (e.g., depth filtration). In other embodiments, the precipitate is removed

from the sample by centrifugation.



filtration (e.g., depth filtration). In other enbodinments, the precipitate
i.s renoved fromthe sanple by centrifugation. [0022]1n sone enbodi nents,
met hods olozepansisiing a target bionolecule fromone or mrOTAS2eI20UDI €
inmpurities further conprises the step of renoving, residual amounts of
smal | nol ecule fromthe sanple. In some nethods, such a step conprises
contacting the recovered solution with a pol yanion or an adsorbent nateri al
to renove residual anmobunts of small nolecules. In a particular enbodi nent.
such a st epl0823l oys adt jomsteaodimchiormatiyds ehispaatinge wigsliimgiecdlyount s of

smal | mol eCH!)xﬁ.‘o}pé oerQ@r%éBl%nBleﬁ%ﬂg&ﬁGQé‘?xﬁﬁQ CQ%PrtisQ?tlQrsﬁzﬁ%menjool"{lgﬂtsidgzﬂ are

nmet hods of purifying a targe I onol ecule tfroma sanple conprising the
t ar get nol eouduwisall ongf! viotehule fremale sawple. SotousIneethodputth 4 ¥&, cOREFE t he net hod

conpr I ses t &ﬁ,q%&,ggq&; R;fcove(éd)soﬁlﬂ&]i Qe h H&y&nﬂ% o AT RAsBrbdh L Hat@iaP 8L ho ol eC“' e
conprising at |east one anionic group and at | east one non-polar group. in

an anmount subiflia pepents of sieH meodecples di piveraic dacagd ingPhgudhidéePar get ol ecul e;

and (ii) r e&?ﬁﬁ@_\ysi PO AR & Rinb&E B rebilRN 8RB SERALMQuiche target
bi onol ecul e Tromthe one or nore soluble inpurities. {0024]In_sone

enbodi nent s[002He smal Nlseshesuiased byrbe PEent BVABIRD BE51 B Qg SUBTRANMER i s

aromatic. | anﬂcteh bmERRAGHER RS mpik B 1}§rm3ﬂ|g|tll&WQJg@lQH(Ll@CLﬁROJm{gi WA@Sond onon- pol ar
group which is aliphatic,. 1.002%1In sone enbodi nents, the sanple is
subj ect ed t wow selubleimpusiics.ovhestbpmphodrompgsedhi B8 chid) L PR P he smal |

mol ecul e COPISiNEh Shall BASLOREPRNH ORI 1CGasAR YRR Erdh ah€asdas@t@ non- pol ar
group. Exenplary clarification techniques include, but are not limted to.

Filtrati on BOVPORErareum Bigmtansynt uBEs] P Aors RIS iOMPRE L 1385 f i cation i s
achi eved by, 5i4bji€Ghd RO rdcBeFRMRI BeckMaR. HEEbY 0B LEUING LEQAPr i Sing at | east
one cationic group and at |east one non-polar group, as discussed above.
[ 0027] Exenpbiamgleatulirom ihs ae oF wereselple i8PHYCat | east one ani onic group and
at | east ongofgn- pol af, GhHRUMbhBGl:HE8he MUl AdI&uNQonipliBdst@dn-holar
pharmaceutical l'y _

group which is aromatic. In other embodiments, the small molecule comprises a non-

polar group which is aliphatic. )

[0025] In some embodiments, the sample is subjected to a clarification step

prior to contacting it with the small molecule comprising at least one anionic group

and at least one non-polar group. Exemplary clarification techniques include, but are

not limited to, filtration and centrifugation.

[0026] In some embodiments, clarification is achieved by subjecting the

sample 1o a small molecule comprising at least one cationic group and at least onc

non-polar group, as discussed above.

[0027] Exemplary small molecules comprising at least one anionic group

and at lcast one non-polar group include, but are not limited to plmrmaceuticalIy’

relevant compounds such as , pterin derivatives (for example folic acid, pteroic acid).

etacrynic acid, fenofibric acid, mefenamic acid, mycophenolic acid. tranexamic acid,

zoledronic acid, acetylsalicylic acid, arsanilic acid, ceftiofur acid, meclofenamic acid,

ibuprofine, naproxen, fusidic acid. nalidixic acid, chenodeoxycholic acid.

ursodeoxycholic acid, tiaprofenic acid, niflumic acid. trans-2-hydroxycinnamic acid.

3-phenylpropionic acid, probenecid. clorazepate, icosapent. 4-acctamidobenzoic acid,

ketoprofen, tretinoin, adenylosuccinic acid, naphthalene-2.,6-disulfonic acid.

tamibarotene, etodolacetodolic acid and benzylpenicillinic acid (see, e.g.. DrugBank

3.0: a comprehensive resource for research on drugs. Knox C, Law V, Jewison T, Liu



rel evant conpounds such as , pterin derivatives (for exanple folic acid,
ptcroic acid). etacrynic acid, |lenofibric acid, mefenam c acid,
nmycophenoWOCotsei28334t r anexami ¢ aci d, zol edronic acid, acecylsalizoydsic acid,
arsanilic acid, ceftiofur acid, nmeclofenam e acid, ibuprofine, naproxen,
fusidic acid, nalidixic acid, chenodeoxycholic acid. ursodeoxycholie acid,
tiaprolenic acid, niflumc acid. trans-2-hydroxycinnamc acid.

3- phenylproplonlc aci d, probenecid, clorazepate, icosapent,

4- acet am doBenzilcolkisiAd Pok At Bweﬂ\el’vﬂakﬁr DEF Y -IDIOWRROH 6&}6@? M aci d,

napht hal enex¢, Gridj,R4id. Rﬂl:lglca\céhg’ch 3p] lbﬁﬁqt)ﬁfb%bas%t@g@}l[ﬁ@% Qdalhp:acid and
benzylpen|C|II|n|c acid (see, e.g., DrugBank 3.0: :a conprehensive resource

for researcﬁﬂbﬁ6%®ugs Knox C, LaM/V' Jewison T. Liu P, 1.v S. Frolkis A

Pon A. Bancg) Mak Cy, YﬁHnlMemﬂ@Hmoysn\(allﬁblé&wwﬂpnsngc BQeMoncW shart DS.
Nucl ei ¢ Aci ds Res. 2011 Jan: 39(Dat abase i1 ssue): DI 035-41. Pl AU  21059682) .

[0028]In a papm¢QNWQﬁméﬁ$@ﬁﬂwﬁn@1m&"gﬁwmﬂﬂﬁnWéﬁﬂPéwéﬁﬁﬁPPé?#gmék | east one

ani oni ¢ groyp, and.@. h&agt one non-polar group (e.g., an aromatic group) is
folic acid or a derivative thereof. 10029]1n sone enbodlnents a snal

mol ecul e cofR9ki ng atin pesagsambsdiscati oriadl Belels RRATHES 1t ne non- pol ar

group i's a QyenilBlogE Hhea |£&%ﬂ9hé}{ Yol AYESupli D4 b 4dRolcdatdt E@ineldrptiydsi mited to,
Amaranth and Nitrfo red. [0030]In sone enbodinents, a small nolecule is

added to a Behdemutae nerimika Q. Agarngrand NBasdt o 5 0% 10031] In sone

enbodi‘ment S[O()t%hle pH of}, the: SHIBINRnisSa FHIUSEIEAIAE hdked T doneenadetint | on of the
smal | nol ecul e. n sone enbodi nents, the precipitation step is

carried out uabmg_[ﬁ@m_q_(low/o to 5.0%.
[0031] In some embodiments, the pH of the sample is adjusted prior to the

addition of the small molecule.

[0032] In some embodiments. the precipitation step is carried out at a pH
ranging from 2 10 9.

[06033] In some embodiments, at least 30%, or at least 60%, or at least 70%,
or at least 80%, or at least 90% or greater than 90% of the, initial target biomolecule
amount (e.g., target protein) present in the sample. is precipitated using the methods
according to the present invention, |
[0034] In some embodiments, less than 30%. or less than 40%, or less than
30%, or less than 20%, or less than 15%, or less than 10%. or less than 5% of the
initial impurity level remains in the precipitate comprising the target biomolecule of
interest following precipitation using a small molecule, as described herein.
However, in some instances, a greater impurity level may precipitate with the targel
biomolecule. .
[0035] In some embodiments, following the precipitation of a target
biomolecule using a small molecule, as described herein, the precipitate is dissolved
in a buffer having a pH ranging from 4.5 to 10.

{0036] In some embodiments, one or more static mixers are used for adding
one or more small molecules to a sample.

[0037] In some embodiments, following the precipitation of the target
biomolecule, the target biomolecule is subjected to a further chromatography step

selected from the group consisting of ion exchange chromatography, hydrophobic



ranging from2 to 9. [00331lIn sone enbodi nents, at |east 50% or at |east
60% or at least 70% or at |east 80% or at |east 90% or greater than 90%
of the, iwDRDEl/028Brget bi onol ecul e anobunt (e.g., target ppraiSedmmp4gspesent in
the sanple, is precipitated using the nethods according to the present
invention. [0034]1n sonme enbodi ments, |ess than 50% or |ess than 40% or

| ess than 30% or |less than 20% or |less than 15% or |less than 10% or
less than 5% of the initial inpurity level remains.in the precipitate
conpri si ng tnkeactian geempenrivediinigy domaasinby end BINEdWIOAY preci pi tation using
a smal | mol geul &...4s,described herein. However, in sone instances, a
greater |rrpur|ty !f é may precipitate with the target bi onol ecule

[0035] I n solf@3&imbodi mEnemplaty tirkawiomglacnes ipeludd. Pitag 1w HmEed &- t ar get

bi-orl ecul emu&hg nap,%mls mmc%aﬁ'dﬁubmsqﬁmnmeg hekehE hukbe.Rr eci-pitate is
dissolved in a butfer havi ng a pl-1 ranging from4.5 to 10, [0036]In sone
enbodi nent santibpdicoehimprieansibedies et slenabangiped %Psé‘éll“ﬁ%t“réd‘di”?ﬂd‘%ne or nore

smal | nol eCMlnﬁl%otl@anﬁmlll@s ar{dQQ:ﬁ??dihg'rc%%ﬁuﬁlmgfé';matﬁ THe@rh@W ng t he
precipitation of the target bionolecul €, the target bionplecule is

subj ected t boaofcwlt My betimestl oy BBMYI LY e PE I B BEm {4 énﬂvf'ﬁéﬁwoup

consi sting @f, iAMnEXENRARYEERATRLRIAR MNatertY ALLPBARIC! cells). The

methods described herein maybe used in the context of proteins expressed using

mammalian expression systems as well as non-mammalian expression systems.

_ Brief Description of the Drawings

[0039] Figure 1 depicts a calibration curve for quantifying amounts of BZC
in solution. The calibration curve was derived from a turbidimetric assay where
known amounts of BZC and sodium tetrafloroborate are mixed to form a precipitate.
The x-axis refers to the starting concentration of BZC in solution (ppm) and the y-axis
refers to the turbidity (NTU) generated in solution upon the addition of a known
amount of tetrafloroborate. The limit of detection of this assay is 100 mg/L or 100
ppm BZC in solution.

[0040] Figure 2 depicts a graph demonstrating the results of a static binding
experiment used to determine the capacity of activated carbon to bind BZC in
solution. The x-axis refers to the mass of activated carbon added (g) and v-axis refers
to the concentration of BZC remaining in solution after 10 minutes of mixing with
activated carbon (mg/L). As demonstrated, 0.1g of activated carbon is enough to
reduce the starting amount of BZC in solution (25 mg) to an undetected level (ie..
less than 100 mg/L).

[0041] Figure 3 depicts a graph representing the results of an optimization
study where the optimal concentration of BZC to achieve maximum recovery of a
target biomolecule (e.g¢., a monoclonal antibody MAb molecule) as well as maximum
impurity clearance was found 1o be 4g/L. The x-axis refers (o the concentration of
BZC (mg/ml) added to the feed 1o be clarified. The y-axis refers to the percentage (%o)

of HCP removed from the feed as a result of the clarification process with BZC (bars).



i nteraction chromatography, affinity chromatography and m xed [ node

chromat ography. [0038] Exenpl ary target bionol ecul es include, but are not
limted two 2oBo@8d34nant proteins, nonocl onal anti bodi esPamdstunoitsonal
fragnents, humani zed anti bodi es, chinmeric antibodi es, polyclonal

anti bodi es, multispecific antibodies. inmunoadhesin nol ecul es and
Cl-12/Cl1-13 region-containing proteins. The target biomplecule may be
expressed in a mammal i an expression system (e.g., CHO cells) or

non- manmmal i fe exprieysy- tum Byt enth¢ ecrgentagh 461 eff MAID, ﬂwyeaswn%irmlﬂnsfé%t cells).
The et hods |Igc?§ﬁrcllap|?g t )?ALQSSQF%?&%d%%%gm or]dst)he context of proteins
expressed usin el | an expression’'systens as well as non-mammal i an

expr essi on B)josijems BiFigefe Ddgits peiapn repfesentiag Dreapiuig el rO0B9)mgire 1
depicts a cal lbr rv t f o vTolgO! ut i on.
The cali br aql\ %J?“%INQQF&H 1§ofuﬂ£n ngao 9 cgfrlﬁf'\ée?ﬁ}dﬁpp an%fc ;]9001a]{51§g>}4 \r/]\/(r)llicr e known
amounts of BIC aviefc Podi voiutiet pHfkatiobohither aps wixed fol rod i A1 eci pi tate.
The x-axis I Shar f- o Wthon (ppm
and the y- a{é,lgsuﬁrdzf)évpcdph% )E)Zi) é[ld | gp{m?\?ﬂl{;ﬂb oﬂfe‘lggr Ialtﬁg\d 1\| ﬂrgéﬁgxl Uti'on upon the
addi ti on of masskagwnf @hoand toMAbetdded looho bed é.'l‘ﬂfm grhkhe) y-#it rebys @dbect i on of
this assay n{ffcc%%l (98”‘1 MR r&%ﬁm} , 13WNib ,mﬁal Mu ﬁ(‘rnogqgﬂp}oﬁ:tg&'lﬂe 2 depicts
a graph de dnstrating the resul of a static binding experinment used to
det er ni ne t REnpapasidesofiamdssicvdtiedesceleblonha indinshd PEZLE 4 71 3o 2fbn. The
x-axis refegg 1rt§)c£lh’3lv §§udmnt?‘9£'in\éﬁb@tﬂdsciaﬁlh@n added (g) and v-axis refers
to the concentration-o Wremalining 1n solution after 10 m nutes of m xing
wi th activatd@d3lcar bonF (smrgH depicAsa gdibmier euvefpr agantdyige ameyitv '8l car bon i s
enough to r ’?c%"ﬁexohhgn Slth"é1 chi lﬂgloﬂ@H@t\vagﬁcﬁ%@ﬁbﬂl BB O el ARnGY af O AN

undet ect ed | ]I .. less 1(JO ng/L). [0041]Fi gure 3 de icts a

gr aph represéhtﬂi"n‘d fph@ ﬂ?'éssel"t'@"*o‘?f knewsproneanbaitdnon Tt Yy S iEESE e opt i nal
concentrati 9£'mQ£ cﬁ%guh@io@%h'kﬁ\é%dlml JIHRLR GROURY and @f yanxtsakgat ohhonml ecul e
(e.g., a nonoclonal antibody MAb nol ecul e) as well_ _as maxi mum.inpurity

cl earance websoarpsdatsrane “ﬂ@sl)LOf drpdolie- agq golpimars P8 he ‘é‘bﬁ&‘éhnfatl on of

BZC ( g/ i) dcqaqiggoﬁtﬂlsta&%y fe®dnd/0 ob & gnitfolit L@din sbheioy- axi s refers to the
percentage (70) of EICP renoved fromthe feed as a result_of t

clarificati B4 ocess Figuih 614 Bagreph reprEEn g B Py Sy 0 hRi @"‘B'é# ers to the

percent age (s¥phe@f L\%bmtamai%cd't@mkﬂﬁl% tHe cﬁ;ﬁ@nl¢ gestiafit@tarbdieroddiar fofit cati on
process (depicted by di anonds). [0042]Figure 4 depl[ ct(tldgcr“gr ap[;lfrepresentl ng

the resul t sagd ”h‘ri"‘éb@berrhﬁén”t\“t'b TSy g ?%&‘t”é‘a‘f‘ﬁ’e"'e'f) ed SoPlit'P'dbn pH on

the preci pi L@t/hmﬂﬂm@{f fo GinnRe ¥ MixiNARiIbXcihObd Eargai fhd l%f-@\lb&ﬁdrﬁl(ﬂﬁé ution pH
results in her. mass ratio of folic acid cipitate

90% or m)re’“éﬁg af pedicnmsls (M) g%‘l“dtl’icb'ﬁ““?héc“k"‘a‘ifgw’g‘? F‘gat)dn‘t'l*}é "Pféé’ rati o of

folic acid Em@u%@n@ A8tbitaeiivala chdedis Comtre)wo reTﬁW;)’Z”ﬁXﬂgSoll’cﬁifcelrs to the
per cent age &}9 remai ning in solution aglter gpg%lgl taticon with folic

aci d. Di amoH@8>] squar E‘§”'et7rdiea‘ﬁ'§ P&EPY FrRPresFRp HiS TPt PHEBI Kdi ng at pH
014.5, 5.0, ReRip@BthcB1 Qb pleBipRADhIeHRIecy BIOt@ded dyR@sa Bin@ing phlolidéd as a
gui de. 100431Fi gure 5 depicts a calibr at[J on curve for quant if y\ g amounts
of folic Nitro red/MAD ratio of at least 0.8 1s required for complete precipitation o' MAb

x-axis refers to the mass ratio of folic acid to MAb added to the feed (mg/mg). The y-

axis refers to the fraction of MAb remaining in solution afler precipitation with Nitro

red.

[0046] Figure 8 depicts a graph demonstrating the effect of the binding pH on

elution recovery for Nitro red precipitated MAb. Binding at a higher pH resulted in

better elution recovery. The x-axis describes the sample and solution conditions

tested. MADb is referred to as “*Mab04°"; supernatant is referred to as “Sup™; eluant is

referred to as “Elu™ and the numbers, 3.9, 4.45, and 4.9, refer to the solution pH

where Nitro red bound and precipitated the MAb. The y-axis refers to the percentage



acid in solution. The calibration curve was derived from absorbance
measurenents at 350 nmof folic acid solutions of known concentration. The
X-axi s reWergimsisne starting concentration of folic acipdTius2ei@lowdsopn
(my/mM) and the y-axis refers to the absorbance (arbitrary units) of the
folic acid solutions at 350 nm The Iimt of detection of this assay is 10
nmg/L or 10 ppmfolk acid in solution. [00441Figure 6 depicts a graph
representing the results of a binding isothermexperinment used to determ ne
t he capaci t {opdf Nusb ronatiren aplvoen dfer piesipitation (ie. acihd Sim osoiigiciuga? The x- axi s
refers to t e %p‘ﬂc%p{)ratlon of folic acid left in solution (ng/nml) after 10
m nutes of mi'Xin h activated carbon and the y-axis refers to the nass
of folic aleﬂMUrTg) boUmdrcpérdw&z@s wehik-grtion verchage aghbomiemided uee) @f ter- 10
mn of - A t 1dQofenove 225
ng folic am‘dﬂgi (%irg’i% l;flure _}é%ge(l %@g?%féggaf g%@ ‘%@ ?‘gsyﬂﬂl ﬁgtptthe results of
an experi meAmatapth qimemlpgdﬂ Eccudqieiewlrw&g ibpled 4% V\@W'f@fhf flejasnk§by) Nitro red
dye at a bipgdi pg. ok fox‘y}o ﬁmcwn 1(191u{g5dt{]m J-atik Rf@rﬁ (Plhe l16R%anQ & hs required
for conplete preci plta I on e x-axis refers to the mass ratio of
folk acid téedand alddetdbctnaplcbh@ Woewh (Ayrmgih. | The 2yargeidory Bawis 9 t he
fraction of , R | Wit b Netro red.

[ 0046] Fi gure d[egg%%@l g‘ggpgﬁbﬁ%}gh%ﬁgtl?%%ﬁ:ép%ﬁg\ @%%&%&g]ﬁ) t)he bi ndi ng pH
on el ution preecpi@op pracess ubing thg Anerdangr dginpl¢catced MAb. Bi nding at a hi gher pH
resulted i nh(@@& ter el Pl&,lu@q Ord%yggﬁph JBSonsa Al hed@ &Il BRS dihBepanpl e and

sol ution conditions tested is referred to as "Mab04"; supernatant is
referred topatcle Supot presinitei foingd naipefolie deif o Thsx-wp (g9 P PERE Aunber s, 3. 9,
4.45. and 4(SQL )rs.@flcer lccﬁg\ Lb@ngmetﬂkl\qnc Pl dwh 86 8o W bérAevi@thn omndaand
precipitated t axis refers to the percentage (94) of M Ab
remai ni ng i h:ftsfs)louhfi '@ﬁﬂnafltléi/ ¢ §icdBioHt MEtey) GhhePregipiap s KBS %or al ter

el ution (i. ﬁftalvchﬂn@lnﬁwﬁ tir)nanr'Ic']-galat%jﬂ!:!l gidR8nPs\HeRIsGLr WaRkwR@bh PRs exchange
chromat ogr ans used eval uate charge variants in feed (trace | abel ed as
Pure 1gQ anld e|auﬁen'e§>&ﬁsp\leés where Mitsas Beund agy ereppitacdubeMAeat ed f eeds

(traces | abglfdeas A8 @éﬁrtu!@rc%b;u%‘k@nmlm&mks%m SRR X @b seripef ers to tinme (in
m nutes) and the y-axis refers t he absorbance of the flfe\?g and el ution

sanpl es at D8N i m  ARgrEAL fiusd B 5w wedio BIRsYa PR es R dupl i cat e
experi ment sy b f%cexpﬁﬁylsf@ﬁﬂ&pd §1ng ﬂh@ﬁl@@d& rt@c&hﬁkvuc,t h@.dl‘u@&f \Oﬁi;UCI bility of the

preci pitation process using g H:\ ure 10
depicts a gE“&[’ﬁH“&é’hﬁHé‘ﬁ‘Eé‘t'!‘n‘@'dt“H‘é"érf’?‘é'dfedo p'éﬁe’eﬂ“ (H' FUSAR 19 e si ze of

preci p' t at e, hREpRA:. Ushirgp W& ised @Gelver TRQre¢ipixieSo Meheliay filkr hear rate
(Sec.') gener at ed by vary mglht he flowrate | |de angollow quRl devi ce and
the y-axis H@P®rs to fHe e deRirts Ty VETF e TR EY8°sit dP)C 85

preci pi t at eprea@pidi®asibg @t DyimamMabrey A 3 mtmunﬂmn ratks mamglse ysqmabe and
di anond synpbols refer_to the solution ndmOnpectl vely,

where Nitr o“f”ébl“’b‘bﬁ‘ho‘hé‘n‘ﬂ“’bﬁ"@t’l‘ R i"é’ﬂg PHe ‘Ol\‘ﬂ%ﬁﬂ“‘"ﬁg?ct TRy ”E‘%“ pear to be

nor e conpactyr dpetaliy @e MESisSiant THeO-sheRleraio @e IﬂowasudnHMl[)QGM]lel\gure I la
illustrates the set-up used to neasure Fl ux ow f| ber TIT

syst em oper &tif iF§F P ‘E%H‘ﬁ?%‘teé 'H@Ey%q“g’r%&é““‘lfbéd‘)u ff%l%“%eﬁ Ferdd by
m xi ng foli gnigutkcaRrhb6lk agtef icethefredds af 70l -1300tald 5400 Sk, msmreatl oto form
a preci pltate A punp was used to deliver the preci |Itate ohtheihollow
fi ber devi céhe open symbol indicates that the system is at steady 'state unltil that point; beyonc
which an increase in TMP was observed with time indicating membrane fouling. It
could be inferred from the Flux vs. TMP curves that the optimal shear and flow rates
rate are 1700 S and 190 LMH respectively.
[0051)] Figure 1lc depicts a graph representing single-pass concentration
factor versus flux for folic acid-MAb precipitatc using a 0.2 um membranc at 3

different shear rates and 0.85 g/l. MAb concentration. This experiment was carried

out to determine the maximum concentration factor that can be achieved under



[0050] Figure 1 I b depicts Flux versus TMP curves for folic acid-Ml)
precipitate using a 0.2 itmnenbrane at 3 different shear rates and 0. 85

g/ L MAI) wonoesmksmsti on. This experinment was carried out PCo/u$edienmsne t he
optimal conditions for operating the TEE system The x-axis refers to the
flux used (L1).411)) and the y-axis refers to the neasured Trans nenbrane
pressure (Psi). Cosed trianule, dianond and square synbols refer to shear
rates of 850, 1700 and 3400 See, respectively. The open synbol indicates
that the sysﬂstmml losuaim_s*bﬂxhdybSUat\ea\lmfthCFS to et usoisert (LMIdyapd dhanhideh an
increase in L,pd JdNGa BIRL angofsQuiki ng. It

coul d be |n!fe<‘a€r'?lé)d[ 't rcOnL L&ﬁﬁh@ E/ds]osw'%ilpl cﬂ%%s tcg![?l (hg oBtsl mal shear and
flow rates roathe ee AFOOf 850, HINO ahdB40MSeq . riesppéveivvellye opoOSTI gure | Ic
depicts a gf : | Nt ald ORell AFHBEas @l SUS 1 ux
for folic abdl lﬁi\ﬁ]ﬁql lﬁé§@tc’11pt93§ggcgl}sﬁﬁp@1§ﬁ(Slplgm#l errenjo\r a‘r'le at] Hdl tferent
shear r at esTHiRdv. %rg/dl_\\lMﬁlbmtmdce\msrlattmlmnC feing. expdd ibﬁﬁﬁ‘t”c\ﬁd@"bal’l’l ed out
to determ nﬁmtl N \rgaé\ JTLsCEPxE'xCLF}%JtﬁE 'chEL atc&glmdi hﬁ:&r Gﬁr}]obael 1?&h51@3ﬁd under
opti mal operatln con t I ons e Xx-axls refers to the flux used (LM-1)
and the y- ak?(@?fefnérlg()tb% hép&mondﬁemcr!aa\l"@mﬂfﬁ@l@?'@fd“mclde%’éd’ %*¥t-angl e, dianmond
and square gygpol s 1 ey A SnHe 1850ver&0QARGHE400 Seed,
respectivel @Y)g?ljhe oper}ﬁgi} ugpgatpgsl@#% [[“ t§° he silusrtem i's La’? steady state
until that fedicrtigd- \belyomd;)mwﬂmsawinmrt%%léancm Tapleigasshetgaeyad Wi h tine

I ndi cat ng g nﬁrf\% Rl QithddAg ”’HIS tuf;é?MLc% bﬁm bml&{ 5&do fdb@Mhih b eneFdgixavs. CF
curves that er the respective optinmal shear and flow rates rate of 1700
S-1- and 190cdmiffions fosoperetinevbt YEF syeennah highecoHEshY Y ubeod IgHigE- i s 2. 5X.

[ 0052] Fi gurmgq“g?@érﬂosth@ﬂg{ aRb (h@(@l‘}%@n&'yfbglsﬁhw Y BleSHSsMPTRHE ves for
Colic acid precipitate using a trn menbrane at 3 different shear
rates and 4m8mifape pesuecoisie rit!ps |‘b1*1‘L'bTHI“§“’é<§<p'é’r FRRISLSYNRE!S ceFT 0k out to
determ ne tlg, 0pkl OC%@'aEd o <& QF rQBEN R L Nghd HiRn ThfbAYsh@ms Wiat h hi gher
starting vol umes of precipitate. The x-axis refers to the qu>)< used (LML-1)
and the y- athiesysien éra apgadyhiatereaid Yhag goirk 5ﬁ§“%ﬁ1&f‘dﬁé’ctﬁ*‘é‘s§‘ NP #B5i ). O osed

triangle, djapRpdARGinRAKAE a%ngwmmen&mr th&lh%ﬁxﬂ@@éd rahes ofix 850, 1700
and 3400 Sec-1, respectl vely. The open_synb indicates that the systemis

at a st eadyvstlatfecuirpsithat thegPtipdishear “‘t‘}bg}‘b‘hﬁ“%i“éﬂf@a}ﬂo@ Hcr“é‘éé@) M WP was
observed W fhytiiv@y.i ndi cating menbrane fouling. It could be inferred from
the Flux vs. TMP curves that the optinmal shear and flow rates_rate are 1700
S-1 and 17000RA- 1. red$peEt |‘z)blay&'dlflbﬁ‘ﬁ’\%‘]spi“@&r“é”Hk P £°8reaph! c’t"e}S‘F‘@‘sentl ng

si ngl e- pass, &QQQQR'[%@-W]@QCJC@M\Q rde§ @ Susink W03 o fhehb@naai ﬂdM%hnpr ecipitate
using a 0.2 pm nmenbr ane_at 1‘p ferent shear rates and 4.

concentrat i 813 HiSsadxhéry Lrré\ilff‘b RRRCERU N e MY FEPETEN I G rff“rjﬂéng We “?ram num
concentrat i ghefiaet @6 hidhusadnderakhi aved llidndzﬁf bORptHidRl Lmaer@imnng
conditions. The x-axis refers to the fl x us Mléﬁ/g ?j‘ nd t he. |>'/ axis refers
to the conceriiagiceifonstide x-aysseley l‘EP’i‘ HYHE H RSN EEEF & synbol s
refer tot h@le%@ﬁ@hlrﬁl%ﬂﬁcl&f Lﬁﬁ@d trh @0, @ﬁ\rﬁoxﬁi‘lﬁﬂ sq@@re kymb@s FDGCxt iovie¢ y. The
open synbol indicates that the system is at t eady Eﬂte until that

poi nt,  beyoH¥aitRice A %PrQ | 1982k dd00i5¢ TN/PPV%‘éC'bbé R SW’ RIS Wl cat i ng

menbr ane f okisPGem kdat 6 Qihdl foLe initfl @k B6ind, bOBLE RaicklabXn@se GFMNaRrwes t hat
under the optimal shear and fl ow rat ez(ﬁr ate nd 17@i L. ML-1

respect i vel §oservRd BRI EAE BMPEF lipg o { ‘c?f’”ll]dsb%"‘?rﬂ(:d Fﬁ'ﬁélzf] Yure 13

i |l ustratesyd g sRbesUPi Us&E HOFptiGRANEIAUMISI GO REGNLEalli 1000 8hdnwadhi ng of
sol i ds usi ngi\hol | ow f| ber nodul es. The bi Pldl ng.,step conprises two stages

ce. two hbMbowsmerhety: %d‘?j’r“é‘éﬁm ST EPER 25 ate is concentrated up to
- 4X and the[ooash step FoQRpra lﬁ%ﬂ&hﬂﬁ&d&i;ﬁ@%k\(’ Icoremudhhroeecchtﬂu|00Wnd i ber
nodul es) where the concentLa[} Rr eci a[t I% in_a counter-current
mode. washing of solids using hollow fiber modu es he binding su.p LOI'ﬂpl‘lSLS IWO stages
(i.e. two hollow fiber modules) where the precipitate is concentrated up o ~d4x and the
wash step comprises three stages (ie. three hollow fiber modules) where the

concentrated precipitate is washed in a counter-current mode.
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Det ai |l ed Description 190551The present invention is based. at least in
part, on the discovery of use of certain types of small nolecules in
processeswban1yusidftyi ng a bi onol ecul e of interest, whereCThs2proeEsses
elimnate one or nore steps, thereby reducing the overall operational cost
and tinme. [0056] Further, the present invention provides nethods which

enpl oy small nolecules that are readily avail able and are | ess toxic,
shoul d they encup with the therapeutic nolecule, relative to other reagents
that are used in a simlar fashion in the art. Additionally, the snal

nmol ecul es UZEQIKEQ%nﬁl Rhods descri bed herein enabl e processing of high

density f 13 potentially disposable. [0057]In order that the
present di s¢dWshre may hbelmn@\@@a‘dllqfy*%ﬂndé?@‘t'ﬁd?d" opdhrerdicAvrefivs are first

defined. AdgLddiQnatn 5L d?'s?nkl?’g%u (% 8 BlooL-QLLiBr BRI NONAUho kO giet ai | ed

descri ption. ™ Inrtions term"smal |” nol ecul e,” as used

her ei n, refenSCﬂoﬂaﬂhbmpW@be@Ghmnwm@ﬂgﬁv“@Sﬁﬁb%HHWbMﬁWéﬁ“ﬁ@‘ﬁ&f“h pol yner .
The term eng ggg§%qgmqgjﬁggles having a nol ecul ar wei ght of |ess than about
10, 000 Daltohs or |ess than about 9000 Dahons or |ess than about 8000

Dal tons or [$§] t han dbober. theeGsmasmsonPrordesmetheds b MY Bal t ons or

less than abpul,RORG qRﬁJcEdenQﬂiableeﬁéa&F@QI&QO%UQQ&Q cRalp ansuer | ess than

about 3000 Daltons or |ess than about 2000 Daltons or |ess than about 1000
Dal t ons or FI@Q@CQ‘N@P“&HEU{C@'@@‘WM tmgwérthat@seswmﬁ sHHEHTSBOn "DYT t ons.

Smal | nol ecyl,eg4i; n&laqum By l%l@cur@tuscldhlmhtc%Qtﬂo‘as dQEERBhEeinlAQNGani c,
- synthetic or nat ur al conpounds. I n various enbodi ments descri bed hereln

smal | nDIecﬂﬁé@wagéfMS@@U$6N“%%éﬂﬁT@éP®W?éP%6h‘BW“EP?her one or nore

inpurities (0059} cl argj hideptiaOme an(cn@(cﬁ&chshx% nRfyaRinRird @kdiBuineérsidod. ar get
bi onol ecul e (i.e., capture). In sonme enbodi ments, the snall | ecul es used

in the met h6RSIHSEwT R Mg 48neheAiuanaelginiHoRAYS thiosh dhradgdqu By bi ndi ng and

precipitati Q. defpynidty (e.g., an insoluble inmpurity). Such small
mol ecul es are generally non-polar and cationic. In sonme other enbodinments,
t he I. Definitions

[0038] The term “small molecule,” as used herein, refers to a low molecular
weight compound, which is not a polymer. The term encompasses molecules having
a molecular weight of less than about 10,000 Daltons or less than about 9000 Daltons
or less than about 8000 Daltons or less than about 7000 Daltons or less than about
6000 Daltons or less than about 5000 Daltons or less than about 4000 Daltons or less
than about 3000 Daltons or less than about 2000 Daltons or less than about 1000
Daltons or less than about 900 Daltons or less than about 800 Daltons. Small
molecules include, but are not limited to, organic, inorganic, synthetic or natural
compounds. In various embodiments described herein, small molecules are used for
the precipitation of either one or more impurities (i.e., clarification) or for the
precipitation of a target biomolecule (i.e., capture). In some embodiments, the small
molecules used in the methods according to the claimed invention are used for
binding and precipitating an impurity (e.g., an insoluble impurity). Such small
molecules are generally non-polar and cationic. In some other embodiments, the
small molecules used in the methods according to the claimed invention are used for
binding and precipitating a target biomolectle (e.g., a protein product). Such small
molccules are generally non-polar and anionic.

[0059] The term “hydrophobic™ or “non-polar,” as used interchangeably

herein, refers to a compound or a chemical group or entity. which has little to no
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smal | nol ecul es used in the nethods according to the clainmed invention are
used for binding and precipitating a target bionolectile (e.g., a protein
product) .w6uets/esmli| nol ecul es are general |y non-pol ar aou/usaii0sEs01

[ 0059] The term "hydrophobic' or "non-polar,” as used interchangeably
herein, refers to a conpound or a chem cal group or entity, which has
little to no affinity for Nva te r. In sone enbodi nents, the present

i nvention enpl oys small nol ecul es that are non-polar or hydrophobic in
nature. | n sfcﬁnnm'v énbedirnrsome cabmblmups)Itlazrpwhlerhi“@allimgwwp's@mﬂlénti ty is

aromati c. Mo gﬁgg%g\]tn[}:h no%gp) aq mlﬁc m{lupé)d;ﬂrsmﬁé‘&m&iﬁlw&f PHp,.or ent ity

is ali phatl C. as used herein, reters to a conpound
or a chemi cablagrhompabgroentr |€tlty4\'t|§aa¢mwwnﬂrafqns @mnembmbga‘tl# veorharge.

[ 0061] The t . herein, refers to a conpound or a
chem cal grgchrqmq% ou?B!&nm lMﬁSﬁt ains a net positive charge. [0062] The

term "ar omatdoed] as useldhcmmerunonw efsesest heein rdgpoued rornderéhem cal croup or
entity 0 Aqesulsy of Suthenontil eaheAuROnbian of the miecule contains

a conj ugat ed systém e an Te bonds [0063] The term
"al i phati c, 100é$I used Hé\r«elnn ‘catiohiet 85 user @F'%‘erfﬁéijh‘dﬂ eymrpuptheid cal group or

entity in aammgo% o thitfthflodhink £AShodiRANLON OF the mol ecul e contai ns
a acyclic or cycﬂ PIOI’] aromatic structure 641The term “target

bi onol ecti | 80621t ar aetlhpr%'veﬂfﬁmﬂ“@d@s‘ﬁqdéélfcp’r tséRito;a copwet i 2of i nt er est

or "product Cl%fm &amf.reoru %len)aﬁ ﬂW&QU'C lﬁvarh‘?Lha('f‘Q'@ﬁleMlulaﬁ'bf’:"‘ihg mo@eneral Iy refer
to i polypeptld roduct of interest, which is desired to be purified or

separ at ed fﬁmwmectmr“ it Bysiendsinelssnémeliplctiosds;, e c,r., one or nore

sol ubl e and{(%%)f nsol uble lclnm)'i'l dhtiél Sas A IRRHW&Q@) P&ﬁl%ﬂﬁd by @ sanpl e
cont ai ni ng the pol yp. eptide or product of interest. The terns "target

bi onol ceul eCl’M“'lw etoap AT SRl inwaralesuler invedia lsast g PERIGE OF tha AW lecylsr get

protein, a§ol+tl§ﬁ‘s i lLQEIQr&b@nQ%@pk%nhﬁ@ ghiwrgeneral ly refer to a therapeutic
e, including but not limted to, an antibqdy that is

proteln or FO yﬁe ptid
to be purifi%®§4using e et hews Digme e h e e REPRLN. “desired product.

“protein of interest,” or “product of interest,” as used interchangeably herein,

~ generally refer to a polypeptide or product of interest, which is desired to be purified
or separatcd from one or more undesirable entities, ¢.g., one or more soluble and/or
insoluble impurities, which may be present in a sample containing the polyﬁepti(lc or
product of interest. The terms “target biomolecule,” “protein of interest.” “desired
product’ and “target protein,” as used interchangeably herein, generally refer to a
therapeutic protein or polypeptide, including but not limited to, an antibody that is to
be purified using the methods described herein.
[0065] As used herein interchangeably, the term “polypeptide™ or “protein,”
generally refers to peptides and proteins having more than about ten amino acids. In
some embodiments, a small molecule, as described herein, is used to separalc a
protein or polypeptide from one or more undesirable entities present in a sample along
with the protein or polypeptide. In some embodiments, the one or more entities are
one or more impurities which may be present in a sample along with the protein or
polypeptide being purified. As discussed, above, in some embodiments according to
the methods described herein, a small molecule comprising at least one non-polar
group and at least one anionic group is used for precipitating one or more impuritics
(e.g., insoluble impurities) in a sample comprising a target biomolecule. In some

embodiment, insoluble impurities are whole cells.
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[ 00651As used herein interchangeably, the term "pol ypeptide" or "protein,"
generally refers to peptides and proteins having nore than about ten am no
aci ds, | nweans/esisedi mrents, a small Ml ecul e, as descri lpet/usesieiomysoi s used
to separate a protein or polypeptide fromone or nore undesirable entities
present in a sanple along with the protein or polypeptide. In sone

enbodi nents, the one or noreentitieS are one or nore inpurities which my
be present in a sanple along with the protein or pol ypeptide being
purified. AM066Iscussedth otbdyombedimants sverdenetio i mistods drsediedivignt ® t he met hods
descri bed hqelﬁcﬁll molccahl SI lnslﬁplnqgwq (ﬁn%‘ﬂg}ﬂ; Lﬁt’)trﬁgin@@u ILR&aSt BR$oAPN- pol ar croup
and at |eas an|on|@ oup I's use reci pitating one or nore

i mpurities gmugulmmmsuhamme"nmp@nwthewPWuW— org g sPIRC EVRBISINGitEy a t ar get

bi onol ecul e I i i r € W L@”cells
190661l 1 ot Hrs.epblﬁﬁgg?lﬁga?g) ggl(%?r uﬂﬁ\mt{dp{ & stHIE: 1|{1blﬁ§1§?crl belg harein a
smal | nnlecmnmnoﬂdpﬂwﬁ¢m@lamhwéaswhdheitéwﬁéﬂi®Dgﬁﬁuwd%ﬁﬂnﬁﬁr1éast one
non-pol ar OLOuR, LagSaf, LAL.PASAL Bld &) LDAxeuARGeL, bi ool ecul e from
sanpl e conpri sing t i onol ecul'e and one or nore inpurities (e.g.
sol ubl e i rrpmﬂb'in es) Exwmlt@sbwamvlﬁpwMﬁll“@SP‘('éﬁfPL‘l‘Eﬂ Reingriyrifi &E 51§bl e)

I nclude, e. g, [Ho§ chg'}tJed 91‘1?4 @r%xxﬁﬂqgtn%étaﬁ e PNAhcr%cruu§§r%lch\$}Q| e cells,
cellular debris and ce ture additives etc. 0671l n sone enbodlnents
a protein omopﬂiwbdpmﬂd@3%@¢ﬁ@h%Mﬁiﬂ#@dma%ﬁwﬁmﬂh@‘W@{Hw&§ﬂﬂéscr|bed herei n
is a mamal lﬂﬂg&%%?éz\%] - &nim; @Er%hﬁﬂﬁlﬂ%ﬁd ﬁcl@ﬂlﬁ& ﬁ!uﬂalpg'loﬁlhpfoﬂﬁ(@kn whi ch may
bc used in therapy Iary proteins include, but are not limted to, for
exanpl e; remﬂdmvmngNWthWGWHSH@“‘Wﬁ@PWd%H@“Wﬂﬁﬁﬁ‘@Wd“%%mHHWﬁﬂﬁe and bovi ne
growt h hor rr%ﬁwd Qmﬂx%nm ROLIRNGipb bR ARSI dMhal 1amkiBY psiR @fsalix fc@hid, hor none;
thyroid sti at1ng hornone; 1ipoproteins; alpha-l-antitrypsin: insulin

A- chai n: |ns@WHﬂ3ﬁmem&Wh““®ﬁ@iﬁ%ﬂFPHM”E&PFW%FQ”&ﬁPWﬂ“&?VW%Lhornnne

cal ci toni n; d Hogi: Bk, ch&[lﬁgf)ﬂ@orsl%lléhccﬁgﬁlfbn \aliot biBgI X, asduerswsuath as factor
VI TI C, f act or I X, "ti ssue and von W|I | ebrands. factor anti-clotting
factors suckora¥ilbbgpds factes: amrlpdpe fRaors sustetsifeolea & a¥ial I Cur fact ant ; a
pl asm nogengaget. iRt facishbGhlAmidseakichager. Qich BUIBKINALE bABuNaN drins stie- t ype

pl asmi nogen activator (t-PA); bonbe3|n thro gb X henD oietie Qromnh
factor: tunbysusTier BEHBINegse @Bvalos (IH: Bampes Behembyh PERARR S h 4884 T RANTES

(regul ated RRRGhNAEBYs ROLPBIR and =6l Lnl@xlmﬂxas@eld;\amd% $reg1rlﬁtced) human

macr ophage |nflannatoké protein (MP-1- ghﬁﬂg rum P l§uch as
hunan ser unitivVisHnRIm: dl%@ﬁ?@h?ﬁﬁ?h?f?hb )& ?HB%@“”?%T%XW"“‘OChaln

rel axi n B- Ch@ie (MAPOLEbIRY; ol sB5uniEbIHEN g@.madoﬁmmgnmssaﬂmat ©dcipept-i de: a

m crobial protein, such as beta-|actanmase. Dnase E a cytotoxic

T- Iynphocytém5§§6éP%¥@H'&ﬁfvbéﬁh@€WEWY” SERHY §“éT AP nhi bi n: acti vin:

vascul ar endaf:hald -ngQMMhmB@ﬁt@muﬂﬂaumnnmﬁ&e@i@msmﬂQMmhs¢nhnes or growth
factors; Protein R D; rheurmatoid factor neu hic. f ctor such as

bone- derlvé&-ﬁéU?@%WdﬂﬁWBmFéEﬁﬁP“(&%ﬁNEf“&ﬁgd$bFV66h a "ﬂ "y or -6

(NT-3, NI - 45Nk Sasc@br dNdothglial waﬂx m@(ﬁr\(@’l‘gﬂmmd&pu‘o&dbmmmum oangGF p.

pl atel et - derlved gromﬂh fact &é %_ l{ast g mﬁlS&%gtor such as

a- FGF and placters: PREIHEOREY ”bi“B W ey “et"l‘%@’} 'CEFRRSFT Y Mg growth factor

(ME) such_ageihernal@Rphiametiot GEbIES, acurbigihiie, Ay - Gr k6 (4\1 13-4 PGR5112,

TGF- 133, TC, FO4" or i nsulin- a I (IGF-I

and 1GF- 11)°rﬁé§ f‘gymi%¥'“§”€H?dWH’NéN¢F§ g@ﬁyﬁ ?ﬁtﬂn“mfhp?actor bi ndi ng

pr ot eins ( LOASERSKbrobiR Rrodtieiatsr Sudk bs @,sc.elaed B-EDF; e;ﬁ?ﬂ?&ml@m_@lh@m(ﬂ CD34, and
erythro gieti ost eoi nduct Y n R a bone

nnrphogenet‘ ]BrEW@‘W“WigNﬁﬁh'ﬁwrgﬁﬁg éﬂﬁﬁagdwﬁpéggﬁﬁ?erﬁcron al pha.

-beta. and inch@REMEF- 80| TWTYSBIGRATGARY, batGHPS; (OBRIke MBSk fac@4 CSF.  and

G CSF: interl eukins )o €0, = A Lo L= b el tase;
T-cel | recebWbr%“GEd&?é@giHﬁﬁgﬂHﬁékﬂ%b@@T%é%Hgé@EHﬂggge(g$%?$§gufactor
viral anti gemdsyehiass (IGrRBPsREpoin spords Cor3, 6Ddi @ORIADE 94k ope; transport

roteins;.hom.,ng receptors: addressi.n i NS, |nte rins such
oD e PRt BB Sbiopdit SRy M BERS e Lo

associ at ed anptiggmesugbicay BMERANInbTdod 2i1cB aomteHENN réme phon. mérrd fragnents
and/or variants of any of the above-listed polypeptides. [0068] Further, in
sonme enbodi nents, a protein or polypeptide purified using the nethods
described herein is an antibody, functPonal fragnent or variant thereof In
sonme enbodi nents, a protein of interest is a reconbinant protein containing
an Fe region of an inmunogl obulin.



[ 0069] The term "i mmunogl obulin.”™ "1g" or "IgG or "antibody" (used
i nterchangeably herein) refers to a protein having a basic four-pol
ypept i de wbanrs/@s3uct ure consi sting of two heavy and twecriushéizosins. sai d
chains being stabilized, for exanple, by interchain disulfide bonds, which
has t he ability to speciflcally bi nd antigen. The tern1"sing|e-chain
i munogl obul i n" or "single-chain anti body" (used interchangeably herein)
refers to a protein having a two-pol ypeptidc chain structure consisting of
a heavy andgamnhi: ghibnchiamiuting &chrol@Rirnse. eMrgSis CabiOSE zand G-£6F: exanpl e. by
| nt er chai n RFBUI}&’I% (do)né(grﬁ -1 anllLClIb ﬂ%@roh@?d@r‘% aLet Y- CE@IC%Q[%GIIS": Jgal y bind
anti gen, refers’ obul ar region of a heavy or |ight
chai n poIypepvhdﬁwvowwﬁubpmgKU@@wvmdeﬂhoﬁﬁéﬂﬁﬁﬂgﬂmhébﬁﬁﬁh@ﬁﬁ@‘3 to 4
pepti de | oo ed., Y/ h «&npd/ or intrachain
dISU|fIde HR§Qm(E®ﬁh+%§’&?gg “gﬁggpk ngggmlﬁgkaggilﬁags@nconstant or
"variabl e, ubdmedwmmumhempghatwm@sE&ﬁkl61Né@dﬂydéé39§?Paﬂhﬁﬁ within the
domai ns of VEALOWS \f(,/ﬁés ﬁﬁ@%&cd&%h@m@@épqu@ HERASE ARRe domain, or the
S|gn|f|cant variation Wt donalns of various class nenbers in the
case of a "weapicabind fradoams md/onvaiidndy a0 o s Appeplis ol pshtiichs” are of ten
r eferred Loy Rg\t 1er Chang%QL ¥n Ld?netchxﬂ)oﬁmkné ] ﬁ@&:inbﬁgbfl\ ?Jpll@@bl)fﬁ'@ﬂ)t i de

"regions. "constant™ domains of antib 9 chains are referred to
inter changeleﬁbigyhcalytlhwsghﬁw@ﬁhlimmue6@91"&‘?110@ é@'?cﬁﬁ%a‘ ragmeny RE VEIRY n const ant
domai ns, " " hveo(l @YERNSenModintdnis, SQBRINT inidBE is W&ﬂtﬁxmu pdRmai ns of anti body
heavy chalns are referred to I nterchan eably as "heavy chaln const ant
region," " heawniet v regprselantimawnedielslin" Cl - 1" regions or "CH' donains. The
"vari abl e @gggi ns of lR“&h#?%%nd;h%&dﬁ«ha'lg’f%rar € o F SHbEH " (@ed Nt T Changeabl y
as "light charn variable regions,™ "light chaln vari abl € domai ns, "VI;
regi ons or imgrchanudabtuhersin) ek mw&vWQBW@m%&HﬁﬁFﬁ@“dP“QhWF%bHV“heavy chai ns

are referreg, uWu[eonﬁ{lQn\a@g@@ele\ Bshd 1R BV cBhR. Qld’@ﬁhﬁbhﬂg Legiiaas, " "heavy
chai n vari abl e domai ns," " ions or "

[ 0070] | mun'9gFEBwlS hBS”‘éf-’rrdﬂﬁ‘tq"b'br&‘gé’g”‘f?ayh'%“%‘ﬁdﬂ:’flbhé‘l°p(°°r“é‘F‘5? PEd to as a

"MAb") or pliy&l. Olnﬁllelﬁan%nnﬁ%hﬁﬁ|11§ﬁ111hd%|dmmﬁﬁfhﬁ&l@[h’ﬂOéd{ﬂBBdN ‘Qukor m for
exanple | gM anti bodi es whi ch exist in pentaneric fg{gband/or I g

“anti bodi es WHIGRANGERD!Y herpig) Wﬁiﬁ%‘ﬁe‘rﬂ“&e”‘ﬂi“ﬁ‘&?‘é“’d?“"r?ﬁl" ?‘i‘émf"b‘i“m

| munoul obudgn&iloraRtdhAdd & HatiRNaidls&ia chanel Uéd@ stiuliitéd ﬂﬁ@kfm;ﬂu ant i bodi es
(e.g., bispecific antibodies), and antibody e as they

retaln or @FéhﬁﬂdFWF%dmf%‘dﬂWﬂﬂPé@““@“Pﬂ@éﬁﬂ”%% 'T$@“%thﬂﬁ§iﬁonaln The
term f r agreidainf efret s & QoRulRatdiodsr ap@i\tyldaﬂg,lﬂfchaﬁﬂ palmbdrhﬁdy)rmi’ma@t i body
chain conprising fewer amno acid resjidues th %gflntact conpl ete

ant i body ormahﬁﬂﬁﬂﬁ%‘éh&ﬂﬁ"“ﬁkddﬁéﬁﬂ§‘E&P)”B@ BrhifHEGP's ¥hemi cal or
enzymatic U fIERLINGRRL aRd/oBRurddRLiaAlsuBe 6P INRLRINA Bfcl ity radérra@nd hdvaidy chai n.
Fragnents can al so be obtained by reconbi nant neans. \Vhen oduced
reconblnant?yfmﬁwagﬁbnbﬁmp¢n§“ﬁé“éﬂﬁﬁ€§§é&“éP6ﬁ@“8Fcé@‘ﬁ&?F‘ PO ) ar ger
protein cal 4&ehiR i VSR cREh@hHRrs IFNRTRATY “Eonagne asia: uh nehiwde Fab. Fab.
17(ab')2, Fe and/or FN, fragnments. Exenpl ar fu3|on gtelns i ncl ude Fe
fusi on prot%@h%ﬁm[BEWTrG@Hé?$¥W9maﬁhﬂ‘ﬁﬁﬂﬁd F%W@“‘HSBP %HP?BOHy is directed
agai nst an < apidigefomatf AmbedestholyPéilier@ilayhs &:‘a%namm«gea «dS a biologically
i nportant pol ypeptide and administration of the anti to a mammal

suf fering finsrhanggily 4518¢ ot AgIEBIGEY PRISPFPHES LIPSO é‘tﬁ@?%ﬁ%utlc benefit in

t hat manmmal donm\’@)\f%ﬁubo@ﬁtlllp‘@ﬁidn%sartgicfc‘?@@ Qﬁnl@gﬁhr@sﬁblﬂwp@hy@&pt ide anti gens
(such as tunor-associated elycolipid antigens; 5,091, 178)

are al so comreApIraney. Arkchaip pensintdogams sC ﬁéﬁybgbgﬂdé%"aw”nﬁy be a
t ransmenbr apg n&hs%ui Rrlafhs Gf drﬁi%@&%m&f')cheﬁls &ehd:iﬁrﬁtfﬂio&ﬂ&hhﬂﬁea‘hl\grs ow h facw .
[0072] The term "nonocl onal anti body" 3ﬁﬂ herein, refers to an

ant i body obﬂﬁﬂﬁé&aWFBWW§‘ﬁéﬁﬂiaP?BﬁCUW’§U5§T§ﬁPFQFI oy Eidous

anti bodi es. «dH:€domailye lh@d&a\’blﬂbfadon&ﬂ{slobﬁ)dibe& EQWMHS;I 1ﬂ9fetdﬁ'ed popul ation are

i dentical except for possible nat ally gagrtn% rati oqﬁlghat may be
present in ¥HCHORNEAYNAT < CPVBRBCRERIF reaites b e X T IR Soeci fi c, bei ng
directed against a single anti genie site. FurthernDre in contrast to
conventional (polyclonal) antibody preparations which typically include
different antibodies directed against different determ nants (epitopes),
each nonoclonal antibody is directed &jainst a single determ nant on the
antigen. The nodifier "nonoclonal"” indicates the character of the antibody
as being



obtained froma substantially honbgeneous popul ati on of anti bodies, and is
not to be construed as requiring production of the antibody by any

parti cul avormet3msk34For exanpl e. the nonocl onal anti bodi esTius2te/oussed i n
accordance with the present invention may be made by the hybridoma net hod
first described by Kohler et al.. Nature 256:495 (1975), or may be nade by
reconbi nant DNA net hods (see, e.g.. U S Pat. No. 4,816,567). "Mnocl onal
anti bodi es” may al so be isolated from phauc antibody libraries using the

t echni ques ‘tagcrdisdr i M- Clempdirso Thetvagpble” demaiise anpodobegvschtig91) and Mar ks
et al.; J. Ml.reBl QcLime?_&gﬁ &y 2 LA REN vad®le BAAEP!Beavl O3] Monocl onal
anti bodi es may fur t her [néiudé “chineric" antibodies (inmunoul obulins) in
whi ch a porvarigrc gdmdimre” REAVpeiardyr oV H dghtinghain is identical with or

horol ogous [bébc@_or r €S paARALALIHEALER GEDodiBs AR bORBIRRnARIvRE | Fsam a
particul ar species or belonging to a particular antibod cLas? or subcl ass,
whi | e the rafdbhdepolyfonehanddppricniss negonerdn?riRCRIMERF {Fmofer S ogous to

cor r espondi ng S8PUERGERCH Ri@M JeRQMLESARRAMED A hRB.ROWRRK cSpasi es or
body cl ass or subclass, as well| as fragnments of

bel ongi ng t6 anot her anti | a , wel fr
such anti bodpwsicrisdlimeirprasliney fewhi brmpuroglobasior ay etis) By L8 activity
(U.S. Pat. N9, An3d&eafid hnl%@iel\/{érgf,'b%ﬁ&if?ctanﬂb@diesﬁraﬁ@amimd)l frapghad. Sci. USA
81. 6851-6855(1984)). [0074] The term "hypervariable re jgn"lmhen used herein
refers to tI08ongs HsY &X718. ¢ S RRCAdP CUPPISAtd HOBSRIATE RNding 4PR8Bonsi bl e for
ant i gen- bi nelaNgm, “FREmBYPRITMAII ARKr p&YHIOHF HQARTIEIJS 8FarRiBbNIchawi d resi dues
froma "conplenmentarity determning region" or "QDR' &i.e.wreiLQUes 24- 34
(L1), 50- 5EO(IRynaffereBYNYy agif gysidugy e PEHEOT MBI T ¥ -r%‘r'ema ‘y“r‘éi nand
31-35 (HI),hal- @5‘11;(11'6@); L &@1&92{(/(@}@@%”0‘9 eﬁﬂﬁ‘uah@ﬁ%}ﬂnﬁiﬂaf 4 ivacicabl e donai n;
Kabat et al.., Sequences of Proteins ofInnynoLo%%qaL lmerest,. 5 Ed. Public
Heal t h Ser vioswlctaat PRSI apyRody Fhiine & ragmepis£pp Aso Bodag Ly "R "1891)) and/ or
those resi dyessf Wam frod PRIy dbihafly Efrdo@RPLs nidy.be exprestddles o26s @2 (LI ),

50-52 (L2) and 91-96 (L3) in the ILgh%lchqiq yariablelgogqjgi@nd 26- 32
(H). 53-55feipyperpricigeald s festommgreiin Exgplprg A menaing "ok abi% domai n:

Chot hi a andpesk rd anddH v Blg@knrs. 18&N DALy Bi3i6n plA8iTs)ipcludeFcdngwor k" or " FR'
residues arc those variable domain residues other than the hypervariable
region resiit€¥sas herein defined. [0075]"Humani zed" fornms of non-human
(e.g., muripe)ijanti bode@saln! & iahivieglokuliant whbdies dwahgdontai n m ni mal

sequence derived from non- human haaunoujo uhiphiEor the gRsElR%rt,
humani zed artiigddrgesse HifrahYi HiWEG) SBHT Ry SRRBHEH R Sody) in

whi ch hyperaaniai@afi Qs aR: mE66diues mamnhheaiffedag poentdisaase or épdrdoed by

hypervari abl e regi on residues froma non- n species (donor antibody)
such as nouda respihin a hergpgufic ?WHUHHHhEﬁmBWPﬁ%ﬁg*thPﬁﬁ&fﬁggﬁﬁgired

speci fi ci t Yagamkdrionpdiyhep@dichnagpaciutlyas thmorsearidist anipd antlynd. samewor k r egi on
(PR, ot UG8 0 A0S TR0 L TRSRL OB Rt FERLaSEd B ggigesponding
whi ch are n@fy bodighsihombiage melcdud @Rt reeuptdrpadyligand suah phegrdotoiectant i body .
These modi ffog%_t]' ons ar[‘ﬁe term “monoclonal antibody” or “MAD,” as used herein, refers to
an antibody obtained from a population of substantially homogeneous antibodies. i.e..
the individual antibodies comprising the population are identical except for possible
naturally occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site.
Furthermore. in contrast to conventional (polyclonal) antibody preparations which
typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. The modifier “monoclonal” indicates the character of the antibody as being

obtained from a substantially homogeneous population of antibodies, and is not (o be
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made to further refine antibody performance. |In general, the humani zed

anti body will conprise substantially all of at |east one, and typically
two, variwblzeisdassins, in which all or substantially al lPCcofustée/049501
hypervari abl e | oops correspond to those of a nonhuman i munogl obulin and
all or substantially all of the FR regions are those of a human

i mmunbgl obul i n sequence. The huneni zed anti body optionally also wll
conprise at |east a portion of an inmmunoglobulin constant region (Fe),
typically thattrmrﬂ agrequinag piogngieo gf dGbartibady Bomy paiicHarmebeditios, see Jones et
al., Nature 32 J W Mr&em32: 323-329
C1088) - an Coxdfbico e n%ﬁ?u&.%?ﬁﬁlhmg l%@macann av;o,emu nN@t 155 )n% .
enbodi ment smvemloamdb lb@dydw%l td?hhi@1d9@@aﬁépé8fsb¢°5ﬁm¢ﬂ?b’ ééfh'@'s?‘ﬁg a smal |

mol ecul e, a r ; N npl ary
t her apeut i cﬁléﬂt% .S{?E’, leb N Beshér cté’gg&alﬁggsdtt?ag?ﬁgﬁﬁgmma(ﬁ@ PTI NT",
Genent ech, VYt Pat !'Gﬁar%?elﬁ SéP). eMonqugizamllbﬁ g7 nppi@|so b%a'dlcdg@m PheyssA,

89: 4285~ 42891}11byd\shbx?r?c% uanothcﬁcc,Kl%éutg\ﬁ@cnbe%m L1080 ANt NRRE B3 cslch as
chimeric anti-CD2 736 3%; rituxi mab (Rl TUXAN'),

ocrel i zurrabG”?%U&SHDﬁ@rMéfk@Fl%uh’&ﬁ?‘zﬁé‘ﬂ' V3 3807 K99 héor 2ampie.ant i body” (U. S.
Pat. No. 5, {702)3‘ ]108 V@kﬂ&l&ﬁl@%‘t%dl@f{m&@@hﬁ&'mm@ CBRSIARNiMes anti - 1L-8
(St John el (199 Chest, : 932, “and WO 95/ 23865); anti-VEGF

ant i bodi es flwmuu@ulqﬂgﬂlmmnwhlz@d P@tﬁ@l'}‘ %‘r‘ma'ﬂeﬁ‘r handdpr hahtshan isddenical iy F

anti bodi es guchA3ole cWid%ﬁQe@Qﬁws VEGbsidbedy nfdpbickibevaci zumab
(AVASTIN', Genentéech, Inc., Kimet al (1992) G owth Factors 7:53-64, WO
96/ 30046, \NDCOSY AHIRRILINg lorit RUESEAERPI DI B5SUPABSOTH IO iNd#H - cD40

anti bodi es, lh'c'aﬁ"lugg)'lpgiuﬁ%%v@lng' HOHITRIAb %86 cHREPARINS stfieR@Ofn LHUERQ/ 75348) ;
anti CDll a (U. 700; WO 98/23761; Steppe el al (1991)
Transpl ant 1ltm\'|°d fram gnather pRsisTRRPEIQEINg] L0 predgaIntPPAnAsF SRREFONAS58: 377- 380) ;
anti -1 gE (Bt@&t@quﬁ{m@bf (Léﬁala)bodm lsETAR & theyl&hi tﬂza%mzﬁaﬂmlm £5/19181) ;
anti-CD18 (U.S. Pat. 700; WO 97/ 22912 nt| i nhcl udi ng E25.
E26 and E27°90g(V- i»al%“ \No4 856 761743'3%%‘““&‘5‘”' troc Ng B“Sg °'éi Y WD 93/ 04173;
U.S. Pat. Noi.¢&i 7645 3389)). anti Apo-2 recept or anti body (V\D 98/51793)

anti : ENE- al pha anti bodi es i ncl udi n é [?m ~and MAK- 195
(U.S. Pat. M8745, 672, 3hster ohwpragd éq“%ﬂ’_ 9@)“3‘““ 'h%l‘“‘ (4) : 1646- 1653;
Dhai naut el alﬁfno(‘laia%mclu@’d(tm afeddoly Meidh alch?sﬁ&)snb]&‘Hﬁﬂ.mﬂnéﬁg)n,ndnaﬂt ieTi ssue Fact or
(TF) (EP 0 420 937 Bl1); anti-hunman al. ha 4 ﬁ af mg %I’I n (WO 98/06248) ;
ant i - EGFR, Emcﬁéf'?bi‘e‘éfuﬁi” CHORFSAT PR 39 r‘é‘ﬂf"ig BaYy? (NBPEEFAGESY0) ; anti-cD3
anti bodi es gi&hias: QKIS GUCBR Rad resNaeR45151.803)-56 arth) ia@DRBID(L3ant i -t ac

2 bos 765y Tabir e trrblienreeraone A TS LB choy et 111

(1996) Art hpdakt ShdR}"l‘&lvlle@Q&li}u)maQ‘rbSﬁ)/ al. &muhcn%i? Pandinshodinsngoginl as

CAWVP/ 011- 1H R ech 332 d: he receptor
ant i bodi es B‘u‘dﬁ“ ﬁsrﬁh'e“bﬁﬁél‘%mﬁ%‘db‘y“dﬁ ‘?’”éclf é‘H“‘ésgé%ﬁéﬁh Ij—gdh“drn:'ﬁg R as in

G azi ano er n/99( 198%)r thbsc teglnkatom iﬂﬁﬁ&ﬂ)udﬂﬁgﬁrpfi@/fﬁtwﬂniﬂ Meﬁr(bi noenbr yoni ¢
antigen (CEA) _antibod )95)..Cancer Res.
55( 23Suppl )D 39854 b}ZI!S(Zﬁ(“éth “bcoléﬁhégNm ‘iﬂég{? 8‘)"& ‘é?'ﬁi éﬁﬂgt ggl t hel i al

cel I's i ncl ugim@ndedE-313) Muhdcady énth \@hatﬂadmﬁm( %I’omam:adéieslal Mol995) Cancer

R 5(23):5 55(23 S
58?63 55(920)353“)?&3{?9@5%\673%9mt @51'%&031) Ok of f’%r{“d ‘P‘&r"horfﬁ“‘” ‘Ffsa domg ”( as cz”ﬂé’)

(Litton et akid(ck9R) ihkaithe hy pdrm’ﬁdﬂl@heuchG(slc)ucé.asQw)etcuaMlned:D38 ant i bodi es, e.qg.
AT 13/5 (Ellis.et Id ( 5 - ODE
ant i bodi es Efi?iﬁl as Fl uljI 25%3’6("\] (s 8Pré°t“ hé'lm? gcgggé)“"@aﬁ"“%b X nr*55( 23

Suppl ) : 59086ln5&1@81tnadsldLsGM%h6cZ>6mfmﬁm7?eqlug;ncadd:rwcwaﬁu rwntlmbvadl es such as LL2

or LynphoCide Cluweid et al (19 Cance pl ) : 58995-5907s);
ant i - EpCAM Qﬁl‘i"lﬁ‘é'\(g’gﬂé”' gﬁ{:ﬁ‘eé]gosﬁpfm N8 f\fiﬂé&%‘ n?-%ol | bal | a anti bodi es
such as abchmuna)blobmins?rEapEatbm(um1)h>pamr|wRS%lant»blbwmﬂéélnsuch as
MEDL- 493 (SYNAG S p RIbl); anti-HW
ant i bodi es EGEH"HYE e gﬂbqgc by *‘aﬁf““ fl 5 r?}?ﬂ E%%F?%g 'ggﬂs{'tﬂ;ﬁga?—[?he anti-Hep B
anti body OSTAWb:RArdqdypsuth asGonﬂsE:%'uambblbmd\,onl@r'aﬂeml,ma;ritdi’mt:dltowmdc Q03

epi tope anti body BEC2; anti-al pha v bcta3 anti body VFI AXINTM anti -human
renal cell carcinoma antibody such as h 6250; ING1; anti-human 17-1A
anti body (3622W94); anti-human col or etal tunmor anti body (A33); anti-human
mel anoima anti body R24 directed agai nst GDB ganel i osi de; anti-human
squanous-cel |l carcinoma (SF-25); and anti-human | eukocyte antigen (1-11,A)
anti bodi es such as Smart 1010 and the anti -FI LA DR anti body Oncol ym
(Lym1). 100771The terns "contanminant." "inpurity, and "debris." as used

i nt erchangeabl y herein, ref er to -any for e| gn or obj ectl onabl e mat er| aI

o RN I A o



protein or polypeptide of interest (e.g., an antibody) being separated from
one or nore of the foreign or objectionable nolecul es using a non-polar and
char ged swal2013mBBaul e, as descri bed herein. 100781l n s@ecE/USadioadierent s
according to the nethods described herein a small nol ecul e conprising at

| east one non-polar group and at | east one cationic group binds and
precipitates an insoluble inpurity (e.g., whole cells) present in a sanple
along with the protein of interest, thereby to separate the protein of

i nt erest froreifcighaffnity. apdisapagty. Insowt nevnespdiydramsiiosk weieofling to the

met hods desr% }l&ggﬁher\ﬁ{u lnﬁuﬁlggl)llsullml'cergfg (,%d%?m(,sﬁélngw%()n lh@rﬁ"ﬁ; one anionic
group and at |east one non-polar group binds and precipitates a protein or
polypeptldelﬁﬁm$nteﬂ85ﬁmtﬂWEwebyhmbmﬁep@rﬁﬂempwwﬂﬂﬂhﬁbhewbw~ﬁ@re i mpurities

(e.g., sol uftaln'?d h TRYE {)Elﬁs\)mbollgg?l%111%%@51%0(’){”5@89#\'0@IchmaHz{M@ y," as used

herein, refers to any undesirab or objectionable entity Present in a
sanpl e conUaNhH%gwmuvaﬁgemﬂbWbﬁﬁﬂ@@@h@?lm&eﬁeiﬁwﬂh@méﬁﬂi¥v edy Wllsuspended

particle or..g,50l Smﬁ%ﬁﬁﬁﬁ@ﬂ(kaﬁ%% upéepacmuwmamw&l udewhol e cell's,
cel | fragnent$ nd c debris. term“soluble inpurity," as used

herein, refeh@hMbﬁénVWWﬁdé§ﬂhaNFé“@ﬂ“ﬁwaé@H@ﬁ%BP@“@h?ﬂ@y”ﬂﬂégent ina

sanpl e contginfh Adménd »‘ﬂ{bgﬁﬁ altl AR LG @1y W BF B FRI B0 RN thifseloPanOt an
i nsol ubl e inpurity. enplary soluble inpurities include host cell

proteins. DNAANRNALNAE Thy egcqueﬁeio{'b>é1tlﬁ§nwt<b}nrlb%|QPUP*é“‘kréH?a“borrponents

l'ipids etc. oh(R&ld Th& ot Bkion &le%ﬂnﬁ)}.@&ilm cofMidtdo@n (FO ypR@RPRhL, " as used
herein. refers to a mxture of a target bi onol ecul e or a,product of

i nterest tfBdupan immynoglogplih§orfeber defailsofecnpies eurddeiral'@2enti ties or

I npurities. lb%)smtf%%ﬂp@,dl/mﬂ&x& 338h83. §ﬁﬁ§b&)cﬁmésﬁeem@ di.elegi cal materi al
cont ai ni ng strean1 e. eedstock or cell culture nedia into which a

t ar get blodﬂpbéape3@?889@e3|red product is secreted. In some enbodi nents,

the sanple @ofrises g bakefbobmehraslRIL ®high is sBpdrilel @prHtiédc protein or
an anti body) along with one or nore sol uble and/ or |n53LubI inpurities

(e.g., host“slieil“l‘m}ﬁﬂ1 BIOSICHIS, asTIRIETTOINAT - 57 herapeulf PR (S MRE ti ves,
endot oxi ns. pWaRkBe SRIbb&eARE ude Idr kaipld @bdii@mab (INESOPETIBIMOdI ment s, t he

sanpl e conprises a target bionp uIe he cel

cul ture m&'%’“’“‘?ﬂb"?aﬁ@@?“’bf'ﬁr‘rﬁ‘% 't°i°1'em<rjra\‘z“%§ s@Sgrg(%‘gz%Dﬁ?% olie or nore
undesi rabl epemd. 517€$839); dnlTRUIBI0tan 850 d@ls siBras melaﬁemilpLDa(MCr@b’t hes.one or nore
impurities or

by precipitatin ar [00

enbodi ment shat- %G Adre: 13 1%%NP@gQ8&Q§dﬁh'998° @“ﬁrﬁ@@ﬁv'<ﬂvéW”P6ﬁ bi nds to a
target bi orakiewl teQH7pROEHAGTUSEPH. No. 8, 72 a1 getW@oeeéx12psr pol ypept i de) ,
where the smal | cul, o] ast £09 .and at
| east one n8ﬂ“%8FﬁLﬁggﬁgﬁﬁ'Rﬁﬁ?“gﬁ&?&%§ﬁﬁhfdgﬂgfe¢' %éb ?o gggh§apture
Exenpl ary Snmih6nphﬁcwtesamﬂﬂpksQUngnghmhaa&ﬂamﬂan&hmonnﬂu@d@up and at
| east one n |nc ude,
derivativesg%@ngg§ﬁgbﬂﬁ DINF pumBE7gC dﬁfg §'@“Q§F&f“kg?éé?“ﬁﬁéﬁﬂﬂ d,
fenofi bric @oighTINef €ramiehamt. dl,(xnm/rcmphem)a]imetlalhuub;s T vhﬁek‘a@ c acid,
zol edronic a cetyl salic Cld id i of ur aC|d
mecl ol enani %’/5)34%%\98%)6?61‘”%“ P 51 ‘B%CH“LS &@@’%’Q& 8’?‘ hal (:) di xi ¢ aci d,
ChenOdeOXyCd’hﬂh(bcﬁcsaﬁledmu83(061ﬁ@bdylﬁhﬁll'/ctd:vaamndt,heltebé(pV@fOQﬁISMXa;Glm} niflumc
aci d, trans Y cj,nna I opj, AR aC|d beneci d,
cIorazepat “dg E%tkﬂl‘§%§P§ﬁ$§0% ﬁ@% SXBQ "lﬁg)ﬁlrd\ mllqM)etlnom
adenylosue04mncnaﬁm@uenanmmmanemeﬂﬂmﬁadDSGVImmnemadLE(Pmamwbarotene
etodol acet Od%))? lmmuno 31 ”é)’e%ﬁ R )ll)wl?l nti %Cdl% "(U.S. Pat. No.

3.622.700; WO 97/26912); anti-IgE, including E25, E26 and E27 (U.S. Pat. No.

5.714.338; U.S. Pat. No. 5,091,313; WO 93/04173; U.S. Pal. No. 5,714,338): anti-

Apo-2 receptor antibody (WO 98/51793); anti-TNF-alpha antibodies including cA2

(REMICADE™), CDP571 and MAK-195 (U.S. Pat. No. 5.672,347; Lorenz ¢1 al

(1996) ). Immunol. 156(4):1646-1653; Dhainaut ¢/ al (1995) Crit. Care Med.
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100831Addi ti onal exenplary small nol ecul es having at | east one anionic
group and at | east one non-polar group include, but are not limted to, dye
mol ecul eswoen13g2s33hmar anth and Nitro red. 10084111 n ot hecTasbadionssnt s,

met hods for separating a bionolecule of interest fromone or nore
inmpurities enploy a small nol ecul e which binds to the one or nore
inpurities (e.g., insoluble inpurities). Such a process may be referred to
as "clarification." In sonme enbodi nents, such small nol ecul es include at

| east one cZPorbe ! ebuptidneuakacios 45D (BAE AP IbD amtigrsapalPEenpl ary sl |

mol ecul es that, may,; E%\vm%efv% mlafrmfra CRARd RELMLEeBYE o @0t | i ted
to, nonoal kyI tr| anmoni um sal (non-I Imting exanpl es include

cetyltri netﬂW@éﬁHﬁﬁh%rﬂﬂbﬂﬂﬂ &ﬂéb%‘ﬂescml‘d‘ﬁﬁﬁér’ (Met F’eidé‘@ﬁ 21Pi3HB% WY armoni um

brom de or 6?15*95' ﬂﬁnm nlﬂbfcldﬁcfs I BBLE Y1 RD B AR LE T ehlariedep alkybar yl tri met hyl
anmoni um ch or| cyltrimet hvl ammoni um brom de or chloride

dodecy! di mefdtyNo. 2—695%3&0)09'&%‘?”&'%%St"dhqsb‘t“‘dr‘?’ﬂﬂé‘7 HERdEYNattithe chi ori de

or brom de, 1%629\%}’&.5 ﬁmuﬂﬁ“(ﬁr) ﬁ@@%bd@:@ﬁ@ﬁzl&)@wL@h@?tmd}e\tmchnammm um
brom de or , a monoal kyl di met hyl benzyl ammoni um sal t gnon limting

exanpl es i nliggwan wl dP¥o Nar o ZIAZP-3a PrdHi- Uinfcespl o AP ehedighicBanPet honi um

chloride), gshalvkyd &%'m%hhwms%m?nwmﬁﬁl Low&nolﬂmtdo@gx axammies include
dom phen brom de, did dimet h anmoni um hal i des (brom de and chI ori de

salts) and Gefip: dwkmnﬁéﬁmcrzﬁwﬁm Pegh Cd%)dé“*eﬂd%ls%ddh)

het cr oar ome{4 &, ARPALLUTYSBIctandeP B Bsmsllpﬁg BXNPI48§ lhlrlQJdLédGn&QUW pyri di um
hal i des (chl oride 'or bromde salts exadecyl péj’l di ni_.um brom de or

chl ori de, c‘1§=§UTF‘§t§<?f‘é‘rtpllhd‘$B@8hI"ﬁ‘("é‘éﬂ: pyH9E-3 ha-Me 3 3nd G0 (Cegyn 4 4adamant ane,

al kyl -i SOQ%O&W)'C%&&FR@J @5@%83%9&3@& kyd dicnmbhyl al?l@ll@bS)hyrlnH@UzhyIu@mmnl um
chloride), a pol Xsu bstituted quaternary anmonjum salt, n)él’l mting

exanpl es |n§}IPHHé HiskOPReR retipRTas dhi hind Wl‘dﬁﬁ@@déﬂé*rb?lﬂh‘isé

al kyl di net Wykt%f@ybmmytuammmﬂ@mh @h@ﬁw@wg ﬂﬂ&icﬁ)s.e and B/bi s- quat enary
amonium salt (non-limtin | es_include 1,10- (? gehkl4-
1) 12 \(l 12?

am noqui nol FEHisERRIChTEP 1 d%’%l‘é%’a}?émipbé Bi ‘E“'FU)ﬁ’e“t"I‘f tri met hyl

cycl ohexyl )wﬁ)ﬁﬁgyﬂcﬁlcmt(mdw) @mrenkésrsbczbI%bplﬂmoshexmqen@cmr 61 wbi soni um di
bride. and the

is-quat referred to ckman Br res)
1. 00851The ¢'8F M pitecPpt paipadios syrlpasi tog?o'ﬁ@‘}‘/"cdﬁ? ‘Jjb‘l"é%fp’i ﬂa}yr Jon," as used
herein, ref@msctrsthes @hf;;ﬂyﬁmommm a\tbmmfl(aemg;d;cslsrhhas ¢conpl ex with a
bi ot noI ecul e of interest om an aqueous and/ or

r
sol ubl e staf éW@\mbﬁ”%&&@%ﬂ“ %ﬂﬁ@f"gﬁ“’ RIr‘T’Eléi)sl qLl?f)‘l“g“‘ toéf’i'L e precipitate is
al so ref er r@gdPRas); ansAKVAnMFodas S@hiad METHS®O3 (m@smsme abeCivbV " ehi nese

hamster ovary cell prot g " i nterehangeably herein,

refer to a H‘%l;??qj‘rs ““QT“H’@W%@R B EHY %“a?m%(ﬁ:"”?h erl(g]l %‘fom a Chinese

hamst er Ovareyiat(m@H@o):hes@Judh clgmbt‘lhﬁﬁ ©lep Bhei b3 QSTACHRP): sniigeneRal |y present as
re. medi um o J -a harvested

a sol uble | n a ce 4 S

cel | cul tur® F‘I"IJ %‘a{bﬁtaﬁi‘ ﬂ‘@p'ﬁ“'én’o?lé?% a8PoSgE IR é ‘t“"'ol‘k‘“ghzl ey nterest (e.g.,
an anti bOdyxinﬂbodynmmoaﬂm&hﬂhemmx@&'ﬂed}hlﬁcna)nﬁ-zl@ubﬁlyls)xch z@ehér?aDi y, the
anmount of e a m.xture i nt erest
provi des acggéuY‘B%Ufm‘f 'ﬁé’&?@é‘y &%6’9‘?5?%9“% E‘g”}" He m“@‘&"h“of i nterest.

Typi cal l'y, dnfiBo@UBRY; me htﬂdﬂ?ndlzlfhoﬁl 1phl¢ﬁ0€l nwnmtcwdemmsué}{pf essed in parts
per mllion relatjve anmpunt in Lody

0 di e
e, L oBRiTe SriRmer SRR le inara RS il Ehkod

manmal i an c@hiken (HLA) antibodies such as Smart 1D10 and the anti-HLA DR antibody
Oncolym (Lym-1).
10077] The terms “contaminant.” “impurity,” and “debris.” as used
interchangeably herein, refer to any foreign or objectionable material. including a
biological macromolecule such as a DNA. an RNA, one or more host cell proteins
(HCPs or CHOPs). whole cells, cell debris and cell fragments. endotoxins. VIruses.

lipids and one or more additives which may be present in a sample containing a

18



type. an E. coil, a yeast cell, an insect cell, or a plant cell, HCP refers
to the proteins, other than target protein, found in a |ysate of the host
cell. [00882dtsa28am "cell culture additive," as used hecgius2orei®sns to a
nol ecule (e.g., a non-protein additive), which is added to a cell culture
process in order to facilitate or inprove the cell culture or fernmentation
process. In sonic enmbodi ments according to the present invention, a small
mol ecul e, as described herein, binds and precipitates one or nore cell
culture addnbucm@spolmn@ﬁl drlylelcsl(tfgcm antibedyh biing Senasaied figh R OHREE - f oam

agents, antihighl.c3, rgyeﬁ.oﬁmﬁ’e .Eblﬁn%é L Js.ﬁu 9.9? AN chBEdMsiRAr ts per nillion”
or "ppm" as Used i N ePchangea erein, ers to a neasure of purity of
a desired taslgete. m)dtmnbluéh(lemg a target protein or antibody) purified

using a SmaIIO,.) gTDl ecul ﬁ\soﬁxg thgécﬁxlhbpg fcé}ﬂﬁufﬁ l@theﬁ&ﬁm@ﬁ&c@@l&d &S Measure can

be used ei her to gauge the anount o arget nol ecul e present after the
purificati cmmﬂnmdfasb comptigngyaURge! omhemamiummmf“nféﬁ IEMgSicrEiIent i ty.

[0090] The t kiBGates anRiolubiél NBGri@ Q. \FRRALALipRGent iRk € used

“inter changelg{)ﬂﬁmﬁdebigéﬁ l?ﬁ’ms qé] lg%rlll ext glcl)m gﬂ’rl fyi né awtﬂg?lzge]t lb| onol ecul e
(e.g., a po‘iaylp@ptqnde\l*(bﬁhfaprplﬁmtOéMWf@f thengberie sapyraie sl cie G PB¥EY i on or sanpl e
conprising f‘i&?s&cﬂ%ﬂﬁ%p Pi‘r)P”iﬂ'oﬁ{é%ﬁxﬂfh‘i’en%rh&&&m@wx& BRSHsi deii®ed USi Ng a smal |
nol ecul e, as descri d herein. I'n some enbodi nents, the degree of purity of
_the target Isromsiseelimeldcpe sompripical [oast PRt MO dhist ARF T%onpl et el y  or
partially) Y o Rlup m@?ar{dqﬁ@l;”m&dbmlﬂ ')rtﬂo(ﬁ%q(l%egf intcWohiRr@ehd s and cel |
debri s) fromtﬁe sanpl e by using a small nol ecul e conprising at | east one
non- pol ar grepupe Hiwmegne|os gee 'ml?é”‘d}él(‘iéomob‘l’bcr'é’lﬁbm“é)s described herein. In
anot her enbggjgyent , tHg @LOFR&IDc IRBLALY a9Tiscl Rerefnake@ed whihenol ecule in a
sanple is increased by precipitating the target biornol ecul e away from one
or more sol wekeablapuetieqierabiarntilyepresaipt dsaplgeonaine ARGt a smal | ol ecul e

conpri si ng @hmARLRN Whe@inQhPer@ids @sﬁ%fd@@laﬁndgéﬂwahd[@%ﬂdhlrn sone
enbodi ments, a purification process addjtional lﬁ I db%nys one or nore

" chr omat ogriaghyplasimagaties imhyleadiojepells, prlkfsroseaisan arried out, if
necessary. @t)ﬁ(ﬁr the sRPRAALLABIAhp@ith Ahged RiroRDEREUb @ny fiainiane or nore
undesi red entltles using a small nol ecul e, as descri bed herein. [0092]1n
some enbodﬂﬁ@ﬁﬁ§mm&”°ﬂﬂﬂiPF&@thﬁ“§Wépm“P8mF§8V m”@@ﬁ%?dﬂ&“ﬁ? purify a
pol ypepf i den@ni¥ B8l 4h iRdoldbt idipesit. HSdniigard seloBib Im]mDIkIESCMU&du IﬁBl @8scri bed
herein, may be part of an overall purif i on ocess re lting in a
"honogeneow§mewﬁ[yhﬁH@“AcﬁﬁbﬁsVPP@hmﬁFdiﬁﬂwﬁé“e hioCROP e P g\ﬂéed herein to
refer to a @@m05| ti Oml1c0t'ix11$acﬂ5mp331ﬁk0ﬂpﬁbl$|l16}g‘ dreﬁl&ptchaﬂ u§:ﬁﬂkpmm HCP in a
.conposi tion conprising the pr gﬁ interest, alternat ess than 90

ppm | ess tKEF 86 nbbtmg qféé.gw[l Qﬁmo u'f)ﬁfﬁ' proglécéolt Hléhwtéa b%Burlhc]dé%cgwt han 50
ppm |ess thﬁlnorfw)r%m urlde@S &bl RadicsOr 1|ﬂﬂ)m|llése$1850hha:nlb2ﬂ)lnppm tht ess than 10

ppm less than 5 ppm or . |less than ferm
"clarificat fi‘lB‘rR'C'“’B‘P“*‘eéF‘QH'%'CC‘HE‘ ‘8rh""§?'g§”m*’§§“aﬂ éﬁ F‘%Qz‘."% g%lner ally refers

to one or n@i@reinfidialido veHi@RBIalght Hidieol@ultel drincladited prodfct i eomledcll es. The
clarification st %pd genter IaI L ? nPrI S,Segg Igrenlgl()x1wolecflle e. é)l aethgreilaclu ic and/ or
cel lul ar deriegmbodiments, the sample compri get

protein or an antibody) along with one or more soluble and/or insoluble impurities

(e.g., host cell proteins, DNA, RNA, lipids. cell culture additives, endotoxins. whole

cells and cellular debris). In some embodiments. the sample comprises a target

biomolecule which is secreted into the cell culture media. The target biomolecule

may be separated from one or more undesirable entities or impurities either by

precipitating the one or more impurities or by precipitating the target molecule.

[0082] In some embodiments. a small molecule according to the present

invention binds to a target biomolecule or product (e.g., a target protein or

polypeptide). where the small molecule comprises at least one anionic group and at
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usi ng one or nore steps including any of the foll ow ng al one or various
conbi nations thereof. e.g., centrifugation and depth filtration,
preci pi t avoani3/i2B3sacul ati on and settling. Carificati onrsras2gensrsal |y
i nvol ves the renoval of one or nore undesirable entities and is typically
performed prior to a step involving capture of the desired target nolecule.
Anot her key aspect of clarification is the renoval of insoluble conmponents
in a sanple which nmay later on result in the fouling of a sterile filter in
a purifi catlpashonsmeeeslar erpvrer BtyprageRd ey tereleasbioas ['capierd T Exeawiah process
fror € ecOnomm?xﬁlmolu,ﬂlc§%rgm@qgl'eé@@&esan1()§1Qe’rcm’p%§@Qttluisnéﬁ%%h DBlaprovi des an
i nprovenent .. requirenment of less filter area used downstream) over
t he conventng}mahd@flta‘PLI‘ piegwt i“@jhcc‘slt)eb@"‘dbﬁ‘h%‘h?%:(“ﬁ§éﬁ“mef‘lj“f AN f i | trati on
and centri quQl?%hQRn:c%@@%Mﬁb‘?uc L6l The ‘glhrnq,mtcpg{yM)émohua&U' sRckaherein, refers
to any ki nd techni que which separates_an analyte of interest (eg , a
target bi ormsideealtdsgnic acishrrestsabicylislaaidrwgilip pad gstiofy agidppsdpemisual |y, t he
anal yte of jnt @»[lﬁ%ﬁnd ﬁap?@@ﬁr{%% afili QL0 aLid ARk RRIVSEShAR adid esul t of
differences 1n rates at which the individual nolecules of the m xture
m grat e -t hreggerxacholiapsidigpiplamsdicidm dnasredherPr g EmsEneMia*iovi ng phase,
or in bind ﬁ;B’lQnﬁ}»M 7@)1119':199e;§r§l?c§emé-QQ)95g{[he1&)@1&)@“1"ﬁme&ﬁﬁ&&gﬁﬁﬁht%dr esin" or

" chromat o nmedi a" are used interchan eabléfiherel n and refer to any

ki nd of phg‘éé’l’(@"g“°““él“’st‘}iﬁi“bjl‘of}ﬁ&@\é)“‘ﬁﬁl"ell‘fh g5 Gtliselionir ashl yt e of i nterest

(e.9., a tagaslroRhoRuEGH&)IE FOMaRd ReLy PR @GHlc@sidpr esent in a mxture.
Usually the analyte of interest is separated from other mol ecules as a

result of dp@gf’érences/\‘i"h“‘?“dl‘e\éma'b”‘vﬁ'ﬂ“HW‘“ﬂ“ﬁé‘ci’ PRYiRE A FAF OB PEXLT es of t he

mxture m gr@tent b hlrl@u%naqoﬁg)@ﬁﬂ S0a¥ ¥icl8@, bt Rhas amitbger, dicheoltdafdkuence of a
novi ng phase, or in bind el ute processes. Exanpl es of various types of

chr omat ogr&ﬁhy\‘ﬁﬁdi‘%d?%‘l‘r@d@’ for exanple, cation exchange resins, affinity

resins, anijpeg4gxchangg ofiReEMBodiAEHD e MG BNGBariHERN BHASIccunyslr ophobi ¢
interaction resins and i on exchange |n 100@61The term "capt re step" or

"capture. " BEeHdE ERerere gwHarcscmploy asmpd mofrele YHRNG LGS P87 bi nding a
target bi omphedihpuibiidsie a, mElible nﬂiuﬁﬁéﬂ) eSudhr.l pRocgskaiidyi H.Ly‘k. fanel wader

conditions suitable _to precipitate t 12‘8“15{}*?’}@2‘6‘?1& Le. Typically, the

target biomBiPEEEAIRN é““’é’ﬂﬁﬁ&ﬁ@‘ﬁ‘t‘f‘&? P %“ r "TUtn of the

preci pi t at @afighiOgrauSahdtaalRhe odelfcanfolar Lidup. Omlﬁmpdhﬂemb&u&ﬁﬂhm diang to the
nmet hods descri bed herein | S.CA tu“eld using a snall

mol ecul e cA¥pPridPhgd thﬁ‘Oé‘dE?“‘%ng‘“am’Bh{m“‘d‘f‘SdB‘“é‘ﬂ‘&‘ A east one non- pol ar

group, whi thmﬁfﬁl)/unbﬁll@ﬁ@ﬂﬁﬁﬂtmgQ\Eana‘lldsﬁ)th.ahkCetylhﬂﬁ@ﬂﬁlﬁ’hmoblemmxSlp[l@clesS step" or

unlt oper a nt er changeabl rein o the use of one
nor e rretcﬁil?&g (S‘r"“a‘é‘&rrd'é“st L 'ﬂ'l‘a@ﬂﬁug\%’éonéfdgg ‘ﬁ]éirﬁjer“‘s’u”fnCE“} a purification

pr ocess. OlﬁnﬂfmLﬂ‘iDClﬂorﬂch‘ﬂE)SSrvBrﬁlﬁ@Bvl@I‘nntd)ﬁlutn cchpmrdail ons in a purification

process nay(ﬁggg‘lﬂllnégt?g%nﬁ%glggr go@[ Br ch of IdL L{'(l)f]ccal SGR Hpﬁssed by the present

i nvention ani erations which may be
enpl oyed | r]ahbdﬂﬁwﬂhpmass:ﬁ&ndﬁmmdt hmeﬂadheraeum uhﬂmidudebrobutc drdecyhot limted to,

clarification, E \ n%mnpm 'blo\{xlngié'lgr c.lhr' 1% | Yatl on,

flowthr oug“ﬁ“‘b‘d%’l P[i"B & i‘"b‘ s mlc ’Pﬁﬁ[ﬁia} ?4 DY & Cibodi rents.  one or

nore devi CGSO]Mll\ClhmalﬂﬁlﬂstﬁQd atnenopi@ni sait moa-lmrnomfs\smstcep1cb:|dc unit operation are
singl e- use Ycllmu wlgen/v d?hnm(pnelum chloride and benzethonium chloride), a
dialkyldimethyl ammonium salt (non-limiting examples include domiphen bromide,
didecyldimethyl ammonium halides (bromide and chloride salts) and
octyldodecyldimethyl ammonium chloride or bromide), a heteroaromatic ammonium
salt (non-limiting examples include cetylpyridium halides (chloride or bromide salts)
and hexadecylpyridinium bromide or chloride, cis-isomer 1-[3-chloroallyl]-3.5.7-
triaza- | -azoniaadamantane, alkyl-isoquinolinium bromide, and

alkyldimethylnaphthylmethyl ammonium chloride), a polysubstituted quaternary
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removed and/or replaced without having to replace any other devices in the
process O even having to stop a process run. In sonic enbodi nents, one or
nore snmalwonniaesiles are used to renobve one or nore i npRCTUSe&20wsHnNg a
clarification step of a. purification process. [0098] The term "surge tank"
as used herein refers to any container or vessel or bag, whi ch is used
between process steps or within a process step (e.k., when a single process
step conprises nmore than one step); where the output fron1one step fl ows
into the sumgleornlalnI&llarﬁ@nolmn@ng pampiax inchide plkyidiecshehicngl gnmanistr ge tank i s
different from.a.R0ld. ﬁl@sn&mcfholc&bl%gnz'yian'nﬁoxﬁtg% abirddashtcnahg, or col | ect
the entire volune of output from a step; but instead enabl es conti nuous

f1 ow of outbuﬂum¢mﬁW@m@K@U@pﬂﬂémeQNHEXTmnwgﬁPWHMF&‘%ﬁ?“ bachirbed into and
out of the %ngéﬁm‘i(ﬁﬂl&n é%x&i@ﬁ&cﬁﬂbp@'H?Ent-&eth{flhﬁ(m Higufyd surge tank used
bet ween two process steps or wthin a process step in a process or system
descri bed h@%é$ﬁ“12@0mdmﬁbﬁﬁl@WEMHQBQN@Wm%h@“éh@‘P€°W6WUWE”WF“¥he out put
fromthe pr@ﬁﬁﬁ§m§ﬁ@9uf&ﬁﬂﬂ89$@9Qt§ﬁﬁ9@h£ﬁ@%ch%&# vol une of a surge tank is
no nore than 10% of the entire vol une of the output froma process step. In
soni c otherK@ﬁﬂodlnenﬂbewﬂhePW@PwWE DEEPIEPG 0T AKIPIUIOPed8 Y Aan 35% or

I ess than 3Pc%m Qkfe}sS Frelall@Ri AN bBiind (@1?5IrIﬂ%1p2&%mhq{b1$rﬁ§&u‘lc}'tﬂn 15% or

| ess than 10% of the entire volume of a cell culture in a bioreactor, which
constltutesmﬂﬁé0§1aWW*%@ﬁﬁﬁt@?W%ﬂeWWbﬁﬁ%hW@hda¢?§Pb@FSﬁﬁﬂéd‘PB is to be
purified. [ QQ@(%]STHL@OIt BEJRbLICQRE] QNS PRaRGEDSo refcdBd wsed sher @lanplicefers to a
process for purifying a target nolecule, which includes two or nore process
steps (or ubli?c operations), such that the output from one process step

fl ows direcfloys)i Nt 0 t hge REXS “dAMLE&EDMsEE SR d‘lltphﬁclﬁr‘QQQSSIOP\MJahl@Mlt
i nterruption, and where two or npre process step R :
HfHEW]mnrds in

concur r ent | yierdrnggpbly darstn. w155 3 MoRPre P! onksel Pb‘ﬁ?'%&(l Bﬁp
case of a CQ@IH'HE%QH%%{QJ&%QS(SCH@) c@ﬂ%@lmr@eﬂmh%lebrml%@l’ |5|Q$nd’iﬂtv necessary to
conpl ete a process steF before the next proces ? |slstar§ but a
portion of Pﬁ%“§§ﬁﬁP@be§méW%hybdﬁﬂ§PWﬁ‘Pﬁ?ﬁﬁﬁﬂ fﬂ% o LSS SP5. The term
" cont i NUOUS IACARES condiSife APldies pb&p@inﬁ@&f Mde?d@i @. g&d@ﬁnﬂ(bedi\SonSt ep, in which
case, during the performance. of aB ﬁcg} i ncl ud §0FU|tI Ie st eps,

the sanpl e PHBWeEEHRERIeNe] I 4G gﬁ Hé“ ’FﬁW8m§P g RECar'e necessary
to perform jhecie Q@lﬂﬁr‘ssuﬁgtﬁﬂoldnl’bfsml pisbidiel zmaa;ssm, ohfhxe dsgml M pmhecul es

descri bed herein are lse [ &gHerlcathgcg(ﬂp 1 ]““ s .performed in a
conti nuous IP6HE PrUgiRR Pﬁ@“bu" R L P’Wé’?nf t'fe’ next step

W t hout Int@m&mawhﬂammwhemEh@h@mhwnoﬂkﬂmsmamﬁtmaﬁ&anmbdmnﬂﬂauh¢entIy for at
| east portion of their duration. In a particular enbodi nent, a small

mol ecul e i s™US¥E for clarification. as described herein, follow ng which
process StepmSHhe outputm&@ﬁk@ﬂmhngh&h&umamgaﬂmmnmenumenmﬂhecﬂly flows onto

t he next step an affinity chronmatography enl....| enmbodi nent s,
centrlfugatPBhABF‘?ﬂ1€?§?i%’ - “HC°E§%dpgﬂ Eg Hﬁg“@%%?ﬁ Eg "Sh and bef or e

affinity Chﬁxﬁﬂ&h%ﬁ@&hﬂﬁ)l@lﬁ@l@ﬁﬂﬁ]\'EhlﬁdtteerthkhsilatlﬂC m xer" refers to a device

consi st s of ISer el crBhieancoteal MBSl syl At FEASERETIT TG, e

overal | SyS(eQmadﬁSlpgcnenhIa&ﬁﬁmr\aine&sad(mtd’mdllfdnhuldeiov:%em axderttovo st reans of
fluids into_the s xer, the
non- movi ng @F@Hﬁﬁ?émBthpﬁdg @fV"ﬁV@ﬁ@eWﬁ“mH%?“hs]P$m] %mmﬁnggﬁhIX|ng
depends on gmeMingas ihahpkasntimehtii agndiheolprudpes disetbedhertingbifidsuinds, i nner

di aneter of t . , | sikgn etc. In
soni ¢ enbodPWﬁH?E“ﬂ@§8?“B%&‘%gpgfimggﬁé’§$%WBEHCQHQWP§'#¥@§rS are used

t hr oughout nhmd@MﬁLMmeagmmnxmﬂmnes@yshndampmmslcuIar enbodi ment, a static
m xer may h ed for wihh a sanple feed
stream Accgwgﬁngly, ”?% 8“ p“ﬂﬁ dm“m"(" %mé 3$B%§$§L§§“1 QD | ecul es are
added to a Bﬁﬁphe&ﬁﬂedn&@mmaﬂumnuaﬂadnmmmumysnwhﬂmeﬁaHe%@%*nusmmg a static

m xer. or antibody) purified using a small molecule. as described herein. Accordingly. this
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Exenpl ars’ smal|l nol ecul es conprising at |east one non-polar group anti at

| east one cationic group [00101]In sone enbodi nents, the present invention
rel ates twoaorsakkssd of separating a target bionolecul e Prarusese/oesonor e
insoluble inpurities in a sanple and enploys small nol ecul es that include
at | east one non-polar group and at |east one cationic group, which bind to
and precipitate one or nore inpurities (e.g., insoluble inpurities),

t hereby separating the target bionolecule from such inmpurities. The

non- pol ar gnouwe vaykresed Ghar i atge tad dnshatd(e red OTIFRIRERSHT £ H Ring exanpl es
of small WDA&Q%%% png&s%gloaduu;:&?}éIun&{?i?otnﬂnmd@%@&uIW oup and at |east one
cationic group are not limted a ronoal kyhri met hyl

anmoni um saﬂOf)‘)(XJe g., Elxttgimsisaiatingd a?m@hlﬂmrﬁ’%r%ﬂ‘irtﬂé‘& @8 Y¢ ri net hyl anmmoni um
chloride, tﬁ{gr%ﬁ%xw]&gﬁt iR Y2pRRaI M rhmma et B%Ho?e@'@@ﬁ &rd met hyl anmoni um
chloride, a 1 anmmoni um chlorid % laryl trimethyl amoni um

chl ori de, ddeEkaKVﬁvﬁhvtdnﬂénwmﬁPW@dﬁWﬁ@m“mdﬁﬁ%Wv¢%WWﬁéWhJFannDnlum

chlori de, dIQQe@anQ{)lm?ﬁh%h ofte &hﬁs}gwﬁmw amomm 16 des ahawadecy! ani ne
chl ori de, ecvl am ne bromi de, dodecyl am ne, dodecyl chlori de,

cet yl di met hiyeree.hiplsomerambadimety: Sieidaereaniuait 3f therse e ' Amoni um
chloride), lng‘%r\?ﬁ'rlml@ﬂugbpﬁ%ﬁx\(ll@Q&;Ndlctamﬁinmﬁ(ﬂktor (Rrdinsoluble

aIkyIdlnethy enzyl ammoni um chlori de and benzet honi um chl oride), a
di al kyl di meiyidsntoa whels sl apdedy. debl‘d‘drfi'iown\éhsabwksrh"d@'"édﬁa‘é@y| di met hyl

amoni um chl, o d€eonthdaE ¥ 1EUsDEebh- pamoh;ﬂzmdlél’ REFL I8 ¢ mlﬁ]yLﬁLopiencyl di net hyl
armmoni um chl ori de and octyl dodecyl di net h anponi t un bronlde)

het er oar oneddseribafheiginui Gaiher ‘(”él"’(“;}”“c"&élﬁ“ &y% Pl YH DS, cet yI pyri chum

bromi de, hexggdeeyliPmbisdhpt W\fh@&@éﬂ errc&lﬁmd@myk@w bdhdidgane afvhor i de,
cis-isomer 1-p-chloroallyB-3,5,7-triaza-| - 3$|aadanan

aIkyI-|soquﬁ%bPP%WUWFbﬂﬂﬂ?ﬁ@“mahﬁ”QNE?WHWﬁéﬁh N&ﬁh?ﬁ??@ﬁ?ﬁyW°annnnium

chloride), @nfpkisebatibdivl et sdatRhpaly g@doponi um salt (e.g.
al kyl di met hy | benzyl anmoni um s ccharlnahe and al k t hyl benzyl

h
armoni um cy@dHexy! sul¥semseRpodmants Ueigliar BPfes: A‘é‘r‘?ﬂ’b% é/”rlr'?e[(ml t (e.g.,
1,10- bi s( 25w ke th@ma@Qﬂrlh\n@éﬁsﬁl unal@hi Olﬁdsdﬁ&pedmaﬁe;lmld BuBif's
fl-methyl-342,2,6- trinmeth cl ohe Yy % R | di met h y apmoni, um chl ori de]
hexane or tw+€f6b1§thhHW€ﬂ}8}fdﬁamhﬁ ”‘H%“ﬁ TS " Ut o as coo by
Buckman Br oghit&&)Ing als0Hl AR) cefile 2as@Pasctibateadin. enbodi ment, a smal | nol ecul e
conprising a nan-pol ar d a cationic e zethonlun1chlor|de

(BZO). [0010411In sone'e bﬂmﬁgﬂp§mb§u@H”@ﬂ%ﬁ?“ﬂbfé%ﬁl *BFaclsed during the

purify a pol\'prude or protein of interest using a small molecule. as dcsunlxd herein,
may be part of an overall purification process resulting in a “homogeneous™ or “pure”
composition or.sample, which term is used herein to refer to a composition or sample
comprising less than 100 ppm HCP in a composition comprising the protein of
interest, alternatively less than 90 ppm, less than 80 ppm, less than 70 ppm, less than
60 ppm, less than 50 ppm, less than 40 ppm, less than ‘30 ppm, less than 20 ppm, less
than 10 ppm, less than 5 ppm, or less than 3 ppm of HCP.

[0093] The term “clarification,” or “clarification step,” as used herein.
generally refers 1o one or more initial steps in the purification of biomolecules. The
clarification step generally comprises removal of whole cells and/or cellular debris
using one or more steps including any of the following alone or various combinations
thereof. e.g., centrifugation and depth filtration, precipitation, flocculation and
settling. Clarification step generally involves the removal of one or more undesirable
entities and is typically performed prior to a step involving capture of the desired

target molecule. Another key aspect of clarification is the removal of insoluble
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clarification process step of a purification process. Evenplan snall

nol ecul es conprising at | east one non-polar group and at |east one anionic
croup [O80@Bi3M8Bane enbodi ments, the present inventi oRCralSated44501 a

met hod of purifying a target bionolecule froma sanple conprising the
target nolecule along with one or nore inpurities (e.g., soluble
inpurities), where the nethod enploys the use of a snmall nol ecule which
includes at |east one anionic group and at |east one non-polar group. The
non- pol ar geaMpeneray/ineaaple ndidhanag fater anpgrattiethe fayligpefs taboldliorem s, t he

smal | mol ecy, ﬁﬁ%ﬂm{r&éﬁstlﬁrcﬂpﬁ‘mﬂﬁé AL oA AV p'r&térn%?@t' ¢ In other

enbodi nent s. e small nol ecul e conprises a non-polar group which is- .
al i phatic. {Q0I06} EkesavIcaMpodiments. thobrarnl iBenEphpPYidisiy 1aproMeBgY one ani oni ¢

group and a, J Jeécflﬁmqaﬁomgk mlrarrwgsn@u&vﬁqn@ll er BYLoRERIORAL Timted
to,pterin derivatives (for exanple | e acid, pteroic acid), etacrynic

aci d, fenol fibificetigsieps C%F’é‘h‘éﬁff‘é Qi ‘éfP‘h fHV@@ﬁHé%B‘I“FH“%P‘G} tranexam c acid,

zol edr oni c pebg, acet yhsahh sithdkadciy a5 §§éa¢le,@ma&m &Y kihebur aci d.
mecl of enami ¢ aci d, ibuprofinc, naproxen, fusidie acid, nalidixic acid,

chenodeoxych@m'%wa@iuér qcmmwe@x%hei nieregtied; AArEPPHMOHCEICHE, ni f I umi c

aci d. trans;Behy iy picdam LmAkkd, ué.upha{amlmrq@armmgr @G fraidar obeneci d,
cl orazepate, icosapen 4- acet am dobenZoj ¢ aci d, ket opr of en tretinoin,

adeny| osuccliomehgemalccHessie s Al Berencgs wureoH Mg i diilbar ot ene.

et odol acet oglglckfesaghid lﬁmdnrchﬁﬁ?u‘{é tlﬂ\%'ﬂl_lﬁ:ﬁ Ltlnli(ﬂh@ ey Lu{(@pllq@HﬂuEhc@-opar ticular
enbodi nent, a smal|l nol ecul e i ncluding at | eéast one anionic group and at

| east one nbROPEE BRSEH P REAGINCPIEEEF WS or a deri vati ve .t her eof .

[ 00108] Al sojpefsoMPassede ¥m tioriQS M ré\fh\’%ﬂtdlw%w‘ﬁ({@qﬁehkabﬂar@lye nol ecul es
whi ch may he used for binding and precipitating a tar bi onpl ecul e.
Exanpl es i nefediguerchgpgcally é’c'r‘rb‘t‘*“p|“rﬁrt“éﬁf“t‘t5“d %ﬂ!i?ﬁﬁf - & ‘dﬂf‘fsr"b“ Pigly.

separates an analyte of interest (e.g.. a target biomolecule) from other molecules
present in a mixture. Usually, the analyte of interest is separated from other
molecules as a result of differences in rates at which the individual molecules of the
mixture migrate through a stationary solid phase under the influence of a moving
phase, or in bind and elute processes. Examples of various types of chromatography
media include, for example, cation exchange resins, affinity rcsfns, anion exchange
resins, anion exchange membranes, hydrophobic interaction resins and ion exchange
monoliths.

[0090] The term “capture step” or “capture.” as used herein, generally refers
to a method used for binding a target biomolecule with a small molecule, in a quantity
and under conditions suitable to precipitate the target biomolecule. Typically, the
target biomolecule is subsequently recovered by reconstitution of the precipitate into a
suitable buffer. In some embodiments according to the methods described herein. a
target biomolecule is captured using a small molecule comprising at least onc anionic
group and at least one non-polar group, which may be aromatic or aliphatic.

[0097] The term "process step” or “‘unit operation,” as used interchangeably
herein. refers to the use of one or more methods or devices to achieve a certain result
in a purification process. One or more process steps or unit operations in a
purification process may employ one or more small molecules encompassed by the
present invention. Examples of process steps or unit operations which may be

employed in the processes described herein include, but are not limited to,
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| V.Protein purification nethods enwl oving small nolecules [00109]In the
vari ous nethods enconpassed by the present invention, a small nolecule is
added at woeomwo2gre stages of a protein purification protasg)i2okspeby to
precipitate one or nore inpurities or to precipitate the target

bi onol ecul e. [00110] One such exenpl ary process enploys contacting a cel
culture feed containing a target hionolecule and one or nore inpurities
with a suitable anount of a small nol ecul e including at | east one non-pol ar
group and atlatiecson. b «x}éﬁu@ymh@ngquguph)( eirgs inaqyivaog O\Ufhl(BZ,tl:) thereby to
preci pi t at e Aealdn zm?rf@nﬂumﬂ%' folsGe Efb@imedi ISR MRl Be SR LhicRRk. The solid
phase of th8 sanpl e , containing the precipitate) can be renoved by
dept h fil tr atcdompaforsemracefsigac oRt opThdor epraingenee daivpl @d¢ah%ai ni ng t he

target bi onpl.ecu %d%?'?%)q E@d\vpﬁ‘m& HQJix?o% R (&Omﬁ/%&?%@&t inAHE {)ﬁ)l&@&l’ on steps

(e.g., one or nore chromatography steps 111’ n" anot her exenpl ary
process acceyudibagng v tdper PIPEsEre. |hnvvemui1t§>ﬁ(mﬁm§ rﬁsﬂF or spicstille i s added at

one or mor e, stepss ff u&drS RhBLIRYE 'mfok'clﬁwtplu(?tﬂzsra{l%eﬁﬁmllm‘ﬂrnealctphﬁ asmal |
nol ecul e binds and precipitates the target bionolecule itself. Such a snal

nmol ecul e i nevrifgesorodesast one non-pol ar group and at | east one anionic

group. , 10fbd¢Cener akihy (en@ “GRhd taQitlal U@ hb @R TeleS S MR @GhREr drQedel
~clarification step prior to contacting it with the small nol ecul e including

at | east one g WHFEISYFSLAS ERTE PRECSs BEROT ORBINTIHCGSE) %P (B ot The

clarificati QRgishRResds Steh PARIHAEINER 1B BRYSed) NehdrNSO buBhiGronPHarsichi es.  For
exanpl e, in _an exenplary nethod descrlbed herein, a clarlfle cell culture

feed contai APYiyNE Pasyet HpIndCpledhI! Bive ASEOHEEE- s8Irurd F ARG i es i s

contacted wibh q%o%betl\am tﬁatalnf@H&tun@lfdc@lo'sﬂmd or cocegulgire RELmdbNg an ani oni c
group and a non-polar group (e 1:1 mass ratio of folic aC|ﬂ% The
f

sanple is tﬁ@ﬁméﬁﬁ]%%ﬂéé”%@madéﬁﬁﬁéémﬂwuﬁﬁf@&' P PEHE Ry KRy © acilitate

the precipi & i 9Nq@k nfab8e h@h gRtinDLATSI BEUE SurfEradk. , InchanghR@ipdis.t o pH 5.0
using acetic acjd). The precipitate, which contains the target bi onol ecul e

i s subsequelEIM9IUNEShR G BR} ‘ét“g B?‘t"a‘ﬂ‘l‘é"IBLﬂ"FSéIS‘C(’%md"“‘”b" T Vi Hine at pH

5.0) and thgplodssget syblemmbeibe ierdis 1§Mhﬁ@€1lﬂ&ﬁf2b% di G&Cklnﬂrblvbluﬁedul ugi ng a
sui tabl e buf%er.(o iM t hi ani ne, at reSIdUﬂl?aﬁDUQFS of the

smal | nol ecwl@ut(irémblha PHOESH étc%clln N0t {1 Ltnh%gng%mu%(r 5?1'“%" P Res BUIS| Ubi 1 zed
target blOﬂmimthamG@Mhﬁbﬁ;@Mh&@ﬂm&nﬂMynﬂﬁﬂmﬂedau&nags&pihabhe means (e.g
i P on TS ROThA S B e a1y
pure sanpl eleef thihEs%. aF ged thii Wl e @an [BADLLEH thas ¥k oxhbenirenbodi ment s -
accordi ng t \Oolfuggofcal Laélllrggl(%iurle ﬂlvﬁm)rcacldr which constitutes the starting material from

which a target molecule is to be purified.

{0099] The term “continuous process,” as used herein, refers to a process for

purifying a target molecule, which includes two or more process steps (or unit

operations), such that the output from one process step flows directly into the next

process step in the process, without interruption, and where two or more process steps

can be performed concurrently for at least a portion of their duration. In other words,

in case of a continuous process, as described herein, it is not necessary to complete a

process step before the next process step is started. but a portion of the sample is

always moving through the process steps. The term “continuous process™ also applies

to steps within a process step, in which case. during the performance of a process step

including multiple steps, the sample flows continuously through the multiple steps

that are necessary to perform the process step. In some embodiments, the small

molecules described herein are used in a purification process which is performed in a
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different types O small nolecules (e.g., those which bind the one or nore
inpurities and those which bind the target bionolccule) arc both used in
di f f er entwetep#28434t he sane protein purification proces®CTRSR0IR0] e, a
smal | nol ecul e including at | east one cationic group and at | east one
non-pol ar group (e.g.. 13ZC) can be used in the clarification step to
renove the one or nore insoluble inpurities, and the target bionolecule in
the same sanpl e can be then precipitated using a small nol ecul e including
at | east onemanwnmmmdgwmdphemdmamOHBESSmmﬁeWﬁmnﬂbearﬂgrwwpm(e g., folic
act ). 1 00140 ABudh %«%H%ﬁ%@lws@éegseare PERIAUALnARHA fr Ofic o B ecul es
remai ning in anpl e cont ai ni a target bionolecule can be subsequent |y
r enoved u5|ﬁgwgumbabﬂedmam@Wwam@Oéuwhtagﬂﬂfmpk@%Hﬁwﬁéfoﬁﬁvﬂvaﬁ@d car bon.
The sarrpl e llssdegcq‘ﬁgcq ﬁ(! LY 1%“&% ﬁct\ﬁgh gl%cé?’sggl'qtj l%kpu?hfn@ﬂlﬁﬁé)ﬂﬁ ap(t}-y or
non- chr omat ogr aphy steps to achi evé desirable |evels of groduct purity.
10011511 n sowicdabodilmBayvsonto the noxt sippee.sirelinityshesmalaesptesen)i Wed herein
far e used i nc(@h&%l}otlfnp‘ﬂ%l &ntrﬂugﬁf;@lﬁ?‘r MR OR nla$ b@@&ﬁ P61REnd dlarBicG@IM | NUOUS
ormat. In suc urification process, several steps nmay be enployed,
i ncl udi ng. buﬂthtdmmwxﬂéﬁﬂv@ym@V : culturlng cells expressing protein in
a bi oreact oy OI§(HbJ ect }lﬂgl&lnest&‘tﬁ:l1411\@1“'@1&5 & 4 Rvick Arinfilig@tdPuia Whi ch may
enpl oy the use of one or nore small nol ecul es described herein, and
optional ly u@kn@SaYM@wthqwﬂ$ﬂé?ch%ém@$@h%Pﬁ@“%ﬁéch§FWﬂP@&°%éPV’culture to
a bind and gl 4L gn&hE R%Eﬂgfu@iﬁbwlﬁfmbun §ysilnPReslef 1@ orpBr @k Qinfudabf i ni ty
chr omat ogr aphy): subjectlng Protein A eluate to virus inactivation
(e.g., usingelopdnegrontspasss &ﬂﬂ&”ﬁi%eﬁ§“dﬁdﬁbﬂ“§Ufﬁ%mPéWR§¥h”§Hbjectlng t he
output fr Omh\é'nhk’é 1!1@%9111\18\%5 QBnd @nfilRusl BleAU@b nfkkikki cahpeRr process,
whi ch enploys two or nore matrices selected from activated carbon, anion
exchange chmovieg dsgrab Ry meadraiableamr Aing e wamgRIcE i B BYIEY Bhy nedi a and
virus filtratineR: sl @be. AL QF MMAtILAGhE DR IRNQeBbMelS IMN@me
di afi hrzttion/concentration and sterile filtration. Addi |onal details of
such pr oces&BROGERMHESEHEHBErCIa. Qe o PRreEELin BITHEC WsHIT ‘Pﬁﬁ“haV|ng
\r/\ll?]f el’hence nPun(P;Ll%nly?goassL'lJ) Qg?lrﬁgn&%fbﬁ(ﬂ]ﬁuLM mﬁﬁlﬁz\gﬂﬁ[\b} mlh\h& weftior e contents of
ich are incorporate reference herei 116] This invention is
further |IIG%*?%WEd"BV“fW@”WHﬂ%ﬁ%EHQ ék%ﬂ%?@é ﬁﬁ?@hA§H5@PQ‘n@t be construed

as |im tingsonfden0mteBRt S1e@f mald sniaghelenieese aat &nd swahdepldicished pat ent
applications cited throughout this application, as well as the Humes. are

i ncor por at eth #fép Pﬁ”b?dmﬁféﬁeﬁﬁééaﬁ%éﬁﬁvé Exanpl e 1: Preparation of
expressing Cell Culture Fluid (CCF) 100011ln a representative experinment,
cells derived fron1a Chlnese Hanst A i e ex ressing a
nmonocl onal PhG  weE rmal mol REEW cK

d i {
SCIENTIFIC) to a dé#%ﬂd%'dbﬂ‘ﬂ&‘—ﬁ%%é—éél |'s/mL and harvested at <50%

viability. The antibody titer detem ined in 85-1. 8
mg/ ml, via H\B&)‘B 2. n A HPPee e g\{? ’§{}[él‘}“o‘?“§i’f8‘s' pYeoBpy “?‘#"ost‘%? "‘Cﬁ)‘(’iglcp)
found to besp@M0r 1akk280600la@hdeom bisd mgnoammﬁumnmmmwsa#mﬁﬁs@)d The pH of

the unclarified celt Tltu was QH 7.2.
cmploys smail mole culus that include at least one non-polar group and at least onc

cationic group, which bind to and precipitate one or more impurities (e.g.. insoluble
impurities), thereby separating the target biomolecule from such impurities. The non-
polar group may be aromatic or aliphatic.

[00102] Non-limiting examples of small. molecules having at least one non-
polar group and at least one cationic group include, but are not limited to, a
monoalkyltrimethyl ammonium salt (e.g., cetyltrimethylammonium bromide,
cetyltrimethylammonium chloride, tetradecyltrimethylammonium bromide,
tetradecyltrimethylammonium chloride, alkylirimethyl ammonium chloride,

alkylaryltrimethyl ammonium chloride, dodecyltrimethylammonium bromide,
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Exanpl e 2: Preparation of expressing clarified Cell Culture Fluid (CET)

[ 00021Feed from Exanple |I was clarified by centrifugation at 4000 rpmfor 2
m n. fol Iwoeedi3ngsf3sl trati on through 5pm and 0. 211m Dur aporatstoiokdser s.
Exanpl e 3: Preparati on of non-expressing Cell Culture Fluid (CO) [0003]In
anot her experinent, cells derived froma non-I1gG expressi ng Chi nese Hanster
Ovary (CHO cell line were grown in a | OL bioreactor (NEW BRUNSW CK

SCl ENTI FIC) to a density of 13x 106 cells/nL and harvested at <50%
viability. Jdiecilewethybinmsym eldplidepdageeidigethricPphaias cthglamaoremhe

66000- 177009roﬂxgdgnﬁ’eﬁL@c'cnlgmﬁﬁ c%ﬁ@c 1&\(@\4@:1%@%5&9&]6 dbh& yPAhiRe, abdigyiuncl arified

cell culture was Preéparati on of non-expressing clarified
Cel I Cul t ur ehigridgi ‘df%@@FW\IC[IUO@wP%w bfontida d aptpldemahxigsy! emavpiiMed by

centrifugat g, zx%%qgalr\ﬁmnfcmvl%nfpl Ql}lanQLlll@X\@@ Y 'thélﬁ)tlbé?@\ qt hrough 5pm
and 0. 2pm Duraporee filters. anpl e Preparation of clarjified Cell

Cul ture FI ui“tlm("@@P)ChW ﬂwndg@@ﬁon@m c\mnzmwle'zstéam%’rﬁ'@sm'mv*emg5o1

[ 0005] Feed §e m@o%@b%nﬁdd"@%cé’m %99} b tdn R @1dr@S diebiuful @l Usi ng Prosep
ultra plus pore) protein Aresin. The final concéntration of 1gG

was -1 e/l a@mé@t"@rbm"mé@l ogig|dedecpidgpahyh ammpoipp clofiggttdent  Technol ogi es).
Exanpl e 6: P5§9@6&E_\Héﬁﬂm%l BeRZaLA R MER) G eRirdadendik 3d@onam] datriion,

cetylpyridium chloride, cetylpyridium bromide, hexadecylpyridinium bromide,
hexadecylpyridinium chloride, cis-isomer 1-[3-chloroallyl}-3,5.7-triaza-1-
azoniaadamantane, alkyl-isoquinolinium bromide, and alkyldimethylnaphthylmethyl
ammonium chloride), a polysubstituted quaternary ammonium salt (e.g..
alkyldimethylbenzyl ammonium saccharinate.and alkyldimethylethylbenzyl
ammonium cyclohexylsulfamate) and a bis-quaternary ammonium salt (e.g., ).10-
bis(2-methyl-4-aminoquinolinium chloride)-decane, 1.6-Bis {1-methyl-3-(2.2.6-
trimethy! cyclohexyl)-propyldimethyl ammonium chloride] hexane or triclobisonium
chloride, and the bis-quat, referred to as CDQ by Buckman Brochures).

[00103] In a particular embodiment, a smatl molecule comprising a non-polar
group and a cationic group is benzethonium chloride (BZC).

[00104] In some embodiments, such small molecules are used during the
clarification process step of a purification process.

[1L. Fxemplary small molecules comprising at least one non-polar group
and at least one anionic group

[00105] In some embodiments, the present invention relates to a method of
purifying a target biomolecule from a sample comprising the target molecule along
with one or more impurities (e.g., soluble impurities), where the method employs the
use of a small molecule which includes at least one anionic group and at feast one
non-polar group. The non-polar group may be aromatic or aliphatic. In some
embodiments, the small molecule comprises a non-polar group which is aromatic. In
other embodiments, the small molecule comprises a non-polar group which is
aliphatic.

[00106] Exemplary small molecules comprising at least one anionic group
and at least one non-polar group include, but are not limited to, pterin derivatives (for

example folic acid, pteroic acid), etacrynic acid, fenofibric acid, mefenamic acid,
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[ 0006] A 1000_ sol ution of Benzethonium Chloride (BZC) (>97% Siema-
Al drich), was prepared by dissolving | 00g in IL deionized water with
cont i nuedwoidiangsiser 30 min at room tenperature. Exanpl @CT/UScepausvion of
Hexadecvl tri met hvl anmoni um bromi de solution [0007] A 40g/L sol ution of
Hexadecyl tri met hyl atmoni um brom de, (>98% Signa-Al drich), FITAB, was
prepared by dissolving 40e in IL phosphate buffered saline (PBS). Exanple
8: Preparation of Sodium Tetrafl uoroborate solution [00081A 5g/L solution
gf Sodi um Tetemhtnotc obdrtanexa@S¥id. lgheninbad edyisalingis agidleandyd by

i ssolving 5 i r c O mn at
roon1tenpera(ﬂtguogifgqf%gkﬁﬁgbwg$§ ﬁr%%?%hg (kﬁgq?%ﬁgﬁ?gggg{ﬁglon [ 0009] A
80g/ L sol ut aadh chdnofrgixiygholic rdd. (Ll»@i}’%\@pgwfm“mfp%h') acigrmiflypais didf*epar ed by
di ssol ving B! rg J. l“dH\v?tm'Ql Mn(’f@ﬂ!h ngk} ;Wn%‘k&? p%htckbcﬁp[‘lt)h%{ﬂ(i m xing |br 60
mn at room tenperature utlon pH was around 8. The sol ution
was t hen flkpwned‘thﬁ@ughmgvzpmwmdwamﬁﬂe(ﬁG“ﬁWﬂP@¥“P@NF@WﬁW@ any renaining
un- di ssol ve a)iﬁw fcﬁ]c 7 6 S%”GlﬁL Rdid, @ me glet$oLHEJ)IQLQmW@I$C Aaf dpabr own. Exanpl e 10:
Preparation ution A 50g/L solution of Amaranth (>98%
Slgna-Aldr|Uh¥ﬂpm39“mnepdred by dlssoIV|ng 50g in IL of 20 nM sodi um
acetate, H‘(f(l)l M th gon dlﬁﬁl@g eﬂb&ln'ﬂgmf‘pgma:ﬁQnmcnkartmlﬁcﬁﬁ’i@tﬂ&ﬁmﬂt ature. The
final solu H was ar he solution was then filtered through
( 12pm Dur aporigtic giopp emnd it baqn@maw xm*fy sronpds iRliggFider-adiea¥BivG 88 €bl i d. The
color of t h@(ﬁ&!]m | ON M@Senf@hfasde@ by EpRIRIL GrvkhtionRFeRARRyOMoREUIN trO-Ted

sol ution
which may be used for binding and precipitating a target biomolecule. Examples

include, but are not limited 1o, Amaranth and Nitro red.

V. Protein purification methods emploving small molecules

(00109} . In the various methods encompassed by the present invention, a small
molecule is added at one or more stages of a protein purification process, thereby to
precipitate one or more impurities or to precipitate the target biomolecule.

[00110] One such exemplary process employs contacting a cell culture feed
containing a target biomolecule and one or more impurities with a suitable amount of
a small molecule including at least one non-polar group and at least one cationic
group (e.g., 0.4% wt of BZC), thereby to precipitate one or morc impurities (e.g.:
insoluble impurities). The solid phase of the sample (i.e., containing the precipitale)
can be removed by depth filtration or centrifugation. The remaining sample
containing the target biomolecule can then be subjcctéd to subsequent purification
steps (e.g., one or more chromatography sieps).

[00111] In another exemplary process according to the present invention, a
small molecule is added at one or more steps of a protein purification process, where
the small molecule binds and precipitates the target biomolecule itself. Such a small
molecule includes at least one non-polar group and at least one anionic group.
[00112] Generally. a cell culwre feed is subjected to a clarification step prior
to contacting it with the small molecule including at least one anionic group and at
least one noh-polar group. The clarification step is intended to remove the insoluble
impurities. For example, in an exemplary method described herein, a clarified cell

culture feed containing a target molecule and one or more soluble impurities is

27



[001] ] A 50g/L solution of Nitro red (4-Am no-5-hydroxy-3-(4-

ni trophenyl azo) - 2, 7- napht hal enedi sul fbni ¢ aci d di sodiumsalt (>98%

Si gma- Al dwoahi3/oz2eesg prepared by dissolving 50e in | L olPOTrdse&iomiiasn
acetate, pH 4.0 with continued mxing for 30 min at roomtenperature. The
final solution pH was around 4.0. ilhe solution was then filtered through
0. 2prn Duraporog filter to renove any renai ning un-di ssolved solid. The
color of the solution was dark red. Exanple 12: Generation of a

cal i brati on comnael ¥igra démbictnmomu of a slﬂmcx‘mlw@dhdmdimn @0 k2rouprind
representative ex It herei Ny, a kUl b INAN was used
to generate “‘a’OEé’PRB’FmW it gu‘fl\]}aebs iy wo ?Ol“ a“d) gte?%]?rh?ﬁqﬁdéf'e' ‘?‘?@ﬁyof amount s
of 13ZC i n swhaigednpH f@QLBhAhseby @stuotﬁmBZl@ ;s@in'miitzmsf ugtlargsl0, 500, 250, 100.

and 50mtt/L bmﬁnoqecgre?pgr agnL e ﬁﬁ (95\'! %%gxwgﬁ(ﬁ:(m gé{d)sﬁql n%u;q dlltut\h QRS start ing

fromthe stock sol utT egCr of the
di | ut ed BZC cswhins ihemsget biomroleghle SGIUbﬂCf]lGnU}f wmﬁ@aﬁp&elaalem&uadded and

cont | nuous! % MXGeaL LM STRRALUE RS Sl e aplans turned

turbid upon m Xxi I'exatl on between di um
tetrafl or obousmgesmrﬁh@ bvtfcrt(Dth YriagfinetanpH I@D. uﬁn\owsdv@smmas@r‘w“u@i ng a 2100p

turbidi met €y lufa‘%_' C%wga%)xnﬁ%d%wi%\%m th@[(]CQOM xﬁgiedtt(?r L AL &1 u?al i bration

curve, deplcte |gure detection of this assay is
| QU ng/ 1. Brc@uhsmusmbu‘smgwd uFie sieiblc oreans (9@ @mvwed eimBon)s gbk agequant i fy

resi dual am%lrtmﬁ ccgﬁgi‘rr’r’lz&an'g ()l%gl IQ ?rcdlfl\l s%gwtl@@@%ddlﬁém!)l%hpna SKReanaI of BZC

fromsol ution a represeritative experi nent described herein,
certai n mat erdealogequivera signaleqapyapiselsiomican)c wieeidighdimlct o be usef ul for the

removal of %'ﬁf’ om sqj, %dupahex%Hﬁﬁgdlnﬁﬁl?rucg d¥h qg‘ﬂ\CQ?mH&ﬁﬂxUﬂBﬂ renoving BZC
in a sanple containing a target bionolecule follow ng precipitation of

i nsol ubl e i spiarént yees AUsinaly "BZ@"C?L(@&JEGIPA whith Brdthsoneioi vore (BaIUL) , prepar ed

by m xing 0, gﬁm%scthé% H&fh@nlr«tert Gmn@%@ﬂp)la‘?c t@»thnstehnAdM?é@ﬂ-l sRbs & ni zed water,
was m xed Wt 15 and 0.2g of activated carbon ?NUCHER SA- 20,

Meadwest vaeéammf)itn‘gluo'htd‘WA)?foCGﬁ‘S for Cmﬂhplatd el mAsHs drchtdiieset IctHe acti vat ed

carbon was ton@xhugmtk%hgm RYeSRALGbERIALISD (.0BOCT ALk Qked?n i) and t he
supernatant filtered roug Caf filters available from

M I 1ipore Cslpbeaionsigp b)f'“BPYq l@‘? P%P' "W&s‘§5‘>'lljé‘i ‘ﬁlj“'ﬁ“h‘é b @itket ri c assay

outlined inpExaMRLE idde stesaAFRUAE bOfheBHc f;ﬁitéd dsthe 8 @hul hrecakt er treat ment
with activated carbon was determ ned. ; 00171As depicted in_Fi gu{)e 2, 0.1a

of carbon i gncéﬁiﬁnghlcp% Op&YIRIEC ggu;hﬁld at [east one non- polar group {e.g., folic acic

[00114] As discussed above, residual amounts of small molecules remaining
in a sample containing a target biomolecule can be subsequently removed using
suitable materials such as, for example. activated carbon. The sample is generally
subjected to additional chromatography or non-chromatography steps to achieve
desirable fevels of product purity.

[00115] In some embodiments, one or more small molecules described herein
are used in a purification process which is performed in a continuous format. In such
a purification process, several steps may be employed, including. but not limited to.
e.g., culturing cells expressing protein in a bioreactor; subjecting the cell culture to
clarification, which may employ the use of one or more small molecules described
herein. and optionally using a depth filter; transferring the clarified cell culture to a
bind and elute chromatography capture step (e.g., Protein A affinity chromatography):
subjecting the Protein A eluate to virus inactivation (e.g., using one or more static
mixers and/or surge tanks); subjecting the output from virus inactivation 1o a flow-

ihrough purification process, which employs two or more matrices selected from
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BZC in solution to an undetected | evel (less than 100 tng/L). This
information was |later utilized to estimate the anmount of activated czirbon
sui t abl e wo 2osme®B4r esi dual anounts of' BZC from BZC cl acirfused20edsb1 cul ture
medi a. Exanple 14: Carification of cell culture nedia and subsequent

cl earance of HD using BZC [0018)In a representative experinent described
herein, BZC was used for renoval of insoluble inpurities froma sanple
containing a target bionolecule of interest, which was an 1gC | nonocl onal
anti body ( Mibjvawbtean, enioSetsbageeimbmtograpie nuglen. oftioBEGhme clarification, as
descri bed herei ] carb e si dua

amounts of * gzenirﬂb%)rgc"lp mgotn nd \ nus f)lgdti(g{nllé%ﬁi gxic?g lﬁﬁfé{ﬁﬁpﬁlr!)l@ﬂat‘wgr e 6 vas
added to 40mhﬁm|ddméccmncrmdaacm zfnrietdnlfeénachhbn ofidisiambdlaailt of ucB prpcgsees | gGl) and

m xed at room;t ragure far.. 1 o Bro/Ringi-ng and
precipitati san béﬁ‘”f}?a% é in uog)%n A apg lcanI'ngﬁa\nr%Qe,f% el19"¥helgr s/gjgawa?ed fromthe
preC|p|tateubymmmnwMDmu@anhwmmﬁﬂmﬁ@msphvhdvm¥”meymwpmﬁzﬂ}ﬂwxdeternlne t he
residual a ount of BZC that renmmined in solution, a 5ml sanple of the
supernatant were mxed with 5 m of Sodi t1111 Tetrafluoroborate sol ution
(from Exanpl[@!8)] for This)inyenniert iesurtier it emet dwpherdaliairies exmmelef #8iGPt i ng
turbidity, HAGH a o, USA),
corresponde %qggg’gﬂfﬁ}?ggy mP g&%ﬁkﬁé?%g thg£%§R|E¥2?§@H curve from
Exanpl e 12) pul{llﬁmﬂl’m@e@lmu@hmE@@ed firosiehayt hisrrppkgtive gpveldaf Fomete r emai ni ng

36 na of super, %g@%QRUQXmﬁgﬁhﬁﬂdnc g of activated carbon (NUCHER SA- 20,

Meadwest vaco. i ngton W th conti nuous anIng at roomtenperature for
5 mn. The anount of actlvated cardﬁﬁﬂuéé added in excess of what is needed
ﬁﬁth@%ﬁ@uﬁahﬂﬂDM1ctﬁ‘Order to decrease

per lExarrpI \‘I)I%I()l TE'E‘?Z%O opé\

the concentrati ] e detection limt.
Si nce nedlaH@@Mponentén@&mﬁavéﬁwbpﬁﬁ“WQ“aéﬂﬁWﬁﬁ@ﬂ“@ﬁﬂﬂﬁﬁ““%H@”?ﬁtter had to

be added i nO@%W ﬁ()?&(ﬂh &Q%méﬁ]@d\ﬁ%%o&ﬂQﬂmhaémwm pRpAGkdiorl eft to
bi'nd resi dual Ze in solution. "The activated carbon was then collected by

entrlfugatﬂﬂﬁwdﬂﬁ6@9N#H$SSHWQHHFﬁYOﬁﬁdﬁﬁh@‘§ﬁH§FH&PéhP“¢WWY@? ¢ t hrough
0.2 tt Dur ap\.%.ﬁgmfn'hl}t. €lfhe antibody titer was determined in the range of 0.85-1.8 mg/mL
vida plétcin A HPLC. The level ol host cell proteins (FICP) was found to be 350000-

425000 ng/mL using an ELISA (CYGNUS # F550). The pH ofllu unclarified cell

culture was pH-7.2.

Example 2: _Preparation of expressing clarified Cell Culture Fluid (CCF)

[0002] Feed from Example | was clarified by centrifugation at 4000 rpm for
2 min. followed by filtration through 5pm and 0.2um Durapore® filters.

Example 3: Preparation of non-expressing Cell Culture Fluid (CCF)

[0003] In another experiment, cells derived from a non-1gG-expressing
Chinese Hamster Ovary (CHO) cell line were grown in a 10L bioreactor (NEW
BRUNSWICK SCIENTIFIC) to a density of 13x10° cells/mL and harvested at <30%
viability. The level of host cell proteins (HCP) was found to be 66000-177000 ng/mL
using an ELISA (CYGNUS # F550). The pH of the unclarified cell culture was pH
7.2.

Example 4: _Preparation of non-cxpressing clarified Cell Culture Fluid (CCF)

{0004] Feed from Example 3 was clarified by centrifugation at 4000 rpm for
2 min, followed by filtration through Sum and 0.2pm Durapore® filters.

Example S: Preparation of clarified Cell Culture Fluid (CCF) with 1gG spike

29



[ 0022] Under these conditions, -90% O the 1gG present in the original fluid
was recovered, 94% of the HCP was renoved and residual BZC in sol ution was
bel ow t hewdebsosmsa | imt. Exanple 15: Optim zation of i mpuristy2okesar ance
using clarification with 137_,C [00231lIn a representative experi ment
descri bed herein, the optinmal concentration of BZC for maxi mumrecovery of'
a target bionolecule (e.g., a nonoclonal antibody (MAb) nol ecule) as \veil
~as maximuminpurity clearance was determ ned. [0024]0.8, 1.6, 2.4nl of BZC
from Exanpl go6swas added fiam #Oumiplod \vhmlmmwuﬁlpaﬂ 1£& gairifieegbifor om Exanpl e |

(1.8 2/L 19Cl) and oomte eratur, m nut e o allow for
bi ndi ng andg'ﬁf‘é’di " ‘W&%ﬁ?gﬂ% {"l"%hr?rf”t“ e‘%““*?hgh pfo]élc‘ioﬂfct“gftémv@g*(i hen col | ect ed
by centrifugas+ofl ed0&niRmutiog Plowdii AHPAA Alzhent Supeningitgnt was furt her
purified to_ rermv? exlpes_s.res”diugjal 13Z2C bé/II 29,0f activated carbon
(NUCH ER B¢ A Y= ’ 1% huous ni xi ng at
room terrperamutsje for 3 0wl Jhueo:amtnmam&ﬁhumatlﬂondcwasicv roRvcoiclvect ed by

;ﬁgt rol ;uga}\/} ?)({]'éé)( Was Rrﬂﬁfcél by dé?\?%.lwlné.@?@, g [J dq?ﬂ%llzlt%)aewﬂxaituai tcofltlnlug(l:“r ed through 5

ore poration of

Billerica, MaSs roﬂ'ktemmpﬂ raval teBZ&ammncent ration V\US det er m ned to be -4g/L
esuh;t ?d i N 9904 E

E(Ji(VGMT bof Béb\%é{)r ‘Olu?mgar ance and -
() re g d be used
for renoval [00D7)nDSt ofA 408, slorqmun bf}ﬂcﬁ\sdammdnnmb\leﬁrﬁwemtxmrbgmmﬁda xBdovery.
Exanpl e 16: dentlf , ] , cipitate MA
(0026] En a Jf”éB‘r é\s% g W“Q? F58 )'r %‘g?\ ?ésé)(}i\r”}bbiog "herg'mglci H)g'“g'ﬁgunf of foli c)
aci d requi rediné MBSef fici ent I\/A b precipitation (90% or nore) was

det er m ned. . ; ,
Example 8:  Preparation of Sodium Tetrafluoroborate solution

[0008] A Sg/L solution of Sodium Tetrafluoroborate (98%, Sigma-Aldrich).

was prepared by dissolving 5g in 1L deionized water with continued mixing for 30
min at room temperature.

Example 9 Preparation of Folic acid solution

{0009] A 80g/L solution of Folic acid (297%, Sigma-Aldrich), FA, was
preparced by dissolving 80g in 1L of 0.4M Sodium hydroxide with continued mixing
for 60 min at room temperature. The final solution pi was around 8. The solution was
then filtered through 0.2um Durapore® filter to remove any remaining un-dissolved
solid. The color of the solution was dark brown.

Example 10:  Preparation of Amaranth solution

[0010] A 50g/L. solution of Amaranth (298%, Sigma- Aldnch) was p;cparcd
by dissolving 50g in 1L of 20 mM sodium acetate, pH 4.5 with continued mixing for
30 min at room temperature. The final solution pH was around 4.5. The solution was
then filtered through 0.2um Durapore® filter to remove any remaining un-dissolved
solid. The color of the solution was dark red.

Example 11:  Preparation of Nitro-red solution

[0011] A 50g/L solution of Nitro red (4-Amino-5-hydroxy-3-(4-
nitrophenylazo)-2,7-naphthalenedisul fonic acid disodium salt (298%, Sigma-Aldrich).
was prepared by dissolving 30g in 1. of 20 mM sodium acetate, pH 4.0 with
continued mixing for 30 min at room temperature. The final solution pH was around
4.0. The solution was then filtered through 0.2pum Durapore® filter to remove any

remaining un-dissolved solid. The color of the solution was dark red.
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[0027]4.75 n of feed Pon) Exanple 2 (1.1 g/L 1gG) was mixed with
different volunes of Folic acid from Exanple 9 and Dioni zed water as

depi ct ed wo 20sspi2e33k. The pH of the sol ution was adj ust e@Crawsdo13/04500, 5.5
and 6.0 using 3Macetic acid (Fisher Scientific) and continuously m xed at
roomtenperature for 10 min. Wien a suitable Idle acid to MAb rati o was
reached, a precipitate, in the formof dispersed solid suspension, forned
instantly as a result of fblic acid conplexing with MAh. The precipitate
was thetn col‘kﬁﬁbﬁd2gy(“a&miitidnf(ugat\iimtimaﬂ@c mmnfcotriod ofZ() irayoblitivhe

super nat ant tere oree, f [

Figure 4, tH® ]m)unt g C@%S‘B"“ﬁ'vfél“f?&@égscg?mb Clhcb“ln ”[lg’djzn%légf%?\?afge?glen
with >90% efihi GieeNCyentNEreatBsi@scuhkevisdl s usai foHthe niceaamed amoiabl e | . Fol k
acid (nt) ng_[(;u/ﬂézed wat er 0.0125 0.238 0.0313 02, 0.0625 0.188 0.094

n solution.

[0013] A series of BZC solutions at 750, 500, 250, 100. and 50mg/l. were
prepared in deionized water by serial dilutions starting from the stock solution
described in Example 6. To Sml of each of the diluted BZC solutions, 5 ml of solution
from Example 8 was added and continuously mixed at room temperature for 10 min.
The solutions turned turbid upon mixing due to complexation between BZC and
sodium tetrafloroborate. The turbidity of the solutions was measured using a 2100p
urbidimeter (HACH Company, Colo, USA) and used to generate a calibration curve,
depicted in Figure 1.
' [0014] The limit of detection of this assay is 100 mg/l. BZC in solution.

The calibration curve was used to quantify residual amounts of BZC in BZC clarified
feeds. .

Example 13: Removal of BZC from solution

w

[0015] In a representative experiment described herein, certain materials
(i.c.. activated carbon) were shown to be useful for the removal of BZC from solution.
Such materials can be used for removing BZC in a sample containing a target
biomolecule following precipitation of insoluble impurities using BZC.

[0016] A 3ml BZC solution (Smg/ml), prepared by mixing 0.25ml of
solution from Example 6 with 4.75ml of deionized water, was mixed with 0.05. 0.1.
0.15 and 0.2g of activated carbon (NUCHER SA-20, Meadwestvaco, Covington, VA)
for 10 min at room temperature. The activated carbon was then collected by
centrifugation (4000 rpm for 2 min) and the supernatant filtered through 5 and 0.2
Millex® filters available from Millipore Corporation of Billerica, Mass. Using the
turbidimetric assay outlined in Example 12, the amount of BZC left in solution after
treatment with activated carbon was determinced.

[0017] As depicted in Figure 2, 0.1g of carbon is enough to reduce 25 mg
BZC in solution to an undetected level (less than 100 mg/L). This information was
later utilized to estimate the amount of activated carbon suitable to remove residual
amounts of BZC from BZC clarified cell culture media.

Example 14: Clarification of cell culture media and subsequent clearance of
HCP _using BZC
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0. 156 0.125 0.125 0.188 0.063 0.25 0 Exanple 17: Capture of a desired MAl)
nol ecule fromclarified cell culture nedia using folic acid [0029]1n a
repr esentwoizvss/esper i ment described herein, folic acid wag/ussed/oiwsn1
capturing a MAb nol ecule fromclarified CHO cell culture. [0030]0.152nt of
folic acid from Exanple 9, and 0.098m of Deionized water were added to
4.75m of feed from Exanple 2 (1.80- 4;00. The pH of the solution was
adjusted 5.5 using 3M acetic acid and conti nuously m xed at room

t enper at ur e[does J 10 m My o Abkcedniamoé ekpadidledtidesiibal Herea ipiChadsascdifor t he for m of
di sper sed SO|I suspensi on, forped instantly .as a result of folic acid
conpl exi nu \/ﬁ"’t"h“'lﬂ&b’s"'?ﬂé“ﬁ‘?‘éﬁ'ﬁb DA SRS S %’H"%Eb\af%b?gﬂOlBV'lh%nt ri fugation
(4000r pm f Ofnidrét. WhichRehs WA SRk lnal ihisbobu {V1ab) dholewldi Sibsxudscioent i fi c

(25nMM pH 6.0) in order to. b
Re- sol ubi | i $5&F9H BC [l"h%'a%‘ﬂ%ﬁ&g%ie%‘é%gﬁh&é’lna‘ijcn6ﬂc‘gg%°f_I”@y %68T<“d|cl)wace at pl-1

7.5 using ZﬁﬂMVnﬂ’rrcsfdublu{n{(ﬂhls@QBZGIh’ﬁh\ngc Qnﬁ»M NaCl while mixing continuously
for 10 mn at roomte

s effected
by addi ng 560671 cad é(’(‘fs Lﬁ &‘lg@l e‘rﬂ"i’ |6 ‘)‘“ a%ﬁod&%gﬁp'&&m ‘i"a‘?“é‘Mol ic acid,
fol | owed by fed frbmatxh@plctifn etgghluamm rix& podd fehexewfd bt Brisinavai | abl e from
MI1lipore Cor oratlon of Bil MApm)IecuIeisthen

] 1 The purifi .;efj MAb

recovered i1 ¥R YUpEliHa" r?fecfﬂ"ﬁlll'od‘ Ofiﬁiﬁﬁli'fbn@’érsu?eﬁ'é'édg Eohdi'ti ons, >95% of
the MAb presphhict fromhie @ungnvmatbv dehwiifibatio@ oot pniffot | mimci d and 88% of | uG
was recover fo%zbﬁpon el Lf"o dclummc the residual amount of BZC that remained in solution, a
Sml sample of the supernatant were mixed with 5 ml of Sodium Tetrafluoroborate
solution (from Example 8) for 10 minutes at room temperature. The resulting |
turbidity, measured on 2100p turbidimeter (HACH Company. Colo, USA),
corresponded to 512 mg/L residual BZC (using the calibration curve from Example
12).

[0021] Residual BZC in solution was removed fram the remaining 36 ml of
supernatant by adding 1.2g of activated carbon (NUCHER SA-20, Meadwestvaco.
Covington, VA) with continuous mixing at room temperature for 5 min. The amount
of aclivated carbon was added in excess of what is needed per Example 13 (i.¢. 0.072
g of activated carbon), in order to decrease the concentration of residual BZC in
solution below the detection limit. Since media components can also bind 1o activated
carbon, the latter had to be added in excess such that activated carbon has some
capacity left to bind residual BZC in solution. The activated carbon was then collected
by centrifugation (4000 rpm for 2 min) and the supernatant filtered lhﬁ)ugh 0.2 1t
Durapore® filter.

[0022] Under these conditions, ~90% of the IgG present in the original fluid
was recovered, 94% of the HCP was removed and residual BZC in solution was
below the detection limit.

Example 15:  Optimization of impurity clearance using clarification with BZC

[0023] In a representative experiment described herein, the optimal
concentration of BZC for maximum recovery of a target biomolecule (e.g., a
monoclonal antibody (MAb) molecule) as well as maximum impurity clearance was

determined.
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Exanpl e 18: Level of MCP in a solution containing folk acid captured NAI)
[0032] Fol I owi ng the capture of the MAb nol ecul e using folic acid, as
descri bedwonoBwaspie 17, the level of |-1CP was neasur e@Ciruseéte/ossnpl e
containing the MAb. An ELI SA assay kit (CYGNUS fi F550) was used to track
the level of host cell protein (1-1C13) at different steps of the product
(119G capture process. The concentration of FICP was reduced from 474306
ng/mL in the starting cell culture fluid to 146178 ne/mlL in the elution
igng;e the[mbyldennnsmyaBjmgnaﬁmemuamﬁﬁnmhmeGEE&&HmEbQObyosﬁ@@Exanple
neration of "‘c_ ration, cur, term ne the conceptration of
folic acid i"ﬁ“&ﬁ @‘t‘* n P‘ﬁ%%g lnéj%{xﬁ %Ség‘g'ﬁ] TRV ‘népemu“c oF égscrl bed
hﬁreln, a cahmbﬁa&hmawmumMﬂnmang@ngm&bedfmnmondetmnﬂasmbaequemmly quantify
the amounts qf residual foli emai.ni in so 0034] St andard
sol uti ons 0F8L6$$§ ééWd”§W°bEH?5“ﬁ1®2g?“@ g”“SLKUm%?LV“fU ir ere pr epar ed
i n dei oni zeguwaides reli)y)vsﬁcb:&lrwﬂiub“ﬁd@hﬁa@fﬁngtth df catuwauacaxrdo'sol ution from ‘
Exanpl e 9. g@ﬁ%gﬁg %F@?mé)w 'aco %%)gilqgag'xﬁq/ le]twmnnuouT I%{ nFa’§woﬁg at $50 urn

using a spect d d, as depicted in
Fi gure 5. Emamphauaﬁuaﬁhmﬂmabmoﬁmdohb@1@mmuxmmﬂhuadbmwaUEGMGarbon [0035]'1n

a represent ?}008 rpm SRS N and the supcrna?ang?PDD?M’O%E,]?Q ar cmi; pq\ﬁ’n'il glb Rliers
available from Millipore Corporation of Billerica, Mass. The optimal BZC
concentration was determined to be ~dg/L (1.6 ml of BZC from Example 6) which
resulted in ~90% HCP clearance and ~ 94% MADb recovery.

[0025] As shown in Figure 3, ~ 4g/lL BZC ;:ould be used for removal of most
of the impurities without effecting MAb recovery.

Example 16: Identifving the amount of folic acid required to precipitate MAD

[0026] In a representative experiment described herein, the amount of folic
acid

required for efficient MAb precipitation (90% or more) was determined.

[0027] 4.75 ml of feed from Example 2 (1.1 ¢/L [gG) was mixed with
different volumes of Folic acid from Example 9 and Dionized water as depicted in
Table 1. The pH of the solution was adjusted to 4.5, 5.0, 5.5 and 6.0 using 3M acetic
acid (Fisher Scientific) and continuously mixed at room temperature for 10 min.
When a suitable folic acid (o MAD ratio was reached, a precipitate, in the form of
dispersed solid suspension, formed instantly as a result of folic acid complexing with
MAb. The precipitate was then collected by centrifugation (4000 rpm for 1 min) and
the supernatant filtered through 0.2 p Durapore® filter.

[0028] As depicted in Figure 4, the amount of folic acid necessary to bind

and precipitate 1gG; with >90% efficiency increases as the solution pl increases.
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material s such as, for exanple activated carbon. can be used for renoving
folic acid fromsolution [0036]0.75, 2.4, 4.85, 8.2 and L2.9 ma/m of folic
aci d sol wpans/o2e33@ prepared in 0. | N Thiam ne hydrockCorisdazasospl-1 7
(Sigma) by serial dilution of tblic acid solution 'from Exanple 9. The
solutions were mxed with 0.5g of activated carbon (NUCHER SA- 20,

Meadwest vaco, Covington. VA) with continuous m Xing at roomtenperature for
10 min. The activated carbon was then collected by centrifugation (4000 rpm
for 2 mn) and the supernatant filtered through 5 and 0.2 p MIlex0 filters
available fromMIIlipore Corporation of Billerica, Mass. 'Ile concentration
of folic aci'@P¥dft in solution was determi ned by neasuring absor bance at
350 nm and usi ngit h&d @alyi br at i ompGaina Wd@scri bed in Exanpl e 19. 100371As |
depicted inEigure 6 __one gramof activated-—earbon was sufficient to renove
225 nig fblic aci 801 Bxanpl e 21: Capfdf® of a desired INTAb froma 13Ze
clarified cell cuphpyre media usineolk acid [0038]In a representative
experiment described herein, folic aC| d was used to precipitate a |VIAb
froma representaf0%%. BzC clarified 8811 culture media. Accordingly, BZC
was used for clariggogation and foligiaid was used for capture. WO

2013/ 028334PCT/ US2012/ 049501 [00391Fo| ic acid from Exanple 9 was added to
30 of clarifiedY%'@ed from Exanpl8 14 (1.7 glL MAb). The pH of the
solution was adjusgtied to 5.2 using 8@bacetic acid and continuously m xed at
roomtenperature for 10 min. After acid addition. a precipitate formed
instantly as a resti¥? of' folic acid Ocorrpl exing with MAb. The precipitate
was then coll ected by centri fugati on (4000rpm for 1 mn) and washed with

Ar gi ni ne buf fer (0 1M O)

Resol ubi | i z&t‘t"&ﬁ‘d? '(ﬁ‘"%‘r'ﬁ‘,‘q;‘,’;’ d‘ﬂhc‘d}.l /

vol une at pH 6 usi )

cont i nuousl me"?)]r 10 nd ‘ﬁaé‘fp"‘fsb’b‘ﬁll“ttecﬁﬁ‘él“é%hf]ewnﬁg hm" \M.lft Fife “%&rlgg( folic acid
was ef f ect eghrhypi@didiangAb mbhguefiroacdlarirat EGI(E(B:Elhomuré NUCHER SA- 20,

Meadwest vaco, Covington, . VA) .t.q. 2nil of ion us m xin

at room t enpEak ur e f p’bi‘ﬁﬁfﬁ 51‘8'“1‘}%1 g%lPl \é?]gjlé c&Pho 0"}59%1111 Qf% (ﬂg/f) Il ected gy
centri fugat i\x@fc}r ©4R0QAdEPm 4. DI m2o hficer) f‘randixtxxhelngj@&ﬂataé‘nt ‘e IpHesledc t hr ough 5

and 0.2 tt MIllexr/U Filters avail fro | r of
Billerica RHYLON e PiNs #ga”sln& \f? %f‘fu Jr:algé nélﬁqéugleg\%\rgg @ltréf% .
super nat ant tdnlpdtathre [(ﬁ)OOOy]nhlndﬂefrutahiésnednomndl frecopise. FOG%I@M ohdispeged present in

t he orlglnal fluid b foljic acid 0 I o upon

el uti on and*yy. ‘gb}?ﬂ’ﬁ‘m’f E?'?“(‘f? R i Tl o@'g)dc%ég Cgﬁjl\’\@g W ﬁ/bggt?gﬁeﬁt of

LI CP | evel s pichipaaBEas tlbatdlfeted b_soéxmumgxmnomomanpm 1nglmm) and washed with

Tris buffer from Fisher Scientific (25mM, pH 6.0) in order to remove loosely-bound

impurities. Re-solubilization of the precipitate and elution of 1gG ook place at pH 7.5
using 25mM Tris buffer containing 0.5M NaCl while mixing continuously for 10 min
at room temperature. Removal of the free folic acid is effected by adding 30mM
CaCl, (Fisher Scientific), which precipitates folic acid, followed by filtration through
5 and 0.2 um Millex® filters available from Millipore Corporation of Billerica, Mass.
The purified MAb molecule is then recovered in the supernatant fluid.

[0031] Under these conditions, >95% of the MAD present in the original
fluid bound to folic acid and 88% of 1gG was recovered upon clution.

Example 18: Level of HCP in a solution containing folic acid captured MADb

10032) Following the capturc of the MAb molecule using folic acid. as
described in Example 17, the level of HCP was measured in the sample containing the

MAD. An ELISA assay kit (CYGNUS # F530) was used to track the level of host cell
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a desired hionolecule (MAI)) that was captured using folk acid 10041.1The
experinment was carried out as illustrated in Exanple 21. An ELI SA assay kit
(CYGNUS #vbab3jo2sasd used to track the | evel of host cel PCprust@i244shiCP) at
different steps of the product (MAb) capture process. 1100421The
concentration of FICP was reduced from 44247 nu/m in the starting
clarified cell culture fluid to 6500 ng/m. in the elution sanple after the
folk acid renoval step, thereby denponstrating a reduction in HCP | evel s by
t8ﬁ% The r el&@}’cﬁxﬁgl 1te|yeJ( (Df&rH@Pilé[ﬂ bm%celpuil'lmn(lg@}(QSptinﬂt procenNsi ther ati on t hat
e startin eed .vo ution vol ume | . Exanpl e
D3° Bsti mat PSRRI BF reterorond s ar pd S B e TRt ol 1 T
[0043. 11 n aor pn eSephatih Ve @xpeardapr! iheanotbesnssamblel « rdheoulie 1GP.e. ., Nitro
red which i g c gl)%/g%ywas eval uated for precipitation of a MAb nol ecul e. '"He
mass ratio 6F°Y °to Nitro red necessary to précipitate the MAb with nore
than 90% ef Lkgihpeay: Wasnckation 81 nedibrtdd4dbkaededroime Bxampl@ustivas titrat ed
to pH 4.5.usfing 3 Macetic acid. 5 m aliquot of this solution was then
m xed- at room t enper atialicecfddh sfufidmutes with different volunmes of Nitro red
from Exanpl pob3] t o obt@kmnetrdsencidsiaxpetiniint dacried ltemurhmﬁdalnhratmoulrn t he
3O|ZUt 602 -(I)-\ng L(Iiltbﬁllk.d lné)l(ﬁcé IMS\LPDé%CHC@R’OqU“Tﬂ qpc El]POUI][b | 3¢ x%xxﬁa é&.r%m’gllechds'/r |2f tl/lgecdoat
ggoo rpm f ofendainiignin sdlhgonsuper nat ant was rem)ved by decanting, and anal yzed
r 12G us Protei, A HPL 4 d e r Ntro
red/ MAb rat ‘Oggﬂf 0.8 ?ch““‘r"‘"d q“‘E"a’s P J"ﬁga“gr@ Lfbe E’r%?w%??ﬁ’f‘?%ﬁ"gfﬁ”m Exanpl e
24: Dependewnee [:(Dépclbﬂndldmgmpl‘d wmetebmdrmhdlheaomweirty\e olicNicidr wlyted-fpreci pi t at ed
?@20\%2?36?‘2‘3} gvarl ﬁgr@?ﬁ sog*%n(v(\hosf?ﬁéc\%andan?% UIEOD‘I? \\uexI Iﬂgg&ugg at k%!orlﬁix\ psgnup'H on M Ab
spectrophotometer, and a standard curve was plotted. as depicted in Figure 5.

Example 20:  Removal of folic acid with activated carbon

{0053] In a representative experiment. it was demonstrated that certain
materials such as, for example activated carbon. can be used for removing folic acid
from solution

[0036] 0.75, 2.4, 4.85, 8.2 and 12.9 mg/ml of folic acid solutions were
prepared in 0.1M Thiamine hydrochloride at pH 7 (Sigma) by serial dilution of folic
acid solution ‘from Example 9. The solutions were mixed with 0.5g of activated
carbon (NUCHER SA-20, Meadwestvaco, Covington. VA) with continuous mixing at
room temperature for 10 min. The activated carbon was then collected by
centri I”ugaiion (4000 rpm for 2 min) and the supernatant filtered through 5 and 0.2
Millex® filters available from Millipore Corporation of Billerica, Mass.  The
concentration of folic acid left in solution was determined by measuring absorbance at
350 nm and using the calibration curve described in Example 19.

[0037] As depicted in Figure 6, one gram of activated carbon was sufficient
to remove 225 mg folic acid.

Example 21: Capture of a desired MAb from a BZC clarificd cell culture media

using folic acid
[0038] In a representative experiment described herein, folic acid was used

to precipitate a MAb from a representative BZC clarified cell culture media.

Accordingly, BZC was used for clarification and folic acid was used for capture.
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[ 0047] MAb- spi ked CCP from Exanple 5 was titrated to either pH 3.9, 4.5, or
4.9 using 3 Macetic acid. 5 m aliquot of each of the pH solutions was

t hen ni xesoabiymessut enperature for 5 minutes with NitropcedsteamBeanpl e 11
to obtain the desired Nitro red to MAb ratio of 1:1. The m xture was
centrifuged at 3000 rpmfor | mn. The supernatant was renoved by
decanting, and passed through Chromasorb (M LLIPORE) to renove residual
Nitro red. The solution was then analyzed for MAb using Protein A HPLC. In

all 3 casesLoomere \Nasrora@a%ho.haaf\hmbl@ ot a34HAAL NBHART clar@Rd deRirehed in
Figure 8. T recipitates fromthe 3 different bindi ngﬁgl—ls were doted in

20 M4 HEPES\““B"‘B 14 (hB@/l MRARadEhe P 1 I YI9R Wis2divsted B¢ WiiBaigh! chr omasor b .

(M LLI PORE) adeQc heioMa dofshu@dual nkddr & e, capdataraloy 26 dnihor A MAbacusi ng
Protein A 1-]1PLC. [0048 A;sﬂhglctedln Fi gure 8, .| ower blndln\g pH (pli 3.9)
gave 55% el UGN # BEOPEHS/ Ok EHY BT A wwgofa&’“bm%@%ﬁ"w YUGRGE - 100%
yield. Exarmthepl&SpuMAmJ ﬁQQN&I[Me@B\dCLLﬂrQPLaGb@@ﬂ)@mﬁﬁx o1 iy Mestadecel |
culture treat ed r’r‘]a Q 8 In this re@r esent ative experl ment,
yet anot her“gﬁreﬁ"lé”ﬁ'i’fl 8eiifr el )\Aﬁi‘cPlH 3 )a“’dy‘é“((‘ﬂr?ﬁ?ﬁht 8y dPPHEESuEEd to

preci pi t at esddiafi®m@and @Wl@%ﬂﬁklu‘(@n 6f Mnbfibdkdlaelid 3. eml dhige m&ﬁil a.

100501MAbs Lked f ront Exanple 5 was titrated to using 3 M
acetic acid> ’I’H%*”%/&H%gﬁp B lb?i‘]fogﬁol[‘r% f"H’i" N)lh‘b”%b‘?'&'é“‘?"é'éd“\/\/gg"b” 45 mg/nil as
measur ed byroBmok@b&rairddRkRoval e (hosde 8¢ hicipp ik eft Bclé‘(DﬂCedtﬁll’ga.O il&nomas 186, 000

m 91 0a w1t WFEH PO A R AR AR AU DTN 80 20 at Poom

t enper at ur eetfitdh \bitlntdauhesis bixihOst Md@En pIrpeiaRird Bt €0 mTh & horhotivukee cabs
centrifuged at 300 for 1 mn. The supernatant was re

Gocanti ng. el sl Sl e MR bt ELmD il beshelE S n 20 ¢ om
HEPES, pll @cddeghs J;B@orzmd\ﬂmta@b t]ltha\alawtif‘mm 'Vlﬂderf eafcpednw siM3ikering. of :
activated car bo ] ﬁ 1 %eg t ‘@HdAmaranth, and

anal yzed for “N4 ‘?“é‘é‘b\/&r st ""Sﬁ}‘B{“eCP‘n” '™ L‘O“B‘ﬁd‘ ¥ CP“l evel using [LISA
[ 005] ] A MAI [)O():r(ecover y Ualler 9166 mmxtmbiat)ﬂed»f andg(‘ﬁh»asefm nathe Ednﬁﬁ’alltbenkbl S were
87,100 ng/nj e stratin 0% d creas b evel s. Exanple
26: Analysi & "‘é ' {? rgwelgv{a??)ﬂ%’nfég ‘ot Y“ﬂ"fon ¢ l;‘)“rmelcfllnpl Eggtf"l © O’b('s‘ichg Anar ant h
dye was removed. .

Example 22: Measurement of HCP levels in a4 BZC clarified solution containing
a desired biomolecule (MADb) that was captured using folic acid
[(0041] The experiment was carried out as illustrated in Example 21. An

ELISA assay kit (CYGNUS # F3350) was used to track the level of host cell protein

(HCP) at different steps of the product (MAD) capture process.

[0042] The concentration of HCP was reduced from 44247 ng/ml in the

starting clarified cell culture fluid to 6500 ng/ml in the elution sample after the folic

acid removal step, thereby demonstrating a reduction in HCP levels by 85%. The
- reported level of HCP in the elution takes into consideration that the starting feed

volume was 30 m! but elution volume was 3.5 ml.

Example 23: Estimation of amount of Nitro red required to precipitate MAb

[0043] In a representative experiment, another small molecule (i.e., Nitro red
which is a dye) was evaluated for precipitation of a MAb molecule. The mass ratio of
MADb to Nitro red necessary to precipitate the MAb with more than 90% efficiency
was determined.

[0044] Feed from Example 3 was titrated tb pH 4.5-using 3 M acetic acid. 5

ml aliquot of this solution was then mixed at room temperature for 5 minutes with
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1005211 n a representative experinment described herein, after precipitating
the MAh with Amaranth dye, washing the precipitate to renove inpurities and
el uting twe 2mMsm2833he popul ati on of charged variants of bgab/USROIZARSDE Wwer e
anal yzed usi ng weak cati on exchange chromat ography and conpared with the
popul ati on of charged Ni Ab variants in the starting feed. The goal of this
experinment was to determ ne whet her sol ubl e conpl exes of Amaranth dye and
MAI) existed with the recovered MAb, which would be | argely undesirable.

[ 0053] The elifcifnvd §idoEXarpke 3d masprnNakyaedn e ke Nehakge vari ant's
using anal ytical weak cation exchange col um Dines Corp.). The

buf fers usedAbraghe hoipwigre’ 1"0"‘["(1“?\‘14‘"%‘&1? ’iﬂh’ %H@‘s‘bﬁd{“‘et\‘“}}'ﬁf 8°G (Buffer A)

and 10 m M gagh um pRosphad, e.0, Ml-310. %mm&eudt lrawmcl\lamwauﬁmrrplﬁs) The
fol I owing gradient el ution loroflle was used: time = 0, 10% Buffer B; tine =
40 min, 3004%fHerThesupcapal wasgsmayey b gscap s Py gleC it o n, 100%
buffer B. [ 9ORR4] Asiiglaown in Figure 9, no noticeable change in charged

vari ants was observed for the Protein A pu t he. Amar ant h
purified MP%Exanpl e ?f}“p“ibéirf‘lf‘é‘l”é%s? Yurogr M\bﬁdt‘i%b)gdhﬁe(éi??‘b@f of shear on
MAh preci pi tahR&e hetipRdiowsrmosf ol ic acid [0055]1In addition to the use of
smal | nol ecul es, such as those descrl l?ed\ bove LU C result in adequate
purificati ofrxunefe Rk . pee-qf by capy, ' roduct quality,
.a preci plta bas e @ SHNE S ( quires steps far handlin

precipitate Otohét is oY ﬁerapresﬁi“lﬁﬁ"afc’t‘ipﬁ%\mc'i‘eﬁ‘ﬁrfé'legg%} Hadiay pg' oHo Q ow Fi ber
Tangenti al EL@»\M;%IM@WQMnW svaloped.ating in batch and cont| nuous nmodes,

i s describe reln iich. enabl es efficient e eC|p|tate
fol | owing t ’84 so of VArPIGOL 2 Edrws = =2 é"'aés}‘é“? &‘8" b %”3‘“ b eh 0056] One of

t he suitabler 1@64’111&01 ngce& awrd Stxﬂpﬂs:qmdnat cdrhyf the pusetﬂmfwmrmefthdnomem handl i ng

of precipitate is ti.on. base C n the
char act eri st'j '€&™ ‘F”’P‘Hé‘”@o‘lof ds"HiSE “é{Pe“‘B&fh‘g?fgxo%‘e“g’é’?“ IP?P ‘“” *

conpr essi bi hdshw Npartd ol dAbirae,ofand’ lsdwmamuse/asardmrwgw at B@Onamemal few. For
exanmple, if ain pore siz S osen for th ss based on
particle si Elé“ rﬁzésh‘?ce'?flg‘ Vs r(tn“l“g}?lb\ ek nz‘a“ﬁ? gp(‘:l?)bh lhmugth E%BPQ&?L article
size i s not(\QLMORE) tohamye rctmttielr\htrbeech iifd wem:oe\wc)i thtinenagshzed for Mxtte in the
system (for ex 0 n ot her j o SILES On the

ot her hand, "4'§ alg?&“inc’ﬁgﬁ)s[’ltczeﬁs% g“ [' “n““éx““‘ﬁﬁ Emrr%?}ll%?{?ﬁﬁﬁ E‘ﬁts}ﬁanbr ane.

[ _0057] As ddks,)madbe(ﬂ idoned ®vihe '()h‘elpeiin‘:.‘Eme ofe osheamurbatd@gQﬁISpan't Eloted isi ze

20 mM HEPES, pH 8.0 + 150 mM NaCl. The clution was passed through

Chromasorb (MILLIPORE) to remove residual Nitro red, and analyzed for MAb
using Protein A HPLC.

{0048} As depicted in Figure 8, lower binding pH (pH 3.9) gave (,Iulmn
recovery, whereas binding at pH 4.5 and 4.9 gave ~100% yield.

Example 25: MADb recovery and HCP clearance in harvested cell culture
treated with Amaranth dye
[0049] In this representative experiment, yet another small molecule which

is a dye (Amaranth dye) was used to precipitate MAb from a representative clarified
cell culture media.

[0050] MAb-spiked feed CCF from Example 5 was titrated to pH 4.5 using 3
M acetic acid. The MAb concentration in the MAb-spike feed was 0.95 mg/ml as
measured by Protein A HPLC. The host cell protcin concentration was 186,000 ng/ml
as measured using ELISA (CYGNUS # F330). 3 ml of the solution was mixed with

75 ul of 40 mg/ml Amaranth dye from Example 10 at room temperature for > minutes

to form a precipitate. The mixture was centrifuged at 3000 rpm for I min. The
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distribution at different binding pH was evaluated in the context of a
Hol | ow Fi ber Tangential Flow Filter device. [00581Feed (30 nil) from
Exanpl e 2wOQoB#pRsdsk) was spilt into 3 equal parts and mpkedstar/o®snin wth
folic acid from Exanple 9 at roomtenperature. The ratio of fblie acid to
MAb added was 1:1 for 2 of the aliquots (for titration to pH 4.0 and 5.(1).
and 1.5:1 for | of the aliquot (for later titration to pli 5.5). The 3
aliquots of 10 mM each of the folic acid-m xed feed were titrated to either

pH 4.0, 5. 0s@erraiast \Lt&nagmadM a@damn@ B dhcardfte mfcq}»b‘dcninhtat\\as was - 10X diluted

(or to a diluti ignal on_th in the
appropri at emrﬁitf‘F‘ﬁé‘rdE“?‘Bﬁ? dipg §aﬁ¥\3‘%§5ﬂﬂb8 REl ‘\?ér"ﬁ'l lﬁ@gt er?. g’éf’" t'8® det ermi ne the
particle Sl Zr@aldl \STlH’4 h}nlgtol"@cnn dlE@EmlSHnQ:Q} Rl st @nab rgib 4 .aly reiduarM sodi um

acet at e, sed For preci I tate di um acet at e,
pH 5.0 A rﬁ‘é’b‘&‘“"’Ffﬂ“ wf'ééﬁddf*&w@ e H"%”%ﬁro'fg‘ HE’ U?Csd&g m'&égt ate, pH 5.5

was used. | psiggddiisihon, the diluted precipitate was passed through a hollow

fi ber devic 2 um M t hoop, HEAL THCARE f ring the
measur enent f‘\Oé)(lflg]rrbe |ﬁ@‘%§r%ﬁﬂé?’m Pngasof kLl an fi'“% EC[ﬁl "“3 \t‘%rgstudy t he

effect of sheav)d @k hﬁrepamm@isenm«cze sp/sdecicbistin BICPdévetshe preci pitates
generated. The fII %\/ rat qwlfltber cJes yarl ed, in order to
generate di fFf&PBS ‘ > vvas gi ven

PR A ey T TR SRR N

t he | ower pheweatgbgehnieraah: heyulh @wer wispidg 4hO preciplidtesiol icosye mﬂname» addt% sol i ds,
cent 1 fuge SBTHE BF MsbotieoprirBR 4 s &t P B Ekul S PRE S Snear
rate (Y) inugngpivpe &aoion a\cmewtcoﬂn@muidrwhd aoammlnaamcbaslhrtlac u@nurngom &

re)égr 3281);”],[ ﬁhfugﬁl}%r\b’ b’)blélb[il‘.\_.qwurstélrllfé f\é(lcl: ﬁg{gf_r;&fégl t[ Wc(%p?ncﬂlnq As L Za} hgn the
mean parti cHeemsiimewtthd heludicfcfoem@m:s pHuoendhtdyerasd th\eab edlistePayithi 1b¢ e size
part1 o o5 ars RoRe BB R ARERE el Sl BT Bt s %af “the L over bi ndi ng
pH. For t he[Qﬁ)ub]sequenfl hexlpae fremttx: uaplbﬁhmaﬂ@w-zc@)m MAbekargshesans Exanpl e
shear 1 at cs TP Ha Lt o BB B B e Bl o s
gener at ed usieddn tihohmoua@inmN&@@BJﬁ] ﬁfmrshdteelpi'ﬁ é@éﬂtl@tttllf\/)emék%ew\i méirtam "Nt h
carried out OQ%]Q,Q E{,rp(r%édﬁ@;\g%él%lmé*]Saﬁ r?fmﬂgqx e hiRAwksgd_for

st.abl e oper 5t er tangenti al tration. TIT, system
The | atter wasussétingr drdér BeftamB: eme =rd@ayiol @‘an\efé”éﬁsl@ﬁovﬁ MR- Pgure 1 1a.

[00621Feed (200 x0f).. Eremxaopl &g gat 0.85 g/L) was mxed for 5 mn

{0054] As shown in Figure 9, no noticeable change in charged variants was

observed for the Protein A purified MAb and the Amaranth purified MAD.

Example 27: Particle size distribution and effect of shear on MAb prccupltatw
formed using folic acid

[0055] In addition to the use of small molecules, such as those described
above, which result in adequate purification and MADb recovery with little 10 no
impact on product quality. a precipitation based process also requires steps tor
handling the precipitate that is formed. A practical technology based on Hollow Fiber
Tangential Flow Filtration, TFF, operating in batch and continuous modcs, is
described herein, which enables efficient handling of the precipitate following the use

of small molecules, as described herein.
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with folic acid from Exanple 9 at roomtenperature such that the ratio of
folic acid to NNAb was I:1 . The pH of the m xture was then |owered to pH
4.5. For woOgoismsideed fl ow rate (shear rate), the perneaCe/Ushavonsve
(pernmeate flux) was gradually increased in step increnents. The feed
pressure, retentate pressure, and perneate pressure was nonitored for 5
nun. The transnenbrane pressure was cal cul ated using TP = (Pr + P3/2 - P.
The system was consi dered at steady state if no change in TNAP Was observed
over 5 mn. {0‘6@% menbr apeotiiEihkle tel?lh%lo@klldyst&pﬁ$haam€?\ Be g0y hpklioiont | ber

menbr ane w 8 cn? nenbrane area RE The flux vs. TML is
shown in Fi Bndbng ofpsectryfateds i 'r“fllé%tr%edf‘e@ao f’$30\)\7hfc deRendsHEhf rates). The

concentrat i eirdcREERE of M s@id@ighie bPAS frotdadlisugths@asmbikssibillik (partie/ QL)) as a
function of Aux is al so. shown FI ure |le) %gf{ t he erneate flowrate

and QF is tHe PEbECH|SERIAY &0 “["D?) 5"]“1 f OE%\E‘P‘HP ‘B P H“f‘r omthe Flux vs.
| MP curves jwambia@&is@hdsen h)rtlwo&ﬁfbaébﬂbh @Bﬂtlcl&hﬁafnemd:nfch@Wl Isat es I’ ate are
1700 Si and, 190 Liv11l-1, respectivel Y. E d Ig “e under
t hese condi t'i‘%’ﬁ‘é“‘t“hé‘”\‘r‘é‘ih“%H%‘(%'Hﬁleﬁ‘ﬁ 3t“|°b‘rf’”?%8t het B‘? Rt é'““’éss is 2.5X

Exanpl e 29: (MeasHes e m th@fwsftdnuefor’\lcﬁﬁlﬁplsdﬁdlarpﬁmﬁm@bam&rpuﬁceszswle (TM V) at
different shear rate hol |

E IYl d. ( ( | 1 lm?n lhc MAD

preci pi t at e&rGEHe Y BHONE; 1Y f‘ld’f“i et gme “6”1‘3‘8& &ﬂ“’ feed with 43
tilL 1gG cone@bfar@tion. . [006411For feeds with hi gher I\/Ab titer, nore
preci pitant r exa a higher starting
solid vol un® ﬁg'eds thb ﬁ*ﬁff%éi’%‘&é‘fd‘%*rﬁg‘?oﬁ%f“&m‘ha“ %)%“Cg“r Phent was cani ed out
to determ ngistripei@fak emtmeefb,hmgmn waohiathaed vt &atoroext bfhellqﬂemfbbmance of the
TIE system escr | m‘t‘j rnl nFI e 28. 1,0065]Feed (200 m) from Exanple 2 was
spi ked with W'é‘"‘ “IJ'EEFEPh a MAb concentration 014,3 a/L. The

MAb- spi ked fopesl was md(,ﬁ(d“(fmr)Ilﬁnmv’AnWLt_l'(OfSOLLQ:\\'a‘C&ipdl iﬁmo‘mqlt‘_wdavnm e 9 at room

E ﬁgpfnr )a(': 3: galj‘ﬁgnfchﬂﬁ- IHB‘}\@’I‘ é § l[cgcxgiu? nQr \Sunp%ﬁd ﬂ roonf unpcAPt?tuyga%hcll 11:110 oiThe pld of
conplete r Elee laﬁd mode bagdsheawn i for FoQue aﬁlqlublsator F-mzmoa tcg;phyé;ﬁ) aﬁéed) f | ow rate
.(Shear rat -e%xlﬁ g (‘Fﬁc a?‘%]uot(E)fwf_llraf?l{L mragli?» tomalqr)% hy)g()ahﬁ@ s 31 QQHal ly

i ncreased i ssur tate pressure, and
per neat e press ur ge Vieie anidnhitved e for uﬁatm . citTérepht + Arghae iy sing Jrlessure was

cal cul at ed HRliPkid Wﬁgre&g.mw s DN huieallor JHQHRUBLE T WSS QRN AT ed at

steady state I'f "R ¢ BT serve over he menbr ane
used in thi gesistdycmpia thx pRptiare holfdr o réadbrgronrtenidnlasie mstersiz88locn? menbr ane

area ((TE HgAdmlfﬁ%ﬁ 31; IJ(, 91% (ngmbt}{%h Mprcc 1(@}219%\(240n’)d::'ngpso@nﬁl(za for 3

different f ear ra e concentration factor (defined
as CF = 11(1&@3’W(E@ﬂs&lstﬁcmﬁeltnlmlpl@fcafmd)bq 230 M endgvosmstaierplgade | 2b). Q

I's the permealg e f l éb‘?até“ﬁl% 5,128 nhi€od SﬁQLefI:J!Q\ffl lrﬂa§ @as kPP6QR1It could be

inferred from curves in ure hat the optimal shear
and flow r au@Bmmatﬂwedamed ArFOPitaB] Wasgassed thapuh qIVIEEUQL“ hbesip\éett(uoxielny As depi cted

In Figure 1§/Pd0‘qug$2 ; shﬁ:‘?}\q Iq-R’_r]qil{ be&? Ltntl?m ?@ AR GR0H BT RE inQRe factor for

a single pass g ose he operating conditions
identified MulvExanptugcR8 Thig \\@as@cm Stad\Mﬂebefﬂth efrshestr op thg/pertickiitzgest i ng t hat

the system Sﬂmbh Ci!tm&l;ﬁ&luggémhﬂd ddh rel(e’thlﬂﬁgfﬂ the h&lAL B tv@s sol i d

vol unes. recoveéry 1 n harvested culture treated with
folic aci d azndd upcprdoeesetstrct!rsﬁlﬁgtmlhiegﬂrﬁmfs‘y@slt efnSdieis equi Rt ianiinExEipl e 28

[ 0067] Feed gw?n bl ‘"fly am.Exaaple 2 (1.8 g/L) was mixed for 5 min with

[0059] It was also observed that the total percentage of precipitate (also
referred 1o herein as the solid phase) at the lower pH was generally lower (pH 4.0 -
11% solids, pH 5.0 = 14% solids, and pH 5.5 — 16% solids). The percent solid were
calculated based on a centrifuge spin of 3000 rpm for | min in a swing-bucket

centrifuge. Shear rate (Y) in a pipe for a Newtonian fluid can be measure using the
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folic acid from Exanple 9 at roomtenperature such that the ratio of folic
acid to lgGwas 1:1.~The pH of the m xture was then |owered to pH 5.0. The
preci pit ave 2neh28d3aut | 1% solids. The system was set - upCsius2éian44so1 t he
systemillustrated in Figure I 1 a (Exanple 28), except that the perneate
line was not re-cycled to feed but sent to a separate collection beaker
for 1gO quantification. The precipitate was concentrated -4.0X to a final
volunme of 63 m at constant transmenbrane pressure (the TM P was nai nt ai ned
between 0. 40,25 H5 k= WHFQUEFL% bl lﬂgvothm?euﬁ)@ﬁcmaﬁitu antlr Whe Hb@s BMVE@E age fl ux
during the concentration phase was 75 1..MET Fol |l owi ng concentration, the
solids wereip@ashed with 120 ml of 0.1 MArgl nine, pH 5.0. WAshi ng was
acconpl i Sh%o&%{ pU”p'lﬂ&rVV@(i’thHﬁf% i Tic‘?ot feafmer ReaksnicRlithe same flow
rate as th meate now rate (70 The perneate fromthe wash was al so
col l ected fibe dlwmnuﬂémﬁdf‘ioéfa‘teﬁ‘%fh P“‘Fhé ‘S’él‘ﬁeﬂéd*%ﬁé']‘tdhé"‘#f’ iPEEsES A Wed/ el ut ed
by i ncr eashﬂ@m%ﬂﬁt@ anQw‘HM ReridieM I hloRr BDApEe GRIInd Qe G0 %Clﬂurhpn of

Thiam ne to achieve a final Thiam ne concentration of 0. No NI At, was
observed i rihe leeeplindipapld. léilﬂh?érlbsawemngpﬁaﬁ%ﬂtwlﬂ'MW‘efr* wag% The overal |
fvl Ab recovgry,was 87% and a -3.0X concentration could be achieved.
Exanpl e 31: Kinetics of preC| pitate formation in a statlc m xer [0068]In
addi tion t Expaials:nileaswenment of lux xepsysdransmermbranedreSRETRIPLAy of ¢t he
conti nuous mode oper diffexent shear gatey usinsg).2 ppghallpw fibgpmembranedar * cont i nuous
operation is fast biA > pd¢i cs so that an infine

m xer can be used to continuously feed the TEE system The foll ow ng
represent atjpyg jexper ifikp @&%@n{&%gutnh@u K‘d@@ltrr'l&ﬁ)upifo dp(eaﬁllz@lmat e formation
using a static mxer. [0069] Feed S O nil) from Ex l.e gO 85 tt/L) was
m xed for BPHMA! SEarHE and RgEqre %ﬁﬁ“@féﬁﬁﬁf“é‘"‘g’fﬁf’”‘f“olj'?ﬁ't‘@H‘dlé‘r bture such
that the rabi@v afiralioh NEFagk@mt PreViRr Wassclud undehtsngat wcldnmeasast hen punped
at 10 nUmin through a helical static mxer (Cole Palner) with a dead vol une
of < 5ml. APSWP Hceee &tid streamat 0.26 ml/min was introduced prior to
the static |Ub rusi n@ed(200 M) fidm EXdiehi¢ B&itdBREA) IWabmhiNed férPemiit ati c m xer
was < 30 sec. Five fractions with 10 ml volu Ih wer colledcted and the
pH was meastiFfe@liapdd Eemipmel “rbroge ‘QP%ﬁHrcﬁn;‘i’ ‘%Hl‘é”f“ho d2CE Y Rat t he
static m xenaghaowng. TR prebadyigiratves l@&ﬁl‘o&tte@l&) pind st hata ¢ivee il coul d be
consistently maintai ned at the desired |evel . The hen

centri fugecﬁ/ “‘?Efdl}“rrrﬁ}?‘?f rpcf"“rﬁ‘%ﬁo“'r'ﬂlé’ (RBEPRAE g‘f‘“\kg@‘@ Vé'r]]”%‘]ﬁ%(fyzed for
MAb concentif akp oRreufhROTIReddeirdsslde, MReri&le pressure, and permeate pressurc was

monitored for S min. The transmembrane pressure was calculated using TMP = (Py+
P,)/2 - Pp. The system was considered at steady state if no change in TMP was
observed over 5 min. The membrane used in this study was a 0.2 um hollow liber
membrane with 38 cm® membrane area (GE HEALTHCARE). The flux vs. TMP is
shown in Figure 11b for 3 different feed flow rates (shear rates). The concentration
factor for a single pass (defined as CF = 1/(1-Qp/Qf)) as a function of flux is also
shown (Figure 11¢). Qp is the permeate flow rate and Qf is the feed flow rate.

[0063] It could be inferred from the Flux vs. TMP curves in Figure 11b that
the optimal shear and flow rates rate are 1700 S and 190 LMH, respectively. As
depicted in Figure 11¢, under these conditions the maximum concentration factor for

a single pass is 2.5X. .
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[ 0070] No MAb was observed in the supernatant indicating conplete
precipitation of MAh occurred within 30sec. Exanple 32: Concentration and
washi ng ovo=013/0d833usi ng a hollow fiber .111 Iii conti nkowgSec@aotEsOTUr r ent
node [0071] A hollow fi ber tangential flow filtration systemwas set up to
operate in continuous node as described in Figure 13. The foll ow ng
experinment describes the processing conditions used and the resulting MAb
recovery. [0072] Feed (2000 m ) from Exanple 2 (1.8 g/L) was m xed for 5 mn
with folic acid from Exanple 9 at roomtenperature such that the ratio of
folic acid to MAb was 1:1. Theof the nlxture was then Iomered to pl-1 5.0.
The preci pi Extreplhd® dnpasre SILLTE : : Migdident rat ed 4X,
intw steps, to a fi . = UAL10J OV ate flux.

Fol | owi ng concentrat'\n)?C-:-Wr prifes wiyGoHe JCIQTFOR 1BYcy G 25 nal vl
sodi um acet at e, DAy - r @l n g countercurrent set up,
fresh wash 1064ihr mas'ﬂUWﬁé@“ﬁﬁﬂ@bﬁ@éﬁ'%ﬁﬂé@Fﬁ@”WPﬁ&ﬂOHBHWBGNWFber devi ce
and the permatasf i qut. hﬁmz 1ﬁ'@l]erdﬁxyd&Q()NW)!L%@;%;@@O%@&O‘A@%! bhtf fer for the
previ ous devi ce and per neate was used as the wash buffer lirst

devi ce. Theﬁ’é}@‘{*i"é§\Wﬁé‘r’@"‘t‘héﬁmf‘é@lP@é@?“\?@ﬂ‘/’Hl‘He‘chﬁvﬂ hHbFTegly H@j"@t“he pHto 7.0

using 2 M TSz @fﬁﬁm(niél:'om} TPk Qe sibeadoi fahpn ® Thianine to a final
Thi am ne concentrati on of 1 The overall ecov&pﬁng%gﬂ74@6 Ther e

was no MAb 198&Y in thémﬁé%HBEQQOWH‘éWPh@ﬁ“BPWfﬁ%Wﬁ%Wﬁb "gr wash

steps. EXanpla® c3dcentRBRIEE.§ NATHhE MMISII@A e Wak ﬁmh@atkb;csmupr\@mes&, whi ch
enploys a clarification step with BZ a capture ic acid, and

one or nDremﬁb@WEhﬁﬁ§m§9éb§°Wé?”WﬁﬁW%é§éHmbWFWPV‘“n@Haé@%?vgv”ﬁ“carbon and
ani on- exchapger l‘m-?vmb(ﬂQIQQmth'f@\mtlﬁkgﬂ@PHYd {oQPi78} Tie sanah wad set-tip sndexper i ment
was to denonstrate that the entire downstreamp yrlflﬁftlo?}of a nonocl ona
anti body cafP"HEIGERYR/BEFCES PRy P SEVE Hat PR 8RR NPt i on and

capture stepg)fig! pconast fhl’}(v faleqpehitfio ugh) \le@hfdbﬂ&tlh@&xx&t @p&pl90741Feed from

exanpl e 21 mas diluted 4-fold with aqueous 'iris build
increments. The feed pressure. retentate pressure, and permeate pressure was

monitored for 5 min. The transmembrane pressure was calculated using TMP = (Py +
P)/2 - Py. The system was éonsidercd at steady state if no change in TMP was
observed over 5 min. The membrane used in this study was a 0.2 um hollow fiber
membrane with 38 cm? membrane area (GE HEALTHCARE). The flux vs. TMP is
shown in Figure 12a for 3 different feed flow rates (shear rates). The concentration
factor (defined as.CF = 1/(1-Qp/Qf)) as a function of flux is also shown (Figure 12b).
Qp is the permeate flow rate and Qf is the feed flow rate.

{0066] It could be inferred from the Flux vs. TMP curves in Figure 12a that
the optimal shear and flow rates rate arc 1700 S and 174 LMH, respectively. As
depicted in TFigure 12b, under these conditions the maximum concentration factor for
a single pass is 2.2X. This is very close to the operating conditions identified in .
Example 28 in case of a MAbD titer of lg/L. suggesting that the system can handle
variations in MAD titer, as it relates to solid volumes.

Example 30: MAb recovery in harvested cell culture treated with folic acid and
processed using the TFF svstem described in Example 28
[0067) Feed (250 ml) from Example 2 (1.8 g/L.) was mixed for 5 min with

folic acid from Example 9 at room temperature such that the ratio of folic acid to 1gG
was 1:1. The pH of the mixture was then lowered to pH 5.0. The precipitate had about
11% solids. The system was set-up similar to the system illustrated in Figure I'la

(Example 28), except that the permeate line was not re-cycled to feed but sentto a
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solution, 25 MM pH 7.0, and the final pH was adjusted to 7.0. Powdered
activatad carbon was obtai ned from MeadWest Vaco Cor porati on, Ai ehnond, VA,
USA as Nuwbani2szprade. d ass Oman Chr omat ogr aphy Col umrCTAG20mi0dkdsanet er
100 mm | ength) was | oaded with 250 ng of HD Nuchar activated carbon
slurried in water to give a packed colum volune of | nL. The col um was
equilibrated with aqueous Tris buffer solution, 25 MM pH 7.0. 0.2 nalL,
Chr omaSor b nmenbrane devi ces were manufactured using 0.65 mcron-rated

pol yet hyl eng. ARINGANS oABAIKE A1 (ﬁlhﬂlmll&ﬁll I pradiping, wavaideakd@ from
MIIipore Corporat| on, Billerica, MA, USA, in devices of various sizes. The

menbr ane was*@yte i findzolmedl §3 84 amopfagt s wb@peREse (BRdMeNted i n an

over nol ded pRlYAFQRYMWRES0A8VS 5 wfcmtmn@amepetrma@e A%, theaCpkt Beal e 25
di sposabl e capsul e filter devices _commerci al I%/ avai |l apl e frcfr‘p MIIipore
N

Cor por at i ondurriéehgepdationpipssansdr LatH- \/‘ﬁh‘f" EFOpreavaIet- bf #o'Ydcki ng, and

have an eff @l Whddi it BOInAMDY @n@@f@ymﬁe 51 pﬁ@ \%ﬁmVQlablﬁﬂ%oﬂf)th@bm
[ 0075] The dil uted nonocl onal anti bod iﬁ npe througlhiht he activated

carbon col uRfMeife Yeddnéeainte the ed ‘?‘é%"é "b‘ﬁ‘c @E‘"l‘ b 'Hi“n“ EPBBEE 1P he

f 1 owt hr oughyp@elnvah). ZQOpcMR'(te?QQnQQ'\Hlmm\\MQL]H%S}L(CL!AUDMIAW on of this pool
was fl owed through a Chr omaSor b, devi Cﬁ to obtain a fl through pool

of 8 m (40‘1%“6‘?'[}‘1‘7’1’1"’\}*0”&%'5‘55 wergilenygdisselyediFlued by Ssrgiias by 84, '?2 ed in Table
2. d[ 00t76] TPﬁslid ?ﬁd Ir{DJJlFJsclt M DfOéhﬁkea(ﬁgbgbﬁde\ﬂﬁlS lcﬁdahﬁmuﬁndlzrhppwmaof FI CF.

i ndi cat es a e te at e descri be er ei IS a sible and co tit
downst r eam b‘ﬂ}“i'f‘i“lﬂ%‘i?’g]nol Bt St ‘h‘ét’h“éb‘hi{ é\/‘ggp‘é‘é‘(‘:‘gb‘tg (émb]ﬂl’l ficat rgﬁ :in:jve‘

mab recover ymkaﬁgﬁ&rsnr \Iﬁm Bhe2o\SANMPI &L k&R pRsg7vdvhiha €0bXent rati on (g/ L)

438 Cumul ati ve
concuntxauon could hed hle/?edloo Folic acid elution (Exarrpl e Y) 4508

Example 31:  Kinctics of precipitate formation in a static mixer .

[0068] In addition to operating the TFF system in batch mode. feasibility of
the continuous mode operation was evaluated. One pre-requisite for continuous
operation is fast binding and precipitation Kinetics so that an inline mixer can be used
to continuously feed the TFF system. The following representative experiment
describes the kinetics of precipitate formation using a static mixer.

[0069] Feed (50 ml) from Example 2 (0.85 g/L) was mixed for 5 min with
folic acid from Example 9 at room temperature such that the ratio of folic acid to
MAb was 1:1. This solution was then pumped at 10 ml/min through a helical static
mixer (Cole Palmer) with a dead volum.e.of< Sml. A 3M acetic acid stream at 0.26
ml/min was introduced prior to the static mixer using a T-joint. The residence time in
the static mixer was < 30 sec. Five fractions with 10 ml volume each were collected
and the pH was measured and confirmed to be around 4.5. This indicated that the
static mixer allows for steady state operation and that the pH could be consistently
maintained at the desired level. The samples were then centrifuged at 2500 rpm for 1
min. The supernatant was then analyzed for MAb concentration using Protein A
HPLC.

[0070] No MADb was observed in the supernatant indicating complete

precipitation of MAb occurred within 30sec.
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Activated carbon flowthrou ail 401 4.00 91 ChromaSorb flow through 14
3.57 81 Exanple 34: Carification of cell culture nedia and subsequent

cl ear ancewof2013@Rs83s8i ng urrAn  [0077] Feed (200 mi) from Bxamske2849586 spi ked
with pure MAb to obtain a MAb concentration of 4.8 g/L. The FICF
concentration in the feed was about 179,000 rig/m. 2 m of FITAB from
Exanple 7 was added to 38 ml of the above feed and m xed at room
tenperature for 10 minutes, in order to allow for binding and precipitation

of insol ubl @} PBRL IE@HcenitifdnAsd S&LHiSe @Q‘éli&ﬂlsinodﬁhmio& fasr V¥eid as sol ubl e

impurities, such as RG&finfoBE LoddtGt&iriln mdiCl el ¢ aci etc. The

preci pi tat ejooaps t hen G li5 @ Fb&dadd¥nimENEW ﬁllfquérii%lkﬁ)ﬂu(s4QQ@ 6 gpefior | mon)
and the supernatant filtered through 0.2 p Pura poreg filter. Under these
condi ti ons, MEOUBUSES FIRE a‘l%&f”bﬁ"b'ﬁ&ﬂ‘“q - t'llié %‘P?"@HLﬁéP”f’“%‘l g‘“%ﬁ’éb recover ed

and 95% of (e, tdkbshBoRBIRN L and the resulting MAb recovery.
[6072] Feed (2000 ml) from Example 2 (1.8 g/L) was mixed for 5 min with
folic acid from Example 9 at room temperature such that the ratio of folic acid to
MAD was 1:1. The pH of the mixture was then lowered to pH 5.0. The precipitate had
about 11% solids. The precipitate was concentrated 4X. in two steps, to a final
volume of 500 ml at 197 LMH permeate flux. Following concentration, the solids
were washed wiih 314 ml of 25 mM sodium acetate, pH 5. Washing was performed
in a countercurrent setup, fresh wash buffer was pumped into feed entering final
hollow fiber device and the permeate from the final device was used as the wash
buffer for the previous device and that permeate was used as the wash buffer for first
device. The solids were then redissolved/eluted by increasing the pH to 7.0 using 2 M
Tris-base (pH 10) followed by addition of Thiamine to a final Thiamine concentration
of 0.1 M. The overall MAb recovery was 74%. There was no MADb loss in the .
permeate in cither of the concentration or wash steps.

Example 33: Complete MAb downstream purification process, which employs a
clarification step with BZC, a_capture step with folic acid, and one
or more polishing steps for increased purity with activated carbon
and anion-¢xchange membrane chromatography

[0073] The goal of this experiment was to demonstrate that the entire

downstream purification of a monoclonal antibody can be achieved using
precipilation in the clarification and capture steps followed by flow through
purification steps

[0074) Feed from example 21 was diluted 4-fold with aqueous Tris buffer
solution, 25 mM, pH 7.0, and the final pH was adjusted to 7.0. Powdered activatad
carbon was obtained from Mead WestVaco Corporation, Richmond, VA, USA as
Nuchar HD grade. Glass Omnifit Chromatography Column (10 mm diameter, 100
mm length) was loaded with 250 mg of HD Nuchar activated carbon slurried in water
to give a packed column volume of 1 mL. The column was equilibrated with aqueous
Tris buffer solution, 25 mM‘. pH 7.0. 0.2 ml. ChromaSorb membrane devices were
manufactured using 0.65 micron-rated polyethylene membrane modified with
polyallvl amine, available from Millipore Corporation, Billerica, MA, USA, in

devices of various sizes. The membrane was cut in 25 mm discs; 5 discs were stacked
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[ 0078] The specification is nost thoroughly understood in |ight of the
teachings of the references cited wthin the specification which are hereby
The enbodi nents wi thin the speTiUSse@awiwnt provi de

i ncor por aveaoisy28Bfier ence.
illustration of enbodinments in this invention and should not be
The skilled an isah readily recognizes that

an

construed to limt
many "ot her enbodi nents are enconpassed by this invention.

its scope.

Al'l publications

and inventions are .incorporated by reference in their entirety. To the
extent that 51dg.18Ehah badimioNe® bR OFBS Bche RYviEeifeNanme ngRAt hadipasalor is

i nconsistent_with the
super cede a%&mﬁﬁﬁﬁmﬁﬁPéy?EW”dTH§SCWP@P“8HV8@

pr esent SpECIfIC&tIOﬂ

il%\‘ﬂ?{

nt specification \Yin

ﬁ&@fiﬁ&ﬁ&es herein i s not

an admi ssi ofofBatiors YHddvidee RIACS AF @nPibipaivefalr IbdRighadpaesent i nventi on.

[0079] Unless otherw se indicated, al
i ner edi ent s¢ffeebrq filEpiianired of 8 Pgat ihyolwBhe
speci ficati goys)i ncl UdﬂﬂghthL@-h{('Sﬁmcl(ﬂiZiBan'ﬁn@oab&uddﬂd@I’pﬁhﬁﬂd\hﬁﬁlglb&hb ng nodi

pefiat B0 I ey

al |

i nstances, by

to the contW&ﬁ?“jiﬁ%mﬁﬂHﬂPV%éFmﬁﬁP

the term"”

about .

nunber
%4 Bhs,

expressing quantities of

and so forth used in the
lied in
herw se i ndi cated

|
ong“and may vary

unl e S. 0

Bri8Xr Y

Rinthe

dependi ng Uﬂmﬂ@ﬁb&ndegnhﬁd°ayaﬂ@ﬁﬁb@ﬁmamughbnmmobmnqbbammem“bw t he present

i nventi on.

series of el&Uskag-2ink

series.
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B'OHE‘ MRGEYIET 888!

ﬂvﬁnﬁang“%dpgvéry e
Thoggurskidiligeh).i The pheyar thewirhpleyietaghinZablear be able to ascertain
than rautine ex erJnent

de AP A RS BH %L‘V?rgggxher

ﬁyecedlng a
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)m qul E,rfl s to the

uch equivalents

are lntendGMdngbmm&mﬁﬁmﬁa&ﬁEduijmhenﬁoékﬂMNﬂgmbkﬂwkmhstB@@8®P Many

nodi fi cati ons. and vari at

departi ng f PYHISHTOD PEYSRS P

b0k

this
6‘}5’8‘“‘]

|nve

bée plwi Cftl()B

dn((flmdplcccr)r%g aW'C hout

apparen ose skilled

in the an. Theesgpecific enbodlnents descrlbed hereln are offered by way of
exanpl e only—and—arenot—neant—to-—-be .Liuu HA—an tt—i s intended
that the spatP¥fcation ancwg; s bgL§0n5|dere w'%"mgé%plary only, with a
true scope and spirit of the invent] oh"'lfé""’b"’"nd %[ d° ““he fol | owi ng
clains, Wha s—el-at-red—+s—CLAHVS A-pethod-jof separating
a target b ﬁﬁﬁﬁgﬁ )@O?ron1onet%?§nnre |nsofuble inpurities in a sanple; the
nmet hod conp *hﬂ steps—of; . ) oviditlg a sanpl e
conpri sing ?“B“Bﬁbﬂé@hle gf int®rest |and %ﬂ% or |nore Hjnlsolublg inpu??ties;
(ii) contacb?HY %l campld Wt a—srH—rpteeute—conprisingdt | east one
cationic gf %U@”ﬂ%ﬂbngreaQt oné4non-polar gfoup.| in an’amount| sufficient to
forma preci¥H bt e conpHi-sirg—the—one—er—more—tnsotubte—nApurities; and

(rii)

‘renmoving the precipitate fromthe sanple,

thereby to separate the

target nol egulmpit BEMAE QRGN Of collRGRu e Sl desubsqoue it dl@sance of
HCP using HTARB

[0077)

Feed (200 ml) from Example 3 was spiked with pure MADb to obtain a

MADb concentration of 4.8 g/L. The HCP concentration in the feed was about 179,000

ng/ml. 2 ml of HTAB from Example 7 was added 10 38 ml of the above feed and

mixed at room temperature for 10 minutes, in order to allow for binding and

precipitation of insoluble impuritics, such as cells and cell debris as well as soluble

impurities, such as host cell proteins, nucleic acids. ctc. The precipitate was then

collected by centrifugation (4000 rpm for | min) and the supernatant filtered through

0.2 p Durapore® filter. Under these conditions, 100% of the MAb present in the

original fluid was recovered and 95% of the HCP was removed.

[0078]

The specification is most thoroughly understood in light of the

teachings of the references cited within the specification which are hereby

incorporated by reference.
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The nethod of claim1; where the non-polar group is aromatic.- The nethod
of claiml wherein the non-polar group is aliphatic. 4. The nethod of
claiml, wbersinsishe one or nore insoluble inpurities areTdsb@eedsof rom
whol e cells and cell debris. 5. The nethod of claim1. wherein the small
nol ecul e is selected fromthe group consisting of a nonoal kyl tri nmethyl
ammoni um sal t, a nonoal kyl di net hyl benzyl amoni um salt, a dial kyl di net hyl
anmoni um salt, a heteroaromati c amoni um salt, a pol ysubstiuged quaternary
amoni um sal)fys@tdn af Qi]ﬁocﬁlﬂaﬂﬁﬁﬂﬁl'%)(m@ﬁﬂmmnwFﬂh(&ﬂ’d hot be chnsuddeomatinied of claim
5, wherein a nonoal k Itrlrreth anmoni um s i S se | ect ed fromthe gr oup
consi sting #PPeetyrtKilliet Wﬂl“arfﬁiﬁWi"dﬁ‘r%F'éTﬁ g’ L magy ! Fﬁﬂ“ﬁ% WA Aoni um
chloride, teichagasyu Ltyrxlhmahwhﬂun@nlpuuslrtqthxrn@mmiemmem a.de&y»hiorfnemelt\hyl anmmoni um
chloride, alkyltrimethyl ammnpium chlori I tr| %mammnl um

chl ori de, dhéﬁéﬁw 1 \hﬁ’éteHW‘a\mwﬁ’n‘l‘t GHEB s Hé"‘“ﬁrb%é'&cﬁ "PPI“HE?H“I annoni um

chl ori de, d&%ﬁaﬁhdlomt1hyohs@rcmh\emomy@telawt apmmnwn bfcqm&sdr& <pchﬁ)(ad@cy| am ne
chl ori de, hexadecyl am ne brom d

de,
cetyl di et h)}f'bf‘Wf{'lcedofrrﬁﬁn?“ﬁlﬂn"b‘I’%‘fﬁ dg"%HH‘Y' 'ét"yr"‘m r‘r‘é‘tfhwﬁlh“'r’ SARLHT um
chl ori de. 7dnnTshQ| 1H’&Lhﬂdcﬁfcn€dqarerﬁrﬁr drV\l’(beliae;braseat invention.

nonoal kyl di enz | anmoni um s S se ected fr consi stl ng
of al kyl di g c%’(ﬁﬁdﬂihﬁ‘}lﬁ cf?u]:' BHIREE ARG W ”‘l?‘qmo{}wf'c%ﬂp

. The et hOdce(Drfchlual1F&16:auw\hﬁnﬁ&ions amtisloabddyllmddl nﬂhhy;iccnammmmmmcblag t o s sel eét ed

from the gr ou consi st of d br. om di d anmoni um '
chl ori de, df a‘éﬁyﬂrﬂf"ﬂﬁt‘ﬂg‘%m ﬂ’ch‘ rf]'cﬁ'hfl de’ Mt “mnc dlec ["di rre%{lhy anmoni um
chl ori de andgaﬁdlygldod&@%mh.mt Inylhaamm cmrbnomedemcmgl pafinectgreeiod of claim
6, wherein a heteroparo

consi sti ng 8?p“b\él’§}|"|8yi“rm]‘i‘}n\ a@h‘lie(gfmdaéi upon {hc dcslres(gxo%gr%bs xo[x«qg"ui ltle group
- hexadecyl! pysthidédbwuie hf:szzm mec,m1hexadesysll1pyrnbdnxducmm ditltoni ‘deleasti s-i soner |

43- chl I t |
orom de- andP 1R R FRABTLIP ROCRG RRO b kP ort e 0. The et hod

of cl ai m 6, senerfiose s&nl&dhlyﬂﬁbﬂt\\nm wkeglnzxquatberahlang/dsammmsum@aﬂwC| s selected
fromthe gr 1|¢ng{0r(§131r1]c§el\§£xlltngwtcgfonamm cdunvﬁg ﬂytopﬁyﬁ)}(%xﬁ m&ln*ﬁml@#%ﬁha“ nate and

al kyl di met h antoni exyls arnate. 11. The nethod of
claim1, whaw emmn tlrerismieteteimmoluels eguéy ai»sl%bmzl@nwm) baershimprsidey11e The met hod
of claim 1, \Nn i.n;fthe amount of small nolecule added

fo oumg, claims,

[0080] Many modifications and variations of this invention can be made without

departing from its spirit and scope, as will be apparent to those skilled in the art. The

specific embodiments described herein are offered by way of example only and are

not meant to be limiting in any way. It is intended that the specification and examples

be considered as exemplary only, with a true scope and spirit of the invention being

indicated by the following claims.
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in step O ranges 0.01 to 2.00/n %id/vol. 13. The nethod of claiml.
wherein the small nolecule is added in solution formin step (ii) at a
concent r avoamy@ssng froml to 200 nglnil. 14. The netrbodsedi2okesim |,
wherein the precipitation of one or nore insoluble inpurities is carried
out at a pHranging from2 to 9. 15. The nmethod of claim1l, wherein the
renoval of the precipitate in step (iii) conprises use of filtration. 16.
The nethod acclaim| wherein the renoval of precipitate in step (iii)
conprises use of centrifugation. 17. The nethod of claim 1. further
conpri sing e st@pm@dl iss enovi ng resi dual amounts of small nolecule fromthe
sanple containing the target bionolecule after renoval of the precipitate.
| S. The nethod of claim 17, wherein ¢helid8ep of renoving residual anpunts of
smal | nol ecul e conprises contacting the sanple with a pol yanion. 19. The
rrelt hodI of chaim 17. whemehtd sihepastiiap a afrga divowicage fresicduat marount s of snal |
nol ecul e conpr.ises contacting the sanple with an adsorbant material. WO
2013/ 028334#’61*‘%%26@?‘/"6%@?)@1‘%’6‘.‘%1'8""@ ﬁ%ﬂ‘&f”%‘ﬁ‘g@]easféﬂ% 97, wherein the step of
r _emr)]vi ng resi (cjiual grmlanb&)vmﬂngsmhblcmfmhﬁ:m«unh@ Wangreduges iconttacd omg t he sanpl e
w th activated carbon, .71. A nethod of purifying a target bionolecule froma
sanpl e compPi 'E?'ﬁé’"?‘r‘l’gkt‘gpﬁé‘fcs’ml ecul e gl oneyvm' '?h ohe gr nore sol ubl e
i mpurities, wherein tlhig) aekhod leoappicses 4 dellsickgpslegbmprising at least (1)
contacting the sanple with a snall nplecule . I.Si NG I ,One ani oni
group and at"™ cé‘%\%'fqpérﬁ)gp Er’lnéi}r]f’-t %6?&? R "’l'oﬁl%a'ﬁggpr'rﬁ{ﬁlﬁ‘tl ggﬁ?‘klf[éﬁ?gﬁ@ “to forma :
preci pi t at epeapjné sinmgistrgehd @e gehorvhobblcempans; and (i)
{ﬁgogﬁrel (r;rg f,nr;reepgglcIuE:(ltél?;ltcﬁpi@cﬁ?np?l?re@g&u;x81&%%@?‘5}@2&%&]@ﬁ)c‘\%g'g@xcpmugrtrlgl ecule from
target molecule from the one or more insoluble impurities.

2. The method of claim 1; where the non-polar group is aromatic.”
3. The method of claim 1, wherein the non-polar group is aliphatic.
4. The method of claim 1. wherein the one or more insoluble impurities

are selected from whole cells and cell debris.

The method of claim 1. wherein the small molecule is selected from

N

the group consisting of a monoalkyltrimethyl ammonium salt. a
monoalkyldimethylbenzyl ammonium salt, a dialkyldimethyl ammonium salt. a
heteroaromatic ammaonium salt, a polysubstituted quaternary ammonium salt and a
bis-quatcrnary ammonium salt. -

6. The method of claim 3, wherein a monoalkyltrimethyl ammonium
salt is selected from the group consisting of cetyltrimethylammonium bromide.
cetyltrimethylammonium chloride. tetradecyltrimethylammonium bromide. .
tetradecyltrimethylammonium chloride, alkyltrimethyl ammonium chloride,
alkylaryltrimethyl ammonium chloride, dodecyltrimethylammonium bromide,
dodecyltrimethylammonium chloride, dodecyldimethyl-2-phenoxyethylammonium
bromide, hexadecylamine chloride, hexadecylamine bromide, dodecyl amine, dodecyl
chloride, cetyldimethylethyl ammonium bromide and cetyldimethylethyl ammonium
chioride.

7. The method of claim 6, wherein a
monoalkyldimethylbenzylammonium salt is selected from the group consisting of

alkyldimethy|benzyl ammonium chloride and benzethonium chloride.
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The nethod of claim 21, wherein the non-polar group is aromatic. 23,1be

nmet hod of claim21. wherein the non-polar group is aliphatic. 24. The

met hod ofwol2aiam2&B4 ‘wherein the sanple is subjected to aceiuseetioesdi on step
prior to step (i). 25. The nmethod of claim24. wherein the clarification
step conprises use of filtration. 26. The method of claim24, wherein the
clarification step conprises use of centrifugation. 27. The method of
claim 24, wherein the clarification step conprises contacting the sanple

with a snmalk nol ecul e 1GEARIMoE bNHaiRt 6, MBAS ﬂQﬂﬂk\Q&ltﬂcﬂWi cﬁmﬁéxﬁ&lﬁ)qﬂlﬂd at | east
one non-pol ar group. 28. The nethod of claim21, # smal |

mol ecul e i ssdetadianythe NP CHESgPOYFIOREHET BN ﬁﬁ“ﬁka H”H@PWQatlve,

etacrynic agl'\lgmdef @l@&l\kmﬁ&lﬁ\l@lﬁin%nuﬂ?ﬂ)@ﬂﬁm &iyddddeeyidimeaphanednien aci d,
tramuntie acid, zoledronic acid, zcety |Sa|ICX|IC acid, arsanilic aC|d

ceftiofur aemﬁﬁmﬁﬁépﬁf@W&ﬁ?@"ﬁﬂ?ﬁ“"WﬁWth¥@W - naprosen, fusidic acid,

nal i di xi c agi d, chenodgexyaRebi Qaimdd, d,lerUﬁ15aQﬂ&Q9£1)tﬁ1th hﬁhlrﬂﬁiudl, sa[lisapl’ of eni c

acid. niflume acid. trans-2-hydroxycinnam c E onlc aci d,

pr obenec |d*d6W6H5Té$é§@“PF@ﬁ§é$€ﬁﬁ“vwva‘éPé Oﬂgbéﬁi@ i 5% Qom &t opr ol en,

tretinoin. gdeny\RsHESIUR KoLk d}cxﬂﬁ&h,ﬁ\h\ﬂllﬁnﬁtlﬂonﬁ*cddnsubﬁwelnl B-acid,

t ai ni bar ot ene, ctodolacetodollc cid and F nzyl peni.cillinic gcid. 29. The
¥ SPTEHD

met hod of cFAPRRDEl-S GHdrErH -FANaghEpTHcy DRIIUm IS WY ¢ r om fol i ¢

acid and pt @l“\Ql'deﬁl%llrdlphlhaguLhThﬁmﬁ@tlhﬁdhlGiﬁd&| aim 21, wherein the snall
nol ecule is folic aC|d or ge{lvat

Vv
2013/ 028334PET/ US2012/'/028%811 8 ‘r‘\*PPd h‘gf Ko "é’ﬁ"&‘i‘é\"éﬁ“é‘i‘““”‘“é're| n the smal
nol ecul e i S;@nmdyiemEal eGulkaed ré3 thethaipreehdiotg of aledidinmh3benavher ei n t he dye

nol ecule is Amaranth or
ammonium saccharinate and atkyldimethylethylbenzyl ammonium
cyclohexylsulfamate.
(. The method of claim 1, wherein the small molecule is benzethonium
chloride
12. The method of claim 1, wherein the amount of small molecule added
in step (i) ranges 0.01 to 2.0% wt/vol.
13. The method of claim 1. wherein the small molecule is added in
solution form in step (ii) at a concentration ranging from 1 to 200 mg/ml.
14. The method of claim 1, wherein the precipitation of one or more
insoluble impurities is carried out at a pH ranging from 2 to 9.
15. The method of claim 1, wherein the removal of the precipitate in step
(iii) comprises use of filtration.
16. The method of claim 1. wherein the removal of precipitate in step
(i) colmpriscs use of centrifugation.
17. The method of claim 1, further comprising the step of removing
residual amounts of small molecule from the sample containing the target
biomolecule after removal of the precipitate.
18. The method of claim 17, wherein the step of removing residual
amounts of small molecule comprises contacting the sample with a polyanion.
19. The method of claim 17. wherein the step of removing residual

amounts of small molecule comprises contacting the sample with an adsorbant

material.
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Nitro red. 33. The nethod of claim21, wherein the small nolecule is added
to a concentration ranging fromO0.001%to 5.0% 34. The nethod of claim
21, wher ewvo 2bt3@2gdd40f sanple is adjusted prior to the asdirttisenz2ofssohe snal |
nol ecul e. 35. The method of claim?2l, wherein the precipitation is carried
out al a pHranging from2 to 9. 36. The nethod of claim21l. wherein the
anount of taruet hionolecule present in the precipitate is at |east 50% or
at |east 60% or at least 70% or al |least 80% oral |east 90% or greater
than 90% of ¢ he initiahe hangedr RiQTR! @R EhaBeYEE reinBvihhRsiaanpl e.  37. The
met hod of claim 21, wherein the inpurity level in the precipitate is |ess
than 50% otnquasel tdhmaleoye imprisgcorpyine dyssmple WBIsivalkd 0% or | ess
than 15% oy | ess thap % @Huki®Hg alidigd bRMorkult MOm dalbrl | npurity |evel
present in the sanmple. 38. The nethod of claim 21, further conprising the
step of di s@BIPGFAEhetHest glodepigiatoat &1t SRR TR Yl RYFHE: “VBi'Bfol ecul e in a
sui tabl e buff gkthod dmpritiandmthes of claim 38, wherein the buffer conprises
a pl-1 ranging from 4p5 to 10.

(i) contacting the sample with a small molecule comprising at least
one anionic group and at least one non-polar group, in an amount sufficient to form a
precipitate comprising the target molecule; and

(if) recovering the precipitate, thereby to separate the target

biomolecule from the one or more soluble impurities.

22. The method of claim 21, wherein the non-polar group is aromatic.
23 The method of claim 21. wherein the non-polar group is aliphatic.
24, The method of claim 21, wherein the sample is subjected to a

clarification step prior to step (1).

25. The method of claim 24, wherein the clarification step comprises use
of filtration.

26. The method of claim 24, wherein the clarification step comprises use
of centrifugation.

27. The method of claim 24, wherein the clarification step comprises
contacting the sample with a small molecule comprising at least one calioniclgroup
and at least one non-polar group.

28. The method of claim 21, wherein the small molecule is selected from
the group consisting of a pterin derivative, etacrynic acid, fenofibric acid, mefcnamic
acid, mycophenolic acid, tranexamic acid, zoledronic acid, zcetylsalicylic acid,
arsanilic acid, ceftiofur acid, meclofenamic Acid, ibuprofine, naproxen, fusidic acid,
nalidixic acid, chenodeoxycholic acid, ursodeoxycholic acid, tiaprofenic acid.
niflumic acid, trans-2-hydroxycinnamic acid, 3-phenylpropionic acid, probenecid.
clorazepate, icosapent, 4-acetamidobenzoic acid. ketoprofen, tretinoin.
adenylosuccinic acid, naphthalene-2,6-disulfonic acid, tamibarotene, etodelacetodolic
acid and benzylpenicillinic acid.

29. The method of claim 28, wherein the pterin derivative is selected
from folic acid and pteroic acid.

30. The method of claim 21, wherein the small molecule is folic acid or a

derivative thercof.
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40. The nethod of claim 21, further conprising one or nore chronatography
steps. 41. The nmethod of claim40, wherein the one or nore chromatography
st eps ar eweaebsonesd4f rom t he group consisting of ion exclramgs2012/049501

chr omat ogr aphy, hydrophobic interaction chromatography, affinity
chromat ogr aphy, and m xed i node chromat ography. 42. The nethod of claim1,
wherein the target hionoleeule is selected fromthe group consisting of a
reconbi nant protein, an antibody or a functional fragnent thereof, a

CA- 12/ 0-13 5egi on- contrad mcigd Pradiaizn angidheismalmorehesi e mol ecul e.  43.
The nethod of claim 21 wherein the target bionolecule is selected fromthe
group consi ¥PiERYCof a reconbinant protein, an antibody or a functional
fragment - thereof. a Crhdd@odsf dHYI30NcIGaNH e AvO@oREDE BiAmaidich: an

i mmunoadhesj on npl ecule. 44. The nethod of claim42, wherein the antibody
i s sel ect ed"#dffl a nonocl onal anti body, a polyclonal antibody, a humani zed
anti body, asxhineric and mbmda/ofamﬁlnal Muletdis pesinfill Borbile Badyed o 45. The met hod
of claim1 mhgrein thq{tar% B‘Q‘ uIe is produced by expression in a
marmmal i an cEFENTARCRTANG{RY KER V& Fb? wherein the target bionolecule is
produced by3&xpressi ofMhd muaocnanmammlueann @epH.of s#hiple Fhejusred pad of cl ai m 21
wher ei n themaﬁn%ﬁhogbpgybgmymokulCproduced by expression in a mamali an
cell.

35. The method of claim 21, wherein the precipitation is carried out at a

pH ranging from 2 to 9.

36. The method of claim 21, wherein the amount of target biomolecule

present in the precipitate is at least 50%, or at least 60%, or at least 70%, or at lcast

80%, or at least 90% or greater than 90% of the initial target biomolecule amount in

the sample.

37. The method of claim 21, wherein the impurity level in the precipitate

15 less than 50%, or less than 40%, or less than 30%, or less than 20%, or less than

13%. or less than 10%, or less than 5% of the initial impurity level present in the

sample.

38. The method of claim 21, further comprising the step of dissolving the

precipitate comprising the target biomolecule in a suitable buffer.

39. The method of claim 38, wherein the buffer comprises a pH ranging

from4.5t0 10, »

40. The method of claim 21, further comprising one or more

chromatography steps.

41, The method of claim 40, wherein the one or more chromatography

steps are selected from the group consisting of ion exchange chromatography,

hydrophobic interaction chromatography, affinity chromatography, and mixed mode

chromatography.

42, The method of claim I, wherein the target biomolecule is selected

from the group consisting of a recombinant protein, an antibody or a functional

fragment thereof, a CH2/CH3 region-containing protein and an immunoadhesion

molecule.

43. The method of claim 21 . wherein the target biomolecule is selected

from the group consisting of a recombinant protein, an antibody or a functional
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48. The nethod of claim 21, wherein the target bionolecule is produced by
expression in a non-mammalian cell. 49. A nmethod of purifying an anti body
S PCT/US2012/049501 )
providing a sanple conprising an antibody and one or nore i nsol ubl e
inmpurities; (6) contacting the sanple with a small nol ecul e conprising at

in a sanpve,20t3nes3set hod conprising the steps of:

| east one cationic group and at | east one non-pol ar group,

sufficient to forma precipitate conprising the one or

The method of claim49, wherein the a ast o e chromato
affini ty Chf’@ﬁ%ﬁkmj} ﬁblﬁ?/j\stlgﬁ\ clonal antibody, d mmdm/e d antibody. a ¢

antibody and a multispecific antibody.

in an anount

nore insol uble
inpurities apgnéhkicidid (asE; RQMAKbSLIAG hRecianid dashtuném@desion

(rii) subjectlng the liquid phase to at |east one chronmatography step,
thereby to PWEF§ the antibody. 50. The method of claim 49, wherein the
smal | nol ecyhe is addadchRiflier @ampdvewhksangmmmemrv iNRleeics tramiac ni xers.  51.

thm

&%phy step is an

45. The method of claim | . wherein the target biomolecule is produced

by expression in a mammalian cell.

46. The method of claim 1, wherein the target biomolecule is produced

by expression in a non-mammalian cell.

47. The method of claim 21 . wherein the target biomolecule is produced

by expression in a mammalian cell.

48. The method of claim 21, wherein the target biomolecule is produced

by expression in a non-mammalian cell.

49, A method of purifying an antibody in a sample, the method

comprising the steps of?

(i) providing a sample comprising an antibody and one or more

insoluble impurities;

(ii) contacting the sample with a small molecule comprising at least

one cationic group and at least one non-polar group, in an amount sufficient to form a

precipitate comprising the one or more insoluble impuritiés and a liquid phase

comprising the antibody: and

(iii) subjccting the liquid phase to at least one chromatography step.

thereby to purify the antibody.

N

sample using one or more static mixers.

0. The method of claim 49, wherein the small molccule is added to the

51, The method of claim 49, wherein the at least one chromatography

step is an affinity chromatography step.
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