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, 2011, 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 blonDIecuIes In
particul ar, theSpOESMALLAOAMEUCHH. FSHiNaVIET QDS i
purification which enploy snmall miDdtaLEEVULBa&Cckgr ound [0003]The 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 piotwisent phkvet fpplistios tlepsgenensiof piieripbliés- growi ne, the

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 e

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 AUt i on ‘ﬂ\ [Q%ew 1“1&:111:@1( tefAlS <§lq \'E'lenQ n'n‘?mUJd'r% 4ifSs 1$:0004] The

second step erally 1nvolves ur| Ication 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] fo%@ntll@n@%culﬁ CPs, which are cellular pr oteins
ot her than eS|re or targeted protein), nuclelc aci ds, endot oxi ns,

Vi ruses, proteln vari ants and protei n aggregates. [0005]Th|s purification

typically ipyQlyvesq several chronatography steps, which may include one or
nor e of bingx%ﬁdLﬁfute hydrog?oblc interaction chronatography (H1C);

110wt hr ougl®0®3ldr ophobhceanaekbiragsss ighthe manwas ey PAPRYOlETE: FER S ni xed node

chromat ogr a]ﬁ'&%mt; %ﬁnpilx U EPly 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



f1 owt hrough hydrophobic and ion exchange m xed node interaction (rimM,
both of which can utilize resins such as Capto Adhere, Capto MM5 HEA
Hyper cel ,wBRu3ipgasacel . [0006] Ot her alternative nethods PCoruspuzioissong
proteins have been investigated in recent years, one such method involves a
floccul ation technique. In this technique, a soluble polyelectrolyte 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, ﬂmmumhugﬂnSumb@quewn®ykamgw$dwﬂn@d@Uh@mpbmﬂéﬁHW§®DUt|on by
L Lr el on Sy BEILI(HARkLR R L0 et agi Vel e ppaernn
e
protei n of Hppeeebst, thereby formng a 11lwhich is allowed to settle and can
Cypi cai ly ohlhd £l 2tk CARLERER PR, AR e ¥ cocul ant s
an
i ncrease |nnWhﬁLS@iunﬂmnfBmmonksuémnﬁmgvmmbﬂbhﬁsﬂabogmwﬂhwﬂﬂl§SOC|at|on of
resol bt 11 200 e B R e b g
i ning
sol uti on. [@@0@1WhehnauhddwamwaeMi@Wﬂ%hvé”ﬁh@@éhh@PWdW*ﬁbéﬁhlque is that it
requires t hgﬁﬁﬁ dc?icm&‘i’ln,\/@ﬂ Eaﬂﬁgu W?IMI\ Qﬂgmlé@ dhitiRe ﬁx@@l 1R @8k bprotein, may
be toxic an not easi | ) 'ear e romthe patient's body, are potentlally
expensi ve |hh®emh®t®ﬂ“§mﬁ@$e use applications, and not readily avail able as
they often pped to be Synthesi 3860ub|SHITALYoRTe hiteve AYENbIcARficd QA09] The
present invention provides irnproved processés for purification of
bi omol ecul esylurteets W trptyss Be ersisoldniplesyhrbetoraing atlestulut- ¢ fdes toxic, are
easy to ha”&ﬂo‘?u@'flﬂsgﬁkemﬁ @%dﬁcl Mbs@é{@e‘nh@pbl“?wd bt lhkelru.t JrtheSOMBoeMRRdI nent s, the
processes according to the clained invention obviate the need to use
expensi ve r Beggelantgs amsrdkbhvmhﬁi ©deapisyocsels paheriag gnpurippo PEEHYISaT i ni ty
chr omat ogr an%axeﬂr@Qle(llIh(ﬁm J%ﬁ@ Q%lbﬂll%Ynﬁm'!bQﬂ he&diab8midndrmRidieds of using
certain sma nmol ecul es which are capabl e of binding to a bionpl ecul e of
i nt er est su@ﬁwasﬁ%ﬂﬂﬁﬂ@bﬁmﬁﬁﬂﬁéuP@*m§“@VWﬂ&“ﬁﬁﬁ&&ﬂéﬁ%ﬂ”éﬁ?@bﬁ@% t he

process ref %\{&&:rmwaﬁto Iﬁca[ﬂBt'éheco)wan , 8Rlibn.as smal | mol ecul es Wm ch bind to
a soluble or an insolub urity host cel | @telns DNA, virus,

whol e cel | s|008®I | ul ar la%main méﬁeo?fdkvﬁﬂéécé}ﬂ&m ‘ef'w"a'@b% PALEUIS mat er i al

containing gt 'lx@:acmpoi\ Hm@rlﬁizﬁrmatv @ndWs whiy tht BRedt fogst, nRi Ok @dxie Md/cse@ar ate the
target protein fromthe inp ur|t¥ In some. enbodi nents, nethods descri bed
herein are casilycleared from 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 to 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 oa0i20rs/es330011 ] 1 n sonme 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
inmpurities; (ii) contacting the sanple with a small nol ecul e conprising at

| east one caﬂu@mvblgﬂehpﬂananavﬂD@a@bmbhémHWﬁﬁﬁwpﬁ%”@WB&&“mﬁwgén amount
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
inmpurities ﬁﬂagp 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 to purify the

target antibedyble roRTSES ﬁ“%‘é‘ﬁéc'@%%?‘%’é‘ﬁ?‘g"d“i H%’“é‘ﬂc %“@Btétﬁdﬁl@ '®hr omat ogr aphy

step i s an afhiRiddiaGbl RBLAEAR T ofid Siork thsalupRihp@liear enbodl ment, the
affinity chromat ography step conprises the use 8lféﬁszro ei ase

n
affinity |iahd. [0014] ?"r‘i‘cs‘ﬁ}P@d'éh'B‘édP‘n@ﬁst‘g‘ inyqpd 9 MR MElae 8 PCOHDI’I ses a

non- pol ar  grQUPinivah &hibb&y A OIMIHIE the Inftu1RH h@hpn@jﬁﬂgﬁb El'emtoﬁ (1)tphﬁxc51ﬁ[BJ | nol ecul e
conprises a non-polar group which is aliphati gk ug n sone. enbodi nent s,

the one or FFHE %%?@P'ﬂb?‘é*"i‘ﬁﬁb‘f‘i"f‘l%%"ﬁ?‘é“t"éPlI” H‘”&'(S ‘r‘?ﬁoﬂl}‘mnts a

snmal | nol eCUI'c%axﬁ&HWhh%'alﬁ\gll&bchﬂ@-Sc’Sm}QﬂﬁhLQaJUﬂDBh&ca@lbrﬁu@loa;m%daﬁ Idh@ast one
non-pol ar group is selected formt

a 1 unt utll]f egli%u 'COI‘lrSeI S)tl n? pnsn the m
monoal kyl t r PHEPRTC!E ISR TR SR PRGHEY [NPET A ERAND MU IHE U

cetyltrimet BMh@rﬁTmmubllmnhbmmed@nmfhq(tahi ;ﬂnmedemphehi axdemwlotiy um@tnhyl ammoni um
brom de or chloride, alkyltrine hggn um c qub L Mw@J%Ltrinethyl
annnnlun1chﬂ@ﬁ#8@=”ﬂdﬂé@wa?ﬂ%@'ﬁg‘& AP h?ﬂ% ¢ de,
dodecyldlnebhulmgmowhenoxyethylannDnlun1bron1de hexadecylanlne chl oride or
brom de, dodecyl amne or chlorid End cet ﬁl rI%)1Iné1[10?£{d§a)Fh‘}{L)l?.rWDnlumbromde

or chloridef0013 nonoaﬂ%VWBﬁﬁgPﬂVFB%n Y ' ting
exanpl es Inm#udedvah&ybd¢m&ﬁ&wﬂmeﬂimmLamﬂbmhmamcmt@Mmdﬁ and benzet honi um

chloride), a dlalkyldlneth xanpl es include
domi phen brﬂﬁ?ﬁ@oyawaé&yfa’ﬁﬂfﬁ e‘ﬁh&%ﬂaﬂﬁféh mwéﬁﬁ“%%“%?%nlde and

‘oct yl dodecy|udiiamet hyl &nﬁmnumﬁmdhkmﬁndeumﬂhbmenud@jmxaﬁhememobronat|c
ammoni um sal t 58% limting, e

npl |
(chlori de 0£TH caéa g%{p?lgz) llé?'l CTﬁéﬁg%l:%‘gg‘F L{Hc sng; 1 IXLIPXIIJ c%'m% chai noges

pyTidi ni um brom de or chl ori de,
ci s-isomer #ﬂ&QOhD&Mﬂi&ﬂﬂdWﬁCS 7- trlaza Iazonlaadanantane

al kyl -i soqui oL|n|um h ni um
ohl or ole)f1 bbll ysubst'] b S Cdr“’éfg%ﬁe@?sng e ”“” "‘“ﬂp‘n NA"?ﬁ%nx fﬂq{?ng

exanpl es inﬁiMﬁecamkmhﬁhmathyMbmnaykcamnmmn;znwmmnyh&nwnmLanmind"

alkyldinethﬁlethﬁlb ﬁ](ﬁnqpnk phf lepqé Ig%lsﬁgﬁﬁq) and. a

bi s- quat er n&f UHheS Pt‘f |n1t|% ea s i nclude -

1, 10- bi s( 2- H‘Bhdﬂyﬂwl-ﬂnncthyl ammonium salt (non- hmmng c\amplcs 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



am noqui nol i nium chl ori de)-decane, 1,6-Bis 1-netliyl-3-(2,2,6-trinethyl

cycl ohexyl ) - propyl di met hyl ammoni um chl ori de] hexane or triclobisonium

chl ori de,weandidtes3bi s- quat referred to as CDQ by BucknmamCBUusesanesp1
[0016] In a particular embodi ment, the snmall nolecule is benzethonium
chloride [0017] I n some enbodinents of the nethods according to the present
invention, 0.01 to 2.0% Nvt/vol of a small nolecule is added to a sanple to
preci pitate the one or nore insoluble inpurities. In some enbodi nents, such
smal | ol ecalkgdingthyltenpl aywdnidurchiogdaand bgpiefhopiamilerigelotess step used in a
protein puralf]l'kcﬂmc(aﬂ 83%@?1%& salt gg)ﬁqggmﬁg@qglﬂ@?lmlﬁdu ME‘I\C@\ bRgESS 1S a

cont i nuous pro ess. I'n so , one or nore small nolecul es
descri bed h@d@ayhluafrlbyluwdmdm¢lwgtda ocbramidejapdpqrygodsedgingthyl prot ei n
purificati Oﬂmm’,m&.ﬁ%ﬁlo..Mmfb@?rﬁlug)ha ﬁmh',mmhceﬁ%mmwl (R&n-pgldRd directly to a
bi oreactor contalining a ture, In order to precipitaté one or nore

i mpurities. examplss fshude asdy idivin Salidsnishioridperrbeonsidesdls el ecul es descri bed
herein may lb&ac?eng QYcﬁlququb'} dihide 9&@1!0@1(&2 W@on‘?& f?f{ cﬂ@@gﬁiﬁﬁa%tﬂﬂ%alln a
purification process, e.g., as describ in the Exa herein. [0019]In
some enbodlNEnwghnvh@maﬁﬁmhﬁmmﬂWHNSWﬁﬁwﬂﬁﬁ@@%dkﬁdmhﬁV“WmeﬂH@@>hs in

sol ution f%mm&ﬂbﬁh Qﬂloﬁd@a{]&o@ﬁtxﬁsﬁmt&'}muﬁl@n\@”vr!agnnﬁ(fnﬂm danid G]Og-q)iQHlm‘/ ni . [0020] I'n
sonme enbodi nents, precipitation step i's carried out at a pH rangi ng
from2 to %AWW@@Q&%hﬁCs%n@"@%béﬁﬁﬁéﬁ@gm"WH@M%P@BPBNPéte is renoved fromthe
sanpl e by fj{ tll’llﬁﬂlh‘@f&llgﬁ)egml afl BRI dyb bR Is@inate) n@h BRIqueRRRAMI nents, the

precipitate i's renoved fromthe sanple by centrlfugatlon
ammonium salt (non-limiting examples include 1,10-bis(2-methyl-4-

aminoquinolinium chloride)-decane, 1.6-Bis { I-methyl-3-(2.2,6-trimethyl
cyclohexyl)-propyldimethyl ammonium chloride] hexane or triclobisonium chloride.

and the bis-quat referred to as CDQ by Buckman Brochures).

[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.



[0022] I n sone enbodi nents, nethods of separating a target bionolecule from
one or nore insoluble inpurities further conprises the step of renoving
resi dual wowvorsiessf smal |l nol ecule fromthe sanple. | n oFSaeERiogwds] such a
step conprises contacting the recovered solution with a pol yanion or an
adsorbent material to renove residual amounts of small nolecules. In a
particul ar enbodi nent, such a step enploys activated carbon to renove the
resi dual anpbunts of snmall nol ecule. [0023] Al so enconpassed by the present
i nvention al0823et hods Iofomsianibbyimengs.andtlxdg ef sepiratifsl adeghidigndins sanpl e
conpri si ng Frgﬁ h@ Sifdre mhﬁgfélllﬁplﬁ’n@pﬂut\%rttbm Fi&es tHe 9@?'6?rc§1‘3l MPl&iduqrpuri ties,
where the ne conpri ses the steps of contacting the sanple with a
smal | nDIecuhQM6GW§PN$mn@CdPﬁb@a@#mmn@ ah$mWHﬁﬂ@W@GﬁdahﬂWHP”Wéé%t one
non-pol ar gro th,JI tHe F“ao PR i S lll\chQMnlcth)rfaﬁ)ﬁcﬂb%gplrlﬁﬁum loatBoeonpri si-ng
the target nolec (1) recovering the precipitate, thereby to
separat e t hesithen gepurtyy (drmwé@ml@uﬁ omapasicrreEod sk suBlagPe | mpuriti es.
[0024] I'n sogp 15?\@,99\1(‘&’%& 1§30|1q&%111§m‘1é rc@luﬁ%‘lb@ﬁ)@&m{alI%Qﬁcc@k non- pol ar group
which is aronati her enbodi nents, the small nol ecul e conprises a
non- pol ar g8y mhlchAW§ﬁaHFWHa¥¢b\mF@O@%}FW“&@Hé“@HﬁBﬂFHﬁHF%”“%he sanpl e
I's subj ected .t lﬁoﬁ\!}l@édlé FrG Rl sQRpIS L& rRfne Qe ltdx%uQQ(mE@ﬁRt digHg With oebh the smal |
nol ecul e conprising at | east one anioni ¢ grou at | east, one non-pol ar
group. Exenpbarsgluble appdritearthsre thew by risgd eufél“é“ oY cArEUABY | i mited to,
filtration and L6 4 i HOREILQMR: co[n%%ﬁ;lmeq%&m% Rk digmBRkSa 1Gk@ntfication is
achi eved by. subjecting the sanple to a small nol ecul e conFr|S|ng at | east
|

one cat i oni EONgrOG raHd ingn anwaatsulisEn e Al RIFSRREMPES Y s (4igled above.

[ 0027] Exenphafe¥uiS MR i) 1RLEGHL 8% ;ﬁg gﬂrﬂcsﬂhﬂgb)a&) sk@ad (hengeani oni ¢ group and
at | east one non-polar group inclu but are not limted to

pharnaceutl@QWPW“H%F@V&ﬁﬂ”@@hﬁ@@ﬁﬂ@b%UBH"&§5 pterin derivatives (for

exanpl e fol f()@%ﬂC' d, PYLEHLRcCnBBlithns Sh@SiNTHh At @mpfienafbRpbbler aci d,
mef enam ¢ aci d, nycophenollc acid, tranexam c acid, zol edronic aC|d

acetyl sal | cyPirwhieh o aromaignin qthersepediments.dhemafl malicyle HBRYISF 8A%N ¢ aci d,

i bupr of i ne, ,NAREAR&MicH i 8lithage. aci d, nal i di xi ¢ "aci d, chenodeoxychollc aC|d
ur sodeoxychol i ¢ acid,.tiaprofenic acjd, f.lum

trans- 2- hde@%QC|nnanﬁb“ﬁ@ﬁﬂ“m§“$WéﬁV1ﬁF@B'bﬁ#ﬁ”ﬁgWﬂddﬁI&ﬁ%ﬂ‘%ﬂ)

cl or azepat epridréOSAPLMg it 41tRaRsAAI dﬁb&ﬂZ%lﬁpf&iﬂgdﬁ lck&bﬁ@dﬁﬁ(ﬁlﬁnummrf eti noin,
adenyIOSUCC|n|c aci d, napht hal ene- 2, 6-di on| bar ot ene,

etodolacetoﬁUf?b“%&F%mﬁhﬁﬂﬁéH%Vi'%HWEWW?“ﬁV@“ m‘?@@"dgﬁnkm‘fkugBank

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 least one non-polar group include, but are not limited to pharmaceutically
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



3.0: a conprehensive resource for research on drugs. Knox C, Law V, jew son
T. Lin Pr Ly S. Frolkis A Pon A Banco K. Mak C, Neveu V. Djounbou Y.

Ei sner RWOuo13ACs33W shart DS. Nucleic Acids Res. 2011 JaoTasSedatadsase

i ssue): Dl 035-41. 21059682). [0028]In a particul ar enbodi nent, a small

nol ecul e conprising at | east one anionic group and at | east one non-pol ar
group (e.g., an aromatic group) is folic acid or a derivative thereof.
[0029] In some enbodiments, a small nol ecul e conprising at | east one anionic
group and ab. lheldtolsive. fiomApBinge KgMolif- Nsvay hRioumosculbsneE &l ary dyes

| ncl ude, b“&\c?'(xﬁslﬁﬂtm!.'I\%E-f%d\cﬁ(g,keé@@f BhRoanthbNctifs0:) @35k DARPI: n some
enbodi nents, a snall nolecule Is added to a concentration ranging from
0.001% t o 5202°6§20031] I n sonic enbodi nents, the pH of the sanple is

adj USf[ ed pr |:(%5‘§]t O‘ t he_l@g 51&_&1@5} 691fb0c§ik'1_@nl,se§r§lulll_ rﬂ&b&n@é’doﬁ}priEiggﬁalzlsnon_%om3

enbodi nent s. .the precipitation step is carried out at a pH ranging from 2
to 9. [0033}iipnisereep entasdiasent 8on-prarigeupt(c- 500 argpatisteroupa stlolsowid or at | east
70% or at l,le‘,F@ .i\,FlQ\%t|169£0f‘at | east 90% or greater than 90% of the, initial
tartlet bionolecule anount (e.qg., target protein) present in the sanple, is
preci pi t at etP038I ng t hen pravarmehedimeaisr iy PYetulbesopPEERAR ¥\t i on. [ 0034] I n

sone enbodi BBRALS urobfas & AR oROXBn-Wiarl Bt i havd AL xRS Sy HRAN

include, but are not limited to, Amaranth and Nitro red.

[0030] In some embodiments, a small molecule is added to a concentration
ranging from 0.001% 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



30% or less than 20% or less than 15% or less than 10% or |ess than 5%
of the initial inpurity level remains in the precipitate conprising the
target biwoobsous4of interest foll ow ng precipitation esirng2@29mesbl

nol ecul e, as described herein. However, in some instances, a greater
inpurity level may precipitate with the target bionolecule. [0035]1n some
enbodi nents, following the precipitation of a target bionolecule using a
smal | nol ecul e, as described herein, the precipitate is dissolved in a

buf fer havi mlgrahplwh@mgpmgp’mdmmb'tBlrwllq&DﬂPh[relDﬁg'B]\leﬁ*@@?re enmbodi ments, one
or nore sta%f 1%&?‘?6 are used for adding one or nore small nolecules to a
sanple. [00 'n Eo “enbodi nents, follow ng the precipitation of the
target bionf9I0a&lul e, t Kacmplnyearedibomslesyay iaclpde, Sullsyerct Baritdloa furt her
chromat ogr aR:I@Xml§ihﬁtppr%%llr%cltlgl%cfo'hglrmhlbb%lcg RWBn&QR@Iﬁ& f'n@ﬂs Q\fum uQFKdEXChange

chr omat ogr aphy, hydrophobic 1nteraction chronatogra finity

chr omat ogr a«phymcb!f:ﬂzldm“ﬁ%ﬂ'w@@@ﬁ%mlm#@[’tab@’rﬂéf?fh‘f m['b@%] Ex‘é%‘iﬁ‘l"&ﬁy t ar get

bi ool ecul eﬁndlﬂﬁ)lﬂ'l]qgn nm&tcul@g End@i2/E LR -bReinfR AR LD aMte WREQL ei ns,

monocl onal anti bodi es and functional fragments, humani zed anti bodi es,
chimeric anbiphelibeesmapbt xerassedlin anempebanesprepian Epa £ €HQke1Bodi es,

i mmunoadhesjn, (RLEEWHE3, 20He&bn 1&idh 43 8GN yeRnbahRLNQNHI ahei ns. The
target bi onpl ecule may be expressed in a manmal i an expression system (e. g.

Cl- 10 cel | sphebpdsgleprsibedrgrminmanie whndiesioniix ' SIAGH EPEsscd et eri al , yeast

or insect CghhfhtiandRBrelBINQMemIRSCl RE6h-Haf@iaNaByREsibEGenn t he context of
proteins expressed using mammalian expression systems as well as

non- manmal i an expression systens. Brief Description of the Draw ngs
[ 0039] Fi gqrgrilfﬁgp,liﬁl;(ﬁ, & th@bi-R¥igsd on curve for quantifying anounts of 13ZC

[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).



in solution. The calibration curve was derived froma turbidinetric assay
where known anounts of BZC and sodiumtetrafl oroborate are mxed to forma
preci pi t ave.20BMe83B4axi s refers to the starting concentraCirars2ab/0BAQ i n
solution (ppn) and the y-axis refers to the turbidity (NTU generated in
sol ution upon the addition of a known anmount of tetrafloroborate. The limt
of detection of this assay is 100 ng/L or 100 ppm BZC in sol ution.

[ 0040] Figure 2 depicts a graph denonstrating the results of a static

bi ndi ng expéhd srentdaysieskis ofaletosharpiresntdge (‘bapblirbyihafremanidiatiedeehr bon to

bi nd BZC i . solut fer ihhe nmass of activated carbon
added () an 'lll‘éyq'élt?‘ggzr&egga Cét%cbgﬁjidgk)gcrsgtl on of BZC remaining in

sol ution af t0@|47J10 m niitees: Dflepiiixd pgpinidpresating vatres!te af HorxPaRyL!d) . As
demonstr at ed oG i HRAE Rt RnE LOMARLIRGuRE ar ti ng
anmount of B?(\f'h(tl %Qg%uctﬂ?& ait gg'ﬁgn ?ﬁ IRCHaltcnblucrﬁd?ledt ected |evel (1 .e.? | ess t han
100 ny/L). f0OANE: dasie Sﬁlud@pPUtGSlé‘S gn dpther mpyseabatof Aglia pad fedliit s of an
opt i m zal | ORGSHUS prldfEic DO, ARALBE 1 ERNSEIH ERkbANTR! REGIa, AR ove

maxi mum r ecov of a ionolecule (e.g., a rmnocl onal anti body MAb
nmol ecul e) a® lwahtllo afstOhamldman*rbpmcirct bt Ead aneeohakhchouvdretes Behdg/ L. The
X-axis ref e[}«ﬁt&]&d‘ 3@% ﬁﬂtr&%hﬂ ifsod66n GRTY rﬂ% )@Qgﬁc;lntholoﬁ Peclieed to be
clarified. ers e percentage C CP renoved fromthe
feed as a r @smiomdbof»qltii’?e lchlm*%f’ln@eﬂqi@nt'p'r i@(s‘@s@“%‘i H PBZ@ 4(5031033 D andrpe
secondary ys BXic Sl RER! Bold IHICaDRLEAM AYGAY of Wb that remained in the
feed after the arification process (depicted by dianonds). [0042] Figure 4
depi cts a glApH r epr eSimtd hdenidiea edibtios cyve i %%ﬁé)"i‘ﬁé'ﬁ?“rﬂb"‘ 'AVest i gat e
the effect pfiy folHhibRPHRIdMalRRuRE 8G 9&1‘\@& 9m BidrbsicenrysuRineMaa by folic
acid. More basic solution pHresults in higher mass ratjio of foI ic acid to
MAb requi r ed& amprfelelipieidtselugovs o kngpinecopeentrpionivabhs 19881 T6ES0A. Merhe x- axi s
refers to the PH@%&KEI"E\HuQn Qf iRl defu ff\%‘odxugpé N%glb)agﬂelﬂc tyauxtsherefseadnd Mo/ ng) .

The y-axis refers to per cent age (9 remaining _in solutlon after
preci pi t ati growerds @SitEy agid, Oftﬂ“ér‘rﬁﬁdﬁc‘d sejuriane s 1Pf‘)l”él‘hgl tbs 4pibCtircl es

refer to th&n&‘u@ﬁbﬂgls%apﬁ 1@f . Br 1Ppfh fofic B @nd;oﬁmen respectively. Dotted
fines are included as a guide [0043 Fi gure icts a callbr tion curve

for quantifipOryl amountiusy of AMids aceaph r'i“Pé‘o*F'E}t“i%o e RSl PEPEI TN curve

was deri vedshhom @\l%%l‘?l'h@rﬁnl@&i ORRRHABIBRIEpRIY 35&11&5&@f arb@ lodimicode sol uti ons
of known concentration. he x-axis refers to.the startl n con@entratl on of

folic acid fgd dosalitionn GH@fﬁif)'“hh“d"t‘?fe‘%ﬁc‘é&’?%""r%‘flé? 4416 19'hig s4WUBE bance
((jar bitrary ?ﬁulﬁﬁ))dh@lf td llﬂﬁlufeglof ﬁn@x@g duﬁﬁﬂtlUElb@&ﬁb@tanaftﬂ paxis TJﬂRBs lol et of
etection o

his assay is 10 ng/L or pmfolic agi
[ 0044] Fi gur 826 ddpiccry (a“’éP%Eb‘H I’F'é'ﬁii‘sé%i’ft“l‘ ﬁgd f4ROTY @ﬁ‘ﬁ‘g algr @ ) r‘n’!‘il ng
I sot her m expelihdTent pHaest abvadaicahbh REuliBRmaapativt 22 Digdaitd &@t ed carbon to
bind folic acid in solution. The x-axis refers to thF concentratlon of

folic acid 10#2] in sobigwediiepifts aerant FePEsEding 115 FviRP'sd SPTIISY Bg wi t h

activated cahbepuand \ﬁh@p&tl@%hﬁ)ﬂkﬂf&&h&\ 5)%!“&%3&.6@%31[ ﬁ)fnnﬁlepEi ofi¢isd (ng) bound
per mass of activated carbon added One gram of

activated cHPBURVMAKERT Plcat it Otgo‘*r“é'H'b\?' 0'2“2’3‘9 ?rS‘f i"é“&&%é \[bObZtS] Figure 7
depi cts a graph d@PiAseMhisngid dTgolicsidl b 1.0f adaed @Xhleﬁbd‘r&xﬁu/mtplhd’lyestl gate
the MAb precipitation effl ci enc ] ve at. fh'\qleH of 4.5.

Y by Nitro red%

Nitro red/ MS Felits U fragtion i AD aengpiniae insglyfieny 8?"“88??51" e 'precipitation

of MAD. Therag axis refers to the mass ratio of folic acid to MAb added to
y-axis refers to the fracti mRining in

the feed ( me). The e
sol ution a;%@rm reci pr‘iv'érl“ d’r‘lpwst"F%’W‘fjf'B‘"P%“"g[t%%%fﬁ g”&(rl\@'p n ep| Cts a graph
denonstr at i pgiidhec/tivast Nwb rédgedipingidngapH@ding 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



elution recovery for Nitro red precipitated MAb. Binding at a higher pH
resulted in better elution recovery. The x-axis describes the sanple and
sol uti on wondid2e3zg tested. iviAb is referred to as "MlpQ4/uS26iapersnat ant i s
referred to as "Sup”; eluant is referred to as -Elti" and the nunbers, 3.9,
4.45, and 4.9, refer to the solution where Nitro red bound and precipitated
the MAb. The y-axis refers to the percentage (% of MAb renaining in
solution after precipitation (i.e.. in the Sup) or after elution (i.e.. in
the Elu).. [%G0<FAIFD grumradnife uieplluu@sifmeakc'matﬂpmﬂ cgxictha Ry oc hike KRBy r ans used
to eval uate ch%]r‘geq/ﬁrl ants in feed (trace | abeled as Pure 1gG and elution
sanpl es for f’n Al dye nolecule treated feeds (traces | abel ed as
Amaranth el (ff0#din 1 anBiglik. 9 Thpigs axplscatieh eexshange t ¢hmenaiogiams ntded) and- t he
y-axis ref €L Ll% ctllgrg Q’F&Qﬁpﬁqcﬁ {chﬂglcé el@ﬁux@rféb)einmcluggn %ﬁﬂpc@&nat 280 nm
Amaranth 1 an ution sa rom duplicate experinments. This
experi ment Asuianthetidadoltorls igwedt fh@SKEW@M\?é'&%M pnpragfh ¢leeonpk @ pi t at i on
process using. L he. ANt q}{ mfm@%h e §- Qgégc]fgr!s HHLE BB rdeRI Gt @ graph
dermnstratlng the eFfect of ‘shear on nmean particle size of precipitate
formed usi néed ohd glusien dampliseat,288xins r\éﬁlé‘lng‘ t endSReu clpggresyppie. oM gener at ed
by varying- j ?I(.LL QV}()J Aefrs! PR %er‘?m&?llsl 19fé’mﬂddbgﬁh(g\ef‘(\[ c&rReiblieomhaxi s refers
to the mean trcl eS|ze(mcro nmet er) he precipitate, as nmeasured by
a Ml vern IH@UPWHP'OLWIU&F\QH@ A"wwdrfébéﬂﬁdccalﬁarmnd synbol s refer to the

sol ution plgi()g‘s]Of 4, P ﬁqu%qﬁLls5@lsple@&ﬁdﬁetlxMpng,meerﬁgul}*l'f'gl{cﬁ?r dedeound and
precipitate Particles appear to be nore conpact and nore

resi stant tousesice @tl"%ﬁln‘@WéPmﬁHl“'[‘@ﬁ‘@%‘iﬂﬂg@?‘é\ gxip g fery o Pbe atles t he set - up
used to measL % L,Elchpl(tc.c“lﬁ\' vz;lr_MDs fiemolakd Mydt ik benow ik deuat sauepesat i ng in

conpl ete recycl e node. used was generated by mxing faolic acid and
clarified feadds @tthqywm M'lskaﬁw micto MRIgRY of BEPECPHAE G MCBSUH'i%i tate. A punp
was used t O\Q?\J hl lﬁgln&]ﬂﬁt ml%mloo's&tﬁﬁc%n@l QiatBEd SHHoRWe b Berke ARVILE BHs

[0050] Figure 1 |1b depicts Fl'ux versus TMP curves for folic acid-MAb

preci pi t at eoisiSyd aDO‘Cﬂ)Li“‘fhﬁ weers NaFcd bowdand periatticdhe AL at es and 0. 85

9/ 1_, MADb copGamdfdtd-ve hblcSoRPREAdMRA rddRBnCakkdaesl aQsltertpl. det ermi ne the
optimal conditions for operating the TIT system The Xx- ax}\% refers to the
e

flux used (0048141-1))Figng 1t maluglassite Fyreissd fogneaue fvadar 84 ¥ ans nenbr ane

pressure (Pglow fﬂc9$ﬁﬁl5\tsrdna&ﬁmng dﬂoamgm& r@é}dleﬁﬁuﬁf emyl & ref er to shear
rates of 850, 1700 and 3400 respectiv y\m i ndi cat es
AT BB B e

that the sy&temjeddy a’f‘\@‘éé‘dtﬂ’y‘“é't“&‘f garfidi t?ed'ﬂl‘la’t' 4p’o‘in h an

increase fn, IMBpMAS OPSRS wechisva ﬁ)mcﬁ\kmdpi‘&l(ﬁt&tlt@@cmmﬁlﬁlﬁédi\ﬂw ing. It
could be inferred fromthe Flux vs. TWM curh@ t hat he opti shear and
flow rates FRY are 178grestib &ReRict iy KESW p&YY v Ir))" 1 d@gqf Mgure I Ic

depi cts a gpREPiiERsiRSaNtl N labmghﬁaaaﬁslrmfmncanhlr atck and bescstgz)t Nmb sus fl ux
for folic acid-MAh precipitate usi n? ({% nmenbr ane f erent shear
T, lL(éQb s

rates and 0‘%’1‘3%15‘"%‘%’&‘&1 NPEEDYR. VAT ping A %“é‘l"?“” ‘d“”'(’t”“t 0
det er mi ne t e oREYi N TORGSAER A ieONaxif&le®s (of hatlucardaeMiOhiel ed yunder

axis refers to the measured Trans membrane pressure (Psi). Closed triangle, diamond
and square symbols refer to shear rates of 850, 1700 and 3400 Sec”, respectively.
The open symbol indicates that the system is at steady state until that point, beyond
which an increase in TMP was observed with time indicating membrane fouling. 1t
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 precipitate 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



optimal operating conditions. The x-axis refers to the flux used (LME) and
the y-axis refers to the concentration factor. Cosed triangle, dianond and
square sywbabs/mefser to the shear rates of 850, 1700 an®#C34AB20130¢9501
respectively. The open synbol indicates that the systemis at steady state
until that point, beyond which an increase in TMP was observed Wth tine

i ndi cating nmenbrane fouling. It could be inferred fromthe Flux vs. Cl'
curves that under the respective optimal shear and flow rates rate of 1700
S-1 and 190opMH) opesipecbidiedny, Theheaxraxfenumticdheantd GMbrentlaktoixi§ s 2. 5X.
[0052] Figure .12 i ct 3 o1 qux q eLsys iMls)reieur ves for
folic acid- 'l\%fb % lﬂ “"‘f'i‘*@mgé‘g‘ﬁp (,lgsgﬁ g?d% Itc cﬂgn rance (i\d cs%m fselrent chear
rates and 4[03lhg/:|bc’l‘v'lﬁ(bk6:@h(ge®lt Pr7@9|0ri 3400 Ssc eﬂp@ﬁ@ﬁ‘é'ﬁt Waasoe@rr*“é’ﬁ' out to

det erm ne tl?ql(.‘dlgg lhmal‘xc g?@ﬁ'ﬂ glllQQﬁd\f e QRGUAL Mﬁ Echgnd lcﬁ)ﬁﬂ]@m%‘lﬁ h hi gher
starting vol'l The x-axis refers t e flux used (LM
and the y-axm \Nfsfcevs@ ctdowtmenmelsuwezdnmkam fored iy &ﬁ@l'ﬁénbeséﬂrcé fopsi ). d osed
triangle, di 2 Pesh&liL offthal BRaSHRAToW Al&Sa0br 850, 1700
and 3400 Seh]%rm“ S Eﬁj Lﬁ'qgﬁaﬁ& @Xgmg%ecr?&s 0‘% }dn di éat es Ot“hatL he systemis
at a steady!l Z0& emdrlt)(D & W&h&iqusmtﬁ:t Ithewnd“\ﬂmCe'Hfdaﬁ“ laer éas”e\ in TMP was
observed w a4 me in tior Wk 818 Pl vGQRIEuPeAafigr red from
t he FI ux vsfota curvgi5 1fethQlfﬁ? ﬁ%% F[qsﬁelgf% arll\dwflow r at Lérs rate are 1700
S-1 and 170fclivatid-Mak prepiareiyng { DDBB] guwms a1 2Hilkregr diir rreptesient i ng

si ngl e- passg"foﬁg\% o%&%\r?l%nf Emlts %Q éfﬁ(ﬁ%”%ﬂi badted Ot Qil.l'gﬁmﬂg'tﬂ Mﬁhmpr ecipitate
using a 0.2°pm menbr ane at f¥erent shear rates and 4.3 g/

concentrat i mdnmm @r@x@etmarfbmﬂ FW‘@M"F‘I‘ digheyygtartiee Hfét”é?brﬁ‘rié“’fm‘é‘ermX| mm
concentratig Ekhf {36t Oferd DAk ﬁ@@uﬁ@ (laiglhf) qy@ﬁ\c VQQ%rmf@Rtlb R mQRGEATHRY

condi tions. e X-axlis refers he flux used (LML1) and the y-axis refers
to the concenmbans orssfugcts.. C'@}eés}éﬂ‘hiw HEmgnd andyseupss my™antd rYHURrE synbol s
refer to thglc% GRE ofﬁt()eﬁm@ 1:1(65-9)0 SlYOQesﬁ%\ ¢0PheS8en kymb@sREGIs Rl Y. The
open synbol Icates that the systemis at a steady state until that

poi nt beyowd sm'w WA *itﬁb’rsé&%@‘i'H“WMD“VVQ@OB‘E)S‘@W@EI”WCPFF i AP MAYi cat i ng

menbrane f OH,LQLIQQCI \\1llt] nﬂﬂ-qhﬂufpﬂ H&Tﬂ%rdrn@%ﬂch'h@mltct}@d E)L Uﬁ‘fu\‘&i (r&hr ueunves t hat
under the optlrra shear and ow rates rate of and 170 I\{F
gure 13

respect i vel ys- T C‘W&X|“%W@6W6€ﬁi’?“af“i“bﬂ°‘f Higsdpte "'§ "ZO(”( anghE e
iIlustrates.theiagt-up used for continuous concentratl on and washi ng of

soI i ds usi n& hoI | ow fi ber nodul es. The bi ndi ng steg nprises_two stages
ce. two hBOPdw fi berr'€=’r‘1*fidu7’F‘b§)f='\7\}i>ibt“EP“fSI‘l’é““ér“é'E:EIkpl"iq t°8"‘re§”%‘5‘ﬁc1§‘ﬁ‘f)? ated up to

- 4X and t he,Mash st @P RPN AS ptdlReie Simgs0. |1.uﬂ3mc|1hbrl’aﬁe ah®ldlfawnt | ber
nodul es) V\/nere the concentrated precipitate i s washed in a. qount er-current

node. Det atead assstri Ht itdn “’1‘668‘@1’1‘#&‘0&é?:'érff""i’ﬁ\)@ht‘\“brf“i@ 4544, at | east

in part, ongdihimigh geansiMuRfcob&tirffonCREbAAL tPBS a@ﬂu&ﬂ&]nhuﬁ@hﬁ(z\m es in
processes for purifying a bionpolecule of int rocesses

es
el i minate ofRETBING SRREIATE g x-axi3ds ey e JuE P3f “r’?ﬁ’i"’dmgﬁ’ﬁpr“\&ﬂé‘ “3t? onal cost

and tine. [(RIBhdHiiBraciéMeIRECERAEIC] AW@nid ad s}qnﬂwsglvesolﬁreéfhod&hmhl ch
enpl oy snall nolecules that are readily avai Igﬁqe and vtess t oxi c,

shoul d t heyshepidategpl $i0t b/ 0P qad f‘??@rsébedfﬁptc“ Fecl e pyp ‘E "UEYS W her
reagents that sai@n UsRd sicldyasifid Gl alat f)&ﬁlhb@si@ndi Whichen am (.dS(Adldl MPonal |y, the
smal | nol ecul es used jin the methods d? grl b? hl rei Dp}:lﬂcesm ng of
hi gh densi t §PsPved Wb gide Iadertag PSRt P ANk y ‘d:f"égcﬁé' Frée 6’53 i or der that
the present ,dicgClRsu B WBYcr IR sPIRAI ElRadiddynunaessstead.1700 S and 170

LLMH respectively, the maximum concentration factor is 2.2X.

[0054] Figure 13 illustrates the set-up used for continuous concentration and

washing of solids using hollow fiber modules. The binding step comprises 1wo stages

(i.c. two hollow fiber modules) where the precipitate is concentrated up to ~dx 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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certain terns are first defined. Additional definitions are set forth

t hroughout the detail ed description. |I.Definitions [00581The term "small
nol ecul e,Woas1ugess4herein, refers to a | ow nol ecul ar weipgimtusecampersnd, which
is not a polymer. The term enconpasses nol ecul es having a nol ecul ar wei ght
of less than about 10,000 Daltons or |ess than about 9000 Daltons or | ess

t han about 8000 Daltons or |ess than about 7000 Daltons or | ess than about
6000 Daltons or |ess than about 5000 Daltons or |ess than about 4000

Dal tons or | ess than about 3000 Daltons or |ess than about 2000 Dal t ons or

| ess t han aﬁcbm}mgrﬁﬁons or |l ess than about 900 Daltons or |ess than
about 800 nol ecul es include, but are not limted to,

organi c, in¢d@ahic, syl e inyentivaiunadd. @dwpb'umd@: onpih digpieus! enbodi nent s
described hec eA.QemﬁﬁgE& dTQLﬁﬁH %m&ﬂﬁg%éggcsn@,rpJnh@ansas,ln@uma».on of either

one or nore i , arification) or for precipitation of a
target bi orrmtercm\éu(q th@proc@aptcufl@)m opporgHPFe s@nbdmcmerﬂdscm& te oxgigl] |

mol ecul es u%g(qa tnatlg JNBtikeds according to the clainmed invention are used
for binding J precipitating an inpurity (e.g., an insoluble inpurity).
Such smal | thibébuI es aﬁuéh‘geﬁﬁeP@M“y"1ﬁ%W0*pB'I(’a¥‘°5a'ﬁé‘h%‘ét‘Y"dfr‘n‘ &wlYFelme ot her

embodi ment s, §i G SRl e x'%pcll ﬁpH l%leuﬁ@g'c'lﬁq IRR, IRLPGAS A& 6P Lsh IR, t o the
claimed invention are used for binding and preci Fl tating a targ

bi onl ect i | éhefapegic, nadecpleotedtine [raein EYCn ISR Y I agenikE fsign é’r‘é‘ general l'y

non-pol ar and agj; g&hﬂv 1[)(091591' hJ1B& s BEin Y LR BEsEribe@hercRAaROl ar, " as
- used mterchangea ?/‘B herein, refers to a conpound or a chem cal group or

entity. whi erchaisgpf high densisy fred stadsand preporegral Wesiepsablen sonme enbodi ment s,

the present [gayenti on |QRlePYS: @Erﬁilelcn(micﬁ%UxLeﬁwtﬂéaﬁou@fc@dtﬂﬁﬁhd@ﬁl)&f or
hydrophobic in nature. |In sone enbodi nents. a non-pol ar Ei ‘dn‘ cal group or
Pll

entity is aceiicens ahigodedingd: h‘é‘?’““é’r‘?b‘é’d“?fﬁﬂ‘issm %f‘ Wb‘ﬁ e ‘ermi cal group
or entity ige@hddRRatibGon. [ 0060] The term "anionic" as used herein, refers to
a conmpound or a chemcal group or entity that contains a net negative
charge. [00&1] ThBcfindtiens" cati oni c" as used herein, refers to a conpound or a

chem cal gr aBgpr ent MY 1A mEIPALRENS & RET hdv€iB] rkfiedso € A g6lecular
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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[ 0062] The term "aromatic" as used herein, refers to a conpound or a
chem cal group or entity in a nolecule, in which at |east a portion of the
mol ecul e wonbes/a2833a conj ugat ed system of single and nul PCpuS2dxQ/08ES01
[ 0063] The term "aliphatic,” as used herein, refers to a conpound or a
chem cal group or entity in a nolecule, in which at |least a portion of the
nol ecul e contains a acyclic or cyclic non-aronmatic structure. [0064] The
term"target bionolecule, " "target protein," -desired product.” "protein of
interest,” effinfipf@dwes. bfsoinnembedingts,de used iwtermcinageabhly herein,
general ly r 0 ) Clur®f kb eL \ ¢hod-S desi r ed
to be puri f:%é)cfcL(')lgr'?‘shgI gtrg%g?ﬁ ﬁ\d?{?h%pgﬂ})r% uﬁées:&r'a é’“ér‘m t(lnes e.g.
one or nor epsal qlnbme:]bmdlﬁrw entis of andrhaici rlvancmﬂésell’b@ﬁl'ewlmwﬂbémpjr esent in a
sarrpl e cont Y.be e or pr oduct of interest. The terns
"“target |0?&ﬁmw OHEOP&“\ leh% ‘interest."” "desired product" and "target
protein," afOggked i nt dﬁ\GMIng@abity mas@mﬂxulgetrh@smqqpnwefue'rortﬂo a therapeutic
protein or RiJ.H6 H’lpi MG O e MQLald falggd to, an antibody that is
to be purlflagdygag IFr?ug hu“ T og' aescrtl m eraef"l n. [0065] As used herein -
i nt er change 96y the tlé\pmrmp%typ@pﬁ léedh%‘f"“ "pEBter MREALPE |y refers to
peptides and 5ok 6LAS o DAY TBE Gt AR naleUtchi8n am no acids. In sone
enbodi mentsgk 'S ngio ﬁo ecul g a(sln eSCIPI bed CHerrgel n, is used to separate a
protein or p¥6ybepti de'hf?r%'m DREake” arprcd haise BT Aol AeoBmeTd 58 present in a
sanpl e al ong, Wit LFthoan%ﬁ'nQnQﬂecQQl YRERM dRast hPoriOer @FRRMMENt S, the one
or nore entities are one Or nore inpurities which may be present in a
sanpl e al ongpnwiitsy empigpedssicn Wrinplslappepkiplidopdsi ng purified. As di scuSsed,
above, in SR%%)JGWbOdI m?!@‘iéma(flﬂﬁrxﬁjc NG fsQ g, mth@(d&djﬁ)%ﬁﬁd hed herein, a
smal | nol ecul e conprising at l'east one non- o ar group and at |east one
-ani oni ¢ gr otlEniigal geed of giibpp adighicplit inngiddne'e %arﬁﬁ’f“@“ioﬁﬁﬁf‘]oi‘l‘éls (e.qg.,
i nsol ubl e i ppiGhdd &32id dd RIS ATRL@RRORALSGENY a target bionol ecule. In sone
enbodi nent, insoluble inpurities are whole cells. [00661ln other
enmbodi ment s[%étbr di ng e e argst PiEe cere ¢ F PIEPT B el HeSIEd BiRYY- ol ecul e -

conpri sing &folfasthinOR8, Rt rONicCotGFOUR, "AR Usc@lintheRMLecadRGeRON- pol ar group is
used for preci pltatl ng a target bionolecule froma sa | e COHPH{)SI ng the

target bi onBiEEUy é“afn‘él“d?ﬁ'éf"&ﬂ“"‘rrﬁfrl?éoq“ﬁbﬂr”“t‘i“és“"(‘éh i desiig I“U‘[’ﬂ R"'Hpurities).

Exarrpl es of i @PHE(’C& (8% o8 6 M&k%né’d@daﬂlcﬂ@ﬂl Lol.e) orhd’tmnuﬂi&wlLeml(gdmi/ohost cel |
proteins, endotoxins, DNA.  viruses, whole cells, cellular deb[l s and cell

cul ture addineplylg impusitics. OtiEPIAY BE BFRSCTS HFLUM RS ORI EIPLRA TIPS Bol ypepti de

bei ng puri f hedudisr ReerdsheTHraihodardesenbloade, ’th’rﬁblﬁ oIfSuﬁ«.sﬂtammintcan prot ein,
e.g., a therapeutic proteln of a protein V\:hICB bl i n therapy.
Exenpl ary pPBH&n&G e geteip s %F%‘“Wﬁcth‘“l‘“cr‘rt?li/ gein ”“”fr6 Bdipfe, renin; a

growt h hor npRApedtRGréigth ngdTerlcgﬁ1@MﬁlllﬂrJ boraonaitand, Hamiibely glmwtth hor none;
growt h hornone rel easing factor; r? roi d hornone; thyroid stimulating
hor mone; i b‘bb‘f’dtcéluh@“‘ﬁl"bﬂé‘df ddsgrifged f'ﬁ%m n: insulin A-chain; insulin

13- chai n; prospul i n; Asqlséd ieken Ehtelrdfmh@hblﬂghh\@ftmmmﬁl&lcébt tmmnl;n "l ut ei ni zi ng
hor nmone; gl ucagon; cIottl n tors such as factor VITIC K%t or | X, tissue

factor, andeSASHTWFEIESER BERY “SF‘Q‘EPTBF“‘S AYPE BPShanREoY ddt 4k &9 s prot ei n

C, atrial naimd emhidigentsag tindll mblHﬂQL adddsatdeaRéreinais pkcﬂammgem activator,
such as uroki nase or hUI'TB.E uri ne or tl a ue- tyﬁe g asm nogen aCFI vat or
; PP EAR

(t-PA); bonBe&hor ROPERHSE Ao MHEKHH BB e TEMN MEGHBP'CHEEF osi s
factor -al phahanthrob@tapolgnisemhah Isdﬂﬁé@nboRAMESthé begel adredniors aet i vati on
normal Iy T-cell expressed ang secy et ed . hurrgxg macr opp@?&ﬁ nf | ammat ory

protein (I\/IlF’"elO'éﬂ“ﬁﬁé{)‘"““éic%‘éil” hAnay ‘UPﬁ?‘l S0EFPIRNE AIGRRR Al Bumi n;

Ni | uel | eri apbipfiphtié baigh Suilnsd. amcaascu@eh amvbv, A—eoi‘malchhbodlak.axnmoﬁ—nghal n;
prorel axi n; nouse ganadotro i n- as ci at ‘Fﬂﬁt de“ a (l)‘bl()f;ﬂ protein,
such as bet {emdhoy %é"b°ﬁﬁ’é . @ pig Ping b@‘t‘o POV df “w t8"“4ssoci at ed
antigen (Cl tu%):p nScUanman&m arfibufie dioup shiskai fiay prambmmng\pnaﬂasmt anptelmckot hel i al
growt h fact ?r

.. 1nqo Iblg impurities) in a sample comprising a target biomolecule. In some

embodiment, insoluble impurities are whole cells.
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receptors for hornones or growh factors; Protein A or D; rheunmatoid
factors; a neurotrophic factor such as bone- derived neurotrophic factor
(BDNE), rwonotymgdssn-3, -4, -5, or -6 (NT-3. NT-4, NT-5pcorushiii2®y9s0or a
nerve growth factor such as NG~ 13.; platelet-derived growh factor (PDGF);
fibroblast growh factor such as a-PGF and 13-FGF;, epidermal growth factor
(EGF); transformng growh factor (TGF) such as TG--al pha and TGE-bet a,
including TG-.131, TG--p2, TG-133, TC Ff34, or 1G--05; insulin-like
growth fact0ss] and - I otfidr@mbpdiennls h@prline)te thd@wefhpdgyesereed pereBrai n | GF- 1)

insulin-like NSun(th EEBPR) oneGonPHRAE €1 Ns such as
CD3, CM4, ghg%%gm%%é%fmgtggghanaQ&%&?L(ﬁ%ﬁhrop0|2F|nn@este0|nduct|ve
factors; |nyumobomﬂﬁgnﬂaﬂmmnm;w@nph@g@nbﬁm@ﬁﬁﬁéﬁevﬁeG%Npﬁm&éﬁ interferon
such as interfer. t es GAMTBLbIE HhARKieHt R g;ng factors
(CSFs), e. gnﬁﬁkggﬁﬁéﬁwﬁg§ﬁp&'ﬁgegﬁgénlq?ﬁ erueu .ﬂs f§1s) 1ﬁ ( ,1L-1 to

| L- 10; supemumnde%dﬂ@ﬁumwsamhﬁh&ekhmreee¢@8ﬂ§lm@&ﬂﬁ&@@“ﬁﬁﬁbﬁﬁﬁe protelns
decay accel %rri%ts Qflof 36 10Lauivl §:Blis AR AEMPUGRIRS: cidor exampl e, @ portion of
the AIDS enve nsport proteins;ltomng receptors; addressins;

regul atory ﬁwéﬂerns WwwegﬂnW9¢Bue®JHBNeDPrP aNPGBWWPBP“CBF‘T”& co 8, an
| CAM VLA-4 gﬁﬁ& i HEveR R e DrABh] e ﬁb’@kb a8 piokeRor oFI ER3 or
HER4 receptg'?q Rk ggﬁen |]| drnvarﬂgnté 0 [ B# tﬂe above-1listed
polypeptrdewowloﬂeglmFuque¢"Hhﬂﬂéoﬁeﬂeﬂﬁbdﬁﬁeﬁ%@‘m@“Brb¥%mh or pol ypeptide
purified usj Afed rU%F‘E’\% ?ancﬂ‘%sé?éﬂo%ﬂmﬁ&ﬁ' fr\d'u&n@ﬂmﬁzmgrB@m){mnﬁMﬂCt i onal
fragnent or variant the I n"sone enbodi ments, a protein of interest is
a reconblnamvﬂwwmﬁeww“cbhwamheﬁgﬂaH“F@“reb?%ﬁ=@POEHNPWﬁWHﬁﬁwaﬂm in.
[00691The tﬁé{@rd Jxm’ﬂrmﬂ h&h%lné rPrpopro ofhs; Bha- ILG\G[rw%h'n TR0kd Redyn; (used

i nt erchangea herein)y refers to a protein having a basjc four-pol ypeptide
chai n strucﬂ@We”%dhwi@ﬂWh@“%ﬁmbﬂb“H@dvy%&ﬁH“Tka4°”@HP'B%QPW§= sai d chains

bei ng stabi i zed. Ju%oﬁxmnh EraciB sLeN RMERAMINIA Subf ixjashondsy. ahi ch has the
abrlrty to specifically bi antigen. The ten srngle chai n. i munogr obul i n"

or "single- edeﬂkhﬁﬂ¢Héﬁ?"mvugéﬁngﬁ%@ﬁéﬁﬁhﬁégﬁpych ral i Yefers to a

protein havi,a@:qfWrRnY: Q%&hﬁ%g&%hﬂa(&t §UdR hlirBk i QB St Bltmngxrmt oa heavy and
a light chain, said chains being stabjlized, interchain

peptide Ii NREPS Y PR AINPEE af‘ﬁ’e"(’aﬁr A S’/)“Etbb‘g 8'@?‘1‘1’9%51'}"&%"1“?‘16%‘\%| gen. The
term "domai fieof: & %rﬁm&r@sr@MGIlopbW[Llﬂr‘mdl elg.‘lQE‘nl@f)hzﬂmhﬁaN)y\l(Drg I(mghﬁrcctdnar n
pol ypepti de conprrsrng pepti | oops ® ; risin ” nllOlertlde

| oops.) st abitivixEdorPol e%&ﬁﬁP%*“%VK“r%é% d]ﬂﬁﬁe LS N PAYRai n
d' sul fide bﬁr@am @QM' Al ha@-rle,eﬂcqu'tllhﬁhﬁm cehet nefar @rdnesiinenasivdlzonst ant " or
"variabl e," based on the rel ative | ack guence.variation within the
domai ns of VﬁﬂWﬁﬂé“%*ﬁS%rﬂﬁﬁ%ér?“ﬁﬁ‘?h@%%ﬁgé‘ BPriNik St ant * donei n, or the
si gni ficant rMﬁHérﬁiphﬂﬁdeaﬁchll papideea ﬁﬁﬁfﬁﬂird]%rdﬂﬁfm \sadhi: @lelaCJtc&SrSrsﬂ'&)ﬂa@r s in the
case la’ varrabl domai n. "Anti body 3 Eg ﬁﬁﬁ trdel ng slnh ar e of ten
referred to“ﬁhﬁéﬂ@ﬁ&ﬁdé&ﬁPV”Pﬁ“ﬁﬁ@'% Nt Doty 8% - bol ypept de

“regions." Jhgin: Qﬁﬂﬁéﬁﬂﬂmhaﬁngbﬂ&!mﬁm(&mtﬂmodxp%wgthmmamnsl@weﬂreferred to
|nterchangeably as "light chaln constant chai n const ant

domai ns, GEw“r86W%%§‘6F)”EE““G@A&WH%drfwegoawhgygr?wgdb%%Fns of anti body
heavy Cha' Ngerdk@ ndefiphR dadi@ (BDNEY, @El&ﬂtg@abd Y, -8SS5,"on eI - &.Hél-A. \ébnst ant

reglon,' “heavy chain constant do I domai ns. The
"vari abl e" %%ﬁh§‘6?“‘%HPP§UBVOWW Tﬁh lﬂngmgkegr%?EFPe\h 60'

inter Change@bjcvr )aﬁbmd)rhgrgro“arhaxbrar sah b e e Fnedpoas, Eprddrmghtro\&lhdwmlvarl abl e
domai ns, " i ons or lg,, domains of
antlbody heQV@“cWﬁF Enige é“?%?g#Wé@(ﬁquﬁfﬁggﬁi’d@g gags “Pheavy chai n

vari abl e regicpamg rQ'rhea,\nsc,rcﬂanmmﬁrHGBBLEodo@mﬁnsmé’uhh\l’ﬂ% groegh Gur-or "V -1

donarns [ 0070 Innuno odr 0 (referred to
as a " MAb" )‘Wr'b@pbléléﬁguhgﬁﬁxﬁéyﬁﬂll fm’ ﬁﬁgw”ngPgﬁﬁféh%rrc f orm
for exanpl ebinkigk ploramt i GrsisgCMroesexdhsis GO, PBALERB G ‘)ffd??rﬁh and/ or | gA
ant i bodi es whi.c i rm
InnunoulobuFFHé‘Bﬁéﬁﬁbrﬁbﬁ?@%mWhﬂ“g?"gm“‘e*uﬂg ﬂﬁ¥%$gﬂgﬁfﬁfigantrbodres
(e.qg., blspaﬁrmm@manhmbmmueewwzandcaﬂbmb@dysmnﬂgnmnﬂ@ms@uhomg -as they
retain, or are nodified to conprise, a |igand-specific binding domain. The
term' fragnent refers to a part or portlon of an anti body or anti body
chain conprising fewer am no acid resi'dlues than an intact or conplete

anti body or antibody chain. Fragnents can be obtained via chem cal or
enzymatic treatnent of an intact or conplete anti body or anti body chain.
Fragnents can al so be obtai ned by reconbi nant neans. \Wen produced

reconmbi nantly, fragnments nmay be expressed al one or as part



of a larger protein called a fusion protein. Exenplary fragnents include
Fab, Fab', F(ab')2, Fe and/or Fv Fragnents. Exenplary fusion proteins

i ncl ude ﬁsohusmn&ﬁprotelns [0071]GEneraIIy, an i mmunoglpalaisee2ou9sant i body
is directed against an "antigen" of interest. Preferably, the antigen is a
bi ol ogically inportant poly: peptide and adm nistration of the antibody to a
mammal suffering froma disease or disorder can result in a therapeutic
benefit in that mammal . However, antibodies directed agai nst nonpol ypeptide
anti gens (sym’rmfasolbnmmméssls\g(&lcmne(@ggk)y@@l Mpi . & {C§énand (5€8FU. S. Pat. No.
>, 091, 178) Ql8.8hadoont el o %H‘Edlo Blofial BEnaAld 9501 1 2cRoROLIREPL | de, 1t
may be a transnenb .g. rece r) or a ligand such as a
growth facmonmaWQﬂa@rﬁth®enﬂﬂﬂmnmdamnnam aﬁ&ﬁb%@?ﬂiéﬁk‘wﬂwcu as used
ommgeneoust At BaRT S e BBl e e A e o ng the.
popul ati on a@@deemmpmahmaxuépmhﬁQﬁibbs§Wﬁﬂ@(HHﬂeﬁaprydﬁﬁbﬂﬂr|ng mut at i ons
that may beypResatyd il Al AR AmiMANRG] QMR ARERDOANERIar e hi ghl y
specific, bei'ng directed against a single antigenic site. Furthernore, in
cont r ast tdtqmnvem@ﬂﬁampmfmwﬁydmmwéﬂyd@ﬁﬁﬁ%ﬁﬂyv$k%ﬁh¥ﬁﬂ¥ﬁh§5mhlch typically
I nclude diff, 66§nt antﬁ{%@ em&u&%@m&@@l Rstind Higpgatic geleam nant s

(epi t opes), monocl onal antibody Is directed against a single
deternlnantW@nubm@tﬁwbw@éwb“ﬁﬁ@ﬂﬁﬁdﬁﬁméwd“ﬁwﬁﬁ@Wﬁﬁéy“mﬁﬁ6V%ﬁWes t he
character of.Lfe mmm%%manneé &gthlb&r%a@g if J REBnimmMbSbR i al |y
honmpbgeneous popul ation of antibodies, and is not to be construed as
requiring pmmdmn%!UH‘O?“PM@VEHWPHO@¥O Ynany particul ar nethod. For exanpl e.
the nmonocl opghgjant i bogj,eg Glnp!?unU@@gllinﬁ w’r’gﬁQ@F@@.ﬂ%e ‘Whibbat h@epr esent

i nvention nay be made by the hybridoma nmethod first described by Kohler et
al .. Nat ur en@BHangsbly hg7in) refesy opgyopa havged biyic /R PRBPARKE CBNA net hods (see,

e.g., US t%tuucl\@nslénna%ﬁuéﬁmn\d[Mﬂ@ﬁllQ@ﬁ{hnsamid @Qd\'\@&ﬂé@b’hﬁﬂdso be
i sol at ed fron1phatze antlbggy I'i brari es u5|ng the techni g scrlbed in

Cl ackson et foafxampigapypgerehat %‘ﬂ&%ﬁ’B“‘{sl‘ﬁ@li‘) hagibe abllitk o >é’t'c"a\‘i ‘?‘ b‘J‘ Bi ol .

222: 581- 597,389 Whe (s RIMLIS imhORLRLMMTQE F Qﬁ\g?a& claimt brbmddi\l??(usﬁmy f UI’ t her
i nclude "chinmeric" antibodi es (imunodobulins portion of the

" heavy and/oW“FW@%%ﬂ@hQPﬁmP%“Vﬁ@ﬁﬂ?%QPf@WT%P%N’M%HBW5Ligﬂ§ST%“5brrespondlng

sequences '(Q)nﬁmdgbﬁ’mh@'ﬁy@ﬁdi h M@d chdi@ria Lﬂﬂxﬁ'ﬁtﬂeﬁllgk&bll|S@E€dres‘uﬁ3ﬂn, el onging to a
particul ar anti body class or subclass, while t @“ gﬁ i nder t he chai n(s)

i's |dentlchWMWWH%W“h&#HPdeU@lFb”Ed? d 3rgins Uil ﬁﬁ‘%thbodles

derived fromopRRt k@t %pﬂqbﬁﬁdr@[g@ﬁdl@n@é\ﬂgﬂﬁl@hl&ﬁﬂh per paptie bodyisohass or
subcl ass, as well as fragments or such antibodjes, so Io g§ﬁ§ t hey exhi bit

t he deS|redWWP6N6@PdéF Q%FWVVEY‘?ﬂpgﬂﬂpgpp”Nﬁ ligeds o5 cx@wpIe Morrison et

al , Proc. ;N@' od bh&g%ﬁldlO!Sﬁil’d(.hygﬁlggllld@%lh ©332ink 42840 er rel@d4d ihra@nt erm
hypervarlable regi on" when used herein referg to the ami no.acid residues

of “an anti bdyorakcier arwables e Ppits lefvedirtio éﬁ“ﬁ%ﬁd@ﬁﬁ”"?ﬂ‘“Nypervarlable

regi on CoONPAJnes &%rﬂﬁb dabsdndrfrtdHeaR chde@mM acon@t@uﬁmhaﬁﬁnt(ﬁmut y determi ning
region” or "CDR" (i.e. residues 24-34 (Li), 50-56 (L2), and 89 97 (L3) in
the |ight cmvwcwmnamxb“k&bwﬁwoaﬁﬁ* afjvaneisclgsy memperg Bl (19 ¢45691 4 g 95-702
(1-13) in thgihgavdenalial Ahivedy ABbEpdRAIREmaliabat oftn alfersed ReqUences of

Pr ot ei ns or | nmunol ogi cal | nterest th Ed. Public Health Seryvice, National

Institutes oferqhangep !”Bé%ﬁéé%%mb%h‘“Cngﬁﬂﬁ‘dﬁﬂWH {Ro<8" Y8 dues from a

“hypervari aJRJnedulsQ)QQnuthy Beht CRShsHAES fodBd t?bzinl(ckbﬁngMV B2 h(g_,hQL)h asiand 91-96 (L3)
in the light chain variable domain and 26- 3% l%ﬂ § %1 12) and
Haf;rgflon )

96- 101 (1- 19Pstpp reRdsne HeN chHArsparqoaBns d g Lesk J. Mol.

Bi ol . 196: 9B %&%u1&9&%%%motfﬁ@&ﬁWﬂﬁk\d@ﬁma&ﬁ%&ﬁﬁﬁbduaﬁhatembh@se vari abl e
donmi n residues other than the hypervariable region r?5|dues as herein

defi ned. “heavy chain constant region,’ “héavy chain constant domains, regions or
“CH” domains. llu, ‘variable™ domains of antibody light chains are referred to

interchangeably as “light chain variable regions,” “light chain variable domains,”
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[ 0075] "Humani zed" forms of non-human (e.g., nurine) antibodies are chineric
anti bodi es which contain m nimal sequence derived from non-human

i mmunogl owol2018/028338 t he nost part, humani zed anti bodi es ParaSha@ms01

i mmunogl obul i ns (recipient antibody) in which hypervariable region residues
of the recipient are replaced by hypervariable region residues froma

non- human speci es (donor anti body) such as nouse, rat, rabbit or nonhuman
primate having the desired specificity, affinity, and capacity. In sone
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100771The terns "contam nant." "inpurity,” and "debris."” as used

i nterchangeably herein, refer to any foreign or objectionable material,

i ncl udi ngwe 2bi3oi2eggecal macronol ecul e such as a DNA, an RS USene/nesonor e.
host cell proteins (HCPs or CHOPs), whole cells, cell debris and cel
fragnents, endotoxins, viruses. |ipids and one or nore additives which may
be present in a sanple containing a protein or polypeptide of interest
(e.g., an antibody) being separated fromone or nore of the foreign or

obj ect i onabt@smoides wieising giodgctign nbhe pulbady vty Phaegadnehed 1Fofol ecul e, as
descri bed hg\aﬁ{ L lh[:QQZ&%IJuplI §19mdxeselm99m.%ptc§ox@%@K\mlr\g. ﬂr&uﬁlhe met hods
descri bed hereln a sm nol ecul e conprising at | east one non-pol ar group
and at Ieasmvgn@noaVPOﬁW@S@ﬂbubﬂbﬂa@snwﬁﬁdﬁﬁé@ﬁﬁﬂ%ﬁ@é§ﬂhﬁ'@ﬁéolubIe

i mpurity ( eﬁgmre %ngg@%)l §r)m8rlﬁsn¢m': bl pcc,@m&ﬁ'm?llﬁx‘f@nln@lﬂgds%&he $he protein of
i nterest, eparate the protein of interest fromsuch an

i mpurity. |H‘theNOéHHééﬁﬁbnﬁ@ma@@@idWhg“?o"ﬁﬁé“ﬁﬁ?ﬁ@H§dd@§UﬁPﬁed herein, a

smal | ol ecmhssomym Hié'quu Ak 1l fAGles QLRI RBIEKGh OUR . Rbhrafsleeast one
non- pol ar g rowggyln s-and precipitates agfroteln or. pol ypeptide of

i nterest, )FUJMé@aFGﬂeJ’%df$@h+%% dW7ﬁbPé)Wﬁﬁh#PWies (e.g., soluble

I mpuri ti eS) 100890791 ThesdnEiBRa1 Ll HBkiLDLS, fuPRYhid e “craseitsadithrei n, refers to
any unde5|rable or objectionable entity present in a sanple containing a

target bi onfimagne@obulifgieivhick peodat pic hegv ~‘@(P§|Bé'ﬁdé%l“ﬂ)%F"t']“éff'é“k‘ir a solid.

Exenpl ary i 5‘1519\11%1911.&@ l%%ésfxéxﬁﬁw' s@(ﬁltH&@n%ﬂb&h&%Hlﬁd edl 4 pdi@gment s and cel |
debris. [0080] The term "soluble inpurity," as used herein, refers to any
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endot oxi ns, d%@?¢“@@PP%P@SW%&PQFEﬂ%ﬁﬁhéﬁﬁ%“WWP%ﬂﬂ%>ﬁ?%O‘F@@S%]Whe term

" conposi ti ORel| as (FRhidhis @NsuRA an ﬂﬁﬂ]@& 8o lona§s useskhhanrd (Rsnécﬂif:@lb@ctlo a mxture
of a target bionolecule or a product of |ntfrest t be p Bé%ed alone with
gﬁﬁ nment s,

one or nor e?{teey pdbt-é'enhdi ?P%@“%ﬁ”@?ﬁﬁﬁ?ﬂ égm“Pﬁ SO t he
sanmpl e conpgi.ee3-Rsb{vkpgi cal material containing stream e.g. feedstock

or cell culture medi a_ij nt o whi ch atﬁe get.. bi onol ecul. e Q €e5|red pr oduct
i s secreted%7H sone &RbEEN nREY gl gip RN USHISTLLE ‘Pé get bi onol ecul e

(e.g., a thanapaul k&GidREdrah Bni®od@ihRRhic Bagynsibid ﬁ)n@]ng,w -birdiapeTiar nore
soluble and/ or insoluble i urities rotei ns, DNA. RNA,

lipids, cel PYReUEHEeaqRreT éﬁ*“@ﬁﬂﬁﬂgﬁgﬁgﬁnVﬂbf OE@IF?"%HH cel I ul ar
\c,iﬁbr ihs_) I nd@@ﬁﬁg@jﬁb&dh nantsm t(he SRR B-DQIp), 5666 (122) had §Bo7 bb())lm)l ef:ul e

ich is secreted into e cel ur el ecul e may
be separate@‘?#@ﬁ#ﬂﬁémb CﬁBP@”UW éi’?Qﬁp $é215{g§16?ﬁ9 ‘)f???gs ei ther by
preci pi tati Rgvt BiRiDRealIE doMEie; Kabai bl | Rquddteshy Pr@sigbilmatinaigeicd he t ar get
nol ecul e. [0082 IR son

ifrents ding to the
present i nvBHEbA Bidn ”%bkﬂqiﬁfﬂgfwﬁT%HE338Uf O@ﬁmh?éﬁﬁkfh(ggg , a target
protein or n@bmpaa%rde%chMa&emmhelsnamhummnﬁﬁﬁkﬁ.nsﬂpwﬁﬁé@(at)least one

anioni ¢ gr Ou(?ﬁ (L2) .md 91-96 (1.3) in the light chain variable domain and 26-32 (H1). 53-35
(H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and Lesk J. Mol.
Biol. 196:901-917 (1987)). “Framework™ or “FR™ residues arc those variable domain
residues other than the hypervariable region residues as herein defined.
[0075] “Humanized” forms of non-human (e.g., murine) antibodies are
chimeric antibodies which contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized antibodies are human
immunoglobulins (recipient antibody) in which hypervariable region residues of the
recipient are replaced by hypervariable region residues from a non-human specics

(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired
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| east one non-polar group. This process may be referred to as "capture.”
Exenpl ary small nol ecul es conprising at | east one anionic group and at

| east onewoant3paBs group include, but are not |imted POT/UsE@rRionos01
derivatives (Tor exanmple folic acid, pteroic acid), etacrynic acid,
fenofibric acid, nefenam c acid, nyeophenolic acid, tranexam c acid,

zol edronic acid, acetylsalicylic acid, arsanific acid, ceftiolur acid,
mecl of t nam ¢ acid, ibuprofine, naproxen, fusidic acid, nalidixic acid,
chenodeoxycﬂmmh@nadhdﬂy n@@ﬂ@n&ymh@htowaw#d'Vﬂﬁﬁpﬂﬁﬂeﬁue“éﬁmd ni flumc
acid, tr ansrcaaltzngtﬂéx&mmm&mgﬁhﬁm art ERIGA bPEOR Al 36) fumf ODENECT d,
cIorazepate I cosapent, 4-acetam dobenzolc acid etoprofen, tretinoin,
adenylosuccmﬂﬁ@ﬁabwdw”mHQHWhah@ﬁmeb@ﬁ@H@UKP@RW@fﬁﬁﬁﬁb“Pﬁhﬂﬁa?btene

et odol acet O@QI'IC{ i ll?cq!ccqplelﬁnﬁ:’u&%()%ymmow»r] Jnh&k@ "ﬁlﬁ‘sgmoﬁlqggéllﬁQ@ tional

exenpl ary small nol ecul es having at | east oné anionic group and at Ieast
one non- pol madege Huher raltepdebodywerfeimangsotin bngiat. ¢t umaniggbangbedyctilles, e"g.
Amaranth angl nl}l‘l % Qxb&&ﬁk 111{ Q084 1Ry QhGRa §PRAMI BN SiabiBRENAAS iif Or Separati ng
a bi onol ecul € Interest fromone or nore i'npurities enploy a snal

nol ecul e mhwbﬁﬁﬁlmds“ﬁ@“ﬂh@“bﬁékdvPﬁﬁﬂ@kaﬁWﬁF@Fé@“@éoﬁm“”ﬂﬁ§8mubIe

I npuriti es)hunﬁHanm@n(%rlcﬁ)@ﬁ§ §ncﬂﬁ‘%r R&staRli BN LR Dr Ihe FRScgibhsald hbgathon. ” I n some
enbodi ments, such mol ecul es_include at | east one cationic group and
at | east onsmmermpEaEiobyhinthsueE: e RS harpnigsintibedy Epnaly apatl may be used

for clarifiGalioaiddelyeionhn ﬁ“’ﬁm@lebllllln%BﬁguFQioanp@O@hJéW\ttﬁdtWEt hyl
amoni um salt (non-lim'ting exanpl es include cetyltrimethyl ampni um broni de

or chlori dedf: ‘thé!t“r“ad'ééy‘l%hbhlﬁt N irhes Ariaie: Bredaneas’ dr NeRror! dé2>2>

al kyltri rret(hy&mamm i ,C(hl Rhiudes2abKyran ykdhr dnretiyl cammmnist-un. chl ori de,
dodecyl trine n hg{ﬁarrrmnl um broni de or chloride, dodecyldinethyl-2-
Pa

phenoxyet hy Ai-aPh 8P de, hexadecyl anine chloride or bronide, dodecyl

am ne or Ck{'()@fd]de anﬁl\ s@ﬁﬂYh\qub’ﬂy|aﬁ’tu'ﬂ%d@-mﬂislbﬂb“bﬁl&m:dﬁnﬁ&d chloride), a
nonoal-kyl di net hyl benz anmoni um sal t (non [imti nﬁ})g i ncl ude
m c‘ﬁf"@

al kyl di met HW'Be’r?EVI‘ MYRTBIS WHEAPBheHE Sfd Ryl AY Yie), a .

gl al k)é' di gﬁg&y;kcluaéd l)imxlﬁlr)]dugé iaalde, fdﬂ@nﬁlﬂldfghﬂ@(ue%amwhesl spristrude dom phfan | and
rom de, didecyl di net amopnj um hal i des c e salts) an

oet yl dodecyq et minc- &ﬁﬂﬁm’ gk @TI) Breeddath “ﬁEéHﬂigg{ wﬂ’ﬁé%?"r égorratl c

amoni um sapd. Nd1en23,836)tdnflgC IE20aMPb RIS s iSRG dtsldﬁnﬁﬂ& Mllp&l’)ﬂ@iﬂ.ﬂﬁbh&' $.des

(chloride or bronmi_de salts). . y |d| m. br omi shl ori de,

ci s-isomer PR PO ‘]‘W‘l’]“"gqgt{l%{?\&e&gfg 'Z"é’k’ WO é{'ﬁ et

al kyl -i soqu\hﬂﬁ»l.uommm1brqem£¢(uannbta4:d<yl7d| mmhvd)napmmj eret hyl anmmoni um

chl ori de), stituted quat 0 ting:

exanpl es |n8fr‘ B@Y’QFB@FN(%& ﬁ?ﬂ%’ HE (Qh%HBh’l ;ﬂgé’éﬂaf }Nr)faésrei %{‘ﬁid\l‘EFI

al kyl di met hysiBssb3)| beineyGF ammnicummgﬁeg Bhﬁa(yieﬂuhd/alﬂﬂtlm)\ nwamdd anti-

hi s- quat er nar

1 010 s 2 VEFhgRRbeah sl ATt A NG Py e RAne P Gy
1- met hy 1- 3- (¥ AR 16N, iGvaédieh, myckmhax:y/{I)f)t)b)r(mpytidfmtsfwﬁa -&m¥omi um chl ori de]
Bucknan B 2@2@%@%@3\\%‘3%3@3%“ i SF oo Bieier el ftBYy: AEEDIGE, g %0r o Y
tpr eci pi tlatdnﬂﬂqdlcsaﬁclg&ed Shes mdﬂmnfxﬁlflﬁi’@nmm uxheoé(l\’tf@roat73bt$)@rtlla bloundl ((i‘]c g.,
in a conple th a bi e nd. sma ecul e from
an aqueous éﬁm“dp S6tubPe @t’u;tog \?g 9I§/ HZ%] 38%1%&[55“ nd/ or PREY bl e state.
The precipi4: aUellbLSmaxhx&‘anIr(eO%u)ﬁesdsptl taaien a8:301- B&D)mmaals(il’rcm ghase. [00861The
terns "chin net er ar and , ASN sed
i nt erchange&gﬁyr}ﬂ@ﬂ’&inﬂ[' ??l féelzr’ _f(; VP%Q} ﬁh&é) 3fmhost ces1 pr]ot ei ns ("HCP")
derived frosw®.700j We)sfﬂ/me)t ani-lgEanyludifCED, F2€edd E mﬂ)c&zm)et Nphe HCP or CHOP
i s generall re £ Ry C |t di um or

99/ 7R Uﬁ Q\ge@tt & C§9w,9Lﬁ|\}/§Bé/o?f Q@ BaCRL! s AUl LR Gl

lysate (e. contalnlng apro ein or
pol ypept i deagd-2 icatesraatibody €W ‘)8/53]r79}3)nmiubbfdly -akpha antibodies including cA2
(REMICADET™), CDP571 and MAK-195 (U.S. Pat. No. 5.672,347; Lorenz ¢/ al

(1996) ). Immunol. 156(4):1646-1653; Dhainaut ¢/ al (1995) Crit. Care Med.
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i mmunoadhesin expressed in a CHO cell). Generally, the anpbunt of CHOP
present in a mxture conprising a protein of interest provides a neasure of
t he degr ewoabi3pmsisuy for the protein of interest. Typi cacirus2tibe4sopunt of
CHOP in a protein mixture is expressed in parts per mllion relative to the
anount of the protein of interest in the mxture. [00871It is understood
that where the host cell is another manmalian cell type, an E. coli, a
yeast cell, an insect cell, or a plant cell, FICP refers to the protel ns,

ot her than 4Nget! preHaint; Tigsaubrgtor 6 lé@&@d?@df‘“thé“'th'ﬂY‘“e'@I“I4 [ 00881The
term”cell &‘W'ﬁfl'l'[c%uﬁg\Q'k_)t%v(%?-lS)azﬁnlmq{ RELEHDd d‘rﬁflrﬁ{uﬁ/e(i(?2§-mmb@\cm e (e.g., a

non-protein ‘addi t rve) I's ad to a cell culture process in order to
facilitate @YOPAPPHNS wn&%@"llb%‘lﬂst‘uﬂ‘é‘*é}*\ﬁ’épl’ﬁeﬁt“aﬁpd‘l‘ﬁ‘ﬁr‘géi@es%‘ In some

enbodi ment Sc GELOrA|ing ﬁ]gbc;dkt% sIHES €Mfi-6b NYARLT BET™a1nd TRINA PN eGUlse, as
descri bed herein, binds and precipitates one or nore cell culture

addi tives. BxepBAPY.7¢R! nticeid4 ynigodigsciel apake GMrdf h?db“'a?ﬁyl(cf“b\a‘r’rf‘égent s,

anti bioti csy 993&5%11%9[1%%{ tc}%rbtﬁ 365 QQ@%bEh%n&&mk SRAlL BARRTAIMA-L T on” or
"ppm " as used’interchangeabl’y herein, refers to a neasure of purlty of a

desired tar@echmeieal @9%% Ngiure 332328 gé1): pitoFeiesrpiy aaor oY 2pliFi fi ed. usi ng

a smal | mD'ﬁwhxﬁ,bo@ssdﬂ%@E.lvﬁl%«irbg{.@rh NR1 AGE BFGian@bdos (1955, IARasur e can be
used either tologau ge the anmount of a target nolecule present after the

purificati o®3p é%‘l@s”@? MH-cgRIGE breni arrsuAr ((&A)a}f\“?ﬂ‘kféé‘i“lhéd‘é'ﬁtl ty.

[ 0090] The t gF ®E.rkd SOk AL DR Lanc;puEsl fsy(bmp B33 SHP3L Ahiidics dddceedused
i nterchangeably herein, in pur i fyr}d(rﬁila t ar.get b| onol ecul e
)

(e.g., a poleywadreadepyheliyl fflé)t"éh'ﬁ‘“t%nh“l?’r’?t”erhé‘é‘ﬂ‘)3 '6@6Hﬁbéi‘f| on or sanple

conpri sing & bss) ARG RePs AID): KGM.- 63580 An@RRNAGN FRA B 9D FCHnLdriRRS 55881 ng a snal |
nol ecul e, as described herein. 1n some enbodi ments, the degr ?e of purity of

the target BirehSP EEwO&09: rﬂ“&b@éﬁ'ﬁlf’éb‘i‘%‘qCr‘i’!f’r“éd%é’ﬂmﬁyd“e*H‘c'J\/‘?Sﬁg conpl etely or

partially) @R am%) Eﬂﬁpklﬂlmuﬁ)l |"mll)n191)|ﬁﬁ ((IF_‘>8gumbMtlQl @L G‘Eﬂ 1335 and cel |
debris) fromthe gaat | east one

non- pol ar gFdip! é!?igng'? 'I[\é’ﬁg‘t’o‘o@(ngggh_pcmﬁ'r(o[ﬁb’ ”’ng‘gg her ei n.

anot her enmdd)ﬂ@nﬁcm et QQ]@BQC@QcﬂfesﬁBP&%plﬂf 59086 50 A ged cbuosrmtecul ein a
sanple is increase reC| itating the target b(Jyom)I eC'T'Q%é vvay from one

or nore solWBP& 1‘ﬁS‘uﬁ:¥h weibpdies Heh asdidgion LypplpCidgdunidi iy nol ecul e

conprising @{hcarnh@rsspggnﬁwpaz@nd:%n\)onﬂpmkamwghowaaes[s&m&u V-mAsorre
enbodl nments, a purification Proce%s addi ti onal | ¥ﬂ§ rrgzL s one or nore
b L pj gy

" chr omat ogr@ARNP RIS anti-FphpdUs prjibogi FPe%’éhést"@b'é' CHPried out, if
necessary. (&kﬁ“m’nzdlh)e lszeaawa;hhm‘c@fsuca ata'rag]atwbn(wm\ewwa afii-Giione or nore

undesired entjtjes escr hereln 0092] I'n
sonme enbodi HEAHES ‘H‘ H%Qar(ivg?‘f@nd'g'tlzﬁ’p"”t“g)m‘?%s et & ‘;@Zpar?ﬂ“e or Luri f%/ a

pol ypept i dehe@ﬁmi@rqmmaidres @nichlaﬁltheKiels-HLpIBIaﬁgbcai\ SJsﬂ"IAI\/lRﬁ‘i')emmll @/\ 125 descri bed
her ei n, t.ing in a

verall purificatio Loces sul.
hormgeneoug“‘le"ﬁff%‘é’df‘é 'a"Bd) ‘éB'Ft(JiDci’rpr‘?p“§’3ﬁlE> dé%lg\,ﬁ “ﬁ ‘fﬁ arh i"$”used herein to

refer to a fﬁmms\l/ltn/\(m\‘m, af@mhen x@ﬁrmi)ﬂl mrmg)nhmsbdschanclﬁﬁ@hfﬁphm:l CPin a
conp05|t|on conprl 2 otei n, of tere fern ively less than 90
ppm |ess tih&h'g “Fﬁ)‘ﬁﬂlgn ié %%% % }3)3] - L"{)W Lr? Oéﬁ[a hlmorI ess than 50
ppm | ess thaBoddQApPMntl-BESantidahodQ apyiivdy h{e$ﬁlr¢ChﬂnlL2lﬁbl[§:p)ﬂ | ess than 10
ppm Iess tgﬁ%&l()sldugmn huma!] ?c?u%xn%ﬂ&cdl car%Pmma (SF E 5); and anti-human leukocyte
antigen (HLA) antibodies such as Smart 1D10 and the anti-HLA DR anubocl_\,'
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
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[0093] The term™"clarification,” or "clarification step," as used herein.
generally refers to one or nore initial steps in the purification of

bi onol ecuWe013li2e33al ari fi cati on step general ly conpri segcrarsemalo4sshi whol e
cells and/or cellular debris using one or nore steps including any of the
foll ow ng al one or various conbinations thereofl e.g., centrifugation and
depth filtration, precipitation, flocculation and settling. Carification
step general ly involves the renoval of one or nore undesirable entities and
i s typical lprotpiarof polpmatigs ¢fontetes (ag saneptibedrobarigrgrasaipt (ipw oo¢ otheredesi r ed
_tar get ol eoq‘lillkeqbreﬁrﬂ%g Qaléct ﬁ?{hlcaaf?l%gtﬁ sgxfsi 18'a¢151\-f>6l%§1!1 Ohhrded shiAR _rermval of .

i nsol ubl e conponéhts I'n a sanple m%lcﬁ°nay ater on tesult in the fouling
of a steri lwoltdule eydeseribgd purinf i cati on process, thereby making the overal
purificati Qo 0Cess G & e ERORRME R @ ccortilh o SONE RO SE & hert & Present
invention provides an inprovenent (e.g.. requirenment of less filter area
used downstmedmolaukrcompesinoieasitang hel-pAirareupidad el et YeSpEomonl y used,

e.g.. dept h‘»rrnhjl gi;ﬂ(ﬁtgiswcp[)}rscgggzﬁ&%?int;siolut)iégﬁ]:niuﬂ? (c;,[qe%ﬁd ENG pr&EMin a

-"chronatogr%p Y, . erein, refers to an i nd of technique which
separ at es anmalvalopt evibfthd proeined iniqrest.ghereby @ sapgare Ui lﬁﬁ‘ﬁ‘l“é‘_ém“’é’ys‘f rom ot her
mol ecul es prasant, ah mlﬁlri:?}.xﬂwi'éfh%r erm)ldﬁl]c]nygacw?@?@gﬁhé/ hensds defi@Eest i's

separated fromother nolecules as a result of differences in rates at which
“the indivi dsadin.asmelt oiotssule tomprisingia leit @R HOHPHNG 4K 0% ¥ onary medi um

under the i &ﬁdn‘ﬂﬁyﬂﬁ%m@ﬁ arfd pﬁ&\ﬁiiﬁgs QF%&% ()rq{ol_\,ip@plﬁ-b BlinaRd:, @lcuibe tPr ocesses.
[ 00951The t'erm™chromat ography resin" or "chromatography nedi a" are used
i nt er changesiryie Hdioat gnenghopahpriics (anysokiblkd™errilthhse (e.g., a solid phase)

whi ch separg@hR§ an anglyken AhsoluMEhBaty (Qs Used hdrefdic@ed hherol ecul e) from
ot her nol ecul es &resent in a mxture. Usually,-the analyte of interest is

separ at ed fyngpsiieblper ohigstieppledtiyproget s FAMpdF OB EAEES in rates at which

the indivi dygheBRlecules (A edifieis Fhacheied parGéiabea ohd OBgimparst at i onary sol i d
phase under the influence of a nDV|nqdﬁhase, or |né€ nd and elute
e .

processes. BExAHY iEwugtesyagidsudotesslbs Cgk ramenirabb Gt 45 nmedi a i ncl ude, for
exampl e, capb@] exchangech@sionle imbhridl by ude@Biérlia, reRA 0BnEXCREARGR T esins,
ani on exchange nenbranes, hydrophobic interaction resipsbaﬂﬂyggn exchange
monol i t hs. (rOOBEJOTARC ERRPreERpFaMBIE &ppiaigine a lngf hiegokecle WELH™ her ei n,
general |y r@gf iy &Qo@anTRINDE: itpeslyf Bkentilndissigblainariged inbuanlsectl e wWith a
smal |l nol ecule, in a.quantity and qnden canJthns SU|§%phq to.precipitate
the target BPEHSIRNMHBENATRSEaAgoNioh sl g W MEHLEIPRRM e 'P'Y® Siibsequent I y
recovered bypggconsti i kan-@mpbiigodr 86iupbt al esainpte0” & usad ltcatdh.e buffer. In
.sone enbodi ment's acqordLng tobthe qqthods e?CPiQQQ[QEEe&ﬂaﬁak%QrQEt

bi onol ecul & €aAPHPES d1HY pmoles Y o PR 8" BSHRY'P OF RY At Y @Est one
ani oni ¢ gr ol &G alord @RAGLIBRRNMRE opialpariligr du@mewhibolinway, be aromatic or
aliphatic. [0097] The term "process step". or "unit ppgragion, ' as used
i nter Changesé}mpi;: comprises a biological material containing stream, ¢.g.. fecdstock of ¢¢

culture media into which a target biomolecule or a desired product is secreted. In

some embodiments, the sample comprises a target biomolecule (e.g.. a therapeutic

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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herein, refers to the use of one or nore nethods or devices to achieve a
certain result in a purification process. One or nbre process steps or unit
oper at i ons0i2n13z202g3s8i fi cati on process may enpl oy one or mrorassomiokosnpl ecul es
enconpassed by the present invention. Exanples of process steps or unit
operations which may be enployed in the processes described herein include,
but are not limted to, clarification, bind and el ute chromatouraphy,
virus inactivation, flowthrough purification and fornulation. In sone
enbodi ment deasbene nop-PRBT Erowre Vi tderrogkhs ity berrelcticklg af dcaprd o HR!4BY ocess st ep
or unit operali Q.S tRlEaHRG GRUNRAR AR 28R IBR: LiRMBNSEIaand/ or repl aced
wi thout having to replace any other devices in the process or even having
to stop a prowesdudeypit aternotbitieddabiRtinHERYEiveH i coPmptD FRic SHEIAC'HEI ecul es are
used to renpye eQi@r'%’nQraci'a‘gt%g%ﬁH_?Ifiﬁ%ih.tmﬁ&am dcng n@c(f([lh@ﬁdlifc'a@@:[ k@bastiep of a.

purification process. [ ] The term"surge tank" as used herein refers to
any cont ai rieid. enledyenissasid. aretug ey liridrriegilig sed SEIONESAdPPHELLE ™t eps or

Wi thin a progesspshfPndfodn, uMHeA:d RNk acibl A6RYS-8LRMGOEPr i ses nore than
one step); where the output fromone step flows into the surge tank and
onto the nextoderegholinagdrigpiofing, acll. wlrge ks i FEH RIS #6 a poo

tank, in thatpehdiprbBioRRliciiNiENAES, LRrNO . RbsHOl Ledetadhhi@beRbicreidvol ume of '
output froma step; but instead enabl es continuous flow of output fromone
step to theéeipgsefen. geinoingpdeaylpaigeini apdrsabihilereo’- Giguidite 619t he surge tank.

In some emyadipiBRLS c(clBBc QIR i @find@bSUWIgidiRAK aiged between two process
steps or within a process step in rocess or system described herein, is

no nore thdA'85% of th&lidne] pemplnuwe! oroleHss B! ”f“?ﬂdﬁ?f%@"brocess st ep.
I n anot her eaodh iRk ofch@nYBlabgBuPhclads Uige: dankikdoNyommsleuthan 10% of
the entire volune of thg_ou%Put froma process step. In sone other

enbodi ment €& -tAHBagEP tENGP - surge tank is |ess than 35% or |ess than 30%

or less thapogap% or hess: theiRe¥ metholeBssehitailb¥iomolkcdiess than 10% of
the entire volune of a cell culture in a bjoreactor ich ﬁonstltutes t he

starting nafEEPAION $SHF MRFCHPAT Esscgetoy dsimal moleehls PSR e PEd. [ 0099] The
term " cont i RURMSINPLAGRSS . indSubls BEbuAGES] Rychheh@es o 1@ rpleoeksss f or
purifying a target npolecule, which inclu esltm% or qqgﬁmgrggess steps (or
uni t oper at FBARE§AUOR  EHsopis£Mbe BB SHER SR OHES BICBEE8S St &5 £ 1 ows direct!y
into the nextonk @6§sMmAST RRstbAe Adhepopir @RaE.SExampldipsihali mberulaphiiony and wher e
two or nore process steps can be perfornmed concurrently for at |east a
portion ofth@ﬁﬂoﬂﬁ?HF?@%V”%W“O%H@F’Wb%85$upﬂngﬁgg>E?mﬁhgontinuous process,
as descri beghnh@neh it (hdn-liGitnQbxanetassaldy ctpluboaptieh@osiupriooessost ep bef ore
t he next process st | s started,. byt a portion of the sample is always
novi ng thréﬁﬁﬁd?Hﬂ”g&éh%@é&gy@B?PmT 8”?@?85d%ﬁﬁ?i%ﬁ%ﬁ@mg?ggess" al so
appl i es to siepsumiiidtide, dkpirptesahdteponium skirglh, case, during the
performance of a process step including nultiple steps, the sanple flows
continuousFVSVﬁﬁWB§ﬁﬁWH5mHHVﬁ?%P@LST@BgmfﬁgyugkgnﬂégéSsary to performthe
process st ghendxRetbpmemeniadirereiné, Sexaitvglanml dhlorok ecbibesdedésicnil bed herein are
used in a pa%{ukj(ir%ﬁltoln&n zn?c[ &?ﬁgnsne}?lﬁ\”cﬁ\bl zln?m«?nef\&l% %{jorrrxgge (I)rnchf%ride). a

monoalkyldimethylbenzyl ammonium salt (non-limiting examples include

alkyldimethylbenzyl ammonium 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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conti nuous node, such the output fromone step flows into the next step

W t hout interruption, where the two steps are perfornmed concurrently for at
| east porwOeni3gfR28i3hei r duration. In a particul ar enbodi memUS2@25neEh1

nol ecule is used for clarification. as described herein, follow ng which
process step, the output containing the target nolecule directly flows onto
the next step (e.g.. an affinity chromatography step). In sone enbodi nents,
centrifugation or filtration may. be used followi ng clarification and

bef ore af f i mimynighsoitaginpithy exapoBs 00 uTthalkydimatndcard emmoriei refers to a
devi ce for &'c&ﬂaﬂ%& )ﬁ?.l lflk\lila %cﬂ%ﬁ( fb@rlz%b uﬁM&h&rﬁ' l&ollck\qwnq%ﬂlo)—rhﬁd glevi ce
general |y consists of m'xer elenents contained in a cylindrical (tube)

housi ng. ™ Theisavaeratry agyoniam ﬂéé'i‘cglri'm“h@&)?\ﬁb’ﬂ’@ﬁ gslugde hp@-Ris@-PehYlefsl i vering two
streans of f\)Ml)gﬁndlﬂIu% élh@l % e, WEXRY £1- lﬁéth{flhﬁ(?si(f gaEnyove through the

m xer, the non-noving el enents conti nuous Y | end the material s. Conpl et e
m xi ng depengiher nriagy dineihybiregonivie Fhigrideg heviee privgerrese d¥oridse f1 ui ds,

i nner di anef,er,of;s e kR 10 BUEBBILy Huckih delroglgimnt s and their design etc.

I n sone enbodi rrents descri bed herein, one or nopre static¢ mixers are used

t hr oughout t0R&Ipuri fi dhe lesh "Proeids’ PfFW"&‘“ﬁ&r‘fﬁ “BEFANBRADSYNSENt, a static

m xer may bg.d§edifQb 1llaktAG0d18 blindTRLE irsi®nipldmlidciafolvduldvia sanmpl e feed
stream Accordingly, in some enmbodi ments, one or nore small nolecules are

added to a iagsher Pekognd srabine el T IMEESnHARIIBIIC SBIGC A 1981 ng a stati ¢
m xer. nRJu@';LM A28 hsdiR €6 ME EPh ORI lafl i DB s Alefdr@A &t as QRBLING@A-spRd ar  gr oup
and at | east one cationic group [00101]In sone enbodi nents, the present
invention r&l8tes to a nethod of separating a target bionol ecul e from one
or nore Ins‘fe)bsléql e | NPy fehf$ dnlhed AR} ANl QrtigymdSTRIOP, TRlueaul es t hat

i nclude at |east one non-pol ar group and at | east ong) %tl 0{(} group, whi ch
bi nd to andinsrdergsrlihercng i RO Ahney ol geotps GHOPDRspyddTon

i mpurities), chiiethvsSeRanat-tno ke cliargethdaormsd @l@@i’% def@miysuch

impurities. The non- E‘Ol ar group maybe aronatic or

i
[ 00102] Non- PRt #5rig© J?’ér*r‘ﬁl’\éré‘} éﬁ"‘s‘u‘%ﬁf”l“"hﬁ’l’”@'&ﬁ’l%%‘sﬁlé& hléﬁml“égé‘t“ one non-
pol ar groupcafet @lid E@@sitin®n protdt ér%ﬂlvﬁe;ﬁ:ﬁ@ﬂ@mle%i (ld@e ,m E)tﬂboa\r@ not limted
to, a nonoal kyltrinmethyl anmoniy

anmoni um
br oni de, cet“W“f”imW’ét"HyNé%h‘i”drﬁ'%F%\) Hé”"‘ﬁlét 'rhﬁd‘é‘ (I[}Er{ep % Vi ahoni um
brom de, t e} pRd&e ¥ pihisiet Jnrybxammmm;wna@hildewra ﬁieaslxﬁtlolﬁyﬂgkitgra@tihyll ityanmoni um

gm)(r)nr Idge SL’E@{S;’F%‘L'E %]{’r]e@qhgmmﬁ Itlgr}%‘nf%llu CqFOP mna prmé{m ml\tun,t hyl ammoni um
dodecyl di meédpycksed-ippangpsy ety @nanb ue: Aatonni afehc hexiademydrasinnge chl ori de,
hexadecvl am ne brom de, dodecyl amine, dodecyl chloride, cetyldimethylethyl
amoni um br 8M"Y& and cetyl di net hyl et hyl ammoni um chl oride), a

nonoal kyl di meghyl benzyilis axmmm()umasahctm (He hgsl celalsleybtdcrmﬁmhyihbendyl anmmoni um

chloride and benzet honi um chl or.i de d salt (e.g.,
doni phen brbﬁidé‘% I HB ¢SASHT et HYIC cﬁ“‘oo it ﬁ\n&%uo!ﬁgﬁéﬂmg VO nrr?eth I (e-9.

anmoni um br eRtdian lmtwr@le}demylhcdnnequylot anmoniceln chl ori de and

octyl dodecy t hyl n| um het er.oar o ammonium sal t
(e.g., cetyiogyﬁ‘sdl um F'?‘ %"”C(‘:' g r‘% ?”l“dlr‘ﬁr?f"b‘{ho‘%ﬁmdéc crhgoxé' (e’lé(ytppyrl di ni um
brom de, heee&dathwcrmdmmum) O\l’/ﬂlﬂflb ailed @i Sedllnee process in order to

br o de, . ant AP HEhYIeAABUH ST O B oy e gy not i
pol ysubst i t hﬂc&duﬁllﬁtlﬁl’p%ély nmmmm mmzslahmu(m gs desaitky haeinetitdslpdnzy|

ammoni um sacchari nat e, an t hyl ethyl benzy.

cycl ohexyl sBFf'BYRTEY® ﬁh‘ao%‘( Cb“ )S(UIH' }S'rr'Xar N Pm i il gé‘lquW{ll Mmt?,
bi s(2- net hylmmdamnnmﬁmqgmm DmLHm@MdW%I’ﬂé)mldem&ne |,6-Bis f
1-net hyl-3 xyl.) - prop; vl di i um chl ori de]
hexane or t%éﬁobl sonl d e(L,'%I quxtfermglhd toheppﬂ ds .,SQ{F&J&YJ) ?'gﬂr%g to as CDQ by
Buckman Br oﬁhuneﬁ&rs 14 00k081d of yanpfa;ﬁnldcamicatalmbwd:hCWEMQ lagpaitplempl ecul e

fg%;l si ng & Q]?Q&d?f purmel(l 19%82\%@91 f’%‘soféaﬁé.Qgii&c%e%&cin.s /Q%}%%Rf%iisum chloride

1, 10-
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[0010411 n some enbodi ments, such small nolecul es are used during the
clarification process step of a purification process. Exenplary smal

nol ecul eswoani2833ag at | east one non-polar group and a&CThisas2/0e9%e1 ani oni
group 10010511 n sone enbodi nents, the present invention relates to a

met hod of purifying a target bionolecule froma sanple conprising the
target nolecule along wwth one or nore inpurities (e.g., soluble
inmpurities), where the nethod enpl oys the use of a small nDIecuIe whi ch

i ncl udes at mbmars tamlreusechii i (© cavasuhs gl ased Modsele pesepalidiisgr oup. The

non-pol ar gf0uR. fikd R 3 QBN hn @l PR Gsirtdrbigne enbodi ments, ¢ he
smal | nnle I'e comprises a mon- polar group which is aromatic. In other

enbodlnentSWOWHe snalNwwwmécupéuégnpmvéﬂﬁea"%dﬁpﬁdﬂﬁr F Wh which is

al i phati c. M&P Q&Jcﬁ?feﬁfl?éﬁﬂMn%fm.k&\mb@r%n@%u&cymroln%lc@&@tgIeast one ani oni c
group and at |east one non-pol ar ?rou i nCl ude, but are not limted

. pterin phéypepiadeiop e grofdipe! 'é‘)%amb reMfagOMEOSHEIN@T syl praeE 4y, et acrynic

ac d, fenof b Qﬁmﬁ%&u mfoﬁ@m&c A6hlitics, THELPHRNAS 6 AC beldcséranexani ¢ aci d,
zoledronlc acl acetylsalicylic acid, arsanilic acid, certiolur acid,

neclofenanlwﬁe@lHgombemb%WPﬁéb“Habg@kéh“mﬂu§ﬁM”ELQdFH“mﬁék”HFX|c aci d,

chenodeoxyc&mpkqb Aiethed HY &QQ»%%Y&MJMI&\ 6@,5 @luanw ARIPHRA iGsA®id, niflunic
aci d. trans-2-hydroxyci nnam c aci ionic acid, probenecid,

cIorazepatemuwcw§dpénwhmﬁcﬁbéﬂ%ﬁ¥b%h@ﬂi@ﬂ@y%% R”Ré?@pﬁd?@% tretinoin,

adeny| OSUCCIIHQI'\.&U@'&JHQMlblﬂ@@lhttcna&%%ﬁ-%oﬁr Qb@;ﬂz“dgme@st a6d Euiohiagiobaraet ene.
et odol acetodol i ¢ acid and benzylpenicillinic acid. [001071ln a particul ar

enmbodi nent mauﬁwﬁhwcﬁnﬁbﬁﬂﬂb'vWEWUWWh&“ékab@§W”Bd€‘ﬁh?bﬁic group and at

| east one n@@m@l@lt%nﬂﬂ@ﬁﬁl ¢ iSindr@lsk&byAgrkdpiQiingihd @i ¢ & Blohogectibewaof .
[ 00108] Al so enconpassed by the present iInvention are certaln dye nol ecul es

whi ch may bEomgaioree vkl Wmpusies prssrpRIe£S-by vang 4ryaY ™3(6WbI ecul e.
Exanpl es | n&.\'ﬂ%@lyng QN&nl@f@grﬂQﬁ arldiafohgdlat @oumar anth and Nitro red.

[0091] In some embodiments, a purification process additionally employs
one or more “chromatography steps.” Typically. these steps may. be carried out. it
necessary. after the separation of a target hiomolecule from onc or more undesired
entities using a small molecule, as described herein,

[0092] In some embodiments. a “purification step™ to isolate, separatc or
purify a pol_\."pep(ide or protein of interest using a small molecule. as described 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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1.V.Protein purification nethods enploying small nolecules [00109]1n the
vari ous nethods enconpassed by the present invention, a small nolecule is
added at woeomwo2gBre stages of a protein purification protasg)i2osneby to
precipitate one or nore inpurities or to precipitate the target

bi onol ecul e. [0011010ne such exenpl ary process enpl oys contacting a cel
culture reed containing a target bionolecule and one or nore inpurities
with a suitable amount of a small nol ecule including at | east one non-pol ar
group and atonpasts oneawaleivdishenayriaepn(resulyin tho fudipgw! coteriBz@)er itther eby to
preci pi t at enﬁﬂﬁ.u% ,J?";L &. {HARYY bk ﬁé‘slh(? Evdall ptllmémolﬂl?ylr&tés%%' ties). The solid
phase of t he sanple (i.e., containing the precipitate) can be renoved by
depth filtretohonicgr leemerdnthagiateniorihe MRwnyigYrRaHAN pigvidesipliBPOSHPHT ni ng t he
target bi OWRkECrt»tluﬂu%@xﬂ of Q@s”t.IQ%:%&’D&L@%@&LL&%)S&@tsxﬁélt-tﬁﬂémta%' fication steps
(e.g., one or nore chromatography steps). [001111ln another exenplary
process acceiicaton sersempewl ek ¢ avdsath BHatiog agdeantrifigiieeul e i s added at
one or nore@baps of ahpttgt eéh'?m@%gztﬂh?atak QR4 RERRERRers WRARY Rind Be smal |

nol ecul e blnds and precipitates target bionolecule itself. Such a smal
nol ecul e |n%ﬂﬁﬂé@‘%MdW%&ﬁf“ﬁﬁé“ﬂﬁﬁDbGW&%‘@#eﬂﬁ”&ﬁéwﬂka@aktmbne ani oni c
group. 1001JBdGN&LRE hitsenint&hivied BRI, (iRQFaINE oPMRIREL 8hataReda
clarification step prior to contacting it with the small nol ecul e incl uding
at | east onboBAshMelegHes 2ardl atdifaaaes BrigennhioI B ingroty. The
clarificati@peali@Rritg hiRbeNdgeid @rolBNPURidnEE rhdafel ukk-eihi MPKEiLELES. For
exanpl e, in an exenplary net hod described hérein, a clarified cell culture
f-eed contalﬁWﬂU”&Ptétg%ﬂ’mﬁt%EGP@JQﬂHybﬁe or nore soluble inmpurities is

contact ed wghbsja suit ahd @nﬁmtpmﬁat@tta,ﬁvscrmt lor ftmlrcﬁewl@aﬁhnateudl mg an anionic
group and a non-pol ar mass ratio of folic aC|d) The

sanple is tﬁéﬁ”@ﬂﬂﬁé&ﬂgﬂl?b”ﬁ“éﬁéﬁd%“?ﬁ‘ﬁ*ﬁé@ﬁﬁﬁftoﬁ§”@ﬁ@#ﬁbymtb facilitate

the preci pi {egih@PaPinalylieotidtge e i OARLEGHhGedute) Gom daRBiR@epH to pH 5.0
usi.ng acetic acid). The precjpitat whi ch contaln§ the target bi onol ecul e

i s subsequelt1 HALSHIY i L#H“ﬁ @ﬁﬁt@%t%“BhFﬁé?“?ﬁub Irog "Gy arg. i ni ne at pH
5.0) and t hgolkanget abisanol @ateeck B reba editnhd ‘ytdmetsmlmmtclulczedmu3| ng a

suitable buffer (0.1Mthi nlne at ual. amounts of the
smal | ol ecUEe "é@‘“e“t’%‘f 1@ SEUPREYY 1° %O ﬁdt’hb“%%‘f bt‘t‘é’ﬁﬁw*%‘fr?ft’ﬁt?‘l’esol ubi | i zed

t ar get blonphagutﬁtm@mmbehﬁub@ﬁqwﬁn%@ymkeﬁbmadmusmﬂgt&umhabhemneans (e.g.,
activated car Ee tar et blonq ecul e cor ng sol utI nis typically
subj ected t'§¢ HWFPFb Rl féﬂiﬂﬁ“éﬁ@ﬁ%“?ﬂsd ﬂ@ ?5"@EﬁféTm”LS|gn|flcantly
pure sanpl ercgifis ikien bahget nkkndrdEe6reéphobdOitdradion raoandioherchendzodi ment s
according to thq‘clained invention, different types O snall nolecul es
(e.g., thosB°UMi™h bind the one or nore inpurities and those which bind the
target b|0ﬁMb@QUle) anm:boﬁhmp&&dumhodhﬂﬁmmenmusﬁépshotuthéxsahe protein
purification pr udi | east one

cationi ¢ grl&Jlﬁnc lho Stgg[d IOéég&tbf@r%&)P‘mBg ccule “Il‘ Ct)ﬁsm%llll nmLuthZtt)t QL dn?‘I be used in
t he cIarlf|mﬂhmmncﬁmmmmt@mnmnmwmfmhemnmeuq;thmnmkcﬂsoTnmhénnhpur|t|es and
;Prgl ][ a;rgfécﬁgkglnlgélggllé‘éu eis subscquentﬁ rccoxernIi)L\' lcconsmuuon (h[ iRe ;prccqgllt é ltﬂ otaed using 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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including at | east one anionic group and at | east one non-pol ar group
(e.g., folic acid). [001141As di scussed above, residual anmounts of smal
nol ecul eswoenes/a2833¢ i n a sanpl e containing a target bi omrolrasadie/oesnt be
subsequently renoved using suitable materials such as, for exanple,
activated carbon. The sanple is generally subjected to additional

chromat ography or non-chromat ography steps to achieve desirable | evel s of
product purity. [001151In sone enbodi nents, one or nore small nol ecul es
descri bed héaehm“aﬂ@H@S@@CWhﬂéﬂmuﬂmfwbﬁWwa"ﬁ#ﬁ@é@s“%mﬂbﬁ%ﬁs performed in a
conti nuous h&’rfiﬂ%{mn il férﬂﬁllﬂmgn DM blfnl: Qlﬁﬁddﬂﬂmw BRES SnorS N RLalvhizh §RS may be
enpl oyed, i Ing. but not limted to, e.g., culturing cells expressing
protein in aﬂﬁn@p@émvamﬂXSﬁbFEQtwngnﬁhémt@PFméﬁﬂW%WeK%bﬂﬁﬁér?q|catlon

whi ch may eppl Q¥ lilnl%rltl%?ﬂcgqf WQ ut 9{\'11{1[?5 RepRE®hdy JiRk @&Wt@ﬁ\ Hegerdsbed herein,
and optlona y using a lter; gns ferring the clarified cel

cul ture to evehibadnatediapl mr@ccewmrm @gltapmd'mp‘tstﬂﬂé ogmeis spallg. . Protein A
af finity chponmlealapy ke reidbi &felds RQrdi h\%llﬂﬁcgtdgrllﬂ Lol ® 4 (\Vlir us
inactivation (e.g., using one or nore static m xers and/or surge tanks);
subj ecting pYrdicouRpRIPcePy om virus i nactivation to a flowthrough

purificatiopopgocess, Wldrh QIR @MS b WA AErcIMER:sTEET GRGinsedraetsed from
~activated carbon, ani on exchange chromat ography nedi'a, cation exchange

chr omat ogr a@'HXPerEBF‘a“a'PRS‘ REFYAg8 PIOFESE FIERS O N1 FHBGH PIOCCSTNEPHB EmPEYE ng t he

protei n usiggg lgbﬁsfcésls‘%trcﬁlgélﬁ)[mﬁbolﬂ&@ Mah 3hd Qﬂa)aﬂ%r@ﬁh@fﬁnb@ fFoln Mcatdpon
Addi ti onal % such processes can be found Jﬁ pendi ng

appl i cati on”ﬂ‘éﬁ/inﬁg‘h? é’l‘%ﬁrté'ﬁcfé“‘h‘ﬁ“’ ey ERY e f‘t"i“‘i’”étﬁl’“'(!01‘1(‘%[1##t ‘é‘Ht ‘F)L) E%ewi t h, the

entire cont ghhs Rh W Ghindlieis hOGRERRYE & IRM &ton&f Bk enGe vhianebn. [00116] Thi s
invention is further illustrated by the fol] owing exanpl es which shoul d not

be construeﬁwa§‘FWh%%Hh@m'TW@débﬁ*éﬁ@émé@”éPP"FQP@P@H@é@““ﬁ&ﬂ%HFs and

publ i shed patent h@\ﬂ@lni 1G Bt b@ﬁ&dqmt)@ﬁld Snbome hapd ki 1s s&ﬁ@émlﬁfﬁiﬁm@\fﬂs as \veil
as the Flgures are incorporated herein by referencq | es .Exanp e

1: Prepar at i B VBIMEPHR BEES ‘ﬁ@" ¥ssf Petestin P 8T ISP e ‘1’66 A

represent at i ¥@c&¥ Q%’\*Stmr&scn@@ heSeifled hosaske ilvaamse o@mrwse vbarstogrheOvary ( CHO)

cell line expressing a nonoclonal W m% % % wn 0l1.. bioreactor (NEW

BRUNSW CK  St'RIRITICH) 18§ PRogess SR n8iap g embq s g piethg ! I“%‘f aSref Ay Vest ed at

<50% vi abi | {d pore ke 1@ o famoyhiitd ioRmend Shetb@it @it ﬁ‘bxﬁ@d)rdcﬁsstshﬁ rramge of 0.85-1.8

nmg/ nmL via prote| A HPLC qu | evel of hast c o gl E Lm % as found
O “Ee8Y) VT

to be 350000 4FHEBE A/ HA VOIS PhPUa 148K ‘S'AS“ K& pH of the

=cl arified @thmcy%%uﬁ&mMm&manBquﬂEmanﬂL&rRmFmapaRabEMmcmﬁcexpreSS|ng

clarified Cell CU}tuqe Fluid gcxr)
volume of a cell culture m a bioreactor, 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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[0002] Feed from Exanple | was clarified by centrifugation at 4000 rpmfor 2
mn. followed by filtration through 5pm and 0. 2pm Durapore(r) filters.
Exanpl e wBnepznraisiton of non-expressing Cell Culture Fl eca/usggp495p000311 n
anot her experinent, cells derived froma non-I1gG expressi ng Chi nese Hanster
Ovary (CHO cell line were grown in a | OL bioreaetor (NEW BRUNSW CK
SCIENTIFIC) to a density of 13x106 cells/n, and harvested at <50%
viability. The | evel of host cell proteins (HCP) was found to be

66000- 177000omighavks nwst,isgchahe EpSAohOYGHESIgvEBB0Ne ncRhacpMtisfut t he =cl ari fi ed

cell Ul tur g R vé%")he E¥aap ﬂ‘ie%céP%xﬁ&%oﬁEdr{%Hﬁleor&%‘qs?ﬁ%‘?tﬁ(ﬁﬁﬁ' ng clarified

Cell Culture rom Ex was clarified by
cent ri f ugat ihem dart'lthOOGd mplmml@ﬁrenﬂ)mwmm ﬁ@l‘lwlbme'@ﬂtbfy"i'qutfPfeftlfrrtfﬁa‘ﬂ%r ough 5pm

and 0.2pm Df%(ﬁ?%[fc?hull] 1‘8ﬁo°\vnm'§&ﬁﬂ%f66és Eitgreﬁcr&&dupxblm.mﬁg mm(t&d Cel |

Cul ture Fl ui eed from Exanpl e 4 was spi ked
with pure | g@xcwudurmledowspmgtlwmos‘élc)) (qj@tfr"a?f&mlusvh(OEM%fM‘l F‘Hﬁoﬁ“e) protein A

resin. The {jnal t L ) d usi ng Prot
ATPLC (Agi 1o G R i o o Bkt nont dm

Chl ori de (18@@%f(501!fmulb¢hr0'[1@%@]'w 1009/ L solution of Benzethonium Chloride

(BZC) (>970/00$(')(ﬂm3" AL {5 st B8R BF ?ﬁf?@rEﬁ)du icfF? Sakivh Ae 3Q99 in IL
dei oni zed ter with continued mxing for 30 mn at roomtenperature.

Exanpl e 7: Pmajsenlaty el lsfiquite Xaeeeuide e ranB b o Pasntimi Sith eSS 4888t ut i on

in a cylindrical (tube) housing. The overall system design incorporates a method for
delivering two streams of fluids into the static mixer. As the streams move through
the mixer, the non-moving elements continuously blend the materials. Complete
mixing depends on many variables including the properties of the fluids, inner
diameter of the tube, number of mixer elements and their design etc. In some
embodiments described herein, one or more static mixers are used throughout the
purification process. In a particular embodiment, a static mixer may be used for
mixing onc or more small molecules with a sample feed stream. Accordingly, in
some embodiments, one or more small molecules are added to a sample feed stream

in a conlinuous manner, ¢.g., using a static mixer.

11, Exemplary small molecules comprising at least one non-polar group
and at least one cationic group

{00101] In some embodiments. the present invention relates to a method of
separating a target biomolecule from one or more insoluble impurities in a sample and
employs small molecules that include at least one non-polar group and at least one
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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[0007] A nho, solution of Hexadecyltrimethyl ammoni um bromide, (-,98%

Si gma- Al drich), HTAB, was prepared by dissolving 40g in IL phosphate
buf f er ed wal20r302¢88S) . Exanpl e 8: Preparation of Sodi umpTetusadizeersohor at e
solution [0008] A 5W sol ution of Sodium Tetrafluoroborate (98%
Signa-Aldrich). was prepared by dissolving 5g in IL deionized water with
continued mxing for 30 mn at roomtenperature. Exanple 9:Preparation of
Folic acid solution [O0009]A 80g/L solution of Folic. acid (>97%

Si gma- Al dr i dévieeylFEmethyiommeya elderidsydadieeybih gthig?-Bogoygthylapmepiug, 4M Sodi um
hydroxi de W,fh; &O%H&gﬁqmme%f&ﬂd ﬂ[wggvm]ﬂuee&oxﬂ@@rﬂoﬁ&mﬂlﬁé Wb&cyiThe final
sol ution pH was aroun he solution hen filtefed through 0.2pm
Dur apor e( r) cifiprideesetslgmediptsie! awyolr'e'nmomlwmdhﬂéﬂdﬁ%‘ﬁh\}‘éﬁ‘1§b‘l‘1°d“”"l’he col or of
the sol utio %Hdﬁ AL e J RrapgrathiouiatnAsgEAnt h sol ution
[00101A 509!/]L so uti OI91 o\ %ﬁﬁ?ﬁlﬁn%@mw S g%a@Aql Qr |"céhl?, wés prepared by
di ssol vi ng Sogopipmchlogfic a@ hﬁlmhogtym q}mﬂé@ei‘ éﬂ?'é}'dbﬂlbb'5‘“Wi°t“Hmc“6'ht| nued

m xinti. fo{e SQiomlﬁhﬁEroH?&nhfdgﬂmﬁmahﬂ 1%1110-111_“%1 JHI(Q@L A@ Wi ypH was around
4.5. The solution was then filtered throug m Dur apore(r) filter to
renpve any wewariunmrbgnuﬁu @F%%F‘%H’“%‘F\ild“m‘TWé“’c?bF jicle ¢t t he sol ution was dark
~red. Exanpl @claiéodgg)rlﬁpférh@t ix@tﬂ()xgﬁmMén‘l@e)r(ﬂ%&&ilrdiﬁ(h@ann{(ﬂQﬂnL]aA(L5Qa/ L solution
of Nitro red (4-Am no-5- hydroxy- 3-(4

ni t r ophenyl eexdpxraium Hﬁ‘b’ﬁ’tﬁh‘all“éﬁﬁdlﬂLﬁ‘mP'P@Fﬁcchcaﬁqcﬁ)"Hi’rs"d'di"i] AT (>98%

Si gme- Al dri ﬁh}:du\’\@%1cpﬁlﬁﬂqlﬁﬁﬂd@¥bq§(§1§9h3{3 @lﬂo;%@l%u 05 hLri9h-120 MM sodi um
acetate, pH 4.0 wth continued m xing for rature. The
final sol ut %@HIL‘;‘}Hnwa@“"‘aF"(bm‘n'éloqd:“'U"‘"W’Wg"%Eifibt“l“?)ﬁkx‘ﬂé@:“‘f'ﬁé}‘?lﬂf’l‘ﬁ't“é €d t hrough
0. 2prn Dur apafsikitih chibhildra pdyuBRRN&Q @RA¥mMaEBinidogn e @izssol ved solid. The
col or of the solution was dark red.

alkyldimethylbenzyl ammonium saccharinate,and alkyldimethylethylbenzy!
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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Exanpl e 12: Ceneration of a calibration curve for detection of BZC in

sol ution [0012] In a representative experinent described herein, a

t ur bi di rewoi2e13za88y was used to generate a calibration eorws2ehiogdsonas used
for the detection of anpbunts of 13ZC in solution. [0013]A series of BZC

sol utions at 750, 500, 250, 100. and 50nu/L were prepared in & onized water
by serial dilutions starting fromthe stock solution described in Exanple
6. To 5mL of each of the diluted FIZC solutions, 5 m of solution from
Exanpl e 8 wascaptcredic agid, tooetaimumsis koledrpnieekidiacatdett tiempdr dtaiE for 10 min.
The solut | ongy LUBRA iR rHRAR dznX'bngog,%enx%@mrm.&ga&aqnnmween BZC and
sod|un1tetréT?oro ora 3 @ solutions was measur ed usi ng
a 2100p turmndmhawéﬂn(HMK}%(mwpahy\wmthMMUSmy0@W§ﬂuéeﬁﬂWng@Herate a
calibration_curve, 1 okazQfaecdet ecti on. of

t hi s assay ngfdgdnggghﬁ%ﬁgﬁén3$hguhﬁoégwtqgégkggﬁfg¢g}|bn curve was used
to quantlfywp@swduhmxanwﬂﬁmyomﬁuﬁ3¢wn@”Wn“BZ@”EP%WPWN@Gmﬂéﬁﬂs Exanpl e 13:
Removal of § AL %Qlllsld'f(tlgpam& ng?wﬁlr%l@m cloBRL&RADEALIMAexperi ment
described herein, céertaln nateria ., activated carbon) were shown to
be useful fbmztlhenicibimmwald. of BZC from sol ution. Such materials can be used
for renovi ”g Bl I 0 alég[ﬂ? &4 AMbHiREMN Y% émmafﬁ&é‘&mhh@mh eaWa& dnel | owl ng
precipitation of insoluble inpurities using B [0 6]A 5ml BZC sol ution
(5ng/ ml), pregas @mumndmtiadﬁgmmczaamﬂr@fougcﬁfat"iwqrr‘d%flﬁs&ahﬂ]%% with 4.75m
of & oni zed 5 HE Was\Im hE uﬁ%sLH]b)OthQ%O esfht hveRliohardddelaid d¥Zmekcast i vat ed
carbon (N R SA- 2 Meadwest vaeo vington, VA) for 10 min at room

t enper at ur ew WhewaéﬁMvdﬂ@ﬁméﬁnb@ﬁpmh@“@ﬁﬁﬂ‘EB@WéEF@ﬂ“byré@HQfﬁfugatlon
(4000 rpm fm;:luau Bulre ﬁ(ﬂqnﬂlt&@tcﬁ%ﬁﬁhﬂ@itﬁﬂtl\hﬂcé ltiered through 5 and 0.2 I A
MIllex(r) filters available frownM |pore Corporation of Billerica, Mass.
Usi ng the tLYbidi dl { plignaleculesy e appunt of 13zC
left in solution after treatnent mnth activated carbon was determ ned.
[0017] As deffi0¢8¥d in ﬁl@ﬂW@“@*“@miwﬁmcﬁFﬁéﬁﬂﬁéH“N%“éﬁdﬁ@ﬁ“?b“?@ﬂﬂte 25 ny

137X in sol BijePfle tsudadl HBaese6dre8dadee¥R prolessurifibaion pARQedwIDhdby Whi s
information was later utiljzed to estinate ;he amount, of activated carbon

suitabl e t OPEEATRIROMESIMAIRIMPARTRIOL & RIFCBAL s BracBPe S fi ed cell culture

nmedi a. Exa 081 044: a @ﬁkfsil&@t\hﬁﬁldr(’ﬁ)r&@s|cnﬁ‘ahﬂv§ tn€ac i ecnamdursuH&Sequent
cl earance or 1-1Cl) using BZC [0018!In are reseptatl%ﬁ exper i.ment
descri bed hE‘?”é‘l”ﬁ”‘- Bzae%@m@gélde flbi one of 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
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removal of insoluble inpurities froma sanple containing, a target

bi onol ecul e of interest, which was an I gGl nonocl onal anti body (MAb)

nol ecul e.wBubsagsssat to the use of BZC for clarificati orCTas2adesersnbed
herein, activated carbon may be used for renoving residual amounts of 'BZC
fromthe sanmple. [0019]1.5nl of' BZC from Exanple 6 was added to 40mL of
the un-clarified feed fromExanple -1 (1.8 g/L 1gGl) and m xed at room
tenperature for 10 mnutes, to allow for binding and precipitation of

i mpurities. db’hl&ct&h\pielr anan‘taloit dmaembh‘esm(slemac«atee'dcluidimmdn@nprtemippintl ate by

centrifugation (4 [ 020Q],.T the residual anount
Of BZC that nOlr}é) plr H()llfp Lsdl Ut mass l"]rloo OéL olic ﬂClll Olhgg#lﬁfgl ISQ]?L[T Sg?ﬁa dz.lnt wer e

m xed w th 5 dvhngefin Sodendimo hFétreaf loUmnmblonla*tmmehutn (drnhu(lfim.olm Exanple 8) for

10 mnut €S Mo SRS IPELALHE By TSR LGt Bl fEaaMged on. 2100p

tur bi di nete orresponde /L residual
BZC (usi ng tchewioalhi gt bomobeanly & shibsomuemtanpihed wth a SL[I@Dlzmeerdt gdual BZC in

sol uti on wa l(rzlgf‘l?\g%ﬁgc( %m@@gﬁ@g{ﬂgﬁa 10%@(11@1% s(af)sc%o'qg( F@&lﬁmvéag’ addlhng 1. 29

of activate west vaco vih
conti nuous s aguisblebotien (04 ivpbratingrag pil Gr0). 5A N residEhemawrduelithofmalict i vat ed

carbon was W&qg (p 'efﬁ?@ﬁad)glg uYé%*l@ﬂldbr?wﬂl‘?ﬁ@?cqﬂlﬁﬁ'iné@i lb(?on:lrﬁec( le:cGn 0.072 g

of a_ctivate ecrease the concentrati on of residual
BZC i n sol utbp@mbebexk:mw emevadetsive shishlelnienis (. ¢Shrivetciredben) c bhpeftent s can al so

bind to act 'bYﬁJi(@Q Q%BRQH%KH&]&%@ E\%[Ldl?\aqufa@lc@ﬁ) a@gqgﬁjﬂ 'p@hﬂﬂ?&g@t%ﬁs much that

activated car has some capaci t resid BZC in sol ution.
The acti vat e)ctlcca)rlb@nelvmmihénll\cmlr¢ gotéch e tereﬁthrw%qatw on (4000 rpmfor 2

mn) and th?t(ﬁwwﬁrggmnkm%é Lh&" ﬁﬁtom ﬁygao.faaéw@&nm&rlﬁ(&am.tI Iter.

[ 0022] Under ese Itions, - present in the original fluid
was recover adifferguopetofispell N()@ylemg Iﬂé’ﬁfb\Y@Gh Bird the@st Biuapre BP|USS sol ut i on

was bel ow t hﬁd glggce\pﬂlllmné fllgll'ftrﬂet E?Smt:@c) al{.Sb(QPHeng(mtt@m Sprﬂ bipurity
cl earance using clarification wth C[0023]In a representative experinent

descri bed hépws wotwmn@mtiomroce%nE@rn!twale'rrown@fl npgReu e diclyAig fdir ecovery of

a target bi QODLRGHE8rduf aft at 1GsIRARAGH- ?ml él..Q.ngc(Mﬁba)c usRligaul e) as wel |
as maxi num i mpur i ty cl earance was ermne
clarification step to remove the one 0| more insoluble impurities, and the target

biomolecule in the same sample can be then precipitated using a small molecule
including at least one anionic group and at least one non-polar group (e.g., folic acid).
[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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[0024] 0.8, 1.6, 2.4ml of BZC from Exanple 6 was added to 40mL of the un-
clarified feed fromExanple 1(1.8 aft 1g@) and m xed at room tenperature
for 10 mwotzes/02s334al | ow for binding and precipitation eCTiuspuriossses. The
precipitate was then collected by centrifugation (4000 rpmfor 1 mn) and

t he supernatant was further purified to renove excess residual BZC by
adding 1.2g of activated carbon . (NUCHER SA-20, Meadwestvaco, Covi ngton.
VA) with continuous mxing at roomtenperature for 5 mn. The activated
carbon was themedolrbect@on yehoentirbhugabphoyrm{ddQo@ionprhfieee 2 nin) and t he
TP nat A hShEE S BRI B R L BRI R o@athabl © Trom
det er mi ned ﬁmﬁb@uwﬂgmmmﬂmuﬁwmm%@ﬁhﬁﬂ@ﬁbnohWEﬁamb&éﬁBmehhehmwé®ulted in
-909%471CP cl ear ance and. - 949.M \ OMRqin Haire 3, -
4g/ L BZC coli 3 beungse or Trent Q’Ippca; 8'?&\(%’%? e ﬂg@rrpﬁﬁjr/ﬁ?l }gs]dvm t hout

ef fecting N&bumem@yémyquxampmewmﬁnmdehwhinngKPmemaﬁﬁUmﬂcwmﬂfoI|c aci d
required toh8&90|p|tate MAI) [0026]1n a representative experinment

descri bed herein, the anount of folic acid required for efficient MAb
preC|pltatlﬁw109096oﬂhnvnewuma@fu@teﬂm$m@dbVH@O@kFﬂm$5dWPkoﬂthed from
Exanple 2 ( L) e 1, xed- I Folic acid
from Exanp 311 éldg{r(l)l&bﬁ (?ntl}%gg%ml%? T E‘ﬁﬁé%gﬁrgmmy& gﬁ%% @Ee pH of the

sol ution wasutmdhmdsmdt applichtigns @e@[hr@s_lg)uaﬁl@ applicatier. gy veMsdeetictcaci d (Fi sher
Scientific), and, Bg&mqgﬁ%ﬁbymﬁ}é@d at roomtenperature for 10 mn. Wen a
suitable folic a ratio \,'as reached, a precipitate, in the form
of .di spersed solid suspen5|on fordéﬂﬂnﬁétantly as aresult of Iblic acid
conpl exi m qul'é/‘?‘b Apfds$ %nt’fﬁﬂﬂr&ﬂbid eicgy by centrifugation
(4000 rpn1for 1] an rough 0.2 p Durapore(r)
filter. [OOH®PAs dep|¢medwﬁhﬂwﬂguFﬁkﬂmCMHé“&ﬁ%Uﬁ@“@P%@ﬂﬁ%&H@Fﬂ“necessary
to bind a“dopfr@%(tﬁbs &tlﬁlrlcg:g)ran;:h o0& 31 @c flefd @RCY i MBI AASESsIAS the

solution pl-1 increases
(NEW BRUNSWICK SCIENTIFIC) to a density of 13x10° celis/mL and harvested at

<50% viability. The antibody titer was determined in the range of 0.85-1.8 mg/mL
via 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
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Folic acid (ml) Deionized Ivater 0.0125 0.238 0.0313 O )? 0.0625 0.188
0.094 0.156 0.125 0.125 0.188 0.063 0.25 0

WO 2013/028334 PCT/US2012/049501
[0005] Feed from Example 4 was spiked with pure [gG, purified using

Prosep ultra plus (EMD Millipore) protein A resin. The final concentration ol [gG
was ~1 g/L. as determined using Protein A HPLC (Agilent Technologies).
Example 6:  Preparation of Benzethonium Chloride (BZC) solution

{0006] A 100g/L solution of Benzethonium Chloride (BZC) (297%. Sigma-

Aldrich), was prepared by dissolving 100g in 1L deionized water with continued
mixing for 30 min at room temperature.

Example 7:  Preparation of Hexadecyltrimethvlammonium bromide solution

[0007] © A 40g/L. solution of Hexadecyltrimethylammonium bromide. (=98%.
Sigma-Aldrich), HTAB, was prepared by dissolving 40g in 1L phosphate buffered
saline (PBS).

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/1. solution of Amaranth (298%, Sigma-Aldrich), was prepared
by dissolving 50g in 1L of 20 mM sodium acetate, pH 4.5 with conliﬁucd mixiné 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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Exanple 17: Capture of a desired MAI) nolecule fromclarified cell culture
media using folic acid [0029]In a representative experiment described

her ei n, fwbi2o13zeszs4was used for capturing a MAb nol ecul ecfrruseoicloassnf i ed CHO
cell culture. [0030]0.1 52nd of Colic acid from Exanple 9, and 0.098nl of
Dei oni zed water were added to 4.75mlL of feed from Exanple 2 (1.8gtl. 1gGl).
The pH of the solution was adjusted 5.5 using 3Macetic acid and
continuously mxed at roomtenperature for 10 min. After acid addition, a
preci pi tatemunpnhe Raenephtich GFpenbndtisotirge ﬁuslpremdmtﬂ' BZ@imwbitiopst ant |y as

a result of IC ac exing wth ecj hen

col I ect ed bif° EJ’]nt ri fug'éfi' nﬁes‘(%ﬁwgfﬁfﬂ'fng?‘ P Sﬁcp“d 191?.@&1?[1.%%*&' s buffer
from Fi sher wgeiRatd dnerafe25mmlidonddr&. \@ich msorsdbtrm tho deecwe ! hoowed y- bound

i mpurities. O,;?%éol %ﬂl ‘I i zation of the precipitate and elution of 1.2G took
pl ace at pH UsT°HE°25mM " 1ris buffer containing 0.5M NaCl while nixing
cont :c Puousljwé)ﬁ or 10 miAnseats nOBACtsepersat Us@.SOReIPOVHI0. ofid dbrew/f.rees fol ic acid
is effecte 8 ) ) ifi i pitates
Lo Er oot o a0 d@gn.,;q\‘l“ta}bé&\ohe% Lﬁnhﬁ{oh§§!aﬁﬂg i g)lm W&'ﬁg@g@r@f pitates
aviau | abl e f demibddlih Lpaomﬂc Caliopiorl @t eawh 0bfhe BlldllbcéBL@a(>|ull\m1§s> mirplgsolyiiet fi ed 1V1Ab
nol ecul e i s_.then ver ed | ant i t hese
condi tions, 'g'@(é%"mf)%t “33\7}&8 d"dt}%n“'%lgﬁsrl{l%e\“gFn ;O!Mﬁaﬁn?cl[rgglgj%gﬁﬁgﬁlt o folic
acid and 88%1<ofsollng@swamcﬂ eucrbmlem@d ruipog ik uolcompleExe?nﬁké\C}B B4yed of HCP in
gf S,([)lhgt :\Aogbggdnlfn?'llclraﬁgm v(gmlcc Iﬂchlug) &RlpodqﬁcegﬁlLg/,eoﬁ%l\’vl‘l%gg%%]cﬁq,sg%'\ﬂ gg(iﬁ?f‘]e ﬁgpt ure
| evel of HCRrvidiserrediSof écL (1nn>dt1h§0$<amﬁlf\é dmbmtéulcrw‘ﬂgatbh@dm“o'w&rﬁ“‘ELlSA assay
kit (CYGNUS ﬂn'idsm)l 1"3@15 used to track the |l evel of host cell protein (HCP)
at different Rte he product (1gG capture process. The concentration
of FICP vvaleOefﬂuced f rlomiginaddgeatigh af thispswhes 190 artli RGCdepdveml ture fluid to
146178 nu/ m*hé ggy]l? ‘?Uﬁ | QrL %@J‘B‘ mrﬁfb%%ﬁlta)/l HRIROSE BACINRzE JL@UEt i on i N
HCP | evel s ration of a calibration curve to

det erm ne tﬁaeds:oncent rat| on

Example 13: Removal of BZC from solution

[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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of folic acid in solution [0033]In a representative experinent described
herein, a calibration curve was generated in order to subsequently quantify
t he amourwe 20f3/messiidual folic acid remaining in sol uti orCT[USC@48sandar d
solutions of .folic acid at 0.01. 0.025, 0.05 and 0.075 ng/nil were prepared
in deionized water by serial dilutions of the folic acid solution from
Exanpl e 9. The absorbance of the standard solutions was nmeasured at 350 nm
using a spectrophotoneter, and a standard curve was plotted, as depicted in
Figure 5. Exanpl e 20: Resmyakenohivé elptemagidekcvibddmeast, iBzated us@rfbon [0035]in

a representative experine it_was denonstrated th t t I
such as, fofe"é’k‘é{rﬁ’gf"é"'é@fl"{}%&'%'ds E%iPBS‘H”‘HD&%"WE"%g%E‘?%P lréﬁ@\/ﬁqngaf glr:g Zm d

f rf)n][ 50| ut i Q\ﬂriSOQ?mﬁlewg5n l(&&%mnﬂxﬁﬁdl afibddamdAbPm8ledn. Mibakjudnolo ¢ aci d
soumnswerepr red in 1M Thi ami ne hydrachl ori.de at Sigma) b
serial dil utedi IB4Gior clagiisations g ?Fts?’g}ﬁd ﬁ?r‘%rﬁcﬁx‘& faEhog May ”ELSI[\(JU gns)we)r/e

m xed w th Qm%gmﬂfus&mblla\ﬁﬁiuﬁ@ ocazmnm(tNUGhEFé SA-20, Meadwestvaco, Covi ngton.
VA) with coptinuous m ctivated

at ur, 10 min. The
carbon was tHéH col I edt Bﬂi%b@%é‘ﬂt“r ‘I““@ﬁ ‘b}’i a{’%dﬁﬂ']&'rﬁ'f”bcr”"?’-{'r’ﬁ%ﬁ? and the
super nat ant feékd trt)l(ﬂl’fﬁdmblhrlqlugQ/l5lﬂ&:ﬂ§i'uﬂ ndixédd al rddnd leeypémurd ot temsuavai | abl e from
M1 1ipore Coriﬁ)loratlon of Billeric concent n of folic acid

left in sol {188 QN st B r?ﬁ‘ik?éfalw oll}ﬂ‘é‘%lh‘t“’“?‘lgﬁ’ﬁ pe"b"é“r’fgz\é‘“e{ “"'350 rim and
using the caphlfeafio®NhEpesipita }S\Cd\.hlblﬁédllﬁ Eremphefod Dmi{)0037] As depicted in

e, MEl o e R R A Pl BB 225,
cel I cul t ur emnadipk of ugi sngerifiaddnit mracnmdcd \[ i0038) bﬁb(ﬂumeﬁneﬁemblatl dlye experi ment
?g;?;;2ﬁ?a{1ﬁ({}l§logﬁ%)r§:rl§? P?Még{o “mnulcr fn roorprlcenggc dlLll E:lgm?ud.lmr?g% ;I‘ OanZaC was used
for clarifi malmhqnmamﬂx&1@hx|2¢0(anlx(wlchmseuﬂedilfvanmptime. 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 activated carbon w'as added in excess of what is needed per Example 13 (i.e. 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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WD 2013/ 028334PCT/ US2012/ 049501 [0039] Folic acid from Exanple 9 was added
to 30nL of clarified iced fromExanple 14 (1.7 ell, MAb). The pH of the

sol uti on waxosdj2esstted to 5.2 using 3M acetic acid and cecTiusc@eshsom xed at
roomtenperature for 10 mn. After acid addition, a precipitate f*ormed
instantly as a result of folic acid conplexing with MA b. The precipitate
was then collected by centrifugation (4000rpmfor 1m n) and washed with
Arginine buffer (0.1M pH 5.0) to renove | oosely-bound inpurities.

Resol ubi | i zgiobmp of t o, PBETAipl dfBIZE t’«mﬁJLe;lnmilé onaodddddio -tl()orbkﬁpb am:e in 3.5n
volune at p

75 usin dro
cont i nuousl| g" ifigd ri‘(ﬁjsllﬁci’ﬁbé‘fm‘l?w‘bb& @Hﬂ %Uﬁi'g'\cﬁ%‘ mo'gll‘mcﬁe"?hmo ree -folic
aci d was ef mahatohyoaddibhgin. aihdﬁgrcafmzaoh |oVa:1i;mdueatllmqncc( INWCHER tSA- 20,

oo arpUSRIPLS Pl 4 AL O TR RO L5177
centri fugat bmﬂlcﬁli@&@mﬁ@mcﬁﬂrrcsﬁium mac ayﬁdldﬁ:mel 3;1;1)9«:1natuanarbq‘>u Itered through 5
A 0 2.9 MMEHERNA o0 MERGKRLG RRUREE TN BT, CRLRRLANAN, O

super nat ant teinlpdiadire {000404. L’Irtndecrnvhthesabcﬂonmlbdnanléc;ueﬁ%%rofliuu\!eml gG present in
telhﬁt ?{)Inglaﬂgl-g)g Qﬁo"?q%ﬁ angihu sdpcrna%m\ Fll’lexc(?l(xougxg gncf:b Wgﬁm'il ng\éﬁ% g(rjreﬁfogf HCP
l evel s in aaBuZIQchrramu\ﬂﬂlqﬂnes(odxmmtmn of BilteaicniMrgs. éfhde;snm?é@/@ onol ecul e ( MAW '

that was captured . using, folic arried out as
illustrat edE)(lmr%c "'0" T“]b (ﬂc'm i %Cq Si$égg§ﬁlﬁ??7?é$%%ﬂﬁ ﬁbgvx/as used to
track the | &\Sﬂ’lltd@lﬁ ~‘Pm3ﬂCcEeldamp¢come|~n94(’/Fl\’@Fb)ruai\crdl fferent steps of the
product ( pture ces 042 H reduced
from 44247 Cﬁl int “R()s\f'h';\?'tll”*ﬁlq CIJ4|J]T F %Eij ?ﬂrrgﬁ?\laﬁ&%g 6500
nl.,!/nm. i nf tﬂ}h&nlﬁllnluti \@:rtiwsacrfttlcewa\ﬂt\errcmhm f oI | c acid renoval step, thereby
dem)nSt rati 29§ |rL gucwdgrr;'t l'\rlll'FﬂlL'null%Y%l' ﬁ)lip}{ci§$o ui;lc_:IaQ() e Hit.&dvlhevel of FICP
in the elution i g Teed vol unme was
30 M but elQ!DEZBJon voI Umre repaeseiBaibye rviper Exahpiserizg he@yy theatont of (CHount  of
Nitro red regyired to precipitate MAI) [00431In a representative
experinment, another small nolecule (i.e.. Nitro red which is a dye) was
eval uat ed fmqulptrdele! glicigntidoMb mwanm(% ercnere), waplelcriged - ratio of 1VIAb to
Nitro red n gsary t t . Wt ih o IOf, k{a,,QQ%@flm|C|ency
was determ IS[0044(%|17§egp¥‘rg):f)érﬁqél digh hsirhﬁpvx/;\g ltllinr);'ﬁ%e%j ?o H 4.5 using 3 M
acetic aci ddlerum \(dllmq:u@il i atllfhfg’"sbl\ﬂwleﬁ AP ieHEd 'K ‘gP“Féd‘ﬂn
tenperature, ST ;[)\l{'toﬁﬁlu Wt oAl fs a@fu@l@&ﬁ (/P WES s0hd Mot tsphgradadetiom Exanpl e
Il to obtai n t e desired Nitro red MAb ratio in the solution, The Nitro
red to MAb pad mBmlsqrL&ﬁcedhq)mnﬁmogllrmaﬂqolll@\%}e?lewem gmperaggregforglOgmimg >~ 1 g,
2.0, and 3. Qe Thempst 'PJI@ ARS, |NA B TRy lehdhe@d, ﬁtué’hQ@@ if B foah o mMin. The

super natant was renoved by decanting, and analyzed for |1gG usi nq Protein A
HPLC. dispersed solid suspension, formed mstdnllv as a result of folic aud complexing wilh

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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[ 0045] As depicted in figure 7, a Nitro red/ MAb ratio of 0.8 is required for
conplete precipitation of MAh. Exanple 24: Dependence of binding pH on

el ution reoavsyo28ft Nitro red-precipitated MAb 1004611 nPaTSPIR®EITHAL | Ve
experinment, the effect of binding pH on MAb recovery follow ng elution was
eval uated. [0047] MAb-spi ked CCE 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 then m xed at roomtenperature for 5 mnutes with Nitro red
from Exanple 11 to- obtain the desired Nitro red to MAb ratio of 1:1. The
m xture was centrifuged at 3000 rpmfor 1 mn. The supernatant was renoved
by decantind?’dd passed t hrough Chromasorb (M LLIPORE) to renove residual
Nitro red. The gl Wil ganwas t hemasidaeeef or MAb using Protein A HPLC. In
all 3 cases—there was no MA left in the-supernatant, as depicted in
Figure 8. The prefpitates fromtheV33%ifferent binding pHs were eluted in
20 mM HEPES, pH 8¢x@3150 inM NaCl. Tje el ution was passed through
Chromasorb (MLLIPORE) to renpove residual Nitro red, and anal yzed for MAb
using Protein A .fPE¥. [0048] As depfdf®d in Figure 8, lower binding pH (pH
3.9) gave 55% el uty@na recovery, whepesas binding at pH 4.5 and 4.9 gave
-100% vyi el d. Exanple 25: MAb recovery_and HCl) clearance in harvested cell
culture treated w%'H>Amaranth dye [86&9] In this representative experinent,
yet another small gqmkecul e which isoasglye (Amaranth dye) was used to
precipitate MAb froma representative clarified cell culture nedia.

[ 0050] MAb- spi ked f&&4 CCF from Exarrploe 5 was titrated to pH 4.5 using 3 M
acetic acid. The . MAb concentration in the MAb-.spi ke feed was 0.95 ng/ m
as neasured by Protein A 1-1 PLC, 'Il'h hos ‘celfl rpt.i‘(p_‘ﬁo‘nﬁern‘trati on was
186, 000 ng/ fe@Bl¢das MBI R G DETRIES A SR M0 the sol uti on
was m xed with 75 pl SCHRSHECORES A ant h dye from Exanpl e 10 at . room

t enper at ur e 9971 5 ni ndit BSEAGERBRYT QPP B‘i%ﬁtﬁei.}’LTH?(%LX‘iLﬁ‘r\%‘lsm)ggéd

centri f ugedf@lcap@OQ aNARD hleclleMiom cldhi@d CHO cell culture.

(00307 0.152ml of folic acid from Example 9, and 0.098ml of Deionized

water were added to 4.75ml of feed from Example 2 (1.8g/L. 12Gy). The pH of the
solution was adjusted 5.5 using 3M acetic acid and continuously mixed at room
temperature for 10 min. After acid addition, 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 (4000rpm for Imin) 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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supernat ant was renoved by decanting, and di scarded. The precipitate was
redi ssol ved/eluted in 20 mM HEPES, pH:8.0 + 150 nM NaCl. The el ution was
treat ed wohlom/arge3ef activated carbon per m of eluant POTASPW2A4ENY

resi dual Amaranth, and anal yzed for MAb recovery usine Protein A HPLC and
PI CP | evel using EL1SA. [0051] A MAb recovery of 96% was obtained and the
final FICP | evels were 87,100 ng/m, thereby denpbnstrating a - 50% decr ease
in FICP level s. Exanple 26: Analysis of charge variants of MAb after

gr eci pibt gt ih%tdﬂﬁi(l’lgl)ﬁrﬁar(ﬁmrbmdya)s[ 00%2] brvdactr gpGesent@at praecsex péid nent

escri be erein t recipit th Amar washi n
the preci pi tF4FEEY m}@ﬁﬁygwﬁﬁﬁ%FF$h@§g7%§%8FdfWh@efﬂ%mhﬂan“fheyﬁgbulatlog of
char ged var joantes70heMibn it dampl @mprr éicabaklyzedirusigng radealondati@n exchange
chr omat ogr a hy Eﬁgl%onpared wi th the popul ation of charged MAb variants in
t he startlng he goal of this experinment was to determ ne whet her

sol ubl e conpkaxgs 10f Awmeanbhodyalidrdiokbrexs geech invetie dohecntiadover ed MAD,
whi ch woul defoe | argely undesirable. [0053] The elution from Exanple 25 was
anal yzed for MAb char gdicwaid iarélstiatsi ng anal ytical weak cation exchange

col um (WCXr0d03] Di onexn €o¢pestntaiMaexpeifnficar desusted lereit, hecatibmtawecwvel0 rn, M
;88' lr.;]mwphos bqa%‘gﬁflﬁéi in Bx)xdcﬁ'.lls(ﬁggqgéqu@tlv chth’ tpkam unﬂj Hft chau%f}g?t %ed \F/)\/LSSGuged
tinme 0 lE&%ﬂBMle&lSOIBJontI me 40 mn, 30% buf f er B; tinme 45 mn. 95%

buf f er @Rgﬁg_ 46 qndarg‘o g/hol%%lf F f\’lc acid Lo(gélzlb'%gb S(?(%mtdh)gﬁ :}1 Hé?nQA no

notlceable e in ¢harg VAN served

purified N%bmanﬂthﬂ1AM&mmmuhnmuwb¢mmﬂl&ﬂmnmEMaMpH@KZRklﬁ&nbhdﬁm1size

g_i:?;[jr ! 1[331(:):52?}‘}1{“ adg lth-L. C.J)Iglsoqmnttch??hc c(l)fmd:%\mgolptllfc]%g '\\Rl tn ILdTaPESIchIin H%\unﬁ folic
descri bed abmmenmmmnmhrma$mhmmmmuad@qmapbnpUHs&m&aﬂnmh@awd i vl Ab recovery
with littl e tO nl((?Zb np?%Ct o4 ;'()qiglillcl 1 \HH@W Med @arB{n?CI pitation based process
al so requi r S8RIES ‘ hat is forned. A

practi cal tE@hﬂology basedporenolt ewpdFinper. iTargedrnioabtradowaFitrtamat i on, TFF,
Oper at I ng I Il?lcl I:Elghllcﬁr‘llg fﬁoma\n@\’éoa%ﬁvcmdcesfbm' (Sm%g%g f.LIb)?an)Q’rnelfﬂ]’IC ’M}l Ch enabl €s
efficient handl'i e precipitate l1owi ng the use of small ol ecul es,
as descrlbedmhgwmnm1

[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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[0056] One of the suitable technol ogies or steps that may be used for
efficient handling of precipitate is a filtration based technol ogy, which
depends owoths/ksnacteri stics of the solids that are becmgspeieoessed such
as conpressibility, particle size, and shear sensitivity, to nane a few.
For exanple, if a certain pore size nenbrane is chosen for the process
based on particle size neasurenents, it is inportant to confirmthat the
particle size is not uoina to change under the influence of the shear rate

in the systgmgf or exartm& @cuﬂu@mtm,ﬁ 1901 G a@dcdQb ek FESHARE @@h hS)'EnV esses). On
t he other hand, a smal | er than expect ed

menbr ane. [bBB“il] ‘Aégéib%éﬁ t’]b)o(allhb\ﬁ)’l ARk YR tvag dibpiedh o %l%lt“é‘"%ﬁ‘\bartl cle -

si ze di striQutié aBidatnddiohfi@iend nhumdmgorﬁHuwa@axex\éatouanaﬁtnl nafifreaceont ext of a
Hol | ow Fi ber Tangential Flow Fil ter devi ce. QOSB%Feed (30 er f rom Exanpl e
i

2 (0.85a/l) adffonshPIetiPiat orgedigsiat! Vﬁar‘t‘é”‘éﬁ’d"m cqplexgremil Mith fol i c

acid from ﬁmna}t@p&mawm@mdl@H@@B\a&dﬁrmm?b@ma@,bﬁx fof h{nm mm @ghel to MAb

added was | : E}'Iu‘iﬁ ((all quots (for titration to E{d50) and
t

1.5:1 for I“’B‘F “i"}&é“‘éﬂ i Pl at- @r POy lapsetabynd 5"’87“““Th ®3 aliquots
of 10 m eaqinmfmtldﬂemf@é précipithmTieK@ign beeid bwedkepldde ik asnad\:d|@11emtﬁner pH 4.0,

5.0 or tic Cld Th ci pi.tate was OX diluted (or to a
di | uti on to ZEP 83'6'?1%&"@‘1‘1'& “b‘ﬁ’“lﬁ@‘ﬁ Ré‘? Oeng 50'1"H“‘f”ﬁ é'pb(?(ib'? ate buf fer
for readi ngroom l'bh@cr%h:\lﬂilkﬂof'mfbﬂ @cSirellit acidetereftnal bheddaay 0.1 &l ef si ze

di stribution ec £ at ,pbH 4.0, 20 sodi um acetate, pH 4.0 was
used. For p?’cé?(\ﬁ‘ff{ f‘g[{”é’ Qf”é’#g.%%‘2‘86\4%*%&&“&%1&&‘ r{)’% oR B0 Ws used. For
precipitat eel@tonpltibediinidls ﬁile.Sﬂdi)(mmcaﬁ)elhalfr£Lm [D(Hnﬁn 5 hwagivusedarbém addi ti on,

the diluted Ci pltat was assed gh i ber deyice (0.2 um
M dget hoop‘,‘l?ciu N éH"B?' “éﬂ{'«?? i PW@ H@ﬁ%uv%ﬁﬁ’ fetiarber in the
Mal vern i nsmwduglentmd Thl;&\l%ﬁsﬁodmaﬁ atlaBle Uidyh 'Mh&pdﬁ f;e(pbra()iﬁn sihH&gErican the

particle si trihu I eci The flow rate

t hr ough t he H3I }I(?)W”F" 'b‘i ‘s’]"Vgcr g” r‘r?opcrr'djaP%i“ y ”r]l “?"éﬁb'ddl fferent degrees
of shear. A{054(m n equithidniase amditione >N&ts oglwegblpafs@ﬂeu dayrigsdsguwicenent s.

E g?gﬂ lefj \Ma‘bS ‘g‘} EQPW?bggr%iSq/%%iFlaE \Eﬂere(.t (\)/Er?(b U[Fenrc Q)tnagg QQ‘E% !qgl%cﬁcllecfl_cgf |ey( ?Lj\gr
(pH 4.0 - 1\1%xsmbvcds pH 5. 0- 14% solids, and pH 5 5- 16% soI ids). The

per cent SOlt nW:T‘ 971.(0 cdzt r%‘rtni" t QQﬁ,elg\le\eqs i o }?2& pld@ ?qoslmlon LOI]I;§IQQQ Il;lgvru for |
mnina sw ne uc E dési "cL(_l'hi'»mMeculﬁWFQb) thit “qs(caf)t,uﬂd s n"i{ﬂﬁc ‘5_8{! a oni an

fluid can b pasur e TO. P G Sy, 1he
vol unetric lﬁ rate and“%mgml s &agncaisgd * 'H”SLMCS in” 8%)@611 Figure 10

illustrat esl“ltlhe asspyaat (COTGNBR AT 360 wihvesire@nraplite Iy of hase calt piokeen di f f erent
pH condi ti o(]nﬁpt) ?Juﬁgrcm':s)ﬁ %ﬂ‘hprﬁb&? qug rcqﬁﬁg}r&%\shear rate increases. It

is interesting’to note es are nore conpact and nore
resi stant t{@0&fhear at Theh9011cgmr10ibpﬁ(ﬂi(}h}gwm—lred%xi frére @@b@e&iu@nm Ugx per i nent

Cr ansmenr At SRRy SUARE fuid S AR Gt AEBUELORRL: flo e iG L ten
hol | ow f i bercidnemoransert drurMbipre@ndpmgc atrakicigenier dEBdevgdi lr}g&‘r%;l ﬂ'@ aci d

- 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 to 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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[00611Thi s representative experinment was carried out to determ ne the

opti mal shear rate and flux required for stable operation of hollow fiber

t angent i avofzoldasssiti I tration. | TF, system The |atter wasTdsbtelap4asnder

conpl ete recycle node as shown in Figure 1 I a. 100621Feed (200 m ) from
.Exanple 2 (at 0.85 g/L) was mxed for 5 mn with folic acid from Exanple 9
at roomterrperature such that the ratio of folic acid to MAb was 1:1. The
pH of the m xture 'vas then lowered to pH 4.5. For a given feed flow rate

(shear rat e)ifethevdPehdtRaNard k®Womatx@mpRe! MEsHSn hk WXJrcddSrfcadual |y
increased in step increnents, The feedllﬁ?r essure, retentate pressure, and

perneate prd¥YUPE s WHROROf FasNifrgredgio AP rap sludipd ind s Bis#aple “bfessur e was

cal cul ated psi.n@.4TVR. £2,(1R 2.01anb)3/ R The Mxurd Res BYBEQM UWRS c0BIrplar ed at
steady state if no_change in TivlP was observed over 5 min. The menbrane

used in thi ©rdeRigy’ *\R/é%l’cé“ YD WVBYFRBY W P iaBkRe. Rekr A I ek 'S8t cne nenbr ane
area (CE HEAIHCARRLC. The qux vs. TMP is shown in Figure | |Ib for 3

di fferent feedflowrates oncentration factor for a
singl e pass!®&dfined 48deE Ld 'i?é‘i“%)) ’@i‘)‘))r“gé/'\g’r?‘tﬂfétorgo‘hmé‘f”'?‘\aftc‘]& is also
shown (Fi gue@npiéi@precifiation of enbper meate flow rate and f is the feed flow
rate. [00631It coul.d be |.nferr<?d ron;nthe FI ux vs. TMp. curves in Figure 11
b that the bPMPHER4sPependenee alihin VePy4HNEIOIedag 190 LM - 1,
.respectively. As depletdli—r ure 1lc, der t hese condjtions,.the maxi num
concentrat i ﬁ)rq “Qlact or T'bF TEPEFCRGTE b“a\§§mf'§ e gffect o %&‘;H@pﬁ’g 2d: \?}\}Easur enment
of flux ver&umt;rfansmablmamewwcestsmme (TAP) at dlfferent shear rates using

a 0.2 um hol | ow fiber nbr an P ge er q S|ngfoI|c
acid from al()@gWI cul t WY 51"8‘86%\% tho"ll\l/gllj‘?ﬁ_“ “8653 % Eerit Fa‘?‘ he 43 [ 0064 1For
feeds W th &ighedindAM ddeti€icid. Sonlalipieol {Ellch afthe (oflcmluema»nqalsehdnohnai aci d) nust

be used. Thus a hi gher start_l . CESR ed. The
fol | owi ng es)(t 8?t?1r}§lﬁ{)crwa§ [851 gﬁles \\t]lg I\mae{qa TOI fd‘m ?e Ee)f% dm

11 gher

solid cont enﬂsuah\fhdaegcpe»r\ﬂabﬁmmaﬁ 1af 1bchmn\TLha'\\ey@jnemn@ds:cw(l@ednutm lExarrpI e 28.
[ 0065] Feed (20 |‘I,<ed wi t.h btain a MAb
concentrati SH fm ‘%"”5/(‘)11“ “T]ﬁgpmg I(E, (”TP” g 3d dSde HwodghWroé]Qso?L th
folic acid (f\ﬂmmnEXlalEr)pb &x&vatrexrcmmnﬂntrenﬁdeﬂbxtwnxemsu@hthtthana!)t7h'éfqra1’m) of folic
acid to MAb was, e J r pH 4.5, The
syst em Was gbé'f’: IUBIL gpﬁéonl%lc@ﬁecuu m e \\ds novﬁibtlhﬁm &9!‘@ ﬁtht 313 For a
given feed ddpawvdriat Q,Ln(as?]dae preaipadtes ﬁrme upe)rdmmle biddow st vecr§ pletcr*reat e flux)
was 9radual Ly ICHEBEed LSt €PN GHEIRILS 1y N REH PSS! frouipt ent at &
pressure, and essure was nonitore <f ransmenbr ane
pressure vvafshxowhs{;m a‘meld-ll]@Rhg T ove (rRtiduat JNigo rch me healwsitfem\*wés
consi dered at ste LHX\ ﬁ]g&e if no change in -1 MP was observed over 5 mn.
The menbrané trsed | I'S"study was a 0.2 um hollow fiber nmenbrane with 38
cn2 nmenbr an@oddlea (GE‘\’stddpEN_dTH@MRE- JowcThendigwk! (5.3 DnavE 8% e i n Fi gure
12a for 3 d|f {\eg ri‘g‘%g?df 0d\{vg{]a‘ite 1d(15>h‘%@£ [O%t,/eﬁ), The concentration factor

(defined as' unc on of ux’ |s aI SO shown (Figure

12b). Qo i sEsdmeplpes: 141Gl reft ate. [0066]It
could be inferred frmmﬂ_@munsﬁl_m curves in Fi gure 12a t hat the

optimal shel@4¥nd fl ol that esrescatsvas@cdmon, Bt knghy swad nalgqule widgpect i vel y.
As depi ct ed; IthEéﬂM leml'?\%p’e) \U%qggg &%&%JIBWABUI%H a F‘lﬂpcsmmxlwmlﬁﬁncem ration

factor for a 'srn Isis very close to the operating
condi tions ¢etﬂentwrfrn@dm| n Exarrpl e 28 in case of a MAb titer of Ig/L,
suggesti ng fo the s I al, O YRb, it igts8lkineds 1t
relates to ?dd vol u&r/gtg%m 9(13‘@@ éﬂﬁ h%m\l\l}&‘lnﬂaécbov%rﬁaicn h%rvgstggxﬁ cel |l
culture treiaft?edlmctdh 11*19W\lamnetnan@n ipthgddaberikusihyat h®d My agy st em

descri bed 'rﬂcasﬁ?&@‘ﬂpLﬁ)le%gA IiIQQ67I]hF%gg célgéglum donfen@MIXAIMEE 080 lmB g/L) was

mxed for 5 mn wt
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 5 minutes

to form a precipitate. The mixture was centrifuged at 3000 rpm for I min. The
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folic acid from Exanple 9 at roomtenperature such that the ratio of folic
acid to lg.Gwas 1:1. The pl4 of the m xture was then lowered to pH 5.0.
The preciwoOtat3w2ked about 11% sol ids. The system was setrcupssomzioksmnito t he
systemillustrated in Figure | |la (Exanple 28), except that the perneate
line was not re-cycled to feed but sent to a separate collection beaker
for 190 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
bet ween 0. 4sthemafdfil \)astn&meS @l’dahtﬂ@ el pauee athe pchlplxlec whihe average fl ux

during the concentration concentration, the
sol i ds wer e“\%?‘ﬁ ‘\T\lﬁ“t‘h‘“fgﬁ%‘?l%\?gd"ﬁg WAPéi"}M E’é‘H 'I—Pcﬁﬂ’(ﬁ’o" W&shi ng was
acconpl i shedch \paunpm@gfm&hn@ufx&ﬁlrpd Mt 6 g tb@&ﬁb\b@tﬁk&ﬁld&ﬂ the sane flow

rate as the pe ate ow rate e t he wash was

al so col | ect‘\élﬂ‘qnq’al’“dl\ﬂ&bl"éﬁ?dﬂ’i P‘%%d%f’i‘"dh““%em‘:?g\ A nﬁ?\%ﬁ 8‘@?& oF

reg| szgl vedhLghytedaby increasing the pH to 7.0 using 2 M Tris-base (pH 10)

and addi tion, qf. Thiam 0 achi eve, m ne ration 010.1 M

No MAb was g%@br ved |ﬁr@h%r%8¥%3 93/"\*'Elst?8f” fﬁgf‘?‘ﬂé‘ é‘Biﬁlggﬂp Fati on or wash.

Thﬁ oveEI al | s W rgeeouercyy WasorBitiing @Rt 086 dedreds¥ ie biiaadetsat i on coul d be

achi eved. . 331 ‘Klnetlj_sof Ci PLLRLS [ QramLion i n a static m xer

[ 0068] I n adgtxl”?glhﬁ ‘ . ARt e R fea5|b|I|ty of
; Amaranth ¢ !

the -Contl nu 2 frode i Iese ‘dH\" & erim 11 dq c 81? hprcm dﬁqupl ug Emm.

cont i nuous tlation I SEFSBIHE, h‘g&’ éhﬁ FEEPHT (aFM0A Ki Merh €8 S0 that an

M | ne m xer theam Abewlls edndratic @int,i wahlsllyc fp&edmtuhetoTrlclnmycsmemmﬂnend ol I owi ng

representatlvee } nt descri he clpltate.formation

D B T e Fed A S a R RS B A o et

m xed for Sugihgwaakt dfnuﬁmkm:haam dlrdtﬁMr:E»h&mpdi eo@patd noodrhd evm!@lnam uf e such

2t 10 m 1 m AVAGUOR SRG B SEAtEdTR JUF el E R R TR et

vol ume of <d5erﬂmmAwBJ\Mum<selmbkc @oipttxsst efedmmratth Gly2 GnddM b exiwas withtthoduced

prior to the stat usin 3 The residence tine in the static

m xer was <t§6\e§"éicﬁf\g]\%"d ‘?‘3‘8 B ﬁ'?t L‘?P]J] 6bln1 vol une each were collected

and the pH {®s3Imeasur dte ahudorcfmfuhr\wameﬂé)\\bea!a\ﬂmqhdmt\’lfsb cRingesvaripdd cat ed t hat

the static xer f e H coul d be

cons: st ent | 3 e ABLA KoL BhioT £ EA e L (XA, B e P e

centrif ugedusa‘ti 25O Qunrpme fdMMLsadium plibkpha e b A4 Balfer Nh*gdﬁ%ew gainyzed for

MAD Concent Iﬂ’;[@%pc Fﬁ'(ﬂﬁl E)(ﬁ(pﬁ ﬁi Qdéf (E‘Ptll'g' B)[P&?fgil 111%@(1Wclﬁm%Mﬁd in the

super nat ant I ca precip atron o Ab occurred wthin
30sec. was used: time = 0 10% Buﬂ(.r B time 40 min. 30% buffer B; time = 45 min. 95%

buffer B; timec = 46 min, 100% bufler B.

{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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Exanpl e 32: Concentration and washing of solids using a hollow fiber TEE in
conti nuous countercurrent node [00711A hollow fiber tangential flow
filtrati oNOQYBXR833MAs set up to operate in continuous MPAE/UB201dAETNT bed i n
Figure 13. The follow ng experinent describes the processing conditions
used and the resulting MAb recovery. [0072] Feed (2000 m ) from Exanple 2
(1.8 g/L) was mxed for 5 mn with folic acid from Exanple 9 at room
tenperature such that the ratio of folic acid to MAb was 1 :1 . The pH of
the m xture|gygg then bﬁwtﬁéium@bx@Iécl%m(bbiebtwsmh ﬁhht&l@c&ﬂ&ﬁ;ﬂh&dt 11/ 0

solids. The precipitate was concentrate(éi in %\go (@b to a final

vol une of 5bndhne eftprepepptaeyy a hlirgiombasaddeqhpoloey. pijc Wi’eﬁéf Hentration, the
sol i ds wer ecy@ghasctiodol the 3diths ilat 8tk b&Rg ﬁkbl:dé&cdssﬁdidﬂl&blaﬁneisailm aHcE. Washi ng
was perfornmed in a countercurrent setup, fresh wash butler was punped into

feed enteri fge: PROYEAEITBIY 1P BEPE §EW: é@r ang %laf";ﬁérll HREBYES om the fi nal

devi ce was H@ﬁ%@aﬂ@|skh&cﬁ\/&§me®$(fe§rba§dﬂl’onlbhr@lclal’sQVhﬁmrddﬁmsQe|sand t hat
perneate was used as the wash buffer for first & %f 1 olids were then
r edi ssol ved/"8oTeERd° BRATHRUPRHEPAYCE R BH“‘[%’”?“@ §‘i*‘ﬁ{j“dfr Ll “%"“Base (pl-t
10) fol | owedr hy streidhiciiDme of ste'ﬁh(tam\mﬁplt aucamfplurhaln;,maamxmehzomtent ration of
0.1 M The overall I\/f\b recovery Wag 74% lThﬁb 1 ) lhc ss in the
perneat e i nSEPINeOdPe PRE B eEATE Seizp A Yier gh"’s‘f’&‘)'&” Xanpl e 33: Conpl ete
M Ab downst reabBiapéiri fication process, which errpl oys a clarification step
with BZC, a capture ste ; nore polishing steps
for increas cC? ﬁurl ty W F‘ﬁc%@plb\"ilﬁf‘eg t@‘r%%“%ﬁ’%{ﬁa‘ 3'?1?‘]”'Cl“e3<'clhange nenbr ane

chr omat ogr apisyiblAZ8Yiffcichebigdiad plotvat Hiakaen pretht nemdxt wasHelwwdEbonst rat e t hat
the entire gowns Lﬁ'amﬂptm fi.cation of a nonocl onal antibody can be achi eved
usi ng preci piEatTion" N &°UF%rification and capture steps fol l owed by flow
t hrough pUI’[(fObSI]atI on Bdc,epsonDG’er]lFee\dkfzr(omDexawpﬂ wilZhtovasiudipkut ed 4-fol d

W th aqueous i pH was

adj usted t o 'D“‘%é’v\ﬂé’}”éﬁ"Bg‘fllc\?ﬁgr)}\m” FBoR vva‘]s‘ r%(b]f m“r&ﬁ“# i #I\}Bﬁlél st Vaco
Cor por at i onjoliRach oMb adsd WAISA fas? Nubharqubi@(tgr adeion @ @ s O@mhp Pi-t

Chr omat ogr aphy, Col.u t. J ed with 250
my of HD Nut%}g)a/.lr’ggé: \?éghé:dnhcuotggﬁ agy u%luon pH D\Mlzj‘qqg hl(.ll §i Vé Igﬂgacked col urm
vol une of leawhbf th&*lrteu@mkiunmumm eqgaiilratd @ttﬂﬂewlthO.aqUE@wsu%Tm>sMbuffer

sol ution, AN LRSI NBILE

manuf act ur eéccgl:%xcn&) l6e g:cw'Qate \\a_ rl?}(g@ﬂﬁ@&%ﬁ% L@Q%ﬂgr L%e lr{?Ddlofl ed with
pol yal | yl amememnama] inaly @pfoponre Mlﬂfdrlhp(weln@ompbﬁrldﬁﬂi\Onma&CTSI@W)ca MA, USA,
in devices of varipus sizes.  Ih CHl algmZaMugdiscs; 5 discs
wer e stackeguuﬁ‘r'\" SR Cg;rllzngl{}gfﬁrm gﬂgl%ﬁfy Fl'c[)p;s) ene devi ce of the same
type as t hea@ua Sdal()eu:EEuscﬂ Sposedipietecapld 310e 29 mIM eydivgesdeespld i¥rer ci al |y
avail able fromMlli [ T eSH Nel g .anpai r vent to
prevent ai r fock d 'O' Pr%ﬁ“‘ﬁg @aﬁgg g\ét”\(:;}&é{g?wlﬁrz)tl on\ar eé ofn 3.5 cn?2 and
vol une of Oadzhtrm Lhﬁ owa] fitgpithitd msexd%n@hlo%ll badblietnti Ptbdéwwf‘é’e?d”‘\‘/vas punped
through the 6 enfr @RSt ARbuE hOWckAlRr @find |l /i n,
to obtain th@g%%k)'\\//\%%ﬁ hérjitiﬁﬁh/\qgg{) /Qiﬂm%)gl r?iall?‘g lcollhrm"]l V((i umers) lA portion of
this pool washkowedntehr dhighvaad@e2o md\0h¢d"ﬁmS@frbchtﬂé\H%é”*t‘bkdlﬁval n a

f1ow t hr OuQIals!{)l?)Qléon of lh8u ﬂ@(;ﬂ&&Qén‘dmdvﬂlcqﬂ}%\she tT%ﬁ‘gPrHé hdovofibet s sampl es i's

listed in
varied in order 10 generate different degrees of shear. A 3 min equilibration time was

given before any measurements,

[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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[00761The final purity of the antibody was at about 14 ppm of FICP.

I ndi cates that the tenpl ate described herein, is a feasible and conpetitive
downst r eawppRard/M833at i on process that achi eves accept abl ecparsedizostsoon and
mab recovery targets. Table 2 Sanple HCP (ppm) MAb concentration (a/l)
Cumul ative MAU) yield (y.) Folic acid elution 4508 4.38 100 (Exam)ICY)
Activated carbon flowthrou L111

expression: Y= 4Q/nr3, where Q is the volumetric flow rate and r is the radius of the
pipe.

[0060)] Figure 10 illustrates the impact of shear on the mean particle size at
the different pH conditions tested. Particle size decreases as shear rate increases. [Uis
interesting to note that the particles arc more compact and more resistant to shear at
the lower binding pH. For the subsequent experiment, a binding pH of 4.5 was
chosen.

Example 28: Measurement of flux versus transmembrane pressure (TMP) at
different shear rates using a 0.2 um hollow fiber membrane for
MADb precipitates generated using folic acid

[0061] This representative experiment was carried out to determine the
optimal shear rate and flux required for stable operation of hollow fiber tangential
follow filtration, TFF, system. The latter was sct-up under complete recycle mode as
shown in Figure 1la.

[0062] Feed (200 ml) from Example 2 (at 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. The pH of the mixture was then lowered to pH 4.5. For a given feed
flow rate (shear ratc), the permeate flow ratc (permeate flux) was gradually increased
in step increments. The feed pressure, retentate 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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401 4.00 91 ChromaSorb flow through 14 3.57 81 Exanple 34: Cdarification
of cell culture nmedia and subsequent cl earance of .HCP usina un-An

[ 0077] FeawO(2B32843% from Exanpl e 3 was spi ked with purePiilusca2olsai n a MAb
concentration of 4.8 g/L. The FICP concentration in the feed was about
179,000 ng/m. 2 mM of FITAB from Exanple 7 was added to 38 nml of the above
feed and m xed at roomtenperature for 10 mnutes, in order to allow for

bi ndi ng and precipitation of insoluble inpurities, such as cells and cel
debris as well as soluble inpurities, such as host cell proteins, nucleic
acids, etc. The preC|p|tate was then coIIected by centrlonatlon (4000 rpm
for 1 min) BxuinplhdY:sfeasuis ;utﬁau' i b ‘ L 2 utadc¥ e0 filter.
Under these conditi oddfe al fluid was

t horoughly under st oodtti i ngs of the references cited
wi thin the Bpedifi catnlericwﬁmth hsezhér Mélbéw 'wnemce@rhattéie' ppmpkfidicence. The

enbodi ment s, yif tnms{-'bu P& SRESH fngH@tsldgmEQBIQW(ﬁ@n@%Ld4 bl siotatdionnof
enbodi nents in this |nvent|on “and should not be construed to limt its

scope. The @Hpvméa\iarwglahmceaaq' Py 1o deesmific ke fierar! MR SOBE AT e nbodi ment s

are enconpags@d p@YorkMics of MY ERE k@fm Alstritet b EGatplorns and inventions are
incorporated by reference in their entirety. To the extent that the

mat eri al i nl®8¢Yor at ed ey (Wb Ered: %@ﬁk‘r—d&i*é?‘ée‘b\‘""” BUTY 88t with the

present spegiaficeadch@®@Rionbhes BN EFROM ATPHMUA FeatvaOmivet Ifdr sshiperieasiec any such
material. The citation of any references herein, i ssion that

such refereﬁéb@maﬂembWF8ﬂ“§?T‘wafﬁ@‘ﬂF@yé%?“ﬂﬂWeﬁﬂabﬂ“%“’ﬁ%p“aq

1:1. The pH of the mixture was then lowered to pH 4.5. The system was set-up under
complete recycle mode as shown in Figure 11a. For a given feed flow rate (shear
rate), the permeate flow rate (permeate flux) was gradually increased in step
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 cbnsidercd 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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[0079] Unl ess otherw se indicated, all nunbers expressing quantities of
ingredients. cell culture, treatnent conditions, and so forth used in the
speci fi cavpani3/i2gsskhudi ng clains, are to be understood agcChaiseg2mwdfied in
all instances by the term"about." Accordingly, unless otherw se indicated
to the contrary, the numerical paraneters are approximtions and nmay vary
dependi ng upon the desired properties sought to be obt ai ned by the present
invention. sUnless otherwi se indicated, the term''at |east" preceding a

series of elkenRMSNESioh QC“m@r 1@9@@"@5199@15&1 RS REcifiQueaMRyn@henm@nt in the
series. Those skilled in the wi Il recognize, or be able to ascertain

using no nnréofh%ﬁfﬁﬁd?WHE‘%ﬁpévP%%W%@tPﬁh““ﬁﬁﬁviﬁaﬁPWéhéHF@ Y8 t he

speci fic empdidmatstn bhe &W%%bx%@;lld@ﬁﬁ&ﬁcblﬁelllé”lmr\ell Re avBrighnequi val ent s
are intended to be enconpassed by owi ng clains. [00 0] Many

nDdlflcatloH@“&dﬁ;V&PW@?W%H@mﬁPVPHPéNﬂhv@ﬁ?“dﬁ“@%ﬁ”%ﬁmﬁd &5%Mdt hout

departing f @pidsSedaSPi 120 rAA 0309 PGyiniAS pM 3.0. o@hARRAE ﬁﬁﬂbmbﬁ)shhh&se skill ed
in the art. The specific enbodi nents descri be erelq are offered by way of

exanpl e onI9WBWG°3P%NWH%'WE5H%“f%“%@”ﬂiW?ﬁ?ﬁdﬂrhméﬁ? Wﬁ?”“QYJ‘g‘intended

that the spegd f7b eatiomandmexairphas \Reh Gengidenesedasr telxxe;rrpl ary only, with a
true scope and spirit_of the invention be i, ndi cat.ed follomﬁng

cl ai ns. v%&%mfB“@P%fﬂ%émﬁ§‘“TiﬁﬁWﬂ%“?oﬁeﬁé¥%63V F“§§ﬁaWé¥ﬂ & target
bi onol ecul e uiROMVONEs-Bise (FPF m)hﬁtsmdu.lahemmmurnud RBickd amsamahm t he met hod
conprising the ste iding a sanple conprising a

blonDIecuIe‘ﬁF“FHfgigé{'ﬁhd“bWébdwqﬁﬁfﬁ“iH‘B?HﬁWé“? F e

(i) contactédentaien samRheTH daradl NABIckovER) 884876, a0PFI.6X Ny at | east one
cationic group and at | east one non-polar group, in an anount sufficient to

forma precFPictuBEoREB ks 4¢he one or nore insoluble inpurities; and
(i) rem)VlZQQn]:)lhel‘pr Qﬁh&lds atf prebibife then:S@APh e;mt:he:ﬁe:by to separate the

target nole f t hod of
clam 1 whGlE®Y e mork? BFAR BPBIB Lo dre e SR el ol i m 1.

wher ei n t hetRodnpRlods mgdic‘QhﬁDritlSn ahd phabied.. Ode drbhecquisith od caftingbi m 1. wherein

the one or nore.insoluble i uriti .. . .
operation 1s tcm%mdmg am? preup!!zﬁlson 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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are selected fromwhole cells and cell debris. 5.The nethod of claim!l
wherein the small nolecule is selected fromthe group consisting of a
nonoal kylwoi2ossid2giz4anmoni um sal t, a nonoal kyl di met hyl bergylusaomomsam sal t,
a di al kyl di net hyl amonium salt, a heteroaromatic ammoniumsalt, a

pol ysubstituted quaternary amonium salt and a bi s-quaternary amoni um
salt. 6. The nethod of claim5, wherein a nonoal kyltrinethyl ammoni um salt
is selected fromthe group consisting of cetyltrinethylamoni um brom de,

cetyl trimet jyl any @l WnettPftof Snd LELTRSSCKLiAY dsRLYIBRTINRE- Uit omi de.
tetradecyl trimet hyl angRml oMt cdinedrteiGent@hdidé] T ri met hyl annDnlun1chIor|de

al kyl aryl trigmt yl MR S FEE ek R ndledaaMbl sysimt\ylsanipeabperdbr oni de,
dodecyl tri net hy amoni um chl ori de,  dodecyl di net hyl- 2- hen dég)hylammnlum
&

broni de, heXet9eERoBRTAL BHFHFIPYED rh:é'%‘a'dec‘yl'%“ﬁé“br‘ﬁ‘rﬁ"&fé‘ tyl anine

dodecyl chl Qﬂ' %usﬁ@kﬂ)(ﬂh&ﬁtuh)ﬁlaﬁa erCQLl@WM%Cb’E@m de and
cetyldinmeth anmoni um chl ori thod o m 6, wherein a

nDnoaIkyldlﬁ¥Vﬁ&Ibenz&%ﬁﬁ%ﬁﬁﬁdhﬁ%ﬁﬂ%mP@° él%gﬁéd“TW6ﬁ9§H€'5W0ﬁ$ consi sti ng

of al kyl di m?(;limﬁh@@x@ﬁyll\aﬁﬁﬁfﬂﬂhlﬂéﬂnCMngérhldﬁz saadxhhxemmtndﬂem)um@muoorl de. 8.
. The nethod of claim rein a dlalk¥Id| él qgnﬁﬁ un1sa H \s sel ected
IB: ]d’e y had

fromthe grbﬂﬁ’&ﬁﬁs]éﬁfﬁa‘%ﬂwd%hWﬁHéﬁ‘ 5%*3?‘0 PRtV "Armoni um

chlori de, dh&ﬁ@Yﬁdkﬂﬁ&th¢ﬁﬂnmwkunmbﬁﬁﬂhﬂ&d4&Cmykd@d&gyidﬁmmthyI amoni um
pethod of

chl oride and octyl dodecyl di net hyl amm

cl aim 6, mhéWéWh“b“H@P%?62&%&&&%?"%?’QHIugb%HP%CTﬁmgﬁP%EF5§OWron1the gr oup
CﬁnSlgtln? Qiuﬁ&kMMpygiﬂuugk¢D5ﬁmhdﬂumcaimkpmnﬁdwuﬂhMansmmwnnul

- hexadecyl pyri di ni um brom de, hex i di ni.um.c i s-isomer 143-
chl or oal nyTlgmBWTUP'Fé?§’%F“‘% g%P@%d&%ﬁWP%ﬁ‘modﬁch@F§ & nol i ni um

brom de andh@lhdﬂ\yhlﬁt‘rGBtlﬂ)ﬁlnﬂaﬁhihydaféﬁtd‘iydhe amavlmmmma wash0. The met hod
of claim®6, wherein a substltrted uaternargq%e“dglmnh al.t;.ds selected

fromthe grBH@"é@HEﬁ@fYﬂﬁ’ dsyica M PUPRRIEAY BRI Dot UmSacchar i nat e and
al kyl di met hybethyihbemnzy heameantdiggolved/eluted by increasing lhl, pH 10 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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cycl ohexyl sul famate. 11. The nmethod of claiml. wherein the small nolecule
I s benzethonium chloride 12. The nethod of claim1l, wherein the anount of
smal | nolwoubs/asided in step (ii) ranges 0.01 to 2. 0% weemius201284950he

nmet hod of claim 1. wherein the small nolecule is added in solution formin
step (ii) at a concentration ranging from1 to 200 ng/ml. 14. The nethod
of claim1, wherein the precipitation of one or nore insoluble inpurities
is carried out at a pHranging from2 to 9. 15 The nethod of claiml,
wher ei n t he,fie@mMdih aRbvéhRided F&S’;ﬂ'.bﬁﬁén@de\irifb Steahi ip: S OBPHIS@E use of
filtration. _16. The nethod of claiml. wherei f he removal of precipitate
in step (ii?)digomhs el dler devigss sepmergighy pgHable Fom ! ﬁ'é’ofﬁet hod of claim i,
further comphiysiafich. rh€dSERPiRfudé SMMVidAdopastiluallomuitdhaefansmal | nol ecul e
fromthe sanpl e containing the target bi onq?é]e ule after renoval of the

pr eci pi t at e¢fqetg HAIWAHEd S gt Paf rRlymeof '§£ei n the step of renoving

resi dual [0075) The diluted monoclonal antibody feed was pumped through the
activated carbon column at a constant flow rate of 0.1 ml/min. to obtain the llow-
through pool of 200 ml (200 column volumes). A portion of this pool was llowed
through a 0.2 mL ChromaSorb device to obtain a flow-through pool of 8 ml (40
column volumes). The purity of the samples is listed in Table 2.
[0076] The final purity of the antibody was at about 14 ppm of HCP.
indicates that the template described herein, is a feasible and competitive downstream

purification process that achieves acceptable purification and mab recovery targets.

Table 2

Sample HCP (ppm) MAD Cumulative
concentration MAD vield (%)
(g/L)

Folic acid elution 4508 4.38 100

(Example Y)

Activated carbon 401 4.00 91

flow-through

ChromaSorb flow- 14 3.57 81

through

Example 34: Clarification of cell culture media and subsequent clearance 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. The embodiments within' the specification provide an
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anounts of small nol ecul e conprises contacting the sanple with a pol yani on.
19. The nethod of claim17. wherein the step of renoving residual anmounts
of smal | wWol2enui2e33sonpri ses contacting the sanple with aoTassarbaesi
material. WO 2013/028334PCT/ US2012/ 049501 ?0O. The nmet hod of claim 17,
wherein the step of renoving residual anpunts of small nol ecul e conprises
contacting the sanple. with activated carbon. A net hod of
purilying a target bionolecule froma sanple conprising the target nolecule

along W th gRe Bbn BPERLERhIN B thigEhilon@Sd SNART Rbtibe lehButRI 1h0|dncmrrpr i ses the
steps of: ontacting the sa nol ecul e

(1) ¢ mal |
conpri si ng &P} eade %H&-ﬁrdaﬁ{%‘ﬂlr&‘d@? ' JERAiAEE Bt P ngaét"v\%hgm 5 mb'bf H# group, in
an amount  skfchpissdt byt @isfigvmian. pf\ﬁ(blnlﬂlcht&’dne aa@nmmmnmgut.m,rxoan@em\ mol ecul e;

and (i) recovering recipita t her to separate th
target bi onBi®eF é“ \‘"Fﬁr?{"frh\é o'r?e‘th“Fr‘Br” ARUNE B“Bfréa '?'Y’BU’IOW qu LnLJranet hog ofe

claim 21, whgHedinsbhe 1ﬂéH?hS|l§@lu&Knlgﬂ1@l|bﬂ*s¢lﬁ s;&fc(ﬂmﬂidnc 1hc, prcscnt qpcuhmuon The net hod
of claim?21l. wherein the non- o arlgﬁ;rou nmet hod of

claim 21, whil SiParcpdfedy sy é““i il hPeptaugn t"b ‘"‘5" 6‘1 %{?"l‘cf’ﬂ: %‘.“o‘h”%‘t €p prior to

step (i). 25dnTkk$o1ﬁBtl|§de1 l@ffurdﬁbﬁhm peidr drV\l’(beIi«e;brasehhev@haﬁ.l fication step
conprises u t hod of. cl 24, wherein
Che ol ar 1 B0 fldries Bl CeuRmpiuss dhamers aper TPt g ol mfe AL The
met h|0d of ﬁteancmtalé trc\Mh&mEtdmdtulﬂﬁs ahdagoi frilc@td onhs tyepficomprindelncont acti ng t he
sanple with a smal | cule c ris st _one, cati oni roup and at
| east one nBAMSoiTal ttjr”()‘ ‘ifS‘oo‘ﬁ‘@q’%hémﬂ\g@?} ncl"'IJ 'f‘amfc“l?ﬁtﬂ “Miherer g thg snal |
nol ecul e i s,\smr&ﬁglednnfesmhéu hee grdaued (IOhSC@trm‘)gtllaﬁmlacrphélmlcmlﬁde‘fl? vati ve,
etacrynic acid, .fenoli Q ehacid,

t ranexani c ‘éiﬁ”ﬂ‘““‘%’l“éﬂ dr'H?’c “é?(':%&e“d”]é%e‘fpmms?éldﬁS"eﬁ plowr?'“g\%g?ga[ﬁl lic acid,

ce}c t 11 of ur astbtﬁimm{BOhojfnemmneuﬁon dUnltalsmpucofmneghcmapnl@xem ‘af gsit'di ¢ aci d,

nal i di xi ¢ aci d,,. chenode ur cholic. i |arofen|c
“acid. nifl uHﬁet‘dé{él“d’w‘t&’ ‘gﬁ%mﬁmhmdo %“”J'ﬁ‘ﬁ’g?np’c“ eryﬂ m]% &H%ﬁt 'ﬁf)hr opi gnl e acid,
probeneci d. sleoraoepatied in m:aapelmtecosﬁn@cc&tbanbld@doe»n«zanrcusatglld mdget opr of en,
tretinoin.

than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the
following 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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adenyl osucci ni ¢ aci d, napht hal ene- 2, 6-di sul foni e acid, tam barotene,

et odol acetodofic acid and benzylpenicillinic acid. 29. The nethod of claim
28, wher ewo 20ts2gdseri n derivative is selected from foli ecaaisdoiamespt er oi ¢
acid. 30. The nethod of claim 21, wherein the small nolecule is folic acid
or a derivative thereof. 31 . nmolecule. 32. Nitro red. The nethod of
claim?21l, wherein the small nolecule is a dye The nethod of claim 31,
wherein the dye nolecule is Amaranth or The nethod of claim 21, wherein the
small nolecule is added to a concentration ranging fromO0.001%to 5.0%

34. The net Matht @fclahailmg: 21, wherein the pH of sanple is adjusted prior to
the addition of the small nolecule. 35. The nethod of claim 21, wherein
the precipitation is carried out atChApMSranging from2 to 9. 36. The

nmet hod of claim 21, wherein the anount of target bionolecule present in the
precipitatelis at | east mb@8g ofaepaatiink @astet 6@Moleonic Gbmlopast Mm% or at | east
80% or at Ie(z)a]st 90% or ar eat er }hanhg(pg{g)nggrmtng%eis[ytiaI target bionol ecul e

amount -in tHe glé{ﬁﬂp[éu_rmcs a sample; the met ps of?
(i) providing a sample comprising a biomolecule of interest 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 impurities; and

(iii) removing the precipitate from the sample, thereby to separate the

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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37. The nmethod of claim2l, wherein the inpurity level in the precipitate
is less than 50% or less than 40% or less than 30% or |less than 20% or
| ess t harw02043/18334ess than 10% or |ess than 5% of thePCmiusz@k/ougspurity
level present in the sanple. 38. The method of claim2l, further
conprising the step of dissolving the precipitate conprising the target

bi onol ecule in a suitable buffer. 39. The nethod of claim 38, wherein the
buffer conprises a pl-1 ranging from4.5 to 10. 40. The nethod of claim

21, furthergconprisi NngLERRIHRA oMDEif & NHORRLQENRMN M cOY BPSMonidi saliihe met hod of
cIa|n140 mhereln the one or nmore chronatog%wghé steps are selected from

the group c emtesiash framythe grovp fonsERER g MoNFE S A ARy Mg 0 ABBIREBT

interaction clﬁbﬁ&nﬁlh&g [@RONy! dﬁicnfdnmn{ Mol O6TRL Q@ESRNY cth@ANchnBnked node
chr omat ogr aphy he method of cl'aim |1, wherein the target

b|onDIecule‘“@“@éWé@?éH°¢FbWFWW§'@P@Bﬁ“@dﬁ%?@%|ng of a reconbinant protein,

an anti bodygor a functi,@arlhol 6AGIEIG, \xﬂiﬁ@ﬁmmﬂter@r@im&Bﬁwﬁi\{hﬁl&glaﬁ)lik- cont ai ni ng
protein and an i nmrunoadhesi on. nol ecul e wherein

1 )
t he target Bl estasl TEpn 1he 2joup ssisHpy LF!rVBml ‘H@ CS}QBHE Cb‘é&’é'i <it1mnla()18fdz
r econbi nant. h@\rflgu‘?lpnr1dlﬁﬂnﬂﬂblhQ@dﬂ\ﬂl’ucﬁp\fridnﬁtm emalide. fis-agment- [3t hereof, a
CH2/ 0- 13 regi on-cont ai_ni.ng protein and a heS|o cul e. 44. The
gl TN 7ol

met hod of cFHPRrRIL-> wfdr: ‘Fﬁﬂ&ﬁﬁW"ﬂﬁﬁy fg'gﬂ By F%H?%.nnnoclonal

ant i body, dlmolldyﬁﬂ%mlallphlﬁﬂtﬂLb\@d{){ﬂll]ﬁnhﬁﬁﬁﬂh@:ﬁd antl body, a chl neric anti body
and a nmultispecitic anglbo WQ; rein the target

bi ool ecul e s.producé BV‘@QﬁY §§ioﬁhfhm§ ‘ W&ﬁ‘“er“‘46 The met hod of
claiml, whemgbRivivhalisaegatd bbonma ealpl cendisinpoddkyddichelhylbexpt essi on in a

non- mammal i an cel
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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47. The nmethod of claim21 , wherein the target bionolecule is produced by
expression in a mammal i an cell. 48. The nethod of claim?2l, wherein the
target biwoubsies4i s produced by expression in a non- meewalS2@n/oewshl . 49. A
met hod of purifying an antibody in a sanple, the nethod conprising the
steps of: (1) providing a sanple conprising an anti body and
one or nore insoluble inpurities: (ii1) contacting the
sanple with a small nol ecul e conprising at |east one cationic group and at

l'east one ngn-pol ar grRURethddloRMidTPURerSHhE 5ieh MEmbAnd RETLA Precipitate
conprising the one or nore insoluble inpuritilL and a |Tquid hase

conpri si ng Fpangf rrbﬁHyole%pﬁcompnses contacting the Sf"(’P'F I\\)Ithslulb\"lé)ét(,ilrﬁ ‘the |iquid

phase to aty| east OneAGMﬁMQRQQGHQQQ%uﬁ&ﬁﬂmnﬁh@memﬁnhﬂmmynlfy the anti body.
50. The net hod of claim49, wherein the snmall nq ecul e i.s added to the
&

sanpl e u5|d@”ﬁﬁénéweﬁﬁ$é“EW&PFG“W#%ﬁF§“°@1“Wﬁ YRi¢ HOTiGes: ¥ 49, wherein
the at | easfe QRGo&HBEQEE aphwrstep is an affinity chromatography step.

(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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31 The method of claim 21, wherein the small molecule is a dye
molecule.
32. The method of ¢laim 31, wherein the dye molecule is Amaranth or

Nitro red.

33. The method of claim 21, wherein the small molecule is added toa
concentration ranging from 0.001% to 5.0%.

34. The method of claim 21, wherein the pH of sample is adjusted prior
to the addition of the small molecule.

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
1s less than 50%, or lesé 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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fragment thereof, a CH2/CH3 region-containing protein and an immunoadhesion
molecule.
44. The method of claim 42, wherein the antibody is selected from a
monoclonal antibody, a polyclonal antibody, a humanized antibody. a chimeric
antibody and a multispecific antibody.
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.

0. The method of claim 49, wherein the small molccule is added to the

N

sample using one or more static mixers.
51 The method of claim 49, wherein the at least one chromatography

step is an affinity chromatography step.
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