PURI FI CATI ON OF PROTEI NS W TH CATI ONl C SURFACTANT CROSS- REFERENCE TO
RELATED APPLI CATI ONS [0001] The present application clains priority to and
the benefit of U S. provisional -afdptication Serial No. 60/670,520, filed on
April 11, 2005, the disclosure of which is being incorporated by reference
herein. FILED OF | NVENTI ON 5[ 0002] The invention relates to the field of
protein purification using surfactants. BACKGROUND [ 0003] Producti on of

bi ol ogi cal macronol ecul es, particularly proteins, often involves

purity-enhanci j i ] erties.

b1 111 Culti e 10aMEBTRAGHERN R Bl BN bl cARIRT SRRV TR ot
limted to, determ ning conditions which enabl e separation of sol uble and
i nsol ubl e nol ecul es, relatively |low recovery of the desired nolecule after
a treatment step, loss of biological activity in the course of the process,
and sensitivity of the protein to process step conditions such as pH.

[ 0004] Sur f act ant s hgﬁé)g%B@IfEWN TORERATHRR AFILICABIONS o1 0gi cal

macr onol ecul es. 15Cationic surfactants are a recogni zed subcl ass of
surfacti@80Y, and Theepresrat applisapen piatmeprasiy theandohp berdd oAlphinseisipeal
ammoni um conpounds conpri se quat ernary anmoni um conpounds of the general

f or nmul aapplicdtdbnaSediapBbabd/ 6 T0,82(gifftedoon Aprily1 g 200Rhithendisdorpoaedwhah is hengener al
formul a RNH3. Both types of atnphipathic amoni um conpounds i ncl ude

| ong- chatsrparmedriyutesetick defeait s t hat have a long aliphatic chain of
preferably at |east six carbon 20 atons (Scott (1960) Methods Bi ochem

Anal . 8:145-197, incorporated ﬁﬁiﬁ?ﬁo@ﬁN@iﬁﬁ?@Eﬁ inits entirety). The
actants are kn

| ong- chai n quaternary amoni um sur . nown to interact with
bi obogi [0802]macr onbiecioutemn Fhates|to Hy-fodidip Hpmtean pumeayion msmgisurfadarpounds
have at | east one substituent - 2 - at the nitrogen which consists of a

|l inear al kyl chain with 6-20 carbqgn e best known representatives
of this class are the benzalkoniuﬂ?ggkﬁga?Uﬁﬁbrides and brom des),

hexadeg%l&%ridiniun1chjoride dequal i ni um acetate, cetyl di pethyl ammoni um
br omi ddVP¥IAB) anftrofestivacdPiqlgeireimicivmelsryrs attceisely)protaiy. HEsRABYHYT um
chloride. Quaternary ammoni um 5surfactants include salts such as cetyl
pyri di mumity-salansingsteps bessdydn physicdl anduysikbdeindenl pereE)ties. Difficulties

stearam de-net hyl pyridiniumsalts, lauryl pyridiniutn salts, cetyl

quiLool yenicoumteral irssuchaudgeks stepiaplude)bunbe e lichited thydeteeming salditsons vatiehy |
am no propionic acid netal salts, !anyl dinethyl betaine stearyl dinethyl

bet ai neenab@%I?/Aratdjwf%w@&dayihs&%leirme@m, RenRRLION 1B &R} bthe Abdiddd

pyridiniumsalts conprise stearyl-trinethyl ammonium salts,

al kyl - dj - iu i .
ai bl or BoBalY SR AP Tt 0E loRi R pefIE i hosipsafitipioses 2
cationic surfactants f.or purifying bi.gl ogical ronol ecul es include 1)
sol ubi IFBATISRSIRe BB Pieess S ARl AP G e ggr egat es. 2) e Ut on’ of
chr omat ogr aphi ¢ col um-bound bi ol ogi cal macronol ecul es; and 3)

preci pijpgd4jon of fRfAERIAYe DeeuRFzcaYR HE ROERsiAE bl biot#Yical MéetdPhlecitdsds,

and heparin (and nol ecul es which co-precipitate
15  Cationic surfactants are a recognized subclass of surfactants, and include amphipathic
ammonium compounds. Amphipathic ammonium compounds comprise quaternary ammonium
compounds of the general formula QN" and paraffin chain primary ammonium compounds of
the general formula RNH;". Both types of amphipathic ammonium compounds include long-
chain ammonium surfactants that have a long aliphatic chain of preferably at least six carbon
20  atoms (Scott (1960) Methods Biochem. Anal. 8:145-197, incorporated herein by reference in its

entirety). The long-chain quaternary ammonium surfactants are known to interact with biological

macromolecules. The long-chain quaternary ammonium compounds have at least one substituent



15wi t h pol yani ons). [0006] Cationic surfactants have been used for
solubilizing protein aggregates. Ota and Bertini (0975) Acta Physiol.
Lati noam 25:451-457, incorporated herein by reference in its entirety)
denonstrated that active uricase could be solubilized fromrodent |iver
per oxi zomes with the quaternary amoni um surfactant, Hyam ne 2389. It is
found that increase of the 20ammoni um surfactant concentration resulted in
i ncrease of dissolution of both uricase,(based on enzymatic activity) and
total protein such that there is no incfease in the relative anmount of
uricase protein with respect to the amount of total protein. In other

wor ds, athles eitragen wbichebesists vta nt¢anllklyl glatin eithd#2@ babor atoaseTlpr bdsekmowri t h
respect to the total protein, and the uricase protein did -3 not

consti tigprséntiti@oer tpeslegiragr Rhzdlhilfisalts @hRiReNandigdmeds)bi | i zation
with the cationic surfactant. Thus, in this process, uricase purity with

" eSPeCtndQaddifoytBhm RO R RSO odcho ARRRIGRI KO RIRPACEA AT BB PO Ul

of quaternary ‘amoni um sur t so zdt1 on. 007] I'n anot st udy,

't Ry P RN Bh g cr Byt e AR RO B QR Bp L

inits Entir

det er gent for,t&gﬁr ?xtraction efficacy of urate oxidase (unease) from ox

ki drey (8Rts inglipdq ltp pechps setvh pyndiniuahsadisi 2 et Py g shleride @.%C)c, 0

enhance sol ubl e urate oxidase activity, the cationic detergents, e.g.,

quat er riieayaraidtonéthtpyadingim saiselatioli pyridioivde salsasatylt qutidlym nnysatis, ilanrglc t i vi t y

Wi th increasing concentration. The authors concluded that cationic

det er geamtinopvepnitadcidisethyl edtarsapsinadryl aiginoprdfisnid aed rigtalt saltgXadalsdmethyl

[ 0008] Sol ubi l'i zati on of reconbi nant proteins, porcine growth hornone,

et hi orpeaindQe&k NEn@iIMbBalIR! BRAS diHnyEd%%ﬂh?P%tﬁlﬁé aRd b&lz%%ﬁﬁnYédlt'éSAllkaPt ein,
coli S,

ngﬁlactpsiqase fusion protein, fromE "co .|nglusion bodi es or ce
& 797 ygfim 3l GRhALES L BIAERE PR BB R R AR EBY Mimoniy

4,966, 9 . and it.ed Stat Pat No. 5,008,377, each incorporated herein
by?Befé%gﬂgg’?ﬁHﬂgg05%6%?%&®?a%¥ﬁa%Y@F§%F?ﬂﬂCBﬁH%*'aIkaline conditions is
acconpl i shed using quaternary amoni um conpounds i ncl udi ng

cetyl t ripoas)hy | anmomd sl lo@ Chteiiic Sirfa8tintt-fol filifyeHMbldylcab@B&ynaNeEaRE UM
chl ori de, C, N,Ndinethyl-N[242[4-(1,1,3,3,-tetranet hyl butyl)-

1 ot R e B L AR e o SRR b IR A TR e, cety

trimet hyl anmoni um brom de. These blications, nentiqQn that,.. after. each

sol ubi ISEPTAHTS SER B Sonnt 5T Gl un P o BRI Fugdgreckiiipiof of Bolafigo
pellet is observed in each case. This aqbservation suggests that npst or al
of t he SpribeEiypburgnic agid) () nudeic aridpcnd hepyan (nd snalagules which go-percinitate
solubilization of a target protein. The - 4 - purity of the recovered

pr bbei mth polptionspdi cat ed. United States Patent No. 5,929,231, incorporated
herein by reference in its entirety, describes cetyl pyridiniumchloride

(CPC) qjsint egration of nul es d a ates..containi.ng starch Thus,
he pr el £ 1o syt b Eiesiied BRPERITAR Mol el Cita o
nonspeci fic solubilization of particul ate hi ol ogi cal . o

Bertini ((1975) Acta Physiol. Latinoam. 25:451-457, incorporated herein by reference in its

entirety) demonstrated that active uricase could be solubilized from rodent liver peroxizomes
with the quaternary ammonium surfactant, Hyamine 2389. It is found that increase of the

20  ammonium surfactant concentration resulted in increase of dissolution of both uricase (based on
enzymatic activity) and total protein such that there is no increase in the relative amount of
uricase protein with respect to the amount of total protein. In other words, there was no selective

solubilization of the uricase protein with respect to the total protein, and the uricase protein did



Smacronol ecul es. These nethods of the prior art do not disclose increasing
the purity of a desired target protein with respect to total protein with a
cationic surfactant. [0009] Cationic surfactants have al so been used to

el ut e bi ol ogi cal macronol ecul es adsorbed to cation exchange resins or

al um num cont ai ni ng adj uvants (Antonopoul os, et al. (1961) Biochim

Bi ophys. Acta 54:213-226; Enbery (1976)5, Biol. Buccal e 4:229-236; and 10
Rinella, et al. (1998) J. Colloid Intetgace Sci. 197:48-56, each of which
is incorporated herein by reference in its entirety). United States Patent
No. 4,169,764, incorporated herein by reference in_its entirety, describes
el ut i onnasfconstiviicndighet perereiagboikipeiatdhprotei ynonsebibilizatiam &ithshheptignig de

vari ety of cationic surfactant solutions. The authors state a preference

f or usiswyfacent. dllsushsit thisytredtss o aseynrisaivith réspeathio die totad paitdiy cogemup i s a

hi gher al kyl group up to 20 carbon atons and the 15others are | ower alkyl
gr oups Mipatepitl9 neBERAACAR RNFresdlbsr Rfatebe amaidn@ith GuFatiAcbiabilsadabl es
renoval of biological nmacronolecules fromtheir attachnment to a solid
natriX.Mk001O]CDnversely, i mpregnation of filters such as those conposed of
nyl on, WOPT cati ol another stadyahusensd6196%) ErgymiilogiaidAg Bi-3pdnspsparaled bpieds or
nucl ei ¢ acids (Maccari and Vol pi (2002) El ectrophoresis 23:3270-3277,

Benist z, byetefaknce(ii A9 @htitdny) ter amGied tagmnatf entioin. andgrded an0 86utrad detetgehtsrbatheir
(1991) United States Patent No. 5,010,183, each of which is incorporated

herei N B¥rat@bLEMRES durhfeDxRIALE (Bickse) frbiH Sx RIABBPPBRAEs | WhAPRRROrAlandue to
cationic surfactant-polyanion interactions which enable precipitation of

e o AR Betergon® viert MUhblb b SHILLEHADLIRRS ackiRY, AEBMIAR Rkbioents

anmoni um conpou conpri se quaternary anmbnil unt conpoun

general fornmyl a and paraffin chai rimary ni um comppunds. of  t he
Gener ai° FoffRipRumRonpl v aute foidido Bor e o RTTAGUT: GORT RAU T bR Erab s
(reviewed in Scott (1955) Biochim Biophys. Acta 18:428-4 ?; Scott. (1960)
Met hodsCoBpFrstatiem Theranthorg canpuded fhat cationif deteggenty were mbwizu TR ng ox

Bi ophys. Acta 42:476-485; Scott (1961) Biochem J. 81:418-424; Pearce and
Maflhi edodngyngate)ox@mee J. Bi ochemni stry 45:1565- 1576; Lee (1973) Ful cushi ma
J. Med. Sci. 19:33-39; Balazs, (1979) United States Patent No. 4, 141, 973;

Takenot t al., 82).. United St.ates Patent No. 4 979: Rosenherg
(o5 Barfica”s: S QEPRZ o B ombi S5t BréiShpiorfe e wibforfone, FEBEARALD, | o
States Patent No, 4, 425,431; 10 d'H nterland, et . al., (19%§) %QLted St.at es
Pat ent R95Cing guth homnoneg, ifgctiqus byysal disesse yirwpprotein) B-gaBriogidath usen PN 12,
each of which is incorporated herein by reference inits entipet;g%ﬁ.1 This
preci pifremifonok inclispmbisiies wreelly avir easiopictsatfaetgnts pedesesbeskini Unjted Jsateh

pol yani on charge density and hi gh nol ecul ar weight (Saito (1955) Kol loid-Z

143: 66, Patart Oop d[7a07 gd 4 hiengeedStaies iPafeat Hoc4£992)53 1, Uretetdi Staty Paterfiinéo. gr BSetGe  of
salts can interfere with or reverse cationic surfactant-induced

15pEeci pigtiatitcastabs PALYAN. 608,100 dhAdeirhbanAl HeYein BYr¥RAINGE fr iedhtidy.
differentially precipitated from sol utions containing protein contam nants,

d -0 i L 14 i i cally bound
e L e e e RN

to theq%o y I'n solu ani ons and ot her

nol ecul es bound. to .the | yanj ans wi L | ecipitate. For exanple,

br ect picomBRto R g R b atmaum B GEME R s R R f ¢ acids i s

acconpani ed by co-precipitation of nolecul es such
benzylammonium chloride, CPC, N,N-dimethyl-N-[2-[2-[4-(1,1,3,3,-tetramethylbutyl)-
phenoxylethoxy]ethyl] benzenemethanammonium chloride, tetradecyl trimethylammonium

20  bromide, dodecyl trimethylammonium bromide, cetyl trimethylammonium bromide. These

publications mention that, after each solubilization process, the solutions are centrifuged, and

little to no pellet is observed in each case. This observation suggests that most or all of the

proteins are solubilized without regard to selectivity for the solubilization of a target protein. The



as proteoglycans and proteins interacting with the pol yani ons (Bl unberg and
Qgston (1958) Biochem J. 68:183-188; Matsunura, et al., (1963) Biochim

Bi ophys. Acta 69: 574-576; Serafini-Fracassini, et al. (1967) B ochem J.
105: 569-575; Smith, et al. (1984) J. Biol. Chem 259:11046-11051; Fuks and
VI odavsky (1994) United States Patent No.5, 362,641; Hascall and - 6 -

Hei negard (1974) J. Biol. Chem 249:4232-4241, 4242-4249, and 4250-4256;

Hei negard and Hascall (1974) Arch. Biochnl Bi ophys. 165: 427-441; MNobreno,
etal. (1988) United States Patent No. 4,753,796; Lee, et al. (1992)5. Cel
Biol. 116: 545-557; Varelas, et al. (1995) Arch. Biochem Biophys. 321:

21- 30, maith obfthewbiovkredprotensripnstahdidatéxk r BnitedoStates Peteatnide. 3,929,23 ,entirety).
5[ 0013] The isoelectric point (or pl) of a protein is the pH at which the
pr ot ei ninb@porifedaftidh by ¥eRRNcOTH IOty Cdeltbad @B hyredifived &f6rid _
solution conditions with pH values close to (especially below) a protein's

i soel ecf;:Li i i . Lt . i,di

pol yani Snteghcor BRIl o Rl & ThEhAl Sanel. Tt e BB RE ol o
such pol yani on t he .protei ns conpl.exe ith th | yanions .al.so

o oci b PR cp Rt a8 Chgab o RRpeE seplivhlan Ofp Bl bilafice (1052)

Bi ochim Biophys., Acta 10:607-612; SE Scott (1955) Chem and Ind 168-169;
Uni Ped Bagiemslepglesnihegs metherdsof omprigartfo rat digclose inppesingihe pity €2 st at es
Patent No. 4,297,344 (Schwi nn, et al., 1981) , each of which is

i ncor podesireditahgst prateibywithefespash toetotah protein evithi a eatiphic subldtaptuni t ed St at es
Patent No. 4,421,650, United States Patent No. 5,633,227, and 15Smth, et

al . (( J. Bigl,. Che 59:.11046- 11051 ach, aof. ich is incorporated
her ei n@@@lef er encd' Q¢ ?utrntacéﬁ?si Haye 9§° %8%‘1:?#6820 BW?%IP%‘%&QW%@H’S@GIC %ﬁi ons by
sequential treatnent with a cationic surfactant and amoni um sul fate (that
enabl esadgPbediq ¢ation gxeftangs rspHi B alurinpPrioataypg AdNmts CAMANeBesLos, ¢
subsequent separation using hydrophobic interactions chromatography.

Eur opedit9pBtRinchipu Bliopdas.i Adeta BRPQ350286; Embenyr(p@7@tleBidleBedcaleny22%2 ¥ ende in
its 20entirety, describes cationic surfactant-enabled separation of RTX

t oxion fRigslld,iepalplows pk CullviditterfivSeen 97 UBeSbeedch JfavHiEISS ialrputated horeihiey
anount of |ipopolysaccharide that is quantified by endotoxin activity

assays.refdedtict # it &itireR) AbnifadfheX PReRNd U, 160, 704, flcbRIbGAYd harbRr fddéhce in
cationi ¢ compounds has been denonstrated (Cooper JF (1990) J Parenter Sci

Thus. -t SRS fRaeriten Sich DY BEAGAL ol SEE Dbl SRS Ay KT ndetY)
rasult SV AR P e o s oThd Ta PRIty PEreRt: s poims Lk Mbs RERT' °1Y

| i popol ysaccharide conplex formation. 5100151The above- nentjoned net hods
requi r EMRPEPReglta i Whish was pliyk groypiis ghighprpakylerewr wpytp Hyearken demp anpd fheg
proteins with selective solubility by a cationic surfactant for enabling
puit bf i cdhdroareddweiodlkiyll grogrsatpetiorfscattminrgornat Vserifcushucdtmaicsur factapiscaablehe
prior art does not provide a nethod of purifying a target protein by

cont actremgvdl e bolediedl inadrdiol@c§lad fromi theis ditdohaicanio 4 sol@dmarrunt effective to
preferentially precipitate proteins other than the target protein, i.e.,
10contam nating proteins, particularly when such contacting is done in the
absencd0®¥0]i nt er fedivarsylyp Bnpiganasion ofddierspush gpBiose corgpossd gf Byane¥ithf
proteins. Oten, one skilled in the art encounters m xtures of soluble

pr ot ei retiemd sadmsant etaties/ienraolsiinpk ef pelfyfacchantes we and eicaicids (Mat sarnandt Vel pi
desired protein. The novel nethod for purifying proteins, described herein,
enabl eg2602) iBléctioph@rdsis LB 327002 70f Bériz0&tal Rl 99®)I UngitddyStarss PeteteNo.0N9435,086;
surfactants to preferentially precipitate proteins other than the 15target

Probe! Madth®iRI (P01 Ul RAESPREAAL. X0 @ 130N BIANLINE iREFHGRA Hefiby et

and does no

reference in its entirety). This phenomenon is apparently due to cationic surfactant-polyanion

interactions which enable precipitation of the polyanion.



depend upon the presence of polyanions, solid supports or aggregates
conprising the contam nating proteins and ot her nol ecul es. SUMVARY OF THE
| NVENTI ON [ 0016] The subj ect invention provides a nethod for purifying a
target protein froma 20m xture conprising the target protein and

contam nating protein, conprising the steps of exposing the m xture to an
effective anobunt of a cationic surfactant such that the contam nating
protein is preferentially precipitatedEgpd recovering the target protein.
BRI EF nui ES. . ... rai nt PTION FRE FI GUrt "*S[0017]FIG 1 depicts the
effects of CPC concentration on unease activity and purity. 5[0018] The

pr ot ei f06bHcent r alt isowel] ggtatdisbedthayaraphipathictanmaeniupBpmpoundsywhkdhaemprise ase,
fromdissolved E. colt inclusion bodies, are nmeasured follow ng the

i ndi cat@Atdeiey bir@aini@h tompbehdseTiiid édﬂx@ﬁﬂ feRd @NI' and pAlagisaaai priimagct i vity
(C of each isolate is calculated as a ratio of these values (activity/

prot ei n, CORGER il onHéls oiftﬂg & %}%mﬁulg RINTEL Scadl FECiFXAé H@l‘ny‘ﬂoﬁ*P ﬁr@er defined

chr omat ographl c a a YySI'S O cCcru manma |an unease prepare from

i ncl usi gn ,bodi s and.fo eatne

[ 00207 SRRt FiRuBfa ienedtirgFs | AERIE Bodbindh 1325 et 1269 Methsas
bodi es without CPC treatnent, an . supern ant foll 075%
or €61 piRERh Atk LT AT o g JOBESHE. B o‘}“%%nﬁggégg S e
percent of total area aresunmarized in the adjacent tables. 15100211FIG 3
depi ct S(1300-Faden(. 1584 :468-f24rfkeagesiand datieen (1867)c0an AeBivehemisup 2P FA@S-
unease-contai ning sanples are prepared as described in Exanple 1. Sanpl es

f r om vars7epybeg(10CEcBukskigipt JaMedaBriq U9BRd9aBalhnd, ( 19W9) Unitné Sfates Riitesis dloved
I'Bs; Lane 2 - supernatant after CPC treatnment; Lane 3 - pellet after CPC

treat meni41 $B033kéhSio, & AePINGLPURItEESRAS |Pldfeln€)NoHPBi32 97@'%&%6@%(1@!8&1}16 scFv
antlbody folowing 20" treatment with 0.02% CPC. [0024]S|ze excl usi on HPLC

profil §5,iad %ateg{?gt%ﬁﬁ@%ezl ﬁaf%aﬁquﬁ&oz&:la 5‘%4)"‘0Mt99$ﬁ4 eé @ateﬁf)NH b4 11251@311

|nclu5|on @ ‘super nat aht I"owl n ing and

B eI 2L §Ra it S BRGNP EBRNAS ﬁ%o%ﬂﬁes A2t dnEE ?@%ﬂpeak

Biochem. 203:103-112, each of which is incorporated herein by reference in its entirety). This
precipitation is dependent on the precipitating species having a high polyanion charge density
and high molecular weight (Saito (1955) Kolloid-Z 143:66, incorporated herein by reference in
its entirety). The presence of salts can interfere with or reverse cationic surfactant-induced

15  precipitation of polyanions.

[0012] Additionally, polyanions can be differentially precipitated from solutions
containing protein contaminants, under alkaline pH conditions. In such cases, proteins not
chemically bound to the polyanions will remain in solution, while the polyanions and other
molecules bound to the polyanions will precipitate. For example, precipitation of polyanions

20  such as polysaccharides and nucleic acids is accompanied by co-precipitation of molecules such
as proteoglycans and proteins interacting with the polyanions (Blumberg and Ogston (1958)
Biochem. J. 68:183-188; Matsumura, et al., (1963) Biochim. Biophys. Acta 69: 574-576;
Serafini-Fracassini, et al. (1967) Biochem. J. 105:569-575; Smith, et al. (1984) J. Biol. Chem.

259:11046-11051; Fuks and Vlodavsky (1994) United States Patent No.5,362,641; Hascall and



100251FI G 5 depicts SDS-PACGE (15% gel) analysis of CPC treated scFv

anti body. [00261The scEv anti body -containing sanples from various process
steps and standards 5are presented in the following order: Lane | -

nol ecul ar wei ght standards; Lane 2 - dissolved IBs; Lane 3 - refol ded
protein; Lane 4 CPC pellet; Lane 5 - supernatant after CPC treatnent.

[0027] FIG 6 depicts HPLC gel filtration chronmatography of interferon beta
before and after treatnment with CPC. A.  Before CPC treatnent 10B. After CPC
treatment. 200111 of a solution of O0.1ng/nml interferon beta was | oaded into
the col um. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0028] Prot ei ns are

anphol yHeisggdrd(197¢) bddibl. gheint 24242304 2lg 4242424 and) 4230-Fh%; pldinsfgam and

15sol ution and charged nol ecul es that interact with a protein inpact the
net chaMgeal{197B3Are. Biedhem. Bisphye. 163t 82Ra41;avierehet vk 11 9B3Y LRiites Sty occur
when the net charge of a protein is neutral (the isoelectric point). Wen

the pH pliediie, $0/s4tH0BN ¢S LAl QY Qr obe deg%bﬁqtlé'ﬂspﬁWVaﬁéflast Beal) 19953'Akcht he

proteln as a net pOSItIVG Ch ge t here my be’el ectfostatic repu si on

et T Ga Ly, 55155, RSl A0, BRBE AR LSRR 1y

target protein froma sol utlon conprising a mxture of the target protein

and sconfogrdinat i NgTRY Rb&@EAEc O (drPI)Ef LH0tent s tRgpH e whddhithé biotefl hid at ur e
with an effective anount of a cationic surfactant and recovering the target

pr ot ei Nygy drﬁ’lﬂa‘r%f Usﬁﬁ@@érﬁ‘{ﬁe%aﬂ%ec}ﬁ Js%ﬁd%%%lu‘ﬁ%n BAREHLRith pHANAues Mdsd @

pOSItIVG C ar ge. gener ese C npounds al so ave at | east one

non- pol.ar,_al i C I?ref e tar rot ectric
poi nt g‘Pés%Psw@{f%éﬂo‘ﬁ i S0 ARG PolahpstiBidon Rl SR A SBREL O <
about the sane as the_ is electrlc poi n, _ of theta t oteln

prefer rasiflie RplyanRhiuch taﬁgeli:‘ﬁmbf Undes canglitipnsonhich pr PpiiaHen Pé%ﬁect ric
point of the 5Starget protein. In a particular enbodi rrent when t he pH of

t he solpalyamiorissthgposteins kempleaed wethrtﬁ@:pqimm@n&ﬁlsq mmpaatgéLBdﬂ@teéu(w%g he pil-i
of the solution is wthin 1-2 pH units of the isoelectric point of the

t atget Rioohe.d. 37182195 AS dohar(1258) Bloctimt Biophen Adie 1@60DH12HE St PHH) i s
above the isoelectric point of the target protein, the pH of the solution
IS Wt Rtiend aRHndNies- 149; UnGed Sadsatldnt BoP9iont 396 (Bb}@l leB1gaD7py daiited
10[0030] I n a particul ar enbodi ment, the contaminating protein or proteins
are States Patent No. 4,297,344 (Schwinn, et al., 1981) , each of which is incorporated herein by

reference in its entirety).

[0014] United States Patent No. 4,421,650, United States Patent No. 5,633,227, and

15 Smith, et al. ((1984) J. Biol. Chem. 259:11046-11051, each of which is incorporated herein by
reference in its entirety) describe purification of polyanions by sequential treatment with a
cationic surfactant and ammonium sulfate (that enables dissociation of polyanion-cationic
surfactant complexes) and subsequent separation using hydrophobic interactions
chromatography. European patent publication EP055188, incorporated herein by reference in its

20  entirety, describes cationic surfactant-enabled separation of RTX toxin from lipopolysaccharide.
However, there is no mass balance in the amount of lipopolysaccharide that is quantified by
endotoxin activity assays. Neutralization of endotoxin activity by strongly interacting cationic

compounds has been demonstrated (Cooper JF (1990) J Parenter Sci Technol 44:13-5,



preferentially precipitated, thereby increasing the proportion of the
proteins remaining in solution represented by the target protein. For
exanple, starting froma solution of target protein and contam nating
protein wherein the target protein is 20% of the total protein in solution,
one can purify the target protein using the nmethods provided to achieve a
solution wherein the target 1 5 protein is 30%or nore, 40% or nore, 50% or
nore, 60% or nore, 70% or nore, 80% or re, 90% or nore, 95% or nore of
the total protein remaining in solution. [0031] As used herein, the term
"preferentially precipitate” nmeans that a protein or group of proteins are
preci piihedrporated haredii BRteferendd irits entisgty)amaid) e EPOSRISR the lackrodepd@bxipr ot ei ns.
For exanple, in the case of a mxture of a target protein and contam nating

pr ot ei Ngtivi)e #e ?F&Hﬁ@f@ a5l tRBh& tRRtAIner-RSiRE BMetits 8F EatidRiekirRthat ed
Wi th respect to the target protein when 20% or nore of the contam nating

pr ot ei ns (o] . whi | . khan 1. ¢ : Ll S

b eci piiangy SRS e B sl & dERTIOTS AL HaRAARIThrBE a2
pr eci pitlated, while a | ow percentage of the target protein is precipitated.
I n prefl8P¥¥%enbodi nents, 30%or -11 - nore of the contaninating proteins
are precipitated, while less than 30%of the target proteinis

presgi pihgifd: 40%HU A HIDE- & eRfioh M ERBY AT IR idﬂ&nﬁﬁ&?ﬁ?&?&%ﬁs BSIRECsRpbAS &d,
whil e I'ess 'than 40% of the target protein is precipitated, 50% or nore of

t he cont am nat i . I n I (W]} i %.af: 1 he
tar got BRBEATh SPBoAlEk Bishind i RREGR SRl s BobE SR AAR BB 1T,
are precipitated ile |ess than 60% of .the fargef. protein is .

D o o oot B L T oSt ORI S TASHET o S e T BHQIOBS B BEPYidE B
while less than 70% of the target protein is pr'eci,Pi tated; 80% or nore of

t he conmethpdhaf pufyivesttaigaspratein py eentpetingttheiprajgin vath aepdiopicauriaeiantdn apne
target protein is precipitated; 90% or nore of the contam nating proteins
are pr eoigqint effedive whpleferbrsdl ytphenipi@dpwieinhethemthge thepangeepmteirs i.e.,
precipitated; 95% or nore of the contam nating 10proteins are precipitated,

whipe |IRftntiRahgdpdteds, pditcilal@g@hedsi@h&ontacin@iseohpiit tielsenkce ef Ritatietiarya
smal | percentage of the target protein is precipitated. For exanple, |ess

t han 6Q% 9 Yot il €S H dh@Ro%% | ess
t han 18"§3yakg§1§’%o gﬁug&%’r&l ggsé%aﬁégﬁ%?@g? g't ?gk{ﬂ’?%égﬁ%%fg}%n i's ol
precipitated. 10 1l n a partjcul ar, enbodi nen 1 t Fohein
ol B RBTE QP RFe it Ao b eSS {0 R b Ty ARV @ a8t
carrying out_the purification pethod of the jnyention, .is fram0.1 tqo.10
mo/ i . ‘Pfe’é‘aﬁ’? Batehmedhiiar Rubae ferﬁ&’«llisofiaacrléﬁ%Eﬁﬁl%?ﬂa&?ﬁteéﬁﬂew“&éﬁmqnon
prior to carrying out the purification nethod of the invention is fromO.1
to 3 myftdrgetprateins by usimereationc sutfectantsty preferantislly precinitaproteing esher thayy the

or about 1 ng/m . 100331l n particul ar enbodi ments, the preferenti al

pregi pitdrget potetf. Rreferably mathi precipitattomi afcoRtabiisatthigrpeeteinsandirebbemdriots degpend,
or does not substantially depend, upon the presence of polyanions. In

anot herge JoRBRE prebdiRe BF BbI§EAIBhHS, 3bliP E@obk bahi@BeMEs cpiirRifigtati ng
proteins is direct, and does not depend, or does not substantially depend,

upon tr&‘&t%fn?ﬁa%{ﬁéin&.@in@aﬁ@b&%M&ﬂfets: | n anot her enbodi ment, the

preferentia Ipitation of contam nating proteins does not depend, or

SUMMARY OF THE INVENTION
[0016] The subject invention provides a method for purifying a target protein from a
20  mixture comprising the target protein and contaminating protein, comprising the steps of
exposing the mixture to an effective amount of a cationic surfactant such that the contaminating

protein is preferentially precipitated and recovering the target protein.



- 12 - does not substantially depend, upon the presence of aggregates

bet ween contam nating proteins and other nol ecules. The preferenti al
precipitation of contam nating proteins does not depend or substantially
depend upon a conponent (e.g., polyanions, solid supports, or aggregates of
contam nating proteins and other nol ecul es) when, for exanple, the renova
of that conponent 5does not effect or does not substantially effect,
respectively, the preferential precipigﬁgion of contam nating protein. An
exanpl e of an insubstantial effect of the renoval of a conponent would be
that the contam nating proteins are preferentially precipitated both when
the conponent is present and when it is absent. A further exanple would be
the contami nating proteins are preferentially precipitated to the sane
extent when the conponqun;a,Q@Q§gngnagﬂi;%”wq§ﬂ¥}g,';Gabsent. Preferably,
the sanme or substantial M HeVsarreamdimt Yof ' %ﬁ? ing proteins are
precipitated in the absence or substantial absence of the conponent as is
in the [8Pt8ence JF1G-Helepiniphsaticcts pd6BL] onrcenisting on aFissi asHty andiiritgt hod
is perforned in the absence of polyanions or in the absence of substanti al
anoynt pol yanj i . : i f din
e abagfLa oy ¥ " Myrel oS BTy AL BB ek A8 TR B9 e G SRS
support,. 1In.another epbodiment, . the nethod, | erformed in absence of
co6f codian Goelh cEnpaliratoHi protermsch o Sthe e matiett GEC GATAT he
absence of substantial anmounts of aggregates between contam nating proteins
and ot Had cspiridegal separgtiogf Eh‘?ﬂﬂeyl,ﬁCﬂ%Vlr%?% cpeh jselefoiswalgulaiedias @ raiehce of
or in the absence of substantial anpbunts of two or three nenbers of 20the
group cbessivatuenpcolityqirgt@ini amsenteati®o).i d support; and aggregat es bet ween
contam nating proteins and other nol ecul es. [0035] Once provided the nethod
of the | ntion, it Jjs routine for o f.skill in the art .- 13 -

sur f act{ﬁml conce rﬁllrcg\tzi %’H}Ct§ ﬂF%TFX%Y%?IéﬁﬁLgo‘i}i’fi@ﬂ?tPg’iaPB’r‘f,anﬁﬁ'&‘é P f\(f\ﬁlﬁ%S h this
procedure is _acconplished to enhance efficiency of the purification of a
patfi cungpmahanyeicage preppied fromm inckusian kodigsapd fﬁp%aws frsatyesnt Withdd 720 CPC.
differing pH values and surfactant concentrations may be conpared to
establ i he optd.na -1 £ [ iat i 1 Tl S . re
e pr Jo1 ol PP e MGG A0nEIE BRI R il B GREY

t he pH he so]Jutiqn_.is chosen ch.th (N s _high.as i ossi bl e

it ¢ oG ggtmt dnd B ecubragerhe e 610 04Tyl residpuRp ot SalioiRh A
[0036] It is a further objective of the invention to provjide a nethod for
det er miaApkygedk Jhaptgap A caghinerk apdiBiecerent of tet arsa arespeatargad Br the adigesnt
proteins on the basis of their solubility, as inpacted by cationic

sur f acttaidess. 10[ 0037] An effective anpunt of cationic surfactant is an
amount of surfactant that causes

15  [0021] FIG. 3 depicts SDS-PAGE (15% gel) analysis of CPC treated uricase.

[0022] The uricase-containing samples are prepared as described in Example 1. Samples
from various process steps are aliquoted as follows: Lane 1 — dissolved IBs; Lane 2 —

supernatant after CPC treatment; Lane 3 — pellet after CPC treatment.

[0023] FIG. 4 depicts size-exclusion HPLC analysis of crude scFv antibody following

20  treatment with 0.02% CPC.

[0024] Size-exclusion HPLC profiles of A. Reference standard BTG-271 scFv antibody,

B. solubilized inclusion bodies, and C. the supernatant following refolding and CPC (0.02%)



the preferential precipitation of contam nating proteins. In particular
enbodi nents, the effective anount of surfactant precipitates 40% 50% 60%
70% 80% 90% 95% or 99% of the contam nating proteins. [0038]1n an

enbodi nent of the invention, the cationic surfactant is added to a
15concentration of fromO0.001%to 5.0% preferably the cationic surfactant
is added to a concentration of from0.01%to 0.5 %and nore preferably, the
cationic surfactant is added to a conce{)‘ltratlon of fromO0.03%to 0.2% In
particul ar enbodi nents, the cationic surfactant is added to a concentration
of fromO0.01%to 0.1% 0.01%to 0.075% 0.01%to 0.05%or 0.01%to 0.03%
20[ 0039)recipaticmrdnd diltretivin @ ahdlgzddnTheticanof dahle pedkoarsl the neiconted totaltdnesdare s
acconpl i shed when the cationic surfactant is an anphi pathi c ammoni um
corrpoungﬂ]mr{lﬁ%a]lﬂ theaadpiceitantlesl embodi ment, the sol ubilized target protein
is subjected to further processing after cont am nating proteins have been
preferentially precipitated. Such further - processi ng_can _i ncl ude
addi ti olR8PSlpur i f i BKE depicte pBS- %@Eﬁ5%cﬁ€1)§@ﬁ}’\?’ist0f CHIC entedeyety antibadly.

di al ysi s, chromatography (e.g., HPLC, size exclusion chromatography),

el ectr g@ﬂf@es' >t A oRunfhPcod AT RAS A 8L pBIROLAR! DS AR

conpou OI'TpI’I se COI'TpOUﬂ cationic an non- pot ar conponents

m:goégﬁe Eegg{t%{a&@?@ %}Vlaf&ﬁﬁiﬁr&ﬂn& ov@P&ﬁPﬁagwg?ﬁ%an‘li‘%g? 3@?3 3 : %?)l:vtegroups

whi ch may or not be bonded one to another). Wen organl c roups are
bonded I&SeLw 3111 eafblded prateip; hene 4 o CRCoyadlier: daaf Sphaprmatsnt afie =G tfeatment

conpounds, depending on the electronic configuration of the bonds bet ween

amront 02 mpoundt Rei SEBREHLY el Rl Fiihfioa R0 IR L RA KR g

al O primry am ne ein Ris an aliphatic group. Aliphatic groups are
open ck?ﬁeﬁtrS%/tme‘tB\rﬁgé 1004211 n an enbodi ment of the invention, the
sel ect ed anphi pat hi ¢ amoni um conpound may forma salt with a hali de.

Commonly, hal i glg,sathe tfeffdntt © those conprising fluoride, chloride,
brom de, and iodide 1ons. [0043]1n an enbodi nent of the invention, the

a i pat hic | M 6 d has at - 15 | east one aliphatic chain havi ng
ngg car bon g{%‘ﬁ%} prggera y, the anphi pathi c ammoni um corrpound has at

| east one al t hai n ing 8-18 carb n_ at an enbodi nent
of the i nvenjtq%é}ﬂ?%? ?Ri,“%(é} %fg‘?i@ggﬂldﬁfebfsf%h? %Wﬁ%ﬁ%”a?ﬂ \['?8‘%%18 A sel ect ed
fromthe group consisting of cetyl pyridiniumsalts,

st earam denet hyl pyridiniumsalts, | aurﬂ)il I\P ridiniumsalts, cetyl
qui nol ynium salts, | dhE?AIhEMBES%IS ©N OF THE INVENTION

[0028] Proteins are ampholytes, having both positive and negative charges. The pH of a
15  solution and charged molecules that interact with a protein impact the net charge of that protein.
Strong interactions between proteins can occur when the net charge of a protein is neutral (the
isoelectric point). When the pH of the solution is below the isoelectric point of the protein, the
protein has a net positive charge, and there may be electrostatic repulsion between cationic

molecules, including other proteins.

20  [0029] It is an object of the invention to provide a method for purifying a solubilized
target protein from a solution comprising a mixture of the target protein and contaminating
proteins comprising contacting the solubilized mixture with an effective amount of a cationic

surfactant and recovering the target protein. Cationic surfactants are surface-active molecules



20acid nethyl ester salts, lauryl amno propionic acid netal salts, |auryl
di net hyl betane, stearyl dinethyl betainc, |auryl dihydroxyethyl betaine
and benzet honium salts. [0045] Anphi pat hi ¢ anmoni um conpounds whi ch nay be
used include, but are not limted to hexadecyl pyri di ni um chl ori de
dequal i ni um acet ate, hexadecyl pyridi niumchloride, - 15 -

cetyl trinmethyl amoni um chl oride, m xed n-al kyl di nethyl benzyl amoni um
chloride, cetyl pyridiniumchloride (CRG).,

N, N-di met hyl - N-[ 242[4- (1,1, 3,3, -tctranet hyl butyl)- phenoxyl et hoxy] et hyl |
benzenenet hananmoni um chl ori de, al kyl -di net hyl benzyl - anmoni um chl ori de, and
di chl orwithempsitivé ol | Insgekgriah timsa icompaeurids alsddiave attleast eog hon-polar aliphatic
trimet hyl anmoni um 5 brom de, dodecyl trimethyl ammoni um brom de, cetyl

t ri met hytbapmPpiiferablp g taelRt ploddifi Yihs £H VB c peihagmeates thaarry |Indipaaichidr

bet ai ne, and | auryl di hydroxyethyl betaine. [0046]1n an enbodi nent of the

i nventi : j ' [ BRALOLL S i | Rl ity alt such
as cety pf?%%?ﬂ?gﬁﬁgﬁ é??%@? Ogﬁ%??ﬁ@an en%ygﬁﬁgﬁgﬁggn?%e invgﬁg?ﬁn, t he

m xt ure nt aj ni ng-the desi.red otel n . 10f urt her I,1S € ~
CorpondRbeT ot iigret PRy AR R el F 157 TR (PEBo St ph gt he
exanpl e, bacteria such as E. coli. [0048]1In_an_enbodi.nent .of the invention,
t he °cel PIACHPTOEdRpBHePRECHpeTy igfnir e bmfg?%@e SplyHa9 ]y 3POXRA hertRsiRciht  of
the invention the target protein may be a reconbinant 15 protein, for
exanpl epoigfrrfdheiargst pfad@B0he hE afshhedutidn is Rathim{-enpHomite o thedsegdestria peiphati f y
a variety of proteins. These proteins may include, but are not limted to
ant i bodhegrgetprataise In apagichir embbéinent, Iveenhhé pitod thesolwtiuinbis tbove thei d

deoxyri bonuel ease 11, elastase, |ysozyne, papain, peroxidase, pancreatic

ri bonuckeasdic psimdst RO ﬂa@%bt prEt¥RS e, pHE YL tAE B61aHBN & wighia IUSIO AR of the isoelectric
st aphyl ococcus aureus enterotoxin 20C, and nonoam ne oxi dase A, and ot her

proteiqﬁﬁ&hﬁgmg&ﬁﬁpﬁﬁk&hyely charged under al kaline conditions. - 16 -

10  [0030] In a particular embodiment, the contaminating protein or proteins are
preferentially precipitated, thereby increasing the proportion of the proteins remaining in
solution represented by the target protein. For example, starting from a solution of target protein
and contaminating protein wherein the target protein is 20% of the total protein in solution, one
can purify the target protein using the methods provided to achieve a solution wherein the target

15  protein is 30% or more, 40% or more, 50% or more, 60% or more, 70% or more, 80% or more,

90% or more, 95% or more of the total protein remaining in solution.

[0031] As used herein, the term “preferentially precipitate” means that a protein or group
of proteins are precipitated to a greater extent than another protein or group of proteins. For
example, in the case of a mixture of a target protein and contaminating proteins, the

20  contaminating proteins are preferentially precipitated with respect to the target protein when
20% or more of the contaminating proteins are precipitated, while less than 20% of the target
protein is precipitated. Preferably, a high percentage of contaminating proteins are precipitated,

while a low percentage of the target protein is precipitated. In preferred embodiments, 30% or



[0051] I n an enbodi nment of the invention the target protein may be an

anti body, receptor, enzyne, transport protein, hornone, or fragnent thereof
or a conjugate e.g., conjugated to a second protein or a chemcal or a
toxin. [0052] Anti bodies include but are not limted to nonocl onal,

humani zed, chineric, single 5 chain, bispecific, Fab fragnents, F(abl)2
fragnents, fragnents produced by a Fab expression library, anti-idiotypic
(anti-1d) antibodies, and epitope-bindifjg fragnents of any of the above,
but with the proviso that at the conditions of the purification the

ant i body isigositively charged. 100531For preparation of nonocl onal

ant i bodiness, ofghy cardarhimatjng probeins pr pvictemtadpwhiltéesp thod BOVs olithe fargettpirdioidyis

nol ecul es by continuous culture of cell lines nay be used. These include
10but aprecipbiitedlj 40% ofimbee dihlie BytaimiatiRg pRLdiNG st redipitedd, amilahgs Manstoed of
(1975, Nature 256, 495- 497; and U. S. Pat. No. 4,376,110), the human B-cel

hybr i dogg tzlrgé"(rﬁ?j)tgﬁﬁs @Ké&ﬁh%{ed%o%' or mor® 8B the! THUARAAGY: pFOLRY afo prza'{)/it&;@(h,e_ et
al ., 1983, Proc. Natl. Acad. Sci. USA 80, 2026-2030), and the EBV-hybri dona

t echni . nocl.onal ant.i hodi I ]
vonocl ot Ra TR0 AR LR BRSNS A RSPt (Lo BonanghitiBe o)
15[ Q054] Such anti bodi e y be use S e basis fromwhjch to clone and
thus r efL"SFPb‘?Sr?éﬁ PT“;‘?‘Pé%i‘??ieg’gﬁ? Eﬁ%? &lﬁaaga‘% thé &IPSR ATQPIGHE PE?ﬁ‘é’itﬁ@.a? "IO(E% Of thgre
chains may be reconbinantly expressed in the sane cell or conbined in vitro
af t er seffae seramingtieg proaseinasrg poenipitatesawhda leshithanei08o aEihg darget pyoteing a

pl asm d vector) encoding a desired heavy or light chain or encoding a

nol ecul grecpitged;H0dgoamdesofitae chreaminating progdihs aieirecipitatédabihde dezathan &hobe
transfeeted into a cell 20expressing a distinct antibody heavy or |ight

chai n ohe MREQPHb1BINGO PRICIpHialtd; 0073 nd20 8¥ theeBMMnihatiigbtemBakdpreéipitated,
expression of a multineric protein. Alternatively, heavy chains or

mol ecul gg;1& LSt ' regi.on. i th&hsafanan
optionally %%H%§p?g%gggﬁ%%@g%ggﬁgﬁffﬂﬁﬁ?“%%g’%?%Sgﬁ%%?o a conp?%ﬁé%tary
light chajn or light chain. variable.feagion In other - 17 - enbodiments,
sulll aoist e bl L R 8 Bt e aRrcR i iseibfalgo* ERGEB
C-termnal_ am dation or N-term_ nal acetylation. [0055]A chineric antibaody
s & moPEHkRECSIiRSRAT A taract Brodip I PEIPYed-aF & %—n}pg%iesrs thsm 647 fess drn Sboal
speci es, such as those having a variable region derived froma nurine inAb
and 5a lnssrthan 40Pulserthai 30 Yon lesethon 2A%, tesgittom. 100/Gdess thangs% oCidsh thap 184 ofithe,
U.S. Pat. No. 4,816,567; and Boss et al., U S. Pat. No. 5,816, 397.)
Techni qaest proteit seprpgipidated.i on of chineric anti bodi es include the splicing
the genes froma nouse anti body nol ecul e of appropriate antigen specificity
together with genes froma h n anti body nol ecul e of appropriate )
bi ol ogi 00 H1act Pvi Iy Hag%@lqrcﬁm@gﬁﬁ}tethe RSk araeyt of profin 1t sejption @rget rRisin
Acad. Sci., 81, 6851-6855; Neuberger, et al., 1984, 10Nature 312, 604-608,
Tak&da,ples cogtaminaigsproigdn ) paoRLAATBE-opb the, purifiosarHnethed o thednvensioni i8s ar e
anti body nol ecul es from non- human speci es havi ng

from 0.1 to 10 mg/ml. In particular embodiments, the total amount of protein in solution prior to

carrying out the purification method of the invention is from 0.1 to 3 mg/ml, 0.3 to 2 mg/ml, 0.5

to 2 mg/ml, 0.5 to 1 mg/ml, 1 to 2 mg/ml, or about 1 mg/ml.

[0033] In particular embodiments, the preferential precipitation of contaminating proteins

20  isdirect, and does not depend, or does not substantially depend, upon the presence of polyanions.
In another embodiment, the preferential precipitation of contaminating proteins is direct, and
does not depend, or does not substantially depend, upon the presence of a solid support. In

another embodiment, the preferential precipitation of contaminating proteins does not depend, or



one or nore conplenmentarity-determ ning regions (CDRs) fromthe non-human
speci es and franmework regions froma human i nmunogl obul i n nol ecul e.

Techni ques for the production of humani zed anti bodi es are secribed for
exanple in Queen, U S. Pat. No. 5,585,089 and Wnter, 15 U. S. Pat. No.
5,225,539. The extent of the franmework regi ons and CDRs have been precisely
defined (see, "Sequences of Proteins of Inmunological Interest”, Kabat, E.
et al., US Departnent of Health and Human Services (1983). 100571Si ngle
chain anti bodies are fornmed by |inking e heavy and |ight chain fragnments
of the Ey region via an amno acid bridge, resulting in a single chain

pol ypepdéadaot Substantigiipedepiend, upon e presedoe of agpregatesibeyy@nchatamizating lpoeteiss ar e
described for exanple in U S. Pat. 4,946,778, Bird, 1988, Science 242,

423- 426anddiBérancle@ileql The pk8REantikY recipMi@idn ofAaBmiSGing PrSifing oeHt AepdRir
and Ward, et al., 1989, Nature 334, 544-546). - 18 - [0058] A bispecific
ant i bodyn } I i i i types of
o et o B s, AR RSl PR
recepto loid.cells.. Such bispecific antihodies can, b r epar

el tnor S B PR RS AR 85, o PaGlbs RV B REBRY oy
techni ques. 5[ Q059] Anti body fra nts include but are not limted to. The
F(ab ) 299 agheiiics 9J dpfsant &%ﬁtaaeglgf &é&sp;ﬁﬁ“}’f‘é}ﬁs‘f‘?mp’fﬁ?ﬁ%%ttail BrecttatioRof

anti body nolecule and the F(ab') fragnents, which can be generated by
reduci nepndmeingling proieie  Apicyerapledt an insubtasia) effeetad thanesoval aferoemponety, Fab
expression libraries may be constructed (Huse, etal., 1989, Science 246,
1275- 128ayld e izt ltleecansgmidatmgipressns drd preferbntily pracipitatedbeth wiralthd=ab
fragnents with the desired specificity. 10[0060]In an enbodi ment of the

I nvent | @mponb iP pRis@itint SvHen 9EiS Bbseh 08 ﬁﬂtlﬁbr%ﬂ@rhgl%rw&ﬂ@ggm%htaﬂ{inéth%
invention, the uricase is a mammal i an unease. [0062] 1 n anot her enbodi nent

nvention, th e s am ! . ther embodi
[0063] 1HORERChePefR R R bR RS b ReM A e IR EsRERE.

pot.ci ne Jd5unease. .[ 00 not her e di.nent, of the inyepntion,. the variant
Do e Tkl B3R Rent, BRtEhbi, Rk STRESLE tnsCamierinasib S s Bhipbirent | o
the invention, the protein is an antibody. [0066]1n another enhodi nent of
the i nVBAEISRe pIseidaterd b Hip absenge of W&S@Hg‘ﬁ]a%hﬁe%qfwmm@@éﬁ g not her
enbodi nent of the invention, the protein is an interferon.

presence of the component.

[0034] In another embodiment, the method is performed in the absence of polyanions or
in the absence of substantial amounts of polyanions. In another embodiment, the method is

15 performed in the absence of a solid support or in the absence of a substantial solid support. In
another embodiment, the method is performed in the absence of aggregates between
contaminating proteins and other molecules, or in the absence of substantial amounts of
aggregates between contaminating proteins and other molecules. Preferably, the method is
performed in the absence of or in the absence of substantial amounts of two or three members of

20  the group consisting of polyanions; a solid support; and aggregates between contaminating

proteins and other molecules.

[0035] Once provided the method of the invention, it is routine for one of skill in the art

to select the particular surfactant used and the conditions, e.g., pH, temperature, salinity, cationic



[ 0068] I n anot her enbodi nent of the invention the interferon is interferon
beta. ina - 19 - (1980); CGoeddel, D. V. eta!,, Nature, 287:411(1980);

Yel verton, E. et al., Nuc. Acid Res., 9:731 (1981); Streuli, M et al.

Proc. Nat'l Acad. Sci. (U.S.), 78:2848 (1981); European Pat. Application
No. 28033, published May 6, 1981; 321134, published July 15, 1981; 34307
publ i shed Aug. 26, 1981; and Bel gi an Patent No. 837379, issued July 1, 1981
described various 5 nmethods for the p[ngction of beta-interferon enpl oying
reconbi nant DNA techni ques. Procedures for recovering and purifying
bacterially produced | ENs are described in U S. Pat. Nos. 4,450, 103;

4, 315, s@pfactanizamcasationntdtal pBAE@n T8BcentiaidorDEngarokhich Biis propestugs is acawgmjshed
287:193-197 and Scandel | a and Kornberg, Biochem stry, 10:4447 (1971).

[ 0069] |0 eahpmeterficibmsy of niostirifRation bhepirdcgert tafgeopiteini Bol @aalpld, aatificatdéas
Leech factor Xa 10 may be produced by any nethod known to one of skill in

the artperfaBd 86diHBEnFBHNAML I 88E birPREnt BoddRhfrRbnShalaR da?fgﬁfgd thiestablishlifte 341
and I nternational Patent Publication No. WO94/23735.” [0070]1 n an enbodi nent

of the jmp ' j ' t i
abour - 4PN pllcaibetiBbAC L0hlid: AR ch e SEPILYRRE teich, B B RaRRts
about 30 m nutes to about, 12 hours, about 30.m nutes to apout.8 hours,.
Sbodt el ear i IB GO G PREBG T foes SOt Bbbis o eSS
about 30 minutes to about 2 hours, about 30 m nutes to about 1 hour, or
about ! Ragsiblsovithont pehstantiall poeuping thmaraonss of Rt Pegteiniecqvgiednt i on, t he
contacting is done at a tenperature from about 4C to about 36C, nore
pr ef er from . t . | €6 i i | so
P ovi adgodgle o i el SRR or iR RS PRRIELE R BBl R °2
rotein havin n.isoelectric pai.nt.greater than 7 under .al kal.ine ...
P ond t | GRGOp B RafRabIs SE et PRSI EES P BROw Qielbe Shis v Bes Subiity as
under al kaline conditions froma mxture by the addition of cetyl pyridinium
chl ori deweefed R catioigpwfactantpy - 1007411 n an enbodi ment of the invention,
t he unease is obtained froma bacterial cell conprising DNA encoding the
uricas th i.sl £ j
hﬁﬂo%gapfg 04! effgé{we'a%&o%%t bf %%%hf&%uh*;&a@%g hlg Eh%ﬁtggsslér_féf?gg;}%afﬁ%@ﬁaégr ess

thé duce € uneaseé and recoverin
enbodi nent qaf t i nvent.ion, the urj.case i.s recovered fr.o reci.pitates
[ pre?erentpa? prec}/p?tagon of contamll'rllatmg proteins. In particular embomn[?en?s, the ef?ecgve

amount of surfactant precipitates 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% of the

contaminating proteins.

[0038] In an embodiment of the invention, the cationic surfactant is added to a

15  concentration of from 0.001% to 5.0%, preferably the cationic surfactant is added to a
concentration of from 0.01% to 0.5 % and more preferably, the cationic surfactant is added to a
concentration of from 0.03% to 0.2%. In particular embodiments, the cationic surfactant is
added to a concentration of from 0.01% to 0.1%, 0.01% to 0.075%, 0.01% to 0.05% or 0.01% to

0.03%.

20  [0039] In an embodiment of the invention, the above-mentioned method is accomplished

when the cationic surfactant is an amphipathic ammonium compound.

[0040] In a preferred embodiment, the solubilized target protein is subjected to further

processing after contaminating proteins have been preferentially precipitated. Such further



5within the bacterial cell. [0076] The subject invention also provides

purified unease for use in preparing a uricase- polyner conjugate.

[0077] The invention also provides a purified protein having an isoelectric

poi nt greater than 7 obtainable by a nmethod conprising contacting a

m xture containing the protein with an 10effective anmobunt of a cationic

surfactant under conditions such that the protein is positively charged or

has an area of positive charge, and recgvering the protein. [00781The

subj ect invention also provides use of a cetylpyridiniumsalt for purifying

a protein having an isoelectric point greater than 7. [0079] As to the pH,

i n enbgdbesssing camachiderdditional pud ficatiaonesctssaysior activity of fendehirations diatystt  of

a cationic surfactant under conditions such that the target protein is

posi ti valrymebaraghy (e. 4. NHPRY, ¥izé bxdtadion Wirbiatolgeapha), eleetrophoréiss, Uy, el ot ei n.

However, the pHis preferably between pH7 and pHll;, preferred ranges are

from about pH7 and pH 10, pH7 to pH9, pH8 to pHll, pH8 to pHLO or pH8 to

pHo. BEXARMLES 20[Hosorihsecinamabirachigamerpniygn IC@WPQF%gsCé{nPFé? EMMPIINGS Hayipg

understanding the invention but are not intended to and should not be

const r teth tafioniqartd ndnspdarapeiponerdn yithale gdaVBuEla of sitheo QNCRERNM; . Q

Purification of Reconbi nant Manmalian Unease -21 - 1.1. Background

[ 0081] Rhaicares that ihealitragerdea YiRaSeryAshoRRNL&seAEhBl bonded aefoaf ofanicpResse

protein. 5Mamral i an unease (isoelectric point of 8.67) produced in E. coi

accunul at.edi.Qt j kegh & &t hisbhar ferred
! »%1'@9 o rgfrgfg%i Aedg b?:[)bygadmg i@ G Wher? blfg;h@ arbihs AEOBEHAY Bfe f£

to as inclusi Bs ch can be easi I sol ated for further
purificatj.an. ont r ast

Nn.,ln c .t o..the cl assical view I c ' .anbl ed/
'St ol dRape s Ryl Rbilic o AR, colpBlindt Bonds g o oS brediiC
fol ded uricase in recipitated form Exposu of uricase IB-1Ii el.ements
to an AORHEVAEOHAL fhg'bgnds bween tgﬂcgmml}erﬁtgwgwégfmg& %ﬁwﬂﬁﬂge-i \@ﬁ?%f‘@d
protein. The uricase content in solubilized TB-1ike el ements was about 40 -
60% andmmipdthie dmexaréwsicpmppund selected fns thogaista ifermpln dhbide ndsrompeiedisa
preparation. Herein, we denonstrate purification of unease and ot her
pr abei rprimdri afiie wheatincRins dreal athss g@dp biliphat@rgredps and opantdhothsorg#oe gewaspl e,

manmal i an unease purity can be assessed by deternmining the specific

i Vi he n r of n i ch r follown I roph i n
act vl té()ég%] gDs? rF]I%e e(r)nbol?i?mgnst o\%s,’rt‘i'lecinve,an%[c))gfjl the s(ejlectgzlivI am%hﬁna&gg a 3 oglru?nSI s and

stainid
compound may form a salt with a halide. Commonly, halide salts refer to those comprising

fluoride, chloride, bromide, and iodide ions.

[0043] In an embodiment of the invention, the amphipathic ammonium compound has at
©15  least one aliphatic chain having 6-20 carbon atoms, preferably, the amphipathic ammonium

compound has at least one aliphatic chain having 8-18 carbon atoms.

[0044] In an embodiment of the invention, the selected amphipathic ammonium

compound is selected from the group consisting of cetyl pyridinium salts, stearamide-

methylpyridinium salts, lauryl pyridinium salts, cetyl quinolynium salts, lauryl aminopropionic
20  acid methyl ester salts, lauryl amino propionic acid metal salts, lauryl dimethyl betaine, stearyl

dimethyl betaine, lauryl dihydroxyethyl betaine and benzethonium salts.

[0045] Amphipathic ammonium compounds which may be used include, but are not

limited to hexadecylpyridinium chloride dequalinium acetate, hexadecylpyridinium chloride,



15gel s, and the nunber and size of peaks which appear in a chromatogram
follow ng size exclusion HPLC. 1.2. MATERI ALS AND METHODS 1.2.1. 50 nM
NaHCO3 Buffer (pll 10.3) 20 [0082] This buffer was prepared by dissolving
NaHCO3 to a final concentration of 50 MM The pH was adjusted to 10.2
-10.4. Depending on starting pH, 0.1 MHCL or 1 N NaOH may be used. 1.2.2.
10% CPC sol ution 25 [0083] 10% CPC was prepared by dissolving CPC in
distilled water to a final concentration of 10 gr/ 100mil. - 22 - 1.2.3.
Reconbi nant porci ne unease expressi on [0084] Reconbi nant manmal i an uri case
(urate oxidase) was expressed in E. coli K-12 strain WB110 F, as descri bed
in I nt ecetidtrinethylamancaium Phloride.anixed nyablad dbseds! bsnzparasinn ¢hloside.cephd
United States Patent Provisional Application No. 60/095,489, incorporated
her ei n fpyridiglier chierld (CPCHEN/N-dimiéth @t N-¢23-[2-[4-21 4,3, Dusttamathdbetybar vest  of
unease- produci ng bacteria [0085]Bacteria were cultured at 37Cin growh

medi um ;ﬁféﬂbﬁ%eﬂheﬁ A5/ fen RN &hBoni B8R SEI08YE, 86 -difethyIBenl de@Shiurand
anmoni a. 10[0086] Fol 'owi ng cul ture, bacteria in which unease accunul at ed

\é\ﬁ Ir te U :1 25h\rfr(g1§ﬁieg rgﬁl&) Sichiftld -5Eﬁﬂgﬁﬁlief?&l-Ql@?la%ﬁ&ﬁgmvghﬁ&id@?&?rﬁdé&l ERNRN R amBRinfla|
5  bromide, dodecyl trimethylammonium bromide, cetyl trimethylammonium bromide, lauryl

dimethyl betaine stearyl dimethyl betaine, and lauryl dihydroxyethyl betaine.

[0046] In an embodiment of the invention, the amphipathic ammonium compound is a

cetylpyridinium salt such as cetylpyridinium chloride.

[0047] In an embodiment of the invention, the mixture containing the desired protein
10  further comprises cellular components such as cellular components derived from

microorganisms, for example, bacteria such as E. coli.

[0048] In an embodiment of the invention, the cellular components are one or more
proteins.
[0049] In an embodiment of the invention the target protein may be a recombinant

15  protein, for example, an enzyme.

[0050] The method of the invention can be used to purify a variety of proteins. These

proteins may include, but are not limited to antibodies, uricase, interferon-beta, leech factor X

inhibitor, acid deoxyribonuclease I, elastase, lysozyme, papain, peroxidase, pancreatic

ribonuclease, trypsinogen, trypsin, cytochrome ¢, erabutoxin, staphylococcus aureus enterotoxin
20  C1, and monoamine oxidase A, and other proteins that are positively charged under alkaline

conditions.



1.2.5. Cell disruption and recovery [0087] Harvested cell pellet was
suspended in 50 MM Tris buffer, pH 8.0 and 10 nmM 15 EDTA and brought to a
final volune of approxinmately 20 tinmes the dry cell weight (DCW. Lysozyne,
at a concentration of 2000-3000 units/m, was added to the suspended pell et
while m xing, and incubated for 16-20 hours, at 4 - 8C. [0088] The cell

| ysate was treated by high shear m xi ng and subsequently by sonication. The
suspension was diluted with an equal voJume of deionized water and
centrifuged. The pellet, 20containing unease inclusion bodies, was diluted
Wi th dcionized water (ww) and centrifuged to further renove inpurities.
The pel |0861pbt ai nkdarf erbodimest df dst invergtonghe prge praseinanhyfberanf antibbdy,

processi ng, and the supernatant was discarded. 1.2.6. Dissolution - 23 -

100891 TR@eptBE letisingd) tlaAsHO(phElein) Bbingdne\\as LB He fiskeebion a 20njulyhtdlaHCW@dhjuhied,
pH 10. 30. 1. The suspension was incubated at a tenperature of 252C for about

0.5 - . Iilkz@84iqn of the 1B-derived unease. 1.2.7. CPC
treat nétﬁ{h"%%%%@@fé%&’%‘g% ut ?on 1vvas added in aliquots to honbgenized |IBs
(pH 10.3), while briskly mxing, to obtain the desired CPC concentration.

The sanjdios2\as i nAntibaddies hcludd btar@dotlomited msmomaiaat, dumanized, ehiméric kingle
precipitating flakes fornmed. The sanple was centrifuged for 15 m nutes, at

12, GO0 ¢hath, bidpeciBe] mtfrﬁmﬂen@;p atfaRnenR! Bagapas pfoddcedanta Fiteexpetssdh was
suspended 10 Sj\;%/ith 50 tn NaHCOgibguffgrn(pH 1%93) tgo the original vol une.

Ime STENTE Sy Ao RE S T et Dl o

zed to renov e renual nli ng Protein

assay 15[,0091] The protejn content of .aliguats.of.treated. - unt | B

canp! esP UL TLbE SO AL s Al et B it RarRS e PRy gt

Gerbaut (1982) Cin ChimActa 122:93-101). 1.2.9. Unease assay

201. 2. SobsEnzy mat k& @epdritidnyof monoclonal antibodies, any technique that provides for the
production of antibody molecules by continuous culture of cell lines may be used. These include

10  but are not limited to the hybridoma technique of Kohler and Milstein, (1975, Nature 256, 495-

497; and U.S. Pat. No. 4,376,110), the human B-cell hybridoma technique (Kozbor et al., 1983,
Immunology Today 4, 72; Cole et al., 1983, Proc. Natl. Acad. Sci. USA 80, 2026-2030), and the

EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., 1985,

Monoclonal Antibodies And Cancer Therapy, Alan R. Liss, Inc., pp. 77-96).

15  [0054] Such antibodies may be used as the basis from which to clone and thus
recombinantly express individual heavy and light chains. The two chains may be recombinantly
expressed in the same cell or combined in vitro after separate expression and purification.
Nucleic acids (e.g., on a plasmid vector) encoding a desired heavy or light chain or encoding a
molecule comprising a desired heavy or light chain variable domain can be transfected into a cell

20  expressing a distinct antibody heavy or light chain or molecule comprising an antibody heavy or
light chain, for expression of a multimeric protein. Alternatively, heavy chains or molecules
comprising the variable region thereof or a CDR thereof can optionally be expressed and used

without the presence of a complementary light chain or light chain variable region. In other



[ 0092] Activity of uricase was neasured by the UV nethod (Fridovich, I.
(1965) The conpetitive inhibition of uricase by oxonate and by rel ated
derivatives of s-triazines. J Biol Chem 240, 2491-2494; nodified by
incorporation of I nmg/m BSA). Enzymatic reaction rate 2 5 was determ ned,
in duplicate sanples, by neasuring the decrease in absorbance at 292 nm
resulting fromthe oxidation of uric acid to allantoin. One activity unit
is defined as the quantity - 24 - of upease required to oxidize one gnole
of uric acid per mnute, at 25C, at the specified conditions. Uricase
potency is expressed in activity units per ng protein (Ung). [0093] The
ext i nct ¢robodimenfsi sickrntobbdiks and protetmsanan dhe N 0202emrmalmedified mgpdyCitenuedl i s
12.2. Therefore, oxidation of 1 nole of uric acid per m reaction m xture
r esul t sathidaflotl BENe@G&RinhIkcotyddtivar bance of 12.2 mA292. The absorbance change
with tine (AA292 per mnute) was derived fromthe linear portion of the
curve. Unease activity was then calculated as follows: AA292nm (AU m n) X
DF x VRIOARL i vi t yA(abimarjc anfibody isp molggeledn mhich different poitipacars deriygd from
Total volune of reaction mxture (in RI) Vs = Volune of diluted sanple used
i n r eacdiifferentranimat epdcias, fich ad hbs@h&viRg HPuGaaigysi derived froBupmudes n20pand

[ 0094] The anmobunt and the rel ative percentage of the native unease enzyne,
as el | 2 Bem@YFHmbhegl6UHnAIBnam 18 gioWeSee, BHANCBil§ @t fG DS HPAIINS 0,8 TEe563; whd on
profile obtained by HPLC using a Superdex 200 columm. Duplicate sanpl es of
unease gol LENUWePs: N §@t1§,§9‘2’/{2{1'9d{n' e§%ﬂ{ﬂgmojdtrlct?&?ofedhﬁﬁéi@intﬁégﬁs peak

and the percent of total area re automatically cal culated and summari zed

in the adjacent t.ables. 1.2.10. SDS- PAGE,anal ysi s 95] Pr.ot ei ' es
cont ai n’inﬁfé‘%?% %&cﬁggﬁ%g‘ﬁyes AL n\?/@?%%@ﬂ& S%Z?fu%%&ofgaofé%% - E%@ﬁeﬁ{s@ The
resulting gels were stained wth Coomassie brilliant bJue. 1.3, RESULTS

[ 0096] TREBFT Btk geuss Teopea ?Bm@@sntlbqsim@%ulﬁ PEaRATERHAL g@rogica} 2%%&5?%% f]‘;Bn
uricase activity recovered in the supernatant, and its lEIurity are presented
i n Tabl exampig Meriepn, et pk.j 1984t Ryoc. Natl. Acad. Sci., 81, 6851-6855; Neuberger, et al., 1984,

10  Nature 312, 604-608; Takeda, et al., 1985, Nature 314, 452-454).

[0056] Humanized antibodies are antibody molecules from non-human species having
one or more complementarity-determining regions (CDRs) from the non-human species and
framework regions from a human immunoglobulin molecule. Techniques for the production of
humanized antibodies are secribed for example in Queen, U.S. Pat. No. 5,585,089 and Winter,

15  U.S. Pat. No. 5,225,539. The extent of the framework regions and CDRs have been precisely
defined (see, "Sequences of Proteins of Immunological Interest", Kabat, E. et al., U.S.

Department of Health and Human Services (1983).

[0057] Single chain antibodies are formed by linking the heavy and light chain fragments

of the Fv region via an amino acid bridge, resulting in a single chain polypeptide. Techniques for
20  the production of single chain antibodies are described for example in U.S. Pat. 4,946,778; Bird,

1988, Science 242, 423-426; Huston, et al., 1988, Proc. Natl. Acad. Sci. USA 85, 5879-5883;

and Ward, et al., 1989, Nature 334, 544-546).



- 25 - CPC treatnent (at pH 10.3), the protein concentration was 1.95
nmg/nil, and the specific enzymatic activity was 3.4 - 4.67 U ng. The
results presented in FIG 1B indicate that within each incubation period,
the protein concentration of the supernatant decreased with increasing CPC
concentration. At less than 0.04% CPC, a relatively mnor effect on the
protein 5concentration was observed. CPC, in concentrations of 0.04%to
0.075% could reduce the protein concentration to about 50% of the original
concentration. [0097]In contrast to the effects of CPC on total protein
concentration, the total soluble uricase activity was not significantly
i nf | ueni®888lby i ncAdbspepidic@ribastyrie e geneiichldy eagisedredburidofy whichfecqgniass Q) .
Wthin each incubation period, the specific enzymatic activity (FIG 1C
10consitypesifltyrgen el e dbedspasifia epitoymt dndr(2ph "tcigEert omdene agi brreneritbisont he
range 0.04% - 0.075% This increase was a result of specific renoval of
non- ur i 63816ideRs &3 bispeiB ahti d8Reh b prépazednaiheehbpciemitdl ofughtivh, f i nal
purified enzyme was approxinmately 9 Ung, the mgjority of contam nating
pr ot ei r . I: DI Q0 deed, HPLC and SDS- PAGE
anal ysg‘} b\é@?‘?‘é‘}’r GEIs u%l%r%t&?‘?ﬁ%ﬁgﬂéﬁgggEséucgﬁl.quliégTABLE 1. EFFECT OF CPC
EXPOSURE ON URI CASE SPECI FI C ACTIVITY AND PURITY Incubation tinme (hr) [CPC
(99 sUnej@gsgjact i vi Axtifddyniggnidntsaheludd bitrmmé net lunitebtoe TRpEGLH2 cragokentsj witich
(Ung) 1

can be produced by pepsin digestion of the antibody molecule and the F(ab') fragments, which

can be generated by reducing the disulfide bridges of the F(ab')2 fragments. Alternatively, Fab
expression libraries may be constructed (Huse, et al., 1989, Science 246, 1275-1281) to allow

rapid and easy identification of monoclonal Fab fragments with the desired specificity.

10  [0060] In an embodiment of the invention, the protein is uricase.
[0061] In another embodiment of the invention, the uricase is a mammalian uricase.
[0062] In another embodiment of the invention, the mammalian uricase is a variant

mammalian uricase.

[0063] In another embodiment of the invention, the mammalian uricase is a porcine

15  uricase.

[0064] In another embodiment of the invention, the variant porcine uricase is designated

PKSAN uricase.

[0065] In another embodiment of the invention, the protein is an antibody.

[0066] In another embodiment of the invention, the antibody is a single chain antibody.
20  [0067] In another embodiment of the invention, the protein is an interferon.

[0068] In another embodiment of the invention the interferon is interferon beta. Ina

particular embodiment, the interferon is interferon beta 1b. Nagola, S. et al., Nature, 284:316



O (load) 6.63 1.95 14 1 0.005 7.1 1.8 3.9 1 0.01 6.63 1.75 3.7 0.02 6.63
1.75 3.7 0.04 6.4 1.47
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(1980); Goeddel, D. V. et al., Nature, 287:411 (1980); Yelverton, E. et al., Nuc. Acid Res., 9:731
(1981); Streuli, M. et al., Proc. Nat'l Acad. Sci. (U.S.), 78:2848 (1981); European Pat.
Application No. 28033, published May 6, 1981; 321134, published July 15, 1981; 34307
published Aug. 26, 1981; and Belgian Patent No. 837379, issued July 1, 1981 described various

5  methods for the production of beta-interferon employing recombinant DNA techniques.
Procedures for recovering and purifying bacterially produced IFNs are described in U.S. Pat.
Nos. 4,450,103; 4,315,852; 4,343,735; and 4,343,736; and Derynck et al., Nature (1980)

287:193-197 and Scandella and Kornberg, Biochemistry, 10:4447 (1971).

[0069] In a particular embodiment, the target protein is leech factor Xa. Leech factor Xa
10  may be produced by any method known to one of skill in the art, such as the method described in

United States Patent No. 6,211,341 and International Patent Publication No. W094/23735.

[0070] In an embodiment of the invention, the contacting is done for between about 1

minute and about 48 hours, more preferably from about 10 minutes to about 24 hours, about 30

minutes to about 12 hours, about 30 minutes to about 8 hours, about 30 minutes to about 6 hours,
15  about 30 minutes to about 4 hours, about 30 minutes to about 2 hours, about 30 minutes to about

1 hour, or about 1 to about 2 hours.

[0071] In an embodiment of the invention, the contacting is done at a temperature from

about 4°C to about 36°C; more preferably from about 4°C to about 26°C.

[0072] The subject invention also provides use of cationic surfactant as a single agent for

20  purifying a protein having an isoelectric point greater than 7 under alkaline conditions.

[0073] The subject invention also provides a uricase purified under alkaline conditions

from a mixture by the addition of cetylpyridinium chloride to the mixture.
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[0074] In an embodiment of the invention, the uricase is obtained from a bacterial cell
comprising DNA encoding the uricase by a method comprising treating the bacterial cell so as to

express the DNA and produce the uricase and recovering the uricase.

[0075] In an embodiment of the invention, the uricase is recovered from precipitates

within the bacterial cell.

[0076] The subject invention also provides purified uricase for use in preparing a uricase-
polymer conjugate.
[0077] The invention also provides a purified protein having an isoelectric point greater

than 7 obtainable by a method comprising contacting a mixture containing the protein with an
effective amount of a cationic surfactant under conditions such that the protein is positively

charged or has an area of positive charge, and recovering the protein.

[0078] The subject invention also provides use of a cetylpyridinium salt for purifying a

protein having an isoelectric point greater than 7.

[0079] As to the pH, in embodiments where the mixture is contacted with an effective
amount of a cationic surfactant under conditions such that the target protein is positively

charged, the pH will vary with the nature of the target protein. However, the pH is preferably
between pH7 and pH11; preferred ranges are from about pH7 and pH10, pH7 to pH9, pHS to

pH11, pHS8 to pH10 or pHS8 to pHO.

EXAMPLES
[0080] The examples which follow are set forth to aid in understanding the invention but

are not intended to and should not be construed to limit its scope in any way.

EXAMPLE 1. Use of CPC for Purification of Recombinant Mammalian Uricase
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1.1. Background

[0081] Pharmaceutical grade uricase must be essentially free of non-uricase protein.
Mammalian uricase (isoelectric point of 8.67) produced in E. coli accumulated intracellularly in
precipitates similar to organelles referred to as inclusion bodies (IBs) which can be easily
isolated for further purification. In contrast to the classical view that IBs contain scrambled/ mis-
folded expressed protein, these IB-like elements contain correctly folded uricase in a precipitated
form. Exposure of uricase IB-like elements to an alkaline pH, e.g., about pH 9-11, re-dissolved
the precipitated protein. The uricase content in solubilized IB-like elements was about 40 - 60%
and required extensive purification to obtain a homogeneous uricase preparation. Herein, we
demonstrate purification of uricase and other protein with CPC that can be assessed by a variety
of methods. For example, mammalian uricase purity can be assessed by determining the specific
activity, the number of bands which appear following electrophoresis and staining of SDS-PAGE

gels, and the number and size of peaks which appear in a chromatogram following size exclusion

HPLC.

1.2. MATERIALS AND METHODS

1.2.1. 50 mM NaHCOj; Buffer (pH 10.3)

[0082] This buffer was prepared by dissolving NaHCO; to a final concentration of 50

mM. The pH was adjusted to 10.2 —10.4. Depending on starting pH, 0.1 M HCl or 1 N NaOH

may be used.

1.2.2. 10% CPC solution

[0083] 10% CPC was prepared by dissolving CPC in distilled water to a final

concentration of 10 gr/ 100ml.
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1.2.3. Recombinant porcine uricase expression
[0084] Recombinant mammalian uricase (urate oxidase) was expressed in E. coli K-12
strain W3110 F’, as described in International Patent Publication WO00/08196 of Duke
University and United States Patent Provisional Application No. 60/095,489, incorporated herein

by reference in their entireties.

1.2.4. Culture and harvest of uricase-producing bacteria

[0085] Bacteria were cultured at 37°C in growth medium containing casein hydrolysate,

yeast extract, salts, glucose, and ammonia.

[0086] Following culture, bacteria in which uricase accumulated were harvested by

centrifugation and washed with water to remove residual culture medium.

1.2.5. Cell disruption and recovery
[0087] Harvested cell pellet was suspended in 50 mM Tris buffer, pH 8.0 and 10 mM
EDTA and brought to a final volume of approximately 20 times the dry cell weight (DCW).

Lysozyme, at a concentration of 2000-3000 units/ml, was added to the suspended pellet while

mixing, and incubated for 16-20 hours, at 4 - 8°C.

[0088] The cell lysate was treated by high shear mixing and subsequently by sonication.
The suspension was diluted with an equal volume of deionized water and centrifuged. The pellet,
containing uricase inclusion bodies, was diluted with deionized water (w/w) and centrifuged to
further remove impurities. The pellet obtained from this last wash step was saved for further

processing, and the supernatant was discarded.

1.2.6. Dissolution



0.075 6.6 0.9 7.4 24 0 (load) 9.1 1.95 4.67 1.4. Confirmation O CPC
enhancenent O wuricase purity 100981Unease-containing IBs were isolated and
sol ubilized, as described in section 1.3. Sanpl es of the soluble
material were anal yzed prior to CPC treatnment and following filtration of
5the CPC-precipitated protein. 1.4.1. HPLC anal ysis of non-unease proteins
followng treatment with 0.075% CPC 10099] HPLC anal ysis of solubilized | Bs
i ndi cated that the unease-associ ated pemk (retention tinme (RT) -25.5
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2A. Thus, these results indicate a doubling of unease purity resulting from

r enoval altdw Bs10bilizatéRSH the B-defivadnaitased?’C treatnent. 151.4.2. Effect of
0.075% CPC on enzymatic activity [0100] The results (presented in Table 2)

i ndi cate that mass bal ance of uricase activity was retained during the
t r eat nedt2.-pr 6&&syeatgmpBtexposure was found to precipitate 60% of all
proteins in solution. Mre than 85%of the enzymatic activity renmained in
sol uti 0f0090hus t h&0%EERErsalationvaeadded ie aligiopy otwinmgahized tRxi(plinl 0. he wddse i n
specific activity of the produced
briskly mixing, to obtain the desired CPC concentration. The sample was incubated for 1 to 24
hours as indicated, during which precipitating flakes formed. The sample was centrifuged for 15
minutes, at 12,000 x g. The pellet and supernatant were separated, and the pellet was suspended
10  with 50 mM NaHCO; buffer (pH 10.3) to the original volume. The enzymatic activity of each

fraction was determined, and the fractions were concentrated and dialyzed to remove the

remaining CPC.

1.2.8. Protein assay
15  [0091] The protein content of aliquots of treated and untreated IB samples was
determined using the modified Bradford method (Macart and Gerbaut (1982) Clin Chim Acta

122:93-101).

1.2.9. Uricase assay
20 1.2.9.1. Enzymatic activity
[0092] Activity of uricase was measured by the UV method (Fridovich, I. (1965) The
competitive inhibition of uricase by oxonate and by related derivatives of s-triazines. J Biol
Chem, 240, 2491-2494; modified by incorporation of 1mg/ml BSA). Enzymatic reaction rate
25  was determined, in duplicate samples, by measuring the decrease in absorbance at 292 nm

resulting from the oxidation of uric acid to allantoin. One activity unit is defined as the quantity



supernatant of nore than 110% As in nost purification processes, sone of
the desired activity - 27 - remained in the pellet. In this instance, only
17.6% of the original activity remained in the pellet (and was extracted
usi ng 50 nM sodi um bi carbonate (7 nSi, pH 10.3) for anal ytical purposes),
which is a relatively mnor fraction of the total amount. TABLE 2. EFFECT
OF CPC TREATMENT ON URI CASE ACTIVITY Sanple Total activity (U Activity
(UmM) [Protein] (ng/ml) Specific actiy%gy Activity recovered (U ng)
(% Before CPC

of uricase required to oxidize one umole of uric acid per minute, at 25°C, at the specified

conditions. Uricase potency is expressed in activity units per mg protein (U/mg).

[0093] The extinction coefficient of 1 mM uric acid at 292 nm in a 1 cm path length is
12.2. Therefore, oxidation of 1 umole of uric acid per ml reaction mixture results in a decrease in
5  absorbance of 12.2 mAjs,. The absorbance change with time (AAjy; per minute) was derived

from the linear portion of the curve. Uricase activity was then calculated as follows:

AA2920m (AU/mm) x DF x Vrm
Activity (U/ml)= Vsx12.2
Where:DF = Dilution factor;

Vrum = Total volume of reaction mixture (in pl)
Vs = Volume of diluted sample used in reaction mixture (in pl)
10 1.2.9.2. HPLC analysis with Superdex 200
[0094] The amount and the relative percentage of the native uricase enzyme, as well as
possible contaminants, were quantified according to the elution profile obtained by HPLC using
a Superdex 200 column. Duplicate samples of uricase solution were injected into the column.
15  The areas of each peak and the percent of total area were automatically calculated and

summarized in the adjacent tables.

1.2.10.SDS-PAGE analysis
[0095] Proteins in samples containing ~20 [lg protein/ lane, were separated on 15%

20  SDS-PAGE gels. The resulting gels were stained with Coomassie brilliant blue.

1.3. RESULTS
[0096] The effects of CPC (0.005 - 0.075%) treatment (for 1 — 24 hours) on uricase

activity recovered in the supernatant, and its purity are presented in Table 1 and FIG 1. Prior to
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contained uricase that resulted in the single major protein band.
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enzymatic activity was 3.4 — 4.67 U/mg. The results presented in FIG. 1B indicate that within
each incubation period, the protein concentration of the supernatant decreased with increasing
CPC concentration. At less than 0.04% CPC, a relatively minor effect on the protein
concentration was observed. CPC, in concentrations of 0.04% to 0.075%, could reduce the

protein concentration to about 50% of the original concentration.

[0097] In contrast to the effects of CPC on total protein concentration, the total soluble
uricase activity was not significantly influenced by increasing CPC concentration and incubation
time (FIG. 1A). Within each incubation period, the specific enzymatic activity (FIG. 1C)
consistently increased as a function of CPC concentration within the range 0.04% - 0.075%. This
increase was a result of specific removal of non-uricase proteins. Since the specific enzymatic
activity of the final purified enzyme was approximately 9 U/mg, the majority of contaminating
proteins were removed by CPC precipitation. Indeed, HPLC and SDS-PAGE analyses performed
support this conclusion.

TABLE 1. EFFECT OF CPC EXPOSURE ON URICASE
SPECIFIC ACTIVITY AND PURITY

Incubation [CPC] (%) Uricase [Protein] Uricase specific
time activity (mg/ml) activity (U/mg)
(hr) (U/ml)

1 0 (load) 6.63 1.95 34
1 0.005 7.1 1.8 3.9
1 0.01 6.63 1.75 3.7
1 0.02 6.63 1.75 3.7
1 0.04 6.4 1.47 4.35
1 0.06 5.9 0.95 6.2
1 0.075 6.4 0.9 7.1
4 0.005 8.61 1.7 5.06
4 0.01 8.36 1.66 5.04
4 0.02 8.36 1.6 5.04
4 0.04 7.38 1.32 5.59
4 0.06 6.4 0.9 7.1




EXAMPLE 2. Effect of CPC on Purification of Single Chain (scFv) Antibodies
15 2. 1. MATERI ALS AND METHODS 2.1.1. Buffers 2.1.1.1.1nclusion body

di ssolution buffer 20 101021Di ssol ution buffer contained 6 Murea, 50 nM
Tris, 1 mM EDTA, and 0.1 Mcysteine. The pH of the buffer was titrated to
8.5. - 28 - 2.1.1.2. Folding buffer [0103] Fol ding buffer contained 1 M
urea, 0.25 MM NaCl, 1 nM EDTA, and 0.1 M cysteine. The pH of the buffer was
titrated to 10.0. 52.1.2. Expression ofysscFv Antibodies in Bacteria

[0104] ScFv antibodies (pl 8.9) were expressed in E. coli transformed with a
vector _encoding a scFv having cyste ne-lysine-alanine-lysine at th
carboxyl endt as descrOWEd i n| PCT6Bubl i cat i @B2WD 02/ 0592648.4i ncor por at ed
herein by re#erence i 0.006s entire®y. 10 2. 11.8. Culture add@Harvest |of scFy
Ant i body- Progluci ngl Bagggri a [ 0105pScFvt contpapni ng|bacterigai4 cells were

cul t ured T mypi ni ey M at phlg7- 2, and gypplemented W {f1 L-argjnine,
final ; |||g7t3hc: Hveh gr—pe od prigpy to rduct i on.
Expr esisi-on—gf—seFywashduced—byH-mtation-of—gltucose—agpunt—n—{ he

medi un Qhﬁzf"rnnf ix ni r91b¢mm‘ ri af’-grpl s we p97har3¢=ct ed fa7r culture by
ultralfiltrafion. 1520078 Cell @isrupfion @Ad redovery of4inclusion bodies
[ 0106]|Har ve8#ed cel | Opddddet mas Suspended P50 mM Tris BuFer, pH| 8.0 and
10 mM HAAC&ifiki4@si00f GRC anlidamedoOf iRicate p@ifyoxi mately 20 tines the dry
cell weight (DCW. Lysozyne, at a concentration of 2000-3000 units/m, was

added tiggdgie SuspeRERE-Belaldig MY W& e Rokt8¥and SbibiliNe RA&EHb& in3Bctrfd hour s,
at 4 C 20[0107] The cell Iysa%e was then treated by high shear m xi ng and

b oot T f ' L . = .
vore: e Pts SIUGR R s BB RO ERC UL PR oG Rl At LES
appr.oxi g‘agﬁ:gy/ sixteen fold with deionized water (W w and centrifuged to

f ur herthf RFCPpRied PFUCD: The pel l et obtained fromthis |ast wash step was

saved for further processing.
1.4.1. HPLC analysis of non-uricase proteins following treatment with 0.075%

CPC
[0099] HPLC analysis of solubilized IBs indicated that the uricase-associated peak
(retention time (RT) ~25.5 minutes) comprises about 46% of the protein of the crude IB sample
10  (FIG 2A). Following CPC treatment, the uricase-associated peak increased to approximately
92% of the protein (FIG 2B), and was accompanied by significant reduction of the contaminants
eluting between RT 15 — 22 min. (FIG 2A). The area of the uricase peak is approximately 70%
of that in FIG 2A. Thus, these results indicate a doubling of uricase purity resulting from

removal of non-uricase protein upon CPC treatment.

15 1.4.2. Effect of 0.075% CPC on enzymatic activity
[0100] The results (presented in Table 2) indicate that mass balance of uricase activity
was retained during the treatment process. CPC exposure was found to precipitate 60% of all
proteins in solution. More than 85% of the enzymatic activity remained in solution, thus the
20  removal of extraneous protein afforded an increase in specific activity of the produced

supernatant of more than 110%. As in most purification processes, some of the desired activity



- 29 - [0108] The IB-enriched pellet was suspended in inclusion body

di ssolution buffer (see above), incubated for 5 hours at roomtenperature,
and refolded in vitro in a solution based on argini ne/ oxi di zed gl ut at hi one.
After refolding, the protein was dialyzed and concentrated by 5tangenti al
flow filtration agai nst containing ureal/ phosphate buffer. 2.1.6. CPC
treatnment [0109] 10% CPC sol uti on was added to the scFy refolding mxture to
a final concentration of 0.02% ang after 1 -2 hr incubation, at room
tenperature, the precipitate was 1 Orenbved by filtration. The supernat ant
contai ned the scFy antibody. 2.2. RESULTS 2.2.1. Effect of CPC
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was approxi mately 20.6 mnutes. The results indicate that recovery of total
protein generally decreased with increasing CPC concentration, and recovery
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More efficient renoval of contam nating protein was achieved at pH 7.5
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1.4.3. SDS-PAGE Analysis Following Treatment with 0.075% CPC
[0101] Samples of the crude uricase, prior to exposure to CPC, and of the subsequent
fractions, following separation of soluble and insoluble material, following CPC treatment,
centrifugal separation of the fractions, and reconstitution of the pellet obtained after

10  centrifugation, containing equal amounts of protein were analyzed by SDS-PAGE methodology.
The results (see FIG. 3) show the presence of contaminating proteins prior to CPC treatment.
Following CPC treatment, the pellet contained most of the contaminating proteins, while the

supernatant contained uricase that resulted in the single major protein band.

EXAMPLE 2. Effect of CPC on Purification of Single Chain (scFv) Antibodies
15  2.1. MATERIALS AND METHODS
2.1.1. Buffers
2.1.1.1. Inclusion body dissolution buffer
*0 [0102] Dissolution buffer contained 6 M urea, 50 mM Tris, ]| mM EDTA, and 0.1 M

cysteine. The pH of the buffer was titrated to 8.5.



HPLC (mg) Purification factor %recovery of scFy by HPLC Control
(before CPC) 73 15.87 100 0.01% CPC (pH 10) 64 15.66 113 98.68 0.01% CPC
(pH 7.5) 50.76 14.97

10

15

20

25
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2.1.1.2, Folding buffer

[0103] Folding buffer contained 1 M urea, 0.25 mM NaCl, | mM EDTA, and 0.1 M

cysteine. The pH of the buffer was titrated to 10.0.

2.1.2. Expression of scFv Antibodies in Bacteria
[0104] ScFv antibodies (pI 8.9) were expressed in E. coli transformed with a vector
encoding a scFv having cysteine-lysine-alanine-lysine at the carboxyl end as described in PCT

Publication WO 02/059264, incorporated herein by reference in its entirety.

2.1.3. Culture and Harvest of scFv Antibody-Producing Bacteria

[0105] ScFv-containing bacterial cells were cultured in minimal medium, at pH 7.2, and
supplemented with L-arginine, final concentration 0.5%, during the five hour period prior to
induction. Expression of scFv was induced by limitation of glucose amount in the medium.

ScFv-containing bacterial cells were harvested from culture by ultra filtration.

2.1.4. Cell disruption and recovery of inclusion bodies
[0106] Harvested cell pellet was suspended in 50 mM Tris buffer, pH 8.0 and 10 mM
EDTA and brought to a final volume of approximately 20 times the dry cell weight (DCW).

Lysozyme, at a concentration of 2000-3000 units/ml, was added to the suspended pellet while

mixing, then incubated for 16-20 hours, at 4 °C.

[0107] The cell lysate was then treated by high shear mixing and subsequently by
sonication. The scFv antibody-containing inclusion bodies were recovered by centrifugation at
10,000 x g. The pellet was diluted approximately sixteen fold with deionized water (w/w) and
centrifuged to further remove impurities. The pellet obtained from this last wash step was saved

for further processing.

2.1.5. Dissolution and refolding



1.36 94.33 0.015% CPC (pH 10) 54 14.49 1.23 91.30 0.015% CPC (pH 7.5) 39.96
14.22 1.64 89.60 0.02% CPC (pH 10) 43 13.35 1.43 84.12 0.02% CPC (pH 7.5)
37.8 13.02 1.58 82.04 0.03% CPC (pH 10)
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[0108] The IB-enriched pellet was suspended in inclusion body dissolution buffer (see
above), incubated for 5 hours at room temperature, and refolded in vitro in a solution based on
arginine/oxidized glutathione. After refolding, the protein was dialyzed and concentrated by

5 tangential flow filtration against containing urea/phosphate buffer.

2.1.6. CPC treatment
[0109] 10% CPC solution was added to the scFv refolding mixture to a final

concentration of 0.02%, and after 1 — 2 hr incubation, at room temperature, the precipitate was

10 removed by filtration. The supernatant contained the scFv antibody.

2.2. RESULTS
2.2.1. Effect of CPC concentration on recoverable scFv antibody
[0110] The effects of CPC (at pH 7.5 or 10) on scFv antibody purity and recovery are
15  presented in Table 3. Prior to CPC treatment, the initial amount of IB protein was 73 mg,
containing 15.87 mg scFv antibody as determined by HPLC analysis on Superdex 75. The
retention time (RT) of the scFv antibody-containing peaks was approximately 20.6 minutes. The
results indicate that recovery of total protein generally decreased with increasing CPC
concentration, and recovery of scFv antibody remained >80% when the CPC concentration was
20  <0.03%. More efficient removal of contaminating protein was achieved at pH 7.5 relative to that

at pH 10. Thus, scFv antibody purification was achieved by treatment with 0.01 to 0.03% CPC.
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2.3. CONFIRMATION OF CPC ENHANCMENT OF scFv ANTIBODY PURITY
5 2.3.1. HPLC analysis of scFv recovery following treatment with CPC
[0111] HPLC analysis of refolded protein indicates that the scFv antibody-associated
peak (retention time (RT) ~20.6 minutes) comprised about 22.7% of the protein of the total
protein (FIG 4B). The chromatogram of FIG 4C indicates that following treatment with 0.02%
CPC, the scFv antibody-associated peak of the supernatant comprised approximately 75.9% of
10 the total protein injected, a 3.3-fold purification. Thus, CPC treatment removed protein

impurities from scFv antibody solutions.

2.3.2. SDS-PAGE analysis on scFv recovery following treatment with CPC
[0112] The results (see FIG. 5) indicate that prior to CPC treatment, the sample contained

significant amounts of a large number of proteins. Similarly, following CPC treatment, the pellet



5Nagola, S. et al., Nature, 284:316 (1980); Coeddel, D. V. et al., Nature,
287:411 (1980); Yelverton, E. et al., Nuc. Acid Res., 9:731 (1981);

Streuli, M et al., Proc. Nat'l Acad. Sc . (U S.), 78:2848 (1981); European
Pat. Application No. 28033, published May 6, 1981; 321134, published July
15, 1981; 34307 published Aug. 26, 1981; and Bel gi an Patent No. 837379,

i ssued July 1, 1981 descri bed various nethods for the production of
beta-interferon enploying 1 O reconbi nait. DNA t echni ques. Procedures for
recovering and purifying bacterially produced |IFNs are described in U S
Pat. Nos. 4,450,103; 4, 315,852; 4,343,735, and 4, 343, 736; and Derynck et

al ., Nefantangdinbege mgyber 9Bprptemss by castitnst drg RosaRH Crsstyaeny sumstatid FPsmpd

10: 4447 (1971). Inclusion bodies containing | FN-beta were isol ated and

sol ubi | ¢neadajof protedh Bhrel, thes of sdFvginsibddt.i on was treated with CPC. The results
shown in Figure 6 15 indicate a substantial decrease in the | evel of

cont am pat,i nt aft CPC treat act ual anmount of
P ot BRAMBLELS  Brfed B CECion mhrifiastoncif hgunBigapLnteipparisi ow ng CPC
treatnent [0115 ] Table 4 summari zes the effects of the CPC treatnent. Total
pr ot ei N0t B3ladf or d)nterferon betar HNbatappl 4695 9 Nassprarsstnsne E-erich ek mytheds ut
40% but the anmount of |FN-beta 20 remai ned unchanged. - 32 - TABLE 4.
Sanpl e Magbld Seat ahe Mature,c288t 1 6((MB3M Hoeddol,A2.80. dt ENNatore, 28iT:4 0ILUABT);Da SEC
Profile Control (post protein folding no CPC, 1049-31) 0.51 1.55 0.069
Yelverton, E. et al., Nuc. Acid Res., 9:731 (1981); Streuli, M. et al., Proc. Nat'l Acad. Sci. (U.S.),
78:2848 (1981); European Pat. Application No. 28033, published May 6, 1981; 321134,
published July 15, 1981; 34307 published Aug. 26, 1981; and Belgian Patent No. 837379, issued
July 1, 1981 described various methods for the production of beta-interferon employing
10  recombinant DNA techniques. Procedures for recovering and purifying bacterially produced
IFNs are described in U.S. Pat. Nos. 4,450,103; 4,315,852; 4,343,735, and 4,343,736; and
Derynck et al., Nature (1980) 287:193-197 and Scandella and Kornberg, Biochemistry, 10:4447

(1971). Inclusion bodies containing IFN-beta were isolated and solubilized.

[0114] The resulting solution was treated with CPC. The results shown in Figure 6
15 indicate a substantial decrease in the level of contaminating proteins present after CPC treatment.
The actual amount of IFN-beta (area under the peak) did not change appreciably following CPC

treatment.

[0115] Table 4 summarizes the effects of the CPC treatment. Total protein (Bradford)
decreased by 40%, UV absorbance decreased by about 40% but the amount of I[FN-beta

20  remained unchanged.
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® The SEC profile contained several peaks. The peak eluting at 13 min (R.T. 13 min) is reduced
5  upon treatment with CPC and corresponds to the region where high molecular weight

proteins and variants thereof elute.

EXAMPLE 4. Effect of CPC on purification of factor Xa inhibitor.
[0116] CPC was used to purify leech factor Xa inhibitor. Leech factor Xa inhibitor
(FXal, pI 8.4-9.1) may be produced as described in United States Patent No. 6,211,341 and
10 International Patent Publication No. W(094/23735. Following isolation of FXal-containing
inclusion bodies (IBs), the FXal was purified from IBs substantially as described in example 1.
After dissolution of the IB pellet, the preparation was incubated with 10% CPC solution. Then,
the mixture was centrifuged for 15 minutes, at 12,000 x g. The pellet and supernatant were
separated. The pellet was suspended with 50 mM NaHCO; buffer to the original volume. The
15  pellet and supernatant were separately concentrated and dialyzed to remove the remaining CPC.
The protein content and activity were assayed and FXal was found to be the predominant
component in the supernatant and substantially absent from the pellet. The results indicate that

CPC treatment enhanced the efficiency of recovery and the purity of the recovered FXal.

EXAMPLE 5. Purification of carboxypeptidase B (CPB) by CPC
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[01171I dentical amounts of inclusion bodies obtained froma clone
expressing CPB were solubilized in 8 Murea, pH 9.5 (control and test).
Production of CPB is described in International Patent Publication No.

W96/ 23064 and in United States Patent No. 5,948,668. The test sanple was
treated with CPC 0.11% and clarified by filtration prior to refolding.
5Ref ol ding of control and test sanples.yere carried out by diluting the
solutions 1:8 into refolding buffer. After treatnent w th cndoprotei nase
over night_at anbient tenperature, equal ampunts of control and test

sol uti dfd1%er e | okisaticabamguns Déml%@@t%db%g’%@ém@r#ﬂm?Wg’“@cﬂxﬂ’f?ﬁsm%lgpﬁa%ﬁéd
and the active enzyne was subsequently eluted with 60 nmM Sodi um Chl oride in
20 mv Tolwbibeddfia Mrires, pHPTABIOR!S] arRy tostps BroguetprrRediGlitk isalesaritedtinent

Control 0.11% CPC Dissolution in 8 MUrea Post Clarification Total A280 960
494 International Patent Publication No. W096/23064 and in United States Patent No. 5,948,668.

The test sample was treated with CPC 0.11% and clarified by filtration prior to refolding.

5  Refolding of control and test samples were carried out by diluting the solutions 1:8 into refolding
buffer. After treatment with endoproteinase over night at ambient temperature, equal amounts of
control and test solutions were loaded onto a DEAE Sepharose column. The column was

washed and the active enzyme was subsequently eluted with 60 mM Sodium Chloride in 20 mM

Tris buffer pH 8.
10 TABLE 5.
Process Step Parameter Treatment
Control 0.11% CPC
Dissolution in 8 M Urea Total Ay 960 494
Post Clarification Protein Content
(mg)* 490 272
pH 9.5 9.5
Enzyme Activity Inactive Inactive
(Units) **) **)
Post Chromatography of 26.5 mg | Protein Content
of Refoldate (mg)* 5.67 8.41
(DEAE MP) Enzyme Activity
(Units) 258 4043
Specific Activity
(Units/mg) 98 481

(*) Protein determination was carried out by the Bradford method.
(**) Prior to refolding the protein was inactive
[0118] The results presented in Table 5 show that total OD in the CPC treated material

15  dropped by 49.5% and the total protein content was reduced by 44.5%. Interestingly, total



Protein Content (ng)* 490 272 pH 9.5 9.5 Enzyne Activity (Units) I|nactive

(**)

I nactive (**) Post Chronmatography of 26.5 ng of Refol date (DEAE MP)

Protein Content (nmg)* 5.67 8.41

10
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enzyme activity recovered in the CPC treated sample increased by 79%, suggesting that CPC

removed a component that partially inhibited generation of active enzyme.

[0119] All references cited herein are incorporated herein by reference in their entirety
and for all purposes to the same extent as if each individual publication or patent or patent
application was specifically and individually indicated to be incorporated by reference in its

entirety for all purposes.

[0120] Many modifications and variations of the present 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 the invention is to be
limited only by the terms of the appended claims along with the full scope of equivalents to

which such claims are entitled.
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We claim:

1.

A method for purifying a target protein comprising:

a. obtaining a solution comprising a mixture of a solubilized target protein, one or more
solubilized contaminating proteins and an alkaline buffer, wherein the target protein is
positively charged and has an isoelectric point greater than 7 under alkaline pH and the

contaminating protein has a polyanion charge;

b. contacting the solution comprising the mixture of the solubilized target protein, the one or
more solubilized contaminating proteins and the alkaline buffer, with one or more cationic
surfactants in an amount effective to preferentially precipitate the one or more contaminating

proteins; and
c. recovering the solubilized target protein.

The method of claim 1 wherein at least one of the one or more cationic surfactants is an

amphipathic ammonium compound.

The method of claim 2 wherein the amphipathic ammonium compound is selected from the
group consisting of quaternary ammonium compounds of the general formula QN *; paraffin

chain primary ammonium compounds of the general formula RNH 3'; and salts thereof.

The method of claim 3 wherein the amphipathic ammonium compound is selected from the
group consisting of cetyl pyridinium salts, stearamide-methylpyridinium salts, lauryl
pyridinium salts, cetyl quinolynium salts, lauryl aminopropionic acid methyl ester salts,
lauryl amino propionic acid metal salts, lauryl dimethyl betaine, stearyl dimethyl betaine,

lauryl dihydroxyethyl betaine and benzethonium salts.

The method of claim 4 wherein the amphipathic ammonium compound is selected from
hexadecylpyridinium chloride, dequalinium acetate, hexadecylpyridinium chloride,

cetyltrimethylammonium chloride, mixed n-alkyl dimethyl benzylammonium chloride,
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cetylpyridinium chloride, N,N-dimethyl-N-[2-[2-[4-(1,1,3,3,-tetramethylbutyl)-
phenoxyJethoxy] ethyl] benzenemethanammonium chloride, alkyl-dimethylbenzyl-
ammonium chloride, and dichloro-benzyldimethyl-alkylammonium chloride, tetradecyl
trimethylammonium bromide, dodecyl trimethylammonium bromide, cetyl
trimethylammonium bromide, lauryl dimethyl betaine, stearyl dimethyl betaine, and lauryl

dihydroxyethyl betaine.

The method of claim 4 wherein the amphipathic ammonium compound is a cetylpyridinium

salt.
The method of claim 6 wherein the cetyl pyridinium salt is a halide salt.
The method of claim 7 wherein the cetyl pyridinium halide salt is cetylpyridinium chloride.

The method of claim 8 wherein the amphipathic ammonium compound has at least one

aliphatic chain having 6-20 carbon atoms.
The method of claim 9 wherein the aliphatic chain has 8-18 carbon atoms.

The method of claim 1 wherein the solution further comprises one or more cellular

components.

The method of claim 11 wherein the one or more cellular components are derived from a

microorganism.
The method of claim 12 wherein the microorganism is a bacteria.
The method of claim 13 wherein the bacteria is E. coli.

The method of claim 11 wherein the one or more cellular components are one or more

proteins.
The method of claim 1 wherein the target protein is a recombinant protein.

The method of claim 16 wherein the recombinant protein is an enzyme.
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The method of claim 15 wherein the target protein is selected from the group consisting of an
antibody, a uricase, a factor X inhibitor, an acid deoxyribonuclease II, an elastase, a
lysozyme, a papain, a peroxidase, a pancreatic ribonuclease, a trypsinogen, a trypsin, a
cytochrome c, an erabutoxin, staphylococcus aureus enterotoxin Cl, an interferon and a

monoamine oxidase A.

The method of claim 18 wherein the target protein is a uricase.

The method of claim 19 wherein the uricase is a mammalian uricase.

The method of claim 20 wherein the mammalian uricase is a porcine uricase.
The method of claim 16 wherein the target protein is an antibody.

The method of claim 22 wherein the antibody is a single chain antibody.

The method of claim 16 wherein the target protein is an interferon.

The method of claim 24 wherein the interferon is an interferon beta.

The method of claim 1 wherein the one or more cationic surfactants are added to a

concentration of from 0.001 % to 5.0%.

The method of claim 26 wherein the one or more cationic surfactants are added to a

concentration of from 0.01% to 0.5%.

The method of claim 26 wherein the one or more cationic surfactants are added to a

concentration of from 0.03% to 0.2%.
The method of claim 1, wherein the contacting is done for from 5 minutes to 48 hours.
The method of claim 29, wherein the contacting is done from 10 minutes to 24 hours.

The method of claim 1, wherein the contacting is done at a temperature of from 4°C to 36° C.
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The method of claim 31, wherein the contacting is done at a temperature of from 4°C to

26°C.
The method of claim 1, wherein the solution is free of polyanions.
The method of claim 1, wherein the solution is free of solid supports.

The method of claim 1, wherein the solution is free of aggregates of the one or more

contaminating proteins.

The method of claim 1, wherein the solution is free of polyanions; solid supports and

aggregates of the one or more contaminating proteins.
The method of claim 33, 34 or 35, wherein the cationic surfactant is a cetylpyridinium salt.
The method of claim 36, wherein the cetylpyridinium salt is cetylpyridinium chloride.

The method of claim 18, wherein the uricase is from a bacterial cell, wherein the bacterial

cell comprises DNA encoding the uricase and the DNA is expressed to produce the uricase.

The method of claim 39, wherein the uricase is recovered from inclusion bodies produced by

the bacterial cell.

A method of increasing the percentage of a target protein in a solution of proteins comprising

the steps of:

a. obtaining a solution of a plurality of proteins, wherein the proteins in solution comprise the
target protein, one or more contaminating proteins and an alkaline buffer, and the target
protein comprises a first percentage by weight of the total protein in the solution, wherein the
target protein is positively charged and has an isoelectric point greater than 7 under alkaline

pH and the one or more contaminating protein has a polyanion charge;
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b. contacting the solution of step (a) with one or more cationic surfactants, wherein the one or
more cationic surfactant is an amphipathic ammonium compound, in an amount effective to

preferentially precipitate the one or more contaminating proteins;

wherein the target protein in the solution of step (b) comprises a second percentage by weight

of the total protein, and the second percentage is greater than the first percentage.



