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

i nvol ves purity; i ' ' i cal
properties. Di fﬁﬂﬁ%@ﬁ@ﬁﬁ%%ﬁéﬂ%@@§@%@%ﬁmde but
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nol ecul e after a treatnent step, |oss of biological activity in the course
of the process, and I LV f rotein. t rocess step conditions
such as pH [0004] ﬁ%‘%ﬁ%ﬁgégmggﬂ%%&%ﬁ#ﬁ%f%?]géess| ng of
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i ncl ude ihanperagdync@romaheeirsur f act ants that have a long aliphatic chain
of preferably at |east six carbon 20 atons (Scott (1960) Methods Bi ochem

Anal . 8:145-197, incorporated hgipgh OY INVEKEIOR I N its entirety). The
| ong-chai n 2(?uaternary anmoni um surfactants are known to interact with

bi ol 8gi 4849021 acr orfdicdyandion ratpies [oglekhoiprgisin putifiaalion yabgisufadanipounds
have at | east one substituent -2-
BACKGROUND
[6003] Production of biological macromolecules, particularly proteins, often involves

purity-enhancing steps based on physical and physicochemical properties. Difficulties

10  encountered in such process steps include, but are not limited to, determining conditions which
enable separation of soluble and insoluble molecules, relatively low recovery of the desired
molecule 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] Surfactants have been utilized in the processing of biological macromolecules.

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



at the nitrogen which consists of a linear alkyl chain with 6-20 carbon
atons. The best known representatives of this class are the benzal koni um
salts (chlorides and brom des), hexadecyl pyri dinium chl oride dequal i nium
acetate, cetyl di met hyl ammoni um brom de (CTAB) and hexadecyl pyri di ni um
chloride (CPCl), and benzethoni um chloride. Quaternary anmoni um 5
surfactants include salts such as cetyl pyridiniumsalts, e.g. cetyl
pyridiniumchloride (CPC), stearam de-nethyl pyridinium sal ts, lauryl
pyridiniumsalts, cetyl quinolyniumsalts, lauryl anlnoproplonic aci d

met hyl ester salts, lauryl amno propionic acid netal salts, |auryl

di met hylat thsetipgan ‘Sh@hﬁ?ﬂlﬂm A hiygar bgwhchaen whithiupe30 Cc’ttbtblymomy'élumlwst batvai ne
and benzethoniumsalts. Al kyl pyridiniumsalts conprise stearyl-trimethyl
ammoni unepabdnsgtivad kfyihiscilae tany thie ez xHl ki Balt(c R ridbd a1d temidusyl

di chl or o- benzyl di net hyl - al kyl ammoni um chl ori de. [ 00051 Known uses of
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aggregates. Qtta and Bertini ((1975) Acta Physiol. Latinoam 25:451-457,

i ncor poﬁ&iﬁ@&llﬁ%ﬂ@thvlww%wm e dapgyl pyridinign saltes Wyld@mmlu@t%@ lawy! active
uricase could be solubilized fromrodent |iver peroxizones wth the

quat er nammneprppinnigracisiméthpt estar salky davicylen@88 9ropianic scifl ousta sehgiavrplotimate! of
the 20 anmoni um surfactant concentration resulted in increase of
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prote| n such that there is no increase in the relative anount of uricase
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was no Selective solubilization of "the uricase protein wth respect to the

total pr Hltoﬁldg anﬁ%’chtl&% Bh kﬁﬁﬁ*ﬁetﬂ{d 3'/1&rllmglo%1un‘1?' chloride.

[0005] Known uses of cationic surfactants for purifying biological macromolecules
include 1) solubilization of aggregates, including protein aggregates; 2) elution of
chromatographic column-bound biological macromolecules; and 3) precipitation of polyanions
such as hyaluronic acid (HA), nucleic acids, and heparin (and molecules which co-precipitate

15  with polyanions).

[0006] Cationic surfactants have been used for solubilizing protein aggregates. Otta and
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



not constitute a hi gher percentage of the total protein upon solubilization
with the cationic surfactant. Thus, in this process, uricase purity with
respect to the total protein content is apparently not enhanced as a
result of quaternary ammoni um surfactant solubilization. [00071 I n another
study, Truscoe ((1967) Enzynol ogia 33:1 19-32, incorporated herein 5 by
reference in its entirety) exam ned a panel of cationic, anionic, and
neutral detergents for their extraction,efficacy of urate oxi dase
(uricase) fromox kidney powders. Wile ?he neutral and anionic detergents
were found to enhance sol ubl e urate oxidase activity, the cationic

det er germad consdituje a highst pencertygeaofitbe iaiahpsatkinsyponesoibiloatidn withdeceatiagse t ot al
enzymatic activity with increasing concentration. The authors concl uded

t hat catsuefactantd €tter ganhis presess, nbtasepafitl with resprdtith iatgtadyroteif) ckitdingy ur at e
oxi dase [0008] Sol ubilization of reconmbinant proteins, porcine growh
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protein, B-galactosidase fusion protein,” fromE. coli inclusion bodies or
cells, with cationic surfactants is described in United States Patent No.
4,797, 47800Tni t ed 18taavdsr Padwruidos (4 96DPE I olddin 88d 193, éscoRatratad hiigin
4,966,963, 15 and United States Patent No. 5,008,377, each incorporated
herebn by wifaicencs eitirety eesthine@ b Ypanel SFkatiirlié, 2aton®y) abd d@itrah iltalden® for their
conditions is acconplished using quaternary ammoni um conpounds including
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pellet is observed in each case. This observation suggests that npost or all
of the cpResBRHeN. dihe ayBroghsanchdad fiat reinnic dajenzants sveseneiatsei oy pusfyipgex
solubilization of a target protein. The -4-

10  kidney urate oxidase

0008] Solubilization of recombinant proteins, porcine growth hormone, methionyl-
porcine growth hormone, infectious bursal disease virus protein, B-galactosidase fusion protein,
from E. coli inclusion bodies or cells, with cationic surfactants is described in United States
Patent No. 4,797,474, United States Patent No. 4,992,531, United States Patent No. 4,966,963,
15  and United States Patent No. 5,008,377, each incorporated herein by reference in its entirety.
Solubilization under atkaline conditions is accomplished using quaternary ammonium
compounds including cetyltrimethylammonium chloride, mixed n-alkyl dimethyl
benzylammonium chloride, CPC, N,N-dimethyl-N-[2-[2-[4-(1,1,3,3,-tetramethylbutyl)-
phenoxylethoxylethyl] 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



purity of the recovered proteins is not indicated. United States Patent No.
5,929,231, incorporated herein by reference in its entirety, describes
cetyl pyridiniumchloride (CPC) disintegration of granules and aggregates
contai ning starches. Thus, the prior art relates to use of <cationic
surfactants for general, nonspecific solubilization of particulate

bi ol ogi cal S nmacronol ecul es. These nethods of the prior art do not disclose
increasing the purity of a desired targgy protein with respect to total
protein with a cationic surfactant. [0009] Cationic surfactants have al so
been used to el ute biological macronol ecul es adsorbed to cation exchange
resi ns druriy ohihgaeRoyered arefieing isagtundipated. (WnitehBlstsaPetent ¥e. 5029,2311961)

Bi ochim Bi ophys. Acta 54:213-226; Enbery (1976) J. Biol. Buccale

4: 229- 236¢orpodteiheRiimbl refereate alits ¢nti®88)dedcrieslckei gydidihmini ederi&e{CPC)

197: 48-56, each of which is incorporated herein by reference inits

ent i r et Wisintdptatiefl oBLALeRs BAd 8drefles bnil®ing Sthrchle CMURONEhAG: HHEFeRitEs BYuse of

reference in its entirety, describes elution of urokinase from
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6 carbon atonms. Use of such cationic¢c surfactants enables renoval of
bi ol ogi @&FIY%%?&%BIIO&%%@ IESRSRY toriatat Protain htherRatioplCAUEREERE- mat ri x. [ 0010]

Conversely, |npregnat|on of filters such as those conposed of nylon wth
cati oni gogoyif act ant,e ' L c
el ds (WARHL [ and VR f"‘?ﬁ%ﬁ%‘ﬁg‘é 5@5 ool é‘ﬁ%%g%ﬂﬁikg@%# TR
al . (199 ed Stat Pat ent 45 086;. 20 thfa 91 ni t ed
St at es ﬁg%oéhj? K5au8h g1 aT%%"eS‘éﬁ(?H alalrmw Rofaring E‘HP‘b?ﬂi% ‘&ﬁ’é‘?"ﬁ %N‘&J
reference é its.entirety). hg_ enomenon i s apparently due to cationic
sur f act ARAp ?/%‘h‘?‘oﬁlo Vot b4 S Lo GOSN ALY B eie g2 pand
pol yani on. -5- [0011 is well established that anphipathic ammonium
Conb@un(?sﬂeuﬁhﬁfcﬂ*l @8 rJ| §91101d Interface 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 elution of urokinase from carboxymethyl cellulose columns using a wide
variety of cationic surfactant solutions. The authors state a preference for using tetra substituted
ammonium salts in which one alkyl group is a higher alkyl group up to 20 carbon atoms and the

15  others are lower alkyl groups up to 6 carbon atoms. Use of such cationic surfactants enables

removal of biological macromolecules from their attachment to a solid matrix.

[0010] Conversely, impregnation of filters such as those composed of nylon, with
cationic surfactant enables immobilizing of polysaccharides or nucleic acids (Maccari and Volpi
(2002) Electrophoresis 23:3270-3277; Benitz, et al. (1990) United States Patent No. 4,945,086;
20 Macfarlane (1991) United States Patent No. 5,010,183, each of which is incorporated herein by
reference in its entirety). This phenomenon is apparently due to cationic surfactant-polyanion

interactions which enable precipitation of the polyanion.



guat er nary anmmoni um conpounds of the general fornula QW and paraffin chain
primary anmoni um conpounds of the general fornula RNH3', can precipitate
pol yani ons under defined conditions (reviewed in Scott (1955) Biochim

Bi ophys. Acta 18:428-429; Scott (1960) Methods 5 Bi ochem Anal. 8:145-197;
Laurent, et al., (1960) Biochim Biophys. Acta 42:476-485; Scott (1961)

Bi ochem J. 81:418-424; Pearce and Mat hi eson (1967) Can. J. Biochem stry
45:1565- 1576; Lee (1973) Fukushima J. Med. Sci. 19:33-39; Bal azs, (1979)
United States Patent No. 4,141,973; Takenoto, et al., (1982) United States
Pat ent No. 4, 312,979; Rosenberg 1981) United States Patent No. 4,301, 153;
Takenot dOOBH al ., I 1%@41} extritlishell betaraphipathEramimonium appHoaads, which comprise

d' Hinterl and, et al . , (1984) United States Patent No. 4,460,575, Kozna, et
al . (200pteMiry aetdnium Bbmpherds TG dddral IdmuaQN” ahd phiadin timin pdeepor at ed
herein by reference in its entirety). This precipitation is dependent on

the preGnphé@linN@nFRRAIESS tﬁéébx{t@ai%ﬁhﬁﬁ mﬁya&n%}e&ﬁ@dtgﬁol%ﬂghé ¥ndefBEfiAAgh
nol ecul ar weight (Saito (1955) Kolloid-Z 143: 66, incorporated herein by

ref er enggiiRond réw@%% Erf%%c%tt 132% ‘3&?@{‘ Sﬁ% %ﬁ RGAR_ 481 EJtF‘ 1@6@ 1(/1?818@51

reverse catlonl sur |p| i onh “of pb yani on

cont &i niR LRI BAT IR AR, L ad) S3h e Bt dne OTRceat

cases, prot eins not chemcally bound to thea anions wll remain_in
sol ut i ort19%iniBiecheri Jpdl:§ bt &t eaisg apd athicpas )dzarp duRigckamistiz 4pdPgami ons
w Il precipitate. For exanple, precipitation of polyanions 20 such as

pol ysacdhade; led 1871 vkekleine JaMedsSd:isl?aaB:GﬁpBﬂﬂiaw (9% binged Siqpést Batdno iNoof
nol ecul es such as proteoglycans and proteins interacting with the

pol yani anist1(Biymhiesngotane aDoQoer) (it tateBiPaRheEND, 43 10875 8sd:Bidrg MBBSUNUI a,
et al., (1963) Biochim Biophys. Acta 69: 574-576; Serafini-Fracassini, et

al . (1967 )eBiseabepatent No- OB R035T Aeeniib L dl al. ﬁwéﬂ;) Ukif8&hted Pat%hPNo Lopsmiai;

259: 11046- 11051; Fuks and Wl odavsky (1994) Unite€d States Patent

No. pg 362 8ftthria bR 3l.! (1888 UBited States Patent No. 4,460,575; Kozma, et al. (2000) Mol. Cell.
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



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

Hei negard and Hascall (1974) Arch. Biochem Biophys. 165: 427-441; Moreno,
et al. (1988) United States Patent No. 4,753,796; Lee, et al. (1992) J.
Cell Biol. 116: 545-557; Varelas, et al. (1995 Arch. Biochem Biophys.
321: 21-30, each of which is incorporated herein by reference inits
entirety). 5 100131 The isoelectric point (or pl) of a protein is the pH at
whi ch the protein has an equal nunber of positive and negative charges.
Under solution conditions with pH values close to (especially below a
protein's isoelectric point, proteins can formstable salts with strongly
aci di ¢ pdtipegardNL74uE Biak Chepal4h1420nd41, 2421249 rad WAT A2 3, dradtegard and
preci pitation of such polyanions, the proteins conplexed with the

pol yani diescall 6978y aedtp Bicdhem( BBphagues: {3043); MOreBd.at BB 98%) United 81tdk95; AS
Jones (1953) Biochim Biophys. Acta 10:607-612; JE Scott (1955) Chem and

I nd 168-pheRi Ndnis 1788 756 at &S e él.t(‘7w924)'\39 Cel HISIL 1 38%46BEANY 1R1 a5kt al. 3996 AR
United States Patent No. 4,297,344 (Schw nn, et al., 1981) , each ‘of which

at ent NECEE ROBL St LISt s h Rl by RGBT
al. ((1984) J. Biol. Chem 259:11046-1105 1, each of which is incorporated

herebn B9013jef er endie ikseldcse goihi (oepY))ordesoteibie tipnil ki waichaRe plotdd@hyed ons
by sequential treatnment with a cationic surfactant and anmoni um sul fate

(that enrgblieRntes 06 VeMd HooRRNRR LB 198 WuGon SSHABGsAMNth SRVRIRXERLe and
subsequent separation using hydrophobic interactions chromatography.

Eur opean, b@d?&l1&@%&%?@%&&&%’0@?‘3@% %4,1?{;@{02%%? Eaei\ld orﬁg(%%ibpe &Ytg(ﬁ{hesrtl%pgé_r;(n

its 20 entirety, SC es catronic's ena Separation o

toxin fromlipopol ysacchari de. wever,, there is no nass, bal ance ipn the
amount  SPO1S ROEENGERCER & PeREnn MAFECQRLITS FTLER By mOSRIGE BRROHEA 146h ¢ y
assays. Neutralization of endotoxin activity by strongly interactin

cat i oni ®olYaBepBIhYIBroRRS enser] cxreripin theqrobn{ans dperpredpifatd gy J@qua(b%gér Sci

Technol 44:13-5, -17-
10 Biochem. J. 37:189-195; AS Jones (1953) Biochim. Biophys. Acta 10:607-612; JE Scott (1955)

Chem and Ind 168-169; United States Patent No. 3,931,399 (Bohn, et al., 1976) and United
States Patent No. 4,297,344 (Schwinn, et al., 1981) , each of which is incorporated herein by

reference in its entirety).

[6014] 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,



incorporated herein by reference in its entirety). Thus, in EP055188, the

| ack of endotoxin activity in the precipitate following treatnent with

i ncreasi ng anounts of cationic surfactant possibly results from
neutralization of the activity by surfactant- |ipopolysaccharide conpl ex
formation. 5 [00151 The above-nenti oned nethods require internediary

pol yani ons, solid supports or aggregates conprising proteins with
selective solubility by a cationic surfgggant for enabling purification of
sol ubl e proteins using cationic surfactant. Hence, the prior art does not
provide a nethod of purifying a target protein by contacting the protein
Wt h a oatdrperiatedderdimoy aeferenee amnits auipetpy. Tahs, e EPOSS 188, (hedddrdieniatbkin
precipitate proteins other than the target protein, i.e., 10 contam nating
pr ot ei nsactip@y i B padclpitaw P low U tre@ntAcHi B clegsid® BRoLAts o eatahsensficaht
internediary polyanions, solid supports, or aggregates of proteins. Oten,
one skil i r 1 ] u i es
0t havd e e R O S B B B AL R SRS
novel iJor purifying proteins, described herein, enables efficient
purification of target proteins by using cationic surfactants to
preferentially precipitate proteins other than the 15 target protein.
Prefgralpgizjuch preeipbiaticanonid eembadieqairé Merfie@laey PSlyliotl, 666d suppbfls 8pes
not depend upon the presence of pol yanions, solid supports or aggregates
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amount effective to preferentially precipitate proteins other than the target protein, i.e.,

10  contaminating proteins, particularly when such contacting is done in the absence of intermediary
polyanions, solid supports, or aggregates of proteins. Often, one skilled in the art encounters
mixtures of soluble proteins and does not have a simple, efficient means for purifying the desired
protein. The novel method for purifying proteins, described herein, enables efficient purification
of target proteins by using cationic surfactants to preferentially precipitate proteins other than the

15  target protein. Preferably such precipitation of contaminating proteins is direct, and does not
depend upon the presence of polyanions, solid supports or aggregates comprising the

contaminating proteins and other molecules.

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.



[0017] FIG 1 depicts the effects of CPC concentration on uricase activity
and purity. 5 [0018] The protein concentration (A) and enzymatic activity
(B) of mammalian uricase, fromdissolved E. coli inclusion bodies, are
measured following the indicated CPC treatnents and centrifugal
separation. The specific activity (C) of each isolate is calculated as a
ratio of these values (activity/ protein concentration). [0019] FIG 2
depi cts size-exclusion HPLC chronat ograpgi‘c anal ysis of crude 10 nanmal i an
uri case prepared frominclusion bodies and following treatnent with 0.075%
CPC. [0020] Size-exclusion HPLC profiles of A solubilized E. coli

i ncl usi on bodies wthout CPC treatnent, and B. the supernatant foll ow ng
CPC (0.075% precipitation and filtration are anal yzed The areas of each

peak and t he percent of riz adj acent tables.
15 [0021] FIG 3 depicts B@@@%@@%‘ Farﬁﬁgjy@l% ScPC treat ed
uricase. 50022 The uricase-contai ni nggsarrpl es are prepared as described in
Exanpl e [#01%anpl e FIG- Aotppichy ihe wéepts 06 £5E epneprratipn oaluingerstast vias afbpyrbis :
Lane 1 - dissolved IBs; Lane 2 - supernatant after CPC treatnent; Lane 3 -

pell e CPC t 1. Fl I HP

anal yS| 36 crude Tghca:tr I}ic%l[s%g?a?%fl ) anéetgzggmt? %éﬁ r%é? B%)%&tnﬁa%%%f%%&s &

[ 0024] x(g ; é Jes of A %ﬁ@ence sta da%(? EEG 271 scFv
ant i bod fom élss iﬁ‘% 78 “FIHE gdiesrrpBgrEYLe wing hrdadicqied HREdrratments
foll ow ng refolding and CPC (0.02% -9- precipitation and filtration are
anal yzedn vﬁéna@éb@ep@fatleac’ﬁwp@&wf@r@atmne erf@eqah isplate ig calculatedas grratio of
sumari zed in the adjacent tables. 100251 FIG 5 depicts SDS-PAGE (15% gel)
anal ysi shost valRS {acteit¥ reteiBwoantrittatidy). [ 00261 The scFv anti body
-containing sanples fromvarious process steps and standards

[0019] FIG. 2 depicts size-exclusion HPLC chromatographic analysis of crude

10  mammalian uricase prepared from inclusion bodies and following treatment with 0.075% CPC.

[0020] Size-exclusion HPLC profiles of A. solubilized E. coli inclusion bodies without
CPC treatment, and B. the supernatant following CPC (0.075%) precipitation and filtration are

analyzed. The areas of each peak and the percent of total area aresummarized in the adjacent

tables.
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%)



5 are presented in the followi ng order: Lane 1 - nol ecul ar wei ght
standards; Lane 2 - dissolved IBs; Lane 3 - refolded protein; Lane 4 - CPC
pellet; Lane 5 - supernatant after CPC treatnment. [00271 FIG 6 depicts
HPLC gel filtration chromatography of interferon beta before and after
treatment with CPC. A Before CPC treatnment 10 B. After CPC treatnent.

2001 of a solution of 0.1ng/mM interferon beta was | oaded into the colum.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0Q28] Proteins are anphol ytes,

havi ng both positive and negative charges. The pH of a 15 solution and
charged nol ecules that interact with a protein inpact the net charge of

t hat pr atredipitatioBtandigtratiirearaehilprsl. Hbt weenodeaoh eesisambthe pewent ofttenl drbearzet
charge of a protein is neutral (the isoelectric point). Wen the pH of the
sol ut i onsunEndreledv teardisesd telslks.i ¢ point of the protein, the protein has a
net positive charge, and there may be el ectrostatic repul sion between
cationic nolecules, including other proteins. 20 100291 It is an object of
the i nvdfP8n to pRISHIReRCtEDRRAGE Fbrachyinalysia of SIRGbireatechebFviaibedy.
protein froma solution conprising a mxture of the target protein and

cont am 439 pr ' {.Si tacting. th |.ubi iz m xt j.th
anef f edt0a19 b R SAERIG LR SR APl SoB bl org Slh i Siiatds
protein. Cationig. sur tants are surface-active nolecules -10- w.th a

bosi 01 verEREPEued *Pﬁgggﬂ@wg Siit dehe drdnisadan velghhsgadesds: 1 aaR? ~glwolved
non-pol ar aliphatic _group. Preferably the target protein has an

i soel ect!BscLasgidnt rejplded proteinglane 4 + RPE nsHet Lene ar- supamaannafier CRChiseasmentt
the solution is about the sane as the isoelectric point of the target

pr ot ei n. a pref f . DH.0f _th | uti Qn.el han_t he
i soel ect[(r)(li,%”poi nt Ig t%ﬁg%g&? ﬁ%@?é%r%{}gtf% C}]I?%métog?ig V%Efng?rf%ﬁ%éﬁlgﬁg}r‘ﬁr, Mhen

the pH Q e}tﬁgatr?lgrllt%ft}?gplcs. above the isoelectric

A. Before CPC treatment
10 B. After CPC treatment,

200yl of a solution of 0.1mg/ml interferon beta was loaded into the column.

DETAILED DESCRIPTION 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
isoclectric 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



poi nt of the target protein, the pH of the solution is within 1-2 pHunits
of the isoelectric point of the target protein. In a particular

enbodi ment, when the pH of the solution is above the isoelectric point of
the target protein, the pH of the solutionis within 1 pH unit of the
isoelectric point of the target protein. 10 [0030) In a particular

enbodi nent, the contam nating protein or proteins are preferentially

preci pitated, thereby increasing the prog)rtion of the proteins remaining
in solution represented by the target protein. For exanple, starting from
a solution of target protein and contam nating protein wherein the target
pr ot ei n wsh 2@9si0fe theegs. omadenprabtiedsa compsadstalarhave aelcatt @ane poniipbar hiyehatiar get
protein using the nethods provided to achieve a solution wherein the target

15 pr ot girBup. SPREFaKY tﬁ@ﬂa%et ﬂ@%@hai@{ RoelefMe Pbin W?fe%ter %@ﬁrInWaﬁichzQ% or

nore, 80%or nore, 90%or nore, 95% or nore of tThe total protein remalnlng
in sol Utén%dnﬁ&%%% H@Poﬂﬁggolﬁﬁ&? ThohiMfie GhIhs Mk %o%[e%ﬂ‘{c' aﬁd Iiljtyof%eet% jtate’
nmeans t hat protein or group prote|ns are precipl eat er

extent than. a ot her tein or elns For n the.case
of om0t IR TS P et R S AR e h s Tap BBl gt Pt S 2
contam nati ng PI’O'[GI ns are preferentially preci |tated W th respect to the
target prECEPRisHheln 2 BOYcHRr spphadingent; wher Bietekhphike iSpkytipR &t g thergoelectric
precipitated, while Iess than 20% of the target protein is precipitated.

Pr ef er alioynt of i tgteepprotant thg pHof tisoriatrniatiitign pr2opHiungts af thepsaticpidc peiedof
while a | ow percentage of the target protein is precipitated. In preferred

enbodi meiu Grge8@Potein. 14 4 panietRr efbbiihenq Mlani thapHRg thy @lheionss ab®ve the
precipitated, while | ess than 30% of the target protein is precipitated,

40% or nRjegchic pdIR GARE AR, MEPHE MEe 3618HPE RAVRliA qt]ﬁ-ﬂunﬁ"@f {he idRERtdhan
40% of the target protein is precipitated; 50% or nore of

cont am r e precipitated, while |ess than 50% of the target
proteingﬁghg?g%ﬁgbg ﬁ%d§660@60r nore of the contam nating 5 proteins are

precipitated, while | ess than 60% of the target protein is precipitated;

70% 0Or o3| 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



of the contam nating proteins are precipitated, while |l ess than 70% of the
target protein is precipitated; 80%or nore of the contam nating proteins
are precipitated, while less than 80% of the target protein is
precipitated; 90% or nore of the contam nating proteins are precipitated,
while | ess than 90% of the target protein is precipitated; 95% or nore of
the contam nating 10 proteins are precipitated, while |less than 95% of the
target protein is precipitated. Preferably, a snall percentage of the
target protein is precipitated. For exanple, |less than 60% |ess than 50%
| ess than 40% |ess than 30% |ess than 20% |ess than 10% |ess than 5% or
| ess t hanot%fofie ¢dneaminatigepropoint &t Prdcipifarelc ivhile &ise than[300321 tht argetpadteindi| ar
enbodi ment, the total anount of protein in solution (target protein 15

pl us corﬁraérpm&a ﬂ@%)6101Tr16iref‘t)f1thé)édr@£min@t1ﬁ§lﬁfo\(éxﬂs9m@ t;s}ectﬁi%tew Euihi I Gk in 4084 bod
of the invention, is fromO I'n particul ar enbodi ments, the

t ot al t. | ko at | on
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mg/m, Q.5 t,0 : _ rtlcular
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is direct, and does not depend, or does not substantially depend, upon the
pr esénc PTHEIS GFSRISFigHated, Wlﬁlealﬁ%‘itthéfr* 6@ dheriepget ptqﬁ@nm@ﬁ@péﬁ&eiia?()% or more
precipitation of contam nating proteins is direct, and does not depend, or
does notof shebennsaminaling/prdtaieyre ptq@mntatddewlhrleksm&mnﬁﬂo/ao&thb iatggpppientis | n
anot her enbodi nent, the preferential precipitation of contam nating

pr ot ei ns)rdﬁ;ﬁ&ttéthO%@ﬁﬂﬁhe ofthe dodtarfioesnNelotSuat drdcipiated, danefds tHap®oY4 b
presence of aggregates between contam nating proteins and other nolecul es.

The pr efigs QR ﬁfot&ﬁ%f;x@bﬁaﬁﬁt’e@r?{}% oF%Tr@HHE@tcbﬁ‘tgmB{a%g' Hﬁeﬁl@% Oﬂ}% pgegnd or
substantial 'y depend upon a conponent (e.g., pol yanlons so i supports or

aggrega S
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S Ubfé an pr(%lallng al%fgrg&%ntatec? S(ﬁleftllesvs%{lzn 9% p %f tlgeetfa%g,re?grtolteafrli 1£ ;;rg&bﬁéttegt l’re?erably, a
small percentage of the target protein is precipitated. For example, less than 60%, less than 50%,

less than 40%, less than 30%, less than 20%, less than 10%, less than 5% or less than 1% of the

target protein is precipitated.

[0032] In a particular embodiment, the total amount of protein in solution (target protein
15  plus contaminating protein), prior to carrying out the purification method of the invention, is

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



contam nating protein. An exanple of an insubstantial effect of the renoval
of a conponent would be that the contam nating proteins are preferentially
preci pitated both when the conponent is present and when it is absent. A
further exanple would be the contam nating proteins are preferentially
precipitated to the sane extent when the conponent is present and 10 when
it is absent. Preferably, the sanme or substantially the sane anmpbunt of
contam nating proteins are precipitatquin t he absence or substanti al
absence of the conponent as is in the Ppresence of the conponent. [0034] In
anot her enbodi nent, the nmethod is perforned in the absence of polyanions or
i n the absenctssubftastidbstdependyipamthentreseate pitdgpaspaten betwicen ancthinératiegipodéeiment |
the nethod is 15 performed in the absence of a solid support or in the

absence @l othes whgéadsi dthe pRdtb@nBalRR&ibitatlon ofABMaRSatiREPAALIE Abes Al depaidhod
is perfornmed in the absence of aggregates between contam nating proteins

and ot herLimliegvl £ I e t i 40

aggr egat esg%{et enﬁ%nontpgkﬁi%nég?ﬁ)r?gpfzﬁg%éipﬁbaglrﬁg’os'?ﬂgrs géﬁ)l et%ﬂﬁgggr tregfo £r ably,
the nethod. i s erforned in.the absence.of ,or in the absenc subst ant i al
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solid support; and aggregates between contam nating roteins and_ ot her
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for one of skill in the art to select the particular surfactant used and
t he condprisonrating pgoteinpFn exmpe af yr msubsdnitial ¢fject chthegerneval 3f asambanerant
concentration, total protein concentration, under which this procedure is
acconpl ivahédibe that thehanamieftigpreniy aef plefeeerpiatliy pradiiiaosl afth avhparid cul ar
target protein. For exanple, purifications perforned at differing pH

val ues apghpshkr RCHrdfint SONGARA 1t 8 41BS:. TRYuRRr cRIRAE Sdul Pb Bt aBhiafindiing
optimal purification conditions. Exanples of thi's procedure are provided

bel ow i & : i I t odi . t he
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10  whenitis absent. Preferably, the same or substantially the same amount of contaminating

proteins are precipitated in the absence or substantial absence of the component as is in the

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
confaminating 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



possi bl e without substantially reducing the amount of target protein
recovered. [0036] It is a further objective of the invention to provide a
nmet hod for determ ning conditions which enable efficient purification of
target proteins on the basis of their solubility, as inpacted by cationic
surfactants. 10 [0037] An effective amount of cationic surfactant is an
anount of surfactant that causes the preferential precipitation of

contam nating proteins. In particular emgodinents, the effective anmount of
surfactant precipitates 40% 50% 60% 70% 80% 90% 95% or 99% of the
contam nating proteins. [0038] In an enbodi nent of the invention, the

cat i oni cusfacthaictoandntiatonddatiptoteia coddentatitge nhdatviach fis frooedBe BAtcmplished
5.0% preferably the cationic surfactant is added to a concentration of

from0.Qd e%atr@e@ffﬁﬁé@@&itwﬁlmaﬁéﬁép@bamcmmafg@% ?I%vaélﬁ sor &a6d tpuhﬁcamﬂ@d

to a concentration of from0.03%to 0.2% In particular enbodi nent s,
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enbodi ment. o nvent t oV ntioned netho cCO she
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a preferred enbodi nent, the solubilized target protein is subjected to
further Segione d8 siragicHiar smbedinecnb thapHiy the wieionsis khessn lﬁé“éhfhﬁ?’éfseq‘sé‘h%h #ipy
preci pitated. Such further -14- processing can include additional

puri fi carboblestithoy! subsieaialyf wrduciog the amyount of rgse ptateittirervyertidal ysi s,

chromat ography (e.g., HPLC, size exclusion chronatography),

el ectro S 1 used herein, i pat hi.c
rmont atb o ound @&r%ﬁﬁéreo% A N ecaa‘PFt(]S‘ﬂgE SRl ar
conponents _wth the general fornula of either or hs()&Eilndlcates
t hat thémﬂﬁltl?wéthh§n%bla9fa”wnﬁawﬁ%mrﬁf AT O 31%%@6% dheipsqlybiity, as
organi c groups

impacted by cationic surfactants.

10 [0037] An effective amount of cationic surfactant is an amount of surfactant that causes
the preferential precipitation of contaminating proteins. In particular embodiments, the effective
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



whi ch may or may not be bonded one to another). Wen organic groups are
bonded one to another, they may formcyclic aliphatic or aromatic
conpounds, depending on the electronic configuration of the bonds between
t he conponents which formthe cyclic structure. Wen the anphipathic
ammoni um conpound sel ected has the general formula, RNH3+, the conpound is
a 10 primary am ne wherein Ris an aliphatic group. Aliphatic groups are
open chain organic groups. [0042] In an enbodi nent of the invention, the
sel ect ed anphi pat hi c amoni um conpoundp%%y forma salt with a hallde
Commonly, halide salts refer to those conprising fluoride, chloride,

br om de,pra¢wsing dardmclwin sddiftiofd 3urificatam sefspaisawnbor eftivityericonentraidom, didhgsis,
anphi pat hi ¢ ammoni um conpound has at 15 | east one aliphatic chain having

6-20 cardpesmab@aphy .£f HPRUL ¥ize bhGuasiirbRbi HcttBphdr 8 Qikkid) 3k, at
| east one ali pﬁdg?l% %al n havi ng 8-18 car bonggatpgwg'é [031214] I'n ;Hrl:ﬁenbodl ment

of the invention, the selected anphi pathic amonium conpound is selected
from t hd®8d#dup corfss ater hgrad, ageiypathyg pmgianiumesmpoendssoawrigpierapounds having
met hyl pyridiniumsalts, lauryl pyridiniumsalts, cetyl quinol yn| um sal ts,

| auryl dwinopioosi amdlrmnaiblamompnaemytvlthsh@ger&edlIfmmdlauf gatheaml\hmrmmj ofi c
acid netal salts, lauryl dinethyl betaine, stearyl dinethyl betaine,
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anmoni um conpounds whi ch nay be used incl ude but are not limted to
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benzenenet anarrrm i de, | - di met hyl benzyl - ammoni um chl ori de,
and di cP tﬁfﬂ%@féﬁetww PO SCHRGh ﬁa‘gl the Sy pligigpipfure. When the’

trimethyl ammnl um 5 brom de, dodecyl trinethylamonium bromni de, cetyl
trimet hquh;mthlgwﬁmmrmgomp@mdyselected has the general formula, RNH:", the compound 1sa

10  primary amine wherein R is an aliphatic group. Aliphatic groups are open chain organic groups.

[0042] In an embodiment of the invention, the selected amphipathic ammonium
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,



di met hyl betaine stearyl dinethyl betaine, and |auryl dihydroxyethyl

betai ne. [0046] In an enbodi nent of the invention, the anphipathic amoni um
conmpound is a cetylpyridiniumsalt such as cetyl pyridinium chl ori de.

[0047] In an enbodi ment of the invention, the m xture containing the
desired protein 10 further conprises cellular conponents such as cellul ar
conponents derived from mcroorgani sns, for exanple, bacteria such as E
coli. [0048] In an enbodi nent of the inqution, the cel lul ar conponents are
one or nmore proteins. [0049] In an enbodi ment of the invention the target
protein may be a reconbinant 15 protein, for exanple, an enzyne. [0050]
The et hwtyloindtindammeantn omlodde g cdi sedkytl dimpethilf henaylaamaeiym ohlopdetoeivhs.
These proteins may include, but are not |linmted to antibodies, uricase,

i nt er f erparddeta,chlerieCPag o N-KmdimiN2-02-[4-aci 4 Heaxyidbapugease 11,

el astase, |ysozyne, papain, peroxidase, pancreatic ribonuclease,
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ent er ot monoam ne oxi dase A, and other proteins that are
positive char ndey_ al kal i he nditions.,r:16- 0511 In . ent
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transport proteip, hornmone, or fragnent thereof or a conjugate e.g.
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include but are not Iimted to nonocl onal, humani zed, chinmeric, single 5

chai n, bliwpel biteine Fgbryi dargteyltbstain and Japryl didyideeicysthyl befgwent s pr oduced by

a Fab expression library, anti-idiotypic (anti-ld) antibodies, and
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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 F. 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 II, elastase, lysozyme, papain, peroxidase, pancreatic

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

conditions.



[ 0053] For preparation of nonocl onal antibodies, any techni que that
provides for the production of antibody nol ecul es by conti nuous cul ture of
cell lines may be used. These include 10 but are not limted to the

hybri doma techni que of Kohler and MIstein, (1975, Nature 256, 495- 497,
and U. S. Pat. No. 4,376,110), the human B-cell hybridoma techni que (Kozbor
et al., 1983, |Immunology Today 4, 72; Cole et al., 1983, Proc. Natl. Acad.
Sci. USA 80, 2026-2030), and the EBV-hyggldona techni que to produce human
nmonocl onal anti bodies (Cole et al., 1985, Monocl onal Anti bodi es And Cancer
Therapy, Alan R Liss, Inc., pp. 77-96). 15 [0054] Such anti bodi es nmay be
used as [0R8l]basi s Mrapmmiidohent@f dicangerdivd thétasget pexteintmayabet dnyangibpdess

i ndi vi dual heavy and light chains. The two chains may be reconbinantly
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and purification. Nucleic acids (e.g., on a plasmd vector) encoding a
desired tg%%&/ong e r ac&ﬁ.wcgggrg%gﬁh ng a nolecule conprising a desired

heavy or |ight hal n vari omal n can be transfected into a cell 20
expressing a distinct antibody heavy or light chain or nolecule conprising
an anti H8@§2]heavy Amntibddigghtclutabut,ard oot lexiprias snanchhal hombized chongico sieghe.
Al ternatively, heavy chains or nolecules conprising the variable region

t her gof dhamab@l?&lﬁa@raeqfagﬁ@ntsopﬁqula kdefe, i@é@@ﬁ&%ﬁ@d@&d HISERRb Mipkdagidh the
a

presence of a conplenentary | chain or light chain variable region.

ot her - %raﬁ%ﬂfd‘i@@lﬁ {artH aﬂ%&&?ﬁgtl Oﬂﬂfbﬁg ﬁ{r?cﬁﬂ @ﬁ'ts Q?aryf o thgalt)f\fem naI

nodi fi ed, e: ter acet yl“ati on 00551
ns..ar

A chi
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derived froma nurine nAb and 5 a human innunoglobulln constant region.

(See, e.[0053]Cabi | IBor@tepatationdf MmonBalonalN@tibddi8s Gnd €ethniynd tHE0 povRies dr the U. S.
Pat. No. 5,816,397.) Techniques for the productl on of chinmeric antibodies

i ncl ude thei a0k bf’érﬂ%oﬁ?‘?n(g%?é oy B Au RS Bu R BO Bk eI M LS dOThese include
approprlate antigen specificit
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



together with genes froma human anti body nol ecul e of appropriate

bi ol ogi cal activity (see for exanple, Mrrison, et al., 1984, Proc. Natl.
Acad. Sci., 81, 6851-6855; Neuberger, et al., 1984, 10 Nature 312,

604- 608; Takeda, et al., 1985, Nature 314, 452-454). [00561 Humani zed

anti bodi es are anti body nol ecul es from non-human speci es having one or
nore conpl enentarity-determ ning regions (CDRs) fromthe non-hunman species
and framework regions froma human i munogl obul i n nol ecul e. Techni ques for
the production of hunmani 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 fembrsivoeits rsagh ensbadics CORsormseabbeN pr@gérsehyl makfitheqd.,(tygd-terminal
"Sequences of Proteins of |Inmunological Interest”, Kabat, E. et al., US.

Depar t mesptidafiorHeaN ttbmens ddetyRfioer vi ces (1983). [00571 Single chain
anti bodies are forned by |inking the heavy and light chain fragments of

the Fv region via an_am no acid bridge, resulting in a single chain

pol ypept [108%5_] Technf gligaericointibody isemplesda dn wahdgffgﬁeﬂm@ﬂ@kﬁaﬁfﬁ deritaddzrines
are described for exanple in U S. Pat. 4,946,778, Bird, 1988, Science 242,
423- 426;differstioanimetl spabies, st@i8 s thPscoltavingat ariahbendgioSaderivedikoBts mEB7Omzd8ad
and Ward, et al., 1989, Nature 334, 544-546). -18- [0058] A bispecific

ant i body fusnan igen@idgteduliv congamestienl (884, ickodyabiy 6full BCOONIt 2€S 438,507y RES

of targets e.g. (1) a specific epitope and (2) a "trigger"” nolecule e.g. Fe

receptor myekopd Q8! : | i £4 [ j ed
O A e e A e

bi ol ogy j . 00 tibody fr. nts include hut, are not |..n.ted
or The PUER 4G4 Rnd ittt ol RO BRNEALRebieEy YRl e BhBedlhstinglo
the anti bo mal.ecul e .and the F(ab') fr nts, which .can be generated by
r educi nd T Y SHRHEOBY § HEBE BPOHE TSN of dopiriet WOToRALATI Y faaeor Pa
expression |ljibraries may be constructed (Huse, et al., 1989, Science 246,
1275- 12@3@9mpl@, Morgsgn, et al., 1984, Proc. Natl. Acad. Sci., 81, 6851-6855; Neuberger, et al., 1984,

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

[00506] 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).



rapi d and easy identification of nonoclonal Fab fragnents with the desired
specificity. 10 [0060] In an enbodi nent of the invention, the protein is
uri case. [0061] In another enbodi ment of the invention, the uricase is a
manmal i an uricase. [0062] In another enbodi nent of the invention, the
mammal i an uricase is a variant rmanmalian uricase. [0063] In another

enbodi nent of the invention, the mammlian uricase is a porcine 15

uri case. [0064] In another enbodi nent of, the invention, the variant porcine
uricase is designated PKSAN uricase. [DB%B] I n anot her enbodi nent of the
invention, the protein is an antibody. [0066] |In another enbodi nment of the
i nvent i df038lhe antAtdmgbgcilis aatilsodygh e gehaticallgphgibesyd ant20d] OMGH rebograxestiiver
enbodi ment of the invention, the proteinis an interferon. [0068] In

anot her gphraditimek cQf (HhespefivieRbitt 41a82) Ateker Mvlbsilé BbeFd RLORoRA. 1N a
particulggaenbggine%{F)thékinte?fgﬁgn ss}intééferon betaélb. hggola, S. et

al ., Nat : ; 19 .; 4 I e Nat 7:411
(1980) %f%ir%t%g?i, Eﬁbges?eﬁﬁg?%og.‘&%g?gg é?’gfedgét?g’tlb?%}fgﬁ%;&@?%u PM et
al ., Prqgc, -Nat'l Acad...Sci.. (U.S. ), ,78:2848 (1981); European Pat.

Appl | cadibrtRpe: OZéS%%‘{lb‘B%Iﬁln?‘gﬁ%‘iar)n%%)"%Y gefb%‘ﬂgle%zllm, publ i shed Jul'y 15,
1981; 34307 published Aug. 26, 1981; and Bel gian Patent No. 837379, issued

Julys1, [088% descraAfesbdydraofietitsIndTBAOBE S rd A6t MR dHOUNCE{0N2 Bhgments, which
beta-i nterferon enpl oyi ng reconbi nant DNA t echni ques. Procedures for

oo KaRnati, BUC Y baSRaEkEL . BEARIE R SSRS BRI,
PPN LM RS ST I T R R

| eech factor Xa,. Leech f%ctor Xa ,
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  wuricase.

[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



10 may be produced by any nethod known to one of skill in the art, such as
the nethod described in United States Patent No. 6,211, 341 and
I nternational Patent Publication No. W94/23735. [0070] In an enbodi nment
of the invention, the contacting is done for between about 1 mnute and
about 48 hours, nore preferably from about 10 m nutes to about 24 hours,
about 30 mnutes to about 12 hours, about 30 m nutes to about 8 hours,
about 30 m nutes to about 6 hours, 15 abﬁyt 30 minutes to about 4 hours,
about 30 minutes to about 2 hours, about 30 m nutes to about 1 hour, or
about | to about 2 hours. [0071] In an enbodi nent of the invention, the
cont act i{h830)s Goboddel,dD. & dt ehplsatate 28781 b 988 v ont 8. etduNud6Gid Rese9:731
preferably from about 4C to about 26C. [0072] The subject invention also
provi deg198B; 8fre@aNIQR L, Brdk gl 2ftad aSci (188 N2 R@YMOS HORuropLarPriti fyi ng a
protein having an isoelectric point greater than 7 under al kaline
conditiao : subj 1 Nt Hon [ I { &as ified
inder ol G RO oRR e Lpanh g MAYT 000 321 5, BLOKHER TS 195|813 Sad0y
cetyl pyri di.ni chloride to e. m.xtur 520- [ 0074] | n odi nent . of
the | nvé’ﬁltglhghnefér%% 26, 19%33%“‘1 %Qé’l?flﬁa&eéﬁ?‘{"r 8%?%’( LRl ligﬁf%‘g%c&fe%? VN
DNA encodi ng uricase by a nethod conprising treating.the bacterial cel
so as t @etggﬁﬁ & thegredusiipd §hbetpigrierontonty oy ng Esembgnt 3&%@@%@11%8he
uricase. [0075] In an enbodi nent of the invention, the uricase is recovered
from pr depgsiduegs der regowgringiand phefybeg batérallypedduced UV63re ThecribedjiebhS. Pat.
invention also provides purified uricase for use in preparing a uricase-
pol yrmer Nasnftdgat 63; 4,015(892; ¥13¢ 3709 eanid AR4RVEA apd Oer@des efalpUNathiegdog)ot ei n
having an isoelectric point greater than 7 obtainable by a nethod
conpri sizgg: 109N19aGhH SearflclTh ¥AUKSRAL HibiehilRe 1Pk eiuMhth an 10
effective anmount of a cationic surfactant under conditions such that the
protein is positively

[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. W(094/23735.

[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 punfying 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.



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

[ 0078] The subject invention also provides use of a cetyl pyridiniumsalt

for purifying a protein having an isoelectric point greater than 7. [0079]
As to the pH, in enbodinments where the m xture is contacted with an
effective 15 anpbunt of a cationic surfactant under conditions such that
the target protein is positively charged, the pHw Il vary with the nature
of the target protein. However, the pH i preferably between pH7 and pH

| ; preferred ranges are from about pH7 dnd pH 10, pH7 to pH9, pH8 to pH

1, pH8 to pH10 or pH8 to pHI. EXAMPLES 20 [0080] The exanples which follow
are set [08Y4lh to aindniemhoditess odfidi ingerttive, thewentseonottained doe mbéctérl ecldied
to and should not be construed to limt its scope in any way. EXAVPLE 1.
Use of @@ipriaingMiNAfdneadihgtheafridrecoyhivaitld MaipmRingareatihg easicteZdl cellksoks to
Background [ 0081] Pharnmaceutical grade uricase nust be essentially free of
non- ur | GApRsPIHAAA-and MNAMBUIAR L SRR SAEkREdaEe PO Nt Of 8. 67)
produced in E. coli accunulated intracellularfy in precipitates simlar to
organelles referred to as inclusion bodies (I1Bs) which can be easily

i sol at ed00Z8] f ur t Hemnpoboflingent obthe inventions thasticase it teeovdrad Sbwapresipigates hat

| Bs contain scranbled/ ms- folded expressed protein, these 113-1ike

el emgnt svidontiai backear &t |y fol ded uricase in a precipitated form Exposure
of uricase 113-like elenents to an alkaline pH e.g., about pH 9-11,

re-di ssol ved 10 the precipitated protein. The uricase content in,

sol ubi | i[9¢eI113-1 e SébJ@ﬁfelﬁV@ltwa@mawd.@,s)puz*lfm@o;encamfor deRinEEPasRe Sy cgee-
purification to obtain a honbgeneous uricase preparation. Herein, we
denonst matyengeenitigaat i on of uricase and other protein with CPC that can be
assessed by a variety of nethods. For exanple, mammalian uricase purity

can be 611(?(;7' .7| sed b)ﬁ"h%ex}weelhgorq W38 ptr(pv(:idgspaeﬁ:dnflie% protein having an isoelectric point greater

than 7 obtainable by a method comprising contacting a mixture containing the protein with an
10 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
15  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, pH8 to

pH11, pH8 to pH10 or pHS to pH9.

EXAMPLES
20  {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



activity, the nunmber of bands which appear foll ow ng el ectrophoresis and
stai ning of SDS-PACE 15 gels, and the nunber and size of peaks which appear
in a chromat ogram fol |l owi ng size exclusion HPLC 1.2. MATERI ALS AND
METHODS 1.2.1. 50 mM NaHCO3 Buffer (pH 10.3) 20 [0082] This buffer was
prepared by dissolving NaHCO3 to a final concentration of 50 nM The pH
was adjusted to 10.2 -10.4. Depending on starting pH 0.1 MHO or 1 N NaCH
may be used. 1.2.2. 10% CPC solution 25,,0083] 10% CPC was prepared by

di ssolving CPCin distilled water to a final concentration of 10 gr/

100m . -22- 1.2.3. Reconbinant porcine uricase expression [00841

Reconbi nant mammal i an uri case (urate oxi dase) was expressed in E. coli K-12
strai n VBL1Badkgrowmsd descri bed in Internati onal Patent Publication

W00/ 08196 of Duke 5 University and United States Patent Provisional

Appl i catfioosl1]No. 60PHIBadBBcali hedd Radd BUsthRIRidhtialy fie€bLr@NGEcdsB pidigh!
entireties. 1.2.4. Culture and harvest of uricase-producing bacteria [00851

Bact r i aviwghmlig hﬁbﬁsé@s@éleéﬁgpg{htt g Q.gﬁtpﬂaﬁgéeﬁg}r@@B&ﬁh&uﬂ%zzﬁécgﬁ![uggeé%liaﬂy in

hydrol ysate, yeast extract, s cose, anmoni a.

o oM RS o BB e 5 RS RSB A BT ™
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, ¢.g., about pH 9-11, re-dissolved

10  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

15  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 NaHCO; Buffer (pH 10.3)

20
[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

25

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

concentration of 10 gr/ 100ml.



1.2.5. Cell disruption and recovery [0087] Harvested cell pellet was
suspended in 50 MM Tris buffer, pH 8.0 and 10 M 15 EDTA and brought to a
final volune of approximately 20 tinmes the dry cell weight (DCW.

Lysozyme, at a concentration of 2000-3000 units/m, was added to the
suspended pellet while mxing, and incubated for 16-20 hours, at 4 - 8C
[0088] The cell lysate was treated by high shear m xi ng and subsequently by
soni cation. The suspension was diluted 4 th an equal volunme of deionized
wat er and centrifuged. The pellet, 20 containing uricase inclusion bodies,
was diluted with deionized water (vv/w) and centrifuged to further renove

i mpuri tie3.3. TRecopehinant peychienecase oxpression | ast wash step was saved for
further processing, and the supernatant was discarded. 1.2.6. Dissolution
-23- [009984]The i nkéassibomand adynrdlBh yihieaturasasxidusd end egpressed 0 AMINEKIQ03
buffer, pH 10.30.1. The suspension was incubated at a tenperature of 252C

for abOL!sttrafh W31]@Fh@blﬁé‘sch%edﬁi in%a‘-‘t%'nb!@dtér?t%‘bﬁ@atféfn W@@OJO@'I Oehf MEKL Uri case.
1.2.7. CPC treat ment [0090] 10% CPC sol ution was added in aliquots to

hom)gen'@ﬁﬁiexjsﬁ’? %1_151 Unfthd ??ates%'tén?Pr 1 (Z% %5\851 ?At{&q 1\5(; %Oﬁﬁéaﬁ@ 14}1@ Fa%édrl?egeigpc

concentration. e sanple was 1 ncu fs as | I cat
during r eci tatl ng. fl akes fornmed. The sanple was centrifuged for 15
i nut es% Pe{% ngrgentl ¥Spel et and supernatant were separated, and the
pell et was suspended 10 with 50 mM NaHCO3 buffer (pH 10.3) to the original

vol une. 1The, angvamldna ineé/ti(if)ﬁrfbfas@?%ﬂucﬁﬁ #B4dteRaWas determ ned, and the
fractions were concentrated and di alyzed to renove the remaining CPC
[0085] Bacteria were cultured at 37°C in growth medium containing casein hydrolysate,

yeast extract, salts, glucose, and ammonia.

10  [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
15  EDTA and brought to a final volume of approximately 20 times the dry cell weight (DCW).

Lysozyme, at a concentration of 2000-3000 units/mi, 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,
20 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



1.2.8. Protein assay 15 [0091] The protein content of aliquots of treated
and untreated I B sanples was determ ned using the nodified Bradford nethod
(Macart and Gerbaut (1982) din ChimActa 122:93-101). 1.2.9. Uicase
assay 20 1.2.9.1. Enzymatic activity [0092] Activity of uricase was
measured by the WV nmethod (Fridovich, I. (1965) The conpetitive inhibition
of uricase by oxonate and by related derivatives of s-triazines. J Biol
Chem 240, 2491-2494; nodified by incorpgration of Inmg/nm BSA). Enzymatic
reaction rate 25 was determ ned, in duplicate sanples, by neasuring the
decrease in absorbance at 292 nm resulting fromthe oxidation of uric acid
to al |l an088H. One Beainglupipnpaily (IB3 pgBetiwascuspendpdingtibmM NpHCERbufer, pH case
required to oxidize one pnole of uric acid per mnute, at 25C, at the

speci fi ed.3gonditeisosiEnsibh wed Sicupaicé ACY tanspeexpread 82 i frabomi Ly - Rhbtis tper
ng protein (UWng). [0093] The extinction coefficient of 1 mMMuric acid at

292 nM i Mo SbLMPRLR of aRgEddrived Ldicdse, Therefore, oxidation of 1 nole of
uric acid per mM reaction mxture results in a decrease in 5 absorbance of

12.2 mA292. The absorbance change with time (AA292 per m nute) was derived
from t hel.RiTne@PCpoedatinent of the curve. Uricase activity was then cal cul at ed
as fellows: AA292,,,,, (AUmn) x DF X VRM Activity (Um)= Vs x 12.2

Wher e: DRogodp | ut i orpof apiOooluthdiiWas alided@in Miuditao GbmiogatitéOMBsTpHRtI D, (hile | )
Vs = Volume of diluted sanple used in reaction mxture (inl) 10 1.2.9.2
HPLC ana)RlySmiiid) todRemARE d&¥ed 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, 1. (1965) The
competitive inhibition of uricase by oxonate and by related derivatives of s-triazines. I 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



[ 0094] The anount and the relative percentage of the native uricase enzyne,
as well as possible contam nants, were quantified according to the elution
profile obtained by HPLC using a Superdex 200 columm. Duplicate sanpl es of
uricase solution were injected into the colum. 15 The areas of each peak
and the percent of total area were automatically cal culated and sunmmarized
in the adjacent tables. 1.2.10. SDS-PACE anal ysis [0095] Proteins in
sanples containing -20 ! 'l...g protein[4Lane, 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% treatnent
(for 1 -ofatichsuregyirashtownidizsene laueliewif uyic neidpeemaaite,mt £, stiferspatified , and
its purity are presented in Table | and FIG 1. Prior to -25- CPC treatnment
(at pH Inaditions.Néri@repeicncyciorepdidedtin adtiv@sunlts por mg/pidteinddmizhe specific
enzymatic activity was 3.4 - 4.67 Ung. The results presented in FIG 1 B

i ndi cate h%ft within each incubation period, the protein concentration of
the supdPfittlant debheeadagion ¢avtiicienteddimy urpei¢ afvd@nmm 4t ¢ bsm pRth jeagth iShan
0.04% CPC, a relatively mnor effect on the protein 5 concentrati on was
obser ved2. 2ZABgrdforecovidgnmraitli onsleoff utic @4%breo nd r@EEoH ninubarestiiv e deprease in
protein concentration to about 50% of the original concentration. [00971 In

cont pastabb@bimiR i 1Rech S, 9f TKP(BsObah&d @anpé AhtBitIECQNCE Wdr Alih®e) whii@eriveial
soluble wuricase activity was not significantly influenced by increasing

CPC con (8] ' QN7 L . V.t hi .ficubati on
period, t ehgﬁg§%¥?@ﬂg%?gﬁ%ﬁ%ggﬁ%¥#%¥ﬁ§ggtfé?g@%§C%%hg%%gﬁgggﬂ%gy i ncreased
as a function of CPC concentration within the range 0.04%- 0.075% This
increase was a result of specific renoval of non-uricase proteins. Since
the specific enzymatic activity of tR&biAU/MBUG L DEk Epgyme was
approxi mat el y Addving,(Utthh=maj ority of contamationg

Where:DF = Dilution factor;

Vrm = Total volume of reaction mixture (in ul)
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 ! g 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



proteins were renoved by CPC precipitation. Indeed, HPLC and SDS- PAGE

anal yses perfornmed support this conclusion. 15 TABLE 1. EFFECT OF CPC
EXPOSURE ON URI CASE SPECI FI C ACTIVITY AND PURITY I ncubation [CPC] (%
Uricase [Protein] Uricase specific tinme activity (ng/m) activity (U ng)
(hr) (UmM) 1 0 (load) 6.63 1.95 3.4 1 0.005 7.1 1.8 3.9 1 0.01 6.63 1.75
3.7 10.026.631.753.7 10.046.41.47 4.35 10.065.90.956.2 1
0.075 6.4 0.9 7.1 40.0058.61 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 -26- 4 0.075 6.9

0.82 8.4 24 0.005 8.8 1.9 4.66 24 0.017.91.94.14 24 0.02 7.9 1.9 4.14
CPC treatment (at pH 10.3), the protein concentration was 1.95 mg/ml, and the specific

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

5  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 conirast 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)

10 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.

15 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 3.4
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
I 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
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the desired activity -27-
Samples of the soluble material were analyzed prior to CPC treatment and following filtration of

the CPC-precipitated protein.

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 1B sample
(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.

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
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



remained in the pellet. In this instance, only 17.6% of the original
activity remained in the pellet (and was extracted using 50 nM sodi um

bi carbonate (7 ntSi, 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 [Protein] Specific
Activity activity (U (Um) (nmg/m) activity recovered Before CPC 490 4.9
2 2.46 100 After CPC 418 4.18 0.8 5.2 85,3 treatnent Pellet after CPC 86
0.8 - - 17.6 treatnment 5 1.4.3. SDS-PAGE Anal ysis Followi ng Treatnment with
0.075% CPC 101011 Sanpl es of the crude uricase, prior to exposure to CPC,
and of tismagnedde thearetlet. fim Hds instasse, olyl B Y f slepan gitalantivty wolairskien dredpellet
insoluble material, following CPC treatnment, centrifugal separation of the
fracti on@nd and exeaoasisiigs0 oM ebditieiRebdiRte Ohsi, per (aftfef adedytical purposes),
centrifugation, containing equal anounts of protein were anal yzedpby

SDS- PAGEHileh ROARIAG%]y mTdE 1883 5hé BRA Jilddnt3) show the presence of
contam nating proteins prior to CPC treatnent. Follow ng CPC treatnent,
the pellet contained nost of the contam nating proteins, while the

super nat ant cont alAdd.Hi2i EEEECIIhGT CRE TREATMENACON GBICASE) AETHVEIEi n
band. EXAMPLE 2. Effect of CPC on Purification of Single Chain (scFv)

Ant i bodi®smpldS 2. 1. MATERréfab AND AMGUHEDE PlotkinBUf f@piffe 1.1 Actibit¢l u$i on
body dijssol ution bufferactivity (U)|  (U/ml) (mg/ml) activity recovered
(U/mg) (%)

Before CPC 490 4.9 2 2.46 100

After CPC 418 4.18 0.8 5.2 85.3

treatment

Pellet after CPC 86 0.8 - - 17.6

treatment

5

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 (sc¥v) Antibodies
15  2.1. MATERIALS AND METHODS
2.1.1. Buffers
2.1.1.1. Inclusion body disselution buffer
“ [0102] Dissolution buffer contained 6 M urea, 50 mM Tris, 1 mM EDTA, and 0.1 M

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



20 [0102] Dissolution buffer contained 6 Murea, 50 MM Tris, 1 mM EDTA, and
0.1 M cysteine. The pH of the buffer was titrated to 8.5. -28- 2.1.1.2.

Fol di ng buffer [01031 Fol ding buffer contained 1 Murea, 0.25 nM NaCl, 1 niM
EDTA, and 0.1 M cysteine. The pH of the buffer was titrated to 10.0. 5
2.1.2. Expression of scFv Antibodies in Bacteria [01041 ScFv anti bodies (pl
8.9) were expressed in E. coli transfornmed with a vector encoding a scFv
havi ng cystei ne-1ysi ne-al ani ne-1ysine at 8t_he carboxyl end as described in
PCT Publication WO 02/ 059264, incorpor a?t ed herein by reference in its
entirety. 10 2.1.3. Culture and Harvest of scFv Anti body-Producing Bacteria
[ 01051 SkEd-2ont ai Reldipgddadfeari al cells were cultured in mniml nedium at
pH 7.2, and supplenmented with L-arginine, final concentration 0.5% during

the fivegohedjr periBsdipgibatfet ontdifeliCM Ofta, GERPHAI NN, DI BT Avasdiondvced by
limtation of glucose ampbunt in the medium ScFv-containing bacteri al

cel I's wehgtehr! YRSHAG koM Ed W higatd tYhbf filtration. 15 2.1.4. Cell
di srupti on and recovery of inclusion bodies [01061 Harvested cell pellet

was suspended in 50 MM Tris buffer, pH 8.0 and 10 nM EDTA and brought to a
finab vA@.Lide ExXprapienaf sekiveAntilnglies imBadtérda dry cel | wei ght (DCW .
Lysozyne, at a concentration of 2000-3000 units/m, was added to the

suspendqdipgl | et viuFventibbden@] St everé Beprbateth £ojo/itamdfdrhed msth adectbrC. 20
[ 01071 The cell lysate was then treated by high shear m xi ng and

subsequeRLdHnPY scIBORIVGR éﬁ&inei@@in%—%ﬁﬁfg@gggﬁ%t&%F%& 1 8 dstiebdea beqi es

were recovered by centrifugati on at X g. The pellet was diluted

appr oxi rﬁlrbﬁl:a}ﬁo%i W@Ogﬁég, i\pfic&]aog%cﬂpérgig%y%%e%ncg Y}/{ 1\{‘.\9 erﬁﬁgty.

10 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.

15 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/mi, was added to the suspended pellet while

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

20 [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.

25  2.1.5. Dissolution and refolding



centrifuged to further renove inpurities. The pellet obtained fromthis

| ast wash step was saved for further processing. 25 2.1.5. Dissolution and
refolding -29- [0108] The 113-enriched pell et was suspended in inclusion
body di ssolution buffer (see above), incubated for 5 hours at room
tenperature, and refolded in vitro in a solution based on

argi ni ne/ oxi di zed gl utathione. After refolding, the protein was dialyzed
and concentrated by 5 tangential flow fijgration against containing

ur ea/ phosphate buffer. 2.1.6. CPC treatnent [0109] 10% CPC sol uti on was
added to the scFv refolding mxture to a final concentration of 0.02% and
after 1 - 2 hr incubation, at roomtenperature, the precipitate was 10
renoved [0%08]i | t r at Tl B-Frvechsdi peliat ataa stispeadédainniaduti we bedyFdi st tidndzlyfer DseB.
RESULTS 2.2.1. Effect of CPC concentration on recoverable scFv anti body
[0110] THdevef freabsedfor SRoulsadt ridth ferBp@htudd in@FefSIABY 2k BRd Y¥olRtbh bysca e
recovery are 15 presented in Table 3. Prior to CPC treatnent, the initial

amount QfgihBeRiKIiSid I WBehidR. Mrer r&@l@g?),( ﬂlfggo%ﬁxe@& (ﬂgléé&i: Yn B BRLYe

determ ned by HPLC anal ysi s on Super retéention tinme (RT) "of the

scFvSanH&ﬁ%gﬁaqﬁﬂé%hﬁﬁﬁgﬁggggnggﬁﬁ gg%%égﬁgighﬁv%%%6 m nutes. The results

i ndi Cat € recovery ro creased with increasing
CPC concentration, and recovery of scFv antibody remai ned >80% when t he
CPC concenjpl atPOrrédamer <0.03% More efficient renoval of contam nating
protein was achieved at pH 7.5 relative to that at pH 10. Thus, scFv

ant i b0d>{0ﬂwgi fi catipapcpescfdhavaddayd i tﬁ@%%ﬁd{@?i@% é@xﬁﬁre tPa Bnf3% CPC.

-30- Table 3. Effect of CPC treatnment on sc recovery and purity
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,
confaining 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.



Treatment of Total Total scFv by Purification %recovery of soluble IBs
protein HPLC factor scFv by HPLC (ng) (ng) Control (before 73 15.87 100
CPC) 0.01% CPC (pH 64 15.66 1.13 98.68 10) 0.01% CPC (pH 50.76 14.97 1. 36
94.33 7.5) 0.015% CPC (pH 54 14.49 1.23 91.30 10) 0.015% CPC (pH 39.96
14.22 1.64 89.60 7.5) 0.02% CPC (pH 43 13.35 1.43 84.12 10) 0.02% CPC (pH
37.8 13.02 1.58 82.04 7.5) 0.03% CPC (pH 35 11.12 1.46 70.07 10) 0.03%
CPC (pH 37.8 12.47 1.52 78.58 7.5) 2. 3.5, CONFI RVMATI ON' OF CPC ENHANCMENT OF
scFv ANTIBODY PURITY 5 2.3.1. HPLC analysis of scFv recovery follow ng
treatment with CPC [0111] HPLC analysis of refolded protein indicates that

t he scFv anti boligblass Béfcet efdCPC treatment on scFv antibody recovery and purity

Treatment of Total Total scFv by Purification % recovery of
soluble IBs protein HPLC factor scFv by HPLC
(mg) (mg)
Control (before 73 15.87 100
CPC)
0.01% CPC (pH 64 15.66 1.13 08.68
10)
0.01% CPC (pH 50.76 14.97 1.36 94.33
7.5)
0.015% CPC (pH 54 14.49 1.23 91.30
10)
0.015% CPC (pH 39.96 14.22 1.64 89.60
7.5)
0.02% CPC (pH 43 13.35 1.43 84.12
10}
0.02% CPC (pH 37.8 13.02 1.58 82.04
7.5)
0.03% CPC (pH 35 11.12 1.46 70.07
10)
0.03% CPC (pH 37.8 12.47 1.52 78.58
7.5)

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



peak (retention tinme (RT) -20.6 m nutes) conprised about 22.7% of the
protein of the total protein (FIG 4B). The chromatogram of FI G 4C
indicates that following treatnment with 0.02% CPC, the scFv
ant i body- associ at ed peak of the supernatant conprised approximtely 75.9%
of 10 the total protein injected, a 3.3-fold purification. Thus, CPC
treatnent renoved protein inpurities fromscFv antibody solutions. 2.3.2.
SDS- PAGE anal ysis on scFv recovery folloping treatnment with CPC [0112] The
results (see FIG 5) indicate that prior to CPC treatnent, the sanple
contained significant amounts of a |arge nunmber of proteins. Simlarly,
f ol | owi repnEREdta lergemaimber phpropend. &t cordist, dwmeat-A8E tecatmeysuprindant cohtained
proteins. In contrast, the post-CPC treatnent supernatant contained one
maj or pradeendjol@otkin bdral ttet ofaffv aatbodody. EXAMPLE 3. Effect of CPC on
purification of reconbinant interferon-beta [0113] Interferon beta
(I FN- bet a Q) was expressed in E-coli by known nethods. 5 Nagol a,
et alEXA &&’hEé Effectof PG 9gpurifisasionaf regymiyinagt inferferomgheipe, 287: 411
(1980) Yelverton E. et al., Nuc. Acid Res., 9:731 (1981); Streuli, M et
al ., Prdél3Nat’ | Abﬁ@rfer&fbcta(([ﬂ?rﬁ‘:b)ﬁ;a, pb%s-zslbsva(sxﬁam)mdﬁmfbpéiaw patwn methods.
Application No. 28033, published May 6, 1981; 321134, published July 15,
19815 34346l 8bet Shditudel@8420 6 (1981); GasdlleBa) oV an aPatante, DB7:48B71320); i ssued
July 1, 1981 described various nethods for the production of

bet a- i Nt @ ANECOR) OXLBIALA BRSO le)%&lﬁm@t QUEFoc RAT ALHI &R, f(@rs )
recovering and purifying bacterially produced are described in U 'S

AR T R e RO RN o PRGERERET

sol ubi | P2bEhep g 1Rl a3l R0 RuE Bh AL flﬂa}ﬁ@an“%t?w' 7 Hihed
results shown in Figure 6 15 indicate a substantial decrease in the |evel

of cont duiynlatlPRbdpcabed nariqus aaehrdsdpt ke paploctipr gf besprgnterferon 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 IFN-beta

20  remained unchanged.



The actual amount of |FN-beta (area under the peak) did not change
appreciably following CPC treatnent. [0115] Table 4 sunmarizes the effects
of the CPC treatnent. Total protein (Bradford) decreased by 40% UV

absor bance decreased by about 40% but the anobunt of |FNbeta 20 renai ned
unchanged. -32- TABLE 4. Sanple and Treatnent Protein O D IFNb content SEC
Profile (mm) A280 (nmg/m ), Control (post protein Peak of RT. 13 mn
folding 0.51 1.55 0.069 is no CPC, 1049-31) 15% of total area Test (post
protein folding Peak of RT. 13 min andtreatnent with 0.05%0.3 1.0 0.069
is CPC, 1049-31) 7.34%of total area a Quantified by Wdac C4 colum b The
SEC profile contai ned several peaks. TABLjje4k eluting at 13 mn (R T. 13
mn) is reduced 5 upon treatnent with CPC and corresponds to the region
wher e hi gRampleead Tacatmentght | Pras¢iei ns adcDvar i| AANB chiterteof SECURrefileEXAMPLE (4.
Effect of CPC on purificati ogm@nlf act ba,%a inl(rlingjlﬂg@f. [0L116] CPC was used
to purifycheeahpéagifginXa 1phibitor. " [eech factor Xa inh pégkqng(fFf(ﬁ’|mlrp|
8.4-9.1)| pRynpe produced as| ggscri bed 1@5Un|tag) tates Pa Eﬁ}}nt No. 6,211, 341

and 10 Iﬁgepgaw@ng Paten ] ubI i cat] on” No / 23735. ooct\%tnlgarea
isolatio X IIL ||| -nctusi-ep—boedies—Bs) —t he d
T pailpralfiy fie ) Peak of KT Pi¥ubi ¢

from IBs treafment wit 38“ bed in -%xar’rpl 9.060
CPC, 1049-31) 7.34% of total arca

® Quantified by Vydac C4 column
® 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, pl 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 NaHCOj; 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



After dissolution of the IB pellet, the preparation was incubated with 10%
CPC solution. Then, the mxture was centrifuged for 15 mnutes, at 12,000
X g. The pellet and supernatant were separated. The pellet was suspended
with 50 mM NaHCO3 buffer to the original volume. The 15 pellet and

supernat ant were separately concentrated and dialyzed to renove the

remai ning CPC. The protein content and activity were assayed and FXal was
found to be the predom nant conponent iy the supernatant and substantially
absent fromthe pellet. The results indiCate that CPC treatment enhanced
the efficiency of recovery and the purity of the recovered FXal. EXAMPLE
5. Puri fi0d&Tli on of ldenti¢sdryppens o astusBn(tCRB) dbgalnzmr@lﬁa-clc[ralexmes$1dgmPchwbre
anounts of inclusion bodies obtained froma cl one expressi ng CPB were

sol ubi | i sobubilized8n B Mnees, pHH .9 (@nlrobaid @bt). aPhdtesdn) of CIF® thudskéribedah CPB i s
described in International Patent Publication No. W96/ 23064 and in United
States Pateittiodl PhedP8bHEBion 1\381ezv@%@s@@afmlcﬂnv@ﬁtehrs%%@ﬂatwwb GREsbek1%

and clarified by filtration prior to refolding. 5 Refolding of control and

test San%e%@st%glec\%sr&&ged%tth @SCdd ij[b/t’o 9 of arxll?iea %V’Hi Eb% ap%ﬁo% n%petfgld{ %f ol ding

buffer ter treatnment w th endoprotei nase over

o DEAE SHRRod SR o emmpfeimier et Rbabay 4 AT 558 Tah el

subsequent|y eluted with 60 mM Sodji um Chloride in 20 MM Tris buffer pH 8
10 TABLEUEtel pAgEpEsatseaiyvith prinpt dpnavcctenaisht alcomipw|teoparatgcpayal amounts of
Di ssolution in 8 MUrea Total A230 960 494 Post Carification Protein
Cont ent congyFandgest 3gitions 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 Az 60 494
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



pH 9.5 9.5 Enzyne Activity Inactive Inactive (Units) (**) (**) Post

Chr omat ogr aphy of 26.5 ng Protein Content of Refoldate (ng)* 5.67 8.41
(DEAE MP) Enzyne Activity (Units) 258 4043 Specific Activity (Units/ng) 98
481 (*) Protein determ nation was carried out by the Bradford nethod. (**)
Prior to refolding the protein was inactive [01181 The results presented in
Table 5 show that total ODin the CPC treated material 15 dropped by 49.5%
and the total protein content was reduced by 44.5% Interestingly, total
-34- enzyme activity recovered in the treated sanple increased by 79%
suggesting that CPC renoved a conponent that partially inhibited

gener at | @YD agictitwrscevezgdm, th¢ OPCeandd sanplemervess hyi 1986, suggesting drag CPC

i ncorporated herein by reference in their entirety and for all purposes to
t he saneeextveans cagpdienetabpdrfigivintitied pebtratat b0Mti08 epBin@Nt or patent 5
application was specifically and individually indicated to be incorporated
by reference inits_ entirety for all purposes. [0120] Many nodifications
and varilﬁﬂ%ns of fHeetpreases fited hgwsit gnncoapepied gigin By taieraice igdhrir entisetyf r om
its spirit and scope, as will be apparent to those skilled in the art. The
speci f i anddotalbpurpnies tothespinbedtehbrssil padriedoiduat publivytiovayr witerevapgke onl y,
and the invention is to be 10 limted only by the terns of the appended

cl ai &5 appheatiohtwastspecificdlly hdopdvilialetidvakRIn Seliforporated 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
10  limited only by the terms of the appended claims along with the full scope of equivalents to

which such claims are entitled.



whi ch such clains are entitled. -35- We claim 1 1. A nmethod for purifying
a target protein conprising identifying a target protein and 2 contacting
a solution conprising the solubilized target protein and one or nore
solubilized 3 contam nating proteins with one or nore cationic surfactants
in an anount effective to 4 selectively precipitate the one or nore

contam nating proteins. 1 2. The nmethod of claim1, further conprising the
step of recovering the solubilized targefs 2 protein. 1 3. The nethod of
claim1 wherein at |east one of the one Gr nore cationic surfactants is an
2 anphi pat hi ¢ ammoni um conpound. 1 4. The nethod of claim3 wherein the
anphi pat hi ¢ a¥Weodiorh conpound is selected from 2 the group consisting of
guat er nary anmoni um conmpounds of the general forrmula QW; paraffin 3 chain
pri mary hanmonA unaticaipe podtyinf a tahget gesieihabnipoikinglidedtiidg 2 tapet waletsarddher eof .
1 5. The nethod of claim4 wherein the anphi pat hic amoni um conpound i s

sel egt ed:oﬁfa@ﬂh%]g sélhﬁoﬁ&&ﬁﬁnﬁﬁ’@ﬁie%%ld%ﬂz&ﬁ tﬁgét rotef i dﬂemé E&lublhzed

st ear am de- met hyl pyri di niumsalts, |auryl yridiniumsalts, cetyl

inglyry e . lauryl 4
ani no %?8%%%?%‘%&1‘5@% mﬁ“‘?‘*ﬁ& <Afic SRt e SRS e ﬁ?%%?y*? di et hy|
bet ai, ne, 5 di. hi’eﬂtfx eth bet ai ne and benzet honi um salts. 1 6. The

|
met hod &ei 8%1‘21%{%??0% ﬁhﬁr ﬂf?n‘?oﬁéﬁnﬂfl?:m%ﬁfﬁ?ﬁWm conpound is sel ected

from 2 hexadecylpﬁéldln|un1chlor|de dequal i ni um acet at e,

hexadlecyl pyr i dicimeied of dainy, fughersopnrisingshp ylen whtasoverinethe solubilized sasgst
n- al kyl dlnethyl benzyl anmoni um chl oride, 4 cetyl pyridiniumchloride,
N, N-di mprdtgin. N-[ 2-[2-[4- (1,1, 3,3, -tetranethyl butyl) 5 phenoxy] ethoxy]
et hyl] benzenenet hanamoni um chl ori de, al kyl -di nmet hyl benzyl - ammoni um
1 3. The method of claim 1 wherein at least one of the one or more cationic surfactants is an
2 amphipathic ammonium compound.
1 4. The method of claim 3 wherein the amphipathic ammonium compound is selected from
2 the group consisting of quaternary ammonium compounds of the general formula QN'; paraffin
3 chain primary ammonium compounds of the general formula RNH;"; and salts thereof.
1 5 The method of claim 4 wherein the amphipathic ammonium compound is selected from
2 the group consisting of cetyl pyridinium salts, stearamide-methylpyridinium salts, lauryl
3 pyridinium salts, cetyl quinolynium salts, lauryl aminopropionic acid methyl ester salts, lauryl
4 amino propionic acid metal salts, lauryl dimethyl betaine, stearyl dimethyl betaine, lauryl
5  dihydroxyethyl betaine and benzethonium salts.
1 6. The method of claim 5 wherein the amphipathic ammonium compound is selected from
2 hexadecylpyridinium chloride, dequalinium acetate, hexadecylpyridinium chloride,
3 cetyltrimethylammonium chloride, mixed n-alkyl dimethy! benzylammonium chloride,
4 cetylpyridinium chloride, N,N-dimethyl-N-[2-]2-[4-(1,1,3,3,-tetramethylbutyl)-
5  phenoxylethoxy]ethyl] benzenemethanammonium chloride, alkyl-dimethylbenzyl-ammonium

6  chloride, and dichloro-benzyldimethyl-alkylammonium chloride, tetradecyl trimethylammonium



6 chloride, and dichl oro-benzyl di met hyl - al kyl ammoni um chl ori de, tetradecyl
tri met hyl ammoni um -36- 7 brom de, dodecyl trinmethyl amoni um brom de, cetyl
trimet hyl anmoni um brom de, lauryl 8 dinethyl betaine stearyl dinmethyl

bet ai ne, and | auryl di hydroxyethyl betaine. 1 7. The nethod of claim5
wherei n the anphi pat hi c ammoni um conpound is a 2 cetylpyridiniumsalt. 1
8. The nmethod of claim7 wherein the cetyl pyridiniumsalt is a halide
salt. 1 9. The nmethod of claim8 vvherei_r56twhe cetyl pyridiniumhalide salt
is cetylpyridinium 2 chloride. 1 10. The nethod of claim9 wherein the
anphi pat hi ¢ ammoni um conpound has at |east one 2 aliphatic chain having
6- 207cartyomidg dodecyltritiethyimemeeivno bronfide | catyitriBethilamenonivh drahidehatiyt chai n
has 8-18 carbon atons. 1 12. The nethod of claim| wherein the solution

furtber dimohyl b@sinoBRadd diétRylartditd, ahd ladr@OPRRGHethy] bethihe. The met hod of
claim12 wherein the one or nore cellular conponents are derived froma 2

m cr @or gani sMhelndflod $hQa118 5 RatrQh 1 ﬁﬁ#ﬂﬂ&\#}ﬁhi@@%ﬂ?.ﬂu@% ofh@RIPani smis a
1 e

bacteri a. 15. The method of claiml rein the bactériais F. coli. 1
16. The gﬁ;]egw_gi cl.aim12 wherein the one or nore cellular conponents are
one gr no I%prgtslgﬁhs. 1 17. The method of claim 1l wherein the target

P ecotbi fant - pHGTETROY & AP A i sl PHESHBIHIT: 7 RASERE7 whor el n the
target protein is selected fromthe group consistin 2 of an antibody, a
uri chse 9 an iTeerstbobal deirng wheree thercety! priridiviure halidersalids eptylpyridinium
deoxyri bonucl ease 1|1,

2 chloride,

1 10.  The method of claim 9 wherein the amphipathic ammonium compound has at least one

2 aliphatic chain having 6-20 carbon atoms.

1 1I.  The method of claim 10 wherein the aliphatic chain has 8-18 carbon atoms.

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

Z  components.

1 13.  The method of claim 12 wherein the one or more cellular components are derived from a

2 microorganism.

1 14, The method of claim 13 wherein the microorganism is a bacteria.

1 15, Themethod of claim 14 wherein the bacteria is E. coli.

1 16.  Themethod of claim 12 wherein the one or more cellular components are one or more

2 proteins.

T 17, The method of claim 1 wherein the target protein is a recombinant protein,

1 18 The method of claim 17 wherein the recombinant protein is an enzyme.

1 19.  The method of claim 17 wherein the target protein is selected from the group consisting

2 of an antibody, a uricase, an interferon-beta, a factor X inhibitor, an acid deoxyribonuclease 11,

3 anc¢lastase, a lysozyme, a papain, a peroxidase, a pancreatic ribonuclease, a trypsinogen, a



3 an el astase, a |lysozyne, a papain, a peroxidase, a pancreatic

ri bonucl ease, a trypsinogen, a -37- 4 trypsin, a cytochrone ¢, an

er abut oxi n, staphyl ococcus aureus enterotoxin C, an interferon and 5 a
nonoam ne oxi dase A. 1 20. The nethod of claim 19 wherein the target
protein is a uricase. 1 21. The nethod of claim 20 wherein the uricase is a
manmmal i an uricase. 1 22. The nethod of claim 21 wherein the mamali an
uricase is a porcine uricase. 1 23. The,ethod of claim 17 wherein the
target protein is an antibody. 1 24. The nethod of claim 23 wherein the
antibody is a single chain antibody. 1 25. The nethod of claim 17 wherein
t he #ar getpspy ecgioghiosnean ah etabufosigstaphyldoccThaurmet ¢nvetowfkircChj an iaGr fgher anidn
the interferon is an interferon beta. 1 27. The nethod of claim1 wherein
t he &ne mmon®imEneakidasi & surfactants are added to a 2 concentration of
fromO0.001 %to 5.0% 1 28. The nethod of claim 27 wherein the one or nore

cati oni gesurf aCtrﬁ@h?etlﬁfdeof%@diﬁﬁlﬁ@h@rein%h@fb?é&%%t@ihii% uftfaderom 0. 01 % to
0.5% 1 29. The nethod of claim27 wherein the one or nore cationic

surfactants are q¢ t:0 . ntrati f 103%. 0.2% 1 30.
The ?ret ?gd of cITglggnleeﬂ‘f()dv%g:%aé‘?lnfofﬂfégg%ﬁﬁ%{éﬁ?aﬁglsl %&gggr?galggrd %?é)sg'm 5 mnutes to
48 hours. 1 . _The thod of claim30, wherein the contacting is done
ot 10 2 mut es 1B TSR 3] wherS ke RemA B mick hnf POHRHBRIE £ he
contacting is done at a tenperature of from4C 2 to 36C. 1 33. The nethod
of clai M332, whéhemsthodeofchimadt whrgeindheigrget aroteintivppertiodye of from 4C 2
to 26C.

1 24 The method of claim 23 wherein the antibody is a single chain antibody.

1 25 The method of claim 17 wherein the target protein is an interferon.

1 26. The method of claim 25 wherein the interferon is an interferon beta.

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

2 concentration of from 0.001% to 5.0%.

1 28 The method of claim 27 wherein the one or more cationic surfactants are added to a
2 concentration of from 0.01% to 0.5%.

1 29 The method of claim 27 wherein the one or more cationic surfactants are added to a

2 concentration of from 0.03% to 0.2%.

1 30 The method of claim 1, wherein the contacting is done for from 5 minutes to 48

2 hours.

1 31 The method of claim 30, wherein the contacting is done from 10 minutes to 24 hours.
1 32 The method of claim 1, wherein the contacting is done at a temperature of from 4°C
2 to36°C.

1 33, The method of claim 32, wherein the contacting is done at a temperature of from 4°C
2 to26°C.

1 34 The method of claim 1, wherein the solution is substantially free of polyanions.

1 35 The method of claim 1, wherein the solution is substantially free of solid supports.



1 34. The nmethod of claim11, wherein the solution is substantially free of
pol yanions. 1 35. The nethod of claim1, wherein the solution is
substantially free of solid supports. -38- 1 36. The nmethod of claiml,
wherein the solution is substantially free of aggregates of the 2

contam nating proteins with other nolecules. 1 37. The method of claiml,
wherein the solution is substantially free of polyanions; solid 2 supports
and aggregates of the contam nating protﬁgns wi th other nolecules. 1 38.
The nmethod of claim 35, 36 or 37, whereiT the cationic surfactant is a
cetylpyridinium 2 salt. 1 39. The nmethod of claim37, 38 or 39, wherein

t he detyifpyri di Aihemesladd ofi daimel, Whzyein therdolutionds eltiscankidiey frée dDaggfdpmtavel iod
of claim1l, wherein the target protein has an isoelectric point greater

thanz 2 @nte@gbaing @otéinslwiftlothéy Rblectleed protein prepared according to the
method of claiml1l. 1 42. A purified uricase prepared according to the

met hod of7 ¢l ai Mrie pleuthdt of GUY, WARSEN g{e o Lﬁio%‘lélgu%?ﬁﬂl ﬁ%{&fﬁﬂl 's<§hda

manmal i an uricase. 1 44. The uricase alm4 reln t

uric sel orcmeu i The uricas m.42, wherelnthe
uri cése |§p?¢ i agggﬁgg{g? gfhe &8 aml\ﬁ%‘éﬁgé’rﬁfe{fﬁé”’lﬁ’zo%srd@ﬁ?%? “cel | corrprl ses
DNA enco |ng th$ uricase and the DNA is expressed to produce the

uricase.’ 1 26, ThEMHQRLIm 1 A6 AT 35 WhERBIR SAONIfSHEAant i a@éﬁfl%&déa
frominclusion bodies produced 2 by the bacterial cell. 1 47. A method for
puri £yi glta target protein conprising the steps of: 2 a. identifying a
target protein;

1 39 The method of claim 37, 38 or 39, wherein the cetylpyridinium salt is cetylpyridinium
2 chloride.
1 40 The method of claim 1, wherein the target protein has an isoelectric point greater than

2 orequalto 7.

1 41 A purified protein prepared according to the method of claim 1.

1 42, A purified uricase prepared according to the method of claim 1.

1 43, The uricase of claim 42 wherein the uricase is a mammalian uricase.

1 44, The uricase of claim 43 wherein the mammalian uricase is a porcine uricase.

1 45, The uricase of claim 42, wherein the uricase is from a bacterial cell, wherein the

2 bacterial cell comprises DNA encoding the uricase and the DNA is expressed to produce the

3 uricase.

1 4. The uricase of claim 45 wherein the uricase is recovered from inclusion bodies produced
2 by the bacterial cell.

1 47. A method for purifying a target protein comprising the steps of:

2 a. identifying a target protein;

3 b. contacting a solution comprising solubilized target protein and one or more

4 solubilized contaminating proteins with one or more cationic surfactants in an



3 b. contacting a solution conprising solubilized target protein and one or
nore 4 solubilized contam nating proteins with one or nore cationic
surfactants in an -39- 5 anmount effective to selectively precipitate the
one or nore contam nating 6 proteins; and 7 c. recovering the sol uble
target protein. 1 48. A nethod of increasing the percentage of a target
protein in a solution of proteins 2 conprising the steps of 3 a. obtaining
a solution of a plurality of proteins, wherein the proteins in solution 4
conprise the target protein and contam nating proteins, and the target
protein 5 conprises a first percentage by weight of the total protein in
the solution; 6 b. caentaotéfigtivhe sbdctivelyrpradipitatotie coe onproee cattiromatng
surfactants in an anount 7 effective to selectively precipitate the
cont @mi nati ng protei pssteidsimer ein the target protein in the solution of
step b conprises a second percentage by weight of 9 the total protein, and

the second per cent aggedoSedh £k eblubiaardehfrotdin St Per cent age.

1 48 A method of increasing the percentage of a target protein in a solution of proteins

2 comprising the steps of

3 a. obtaining a solution of a plurality of proteins, wherein the proteins in solution
4 comprise the target protein and contaminating proteins, and the target protein
5 comprises a first percentage by weight of the total protein in the solution;

6 b. contacting the solution with one or more cationic surfactants in an amount

7 effective to selectively precipitate the contaminating proteins;

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

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



