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METHODS OF CONVERSI ON OF | NTERFERON | SOFORVMS AND PRODUCTS THEREOF 2003
Throughout this disclosure, various publications) patents and patent
applications aggopeéssenced. The di sﬁ/”m hese publi cat ipgrasopadoent s
and patent applications are herein i Wm lllky reference. Field of the -
I nvention The present invention pertai ns*&&g* sol ation and purification
of -proteins. In particular, the present invention pertains to the isolation
of proteins, isolation of isoforns of ,0 proteins and conversion of

| soforms to the de%ﬁﬂ»@é&%&dvﬁgsnoﬁeﬁwmeumyﬁm AND PESDUCTS HEERROP €1 NS
are widely used for research and clinical purposes. Wile such proteins may
be obtained fromtheir natural source, reconbinant techni ques can permt

the production of these proteins fromnon-natural sources. For exanple,
fermentation 15 of m croorgani sms constructed via reconbi nant technol ogy,
such as transf or megholatdheihistdisdhsrl] ¢ariha B licHtons, ipatenss £id ;iwma?pmﬁéﬂs%@n
at a substantially Iower cost than is possible utilizing natural sources.
Such r eGombi refemenceliAThe diselpmmesofithase publicgtipass patents ang patentanplisetinng am hesgin

| mportant protei o Lnsulin and tissue plasm nogen activator.
Bacteria al tlggoglgg%/edr%&crgtﬁgeﬁlﬁ%nt t echni ques, however, al so produce

cont am nant sFieliofAfie Ihvemtionr al i sof onns of the protein intended to be
produced. These cgntam nants and i sof orrrsisirqgactl ude .ol i gorreri c&r ot ei ps and

reduced protein i L Rresaat invention partaips fothe 108 and PugHStQn 9 PRI, I
al.), cell . | ; ; : JEFsRd
et al.) and yrn’ﬂ\ﬁ/%r?{eiﬂlp:f%sﬁfggﬁfeggé gﬁ%ﬂé& stggﬁé Rgg%ug?_ogﬁo,@%’%li@ Cher:t%%n%qz‘fs
287: 19101 ( 189R)ns aAdaonvessiomof isofdrmBtothe deivgdprateiss.13050 (1991); Stevens et
al., J. Biol em 352:2998 (1977); and Shapiro 25 et al., J. Biol. Chem
255: 3120 (19%6%2”\'? I's desirable to renpbve these contam nants during
purification of the prNhwmtally octgHhg Erotéiheae widely ased fos eéseuroh ane dlisical pamposes.
purity of the _desired proteln and . the grocesses {or removal, .of the isofonns

reduce the oWilgispch prajeips may bephigined fromptheinpatiral spurcs, Fesombinant, teghniques can
converted to ' . A | ' ' C ;
over al | 30 pRaTR HE pHIREGH dPuReP protelfi ol b SN RS P s ertarfo
is a wdy to ofimitrodrganismiconstarttst da escombinshbiennodogy, sushasrtransfosmed bactéria,
desired protein. The present Lnvention.addres n o dr T =

5 VAR 2003 VEOGTeISmEGustEsT pEImA} R G Pty BEEC st lidh Wppasible
present i nveprliZmg Riraal SitfcesE St combinaitdMMAItedhniyugh hyveplsd beenditifized i ns
in high yields by isolating adjunct isoforng and, convertjng themto a
desired, ~ f unBlofutr0therigpertant proteiph SughtiasivAnd tiseee plagsdrgen aALr-on
provides a met NodphQkrid AfekéP) fBorhBifiant tEdtidqtes, However hRb E)?Jcﬁl@e @&r?ﬁ}ﬂinants and
conposition, conprising converting an adjunct isoforminto interferon

al pha. 20hi | estricturglrissfertns ofitheproteim intended to bé produced: hesepeontarpinants and isoforms

i nterf | pha, i ferred di ment. the interf | '
ntorf oton alBHaseBpRef Gt AL e B AE O Baet IR 4 T0aae
net hods for DoANdred bid.)fcellaiebridantivihlsys GeOULS: PdtentiNON4,732,683 &5 Gedrgiatizer al.)

desired protein conprising chemcally 10 remuvi

/ing a cleavable group from

the adjunct PRbPHYAtetinke ﬁ@fgm(spﬁliemteﬁ,J@lﬁloﬁhpmn?ﬁéww &lﬁ%)e:s@awaﬂé,
R-¥ { b | .4 t :

group renoveg.gihil cgifn 95@2%556?@91){‘&&%1{;5?%}3, Jgﬁgalﬁg{?ﬁggzygpggﬁggn%%@ $hapiro

The present invention is also not 1im
removi P t heetal., J. Biol. Chem. 255:3120 (1980)). It is desirable to remove these contaminants during

purification of the protein.

Clearly, these protein isoforms reduce the purity of the desired protein and the
processes for removal of the isoforms reduce the overall yield. If, however, the protein
isoforms can be converted to the desired protein, their removal is unnecessary and the overall

30 protein yields would be significantly increased. What is needed is a way to identify undesired

protein isoforms and convert them to the desired protein. The present invention addresses

LT
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such needs.



cl eavabl e group. In one enbodi ment, the nmethod conprises exposing th 0
adj unct isoformto 15 acid solution. Wien the adjunct isofonn is a p?rmﬂazg
adj unct -isoformof interferon alpha, it is preferred that the acid solution
be at about pH | n such an enbodinent, it is further prefe he
acid sol utionvggooztgd&- 40C. I n anot her enbodi nent, however, th%&ggisgﬂgﬁoﬁ )
I soformis exposed to a zinc solution. | nZa preferred enbodi nent, the zinc
solution is at pH7.8 to pH 8.6. In a firrther preferred enbodi nent, the

zi nc sol ut i Sumimarytof3be BB@ntio® The present invention is also not linmted by

the type of acidmor_ zinc.solution LLiae n fert. ' .S, .t
aci d sol ution or “2f RES<HM M?PBrSHﬁﬂf wﬁ?ﬂsﬁﬁ@m&gﬁﬁﬁf}%ﬁWﬁ Eh
prefeaed enpidsByisslating alj@iet isefonfs ahd aivetingetheni®b i desirdd; furctional protsin. In
enbodi ment, the preferred concentration of nethionine is 5-4

oM
Def i ni ti ons opgembodiment, thernsesent inyention providrss metdod for iaprsasing fisyidd pf ar ei n
etin S ah _ |

Gesi red pr olPibron BphR bEAERD oBfiolihe Lfertink I AdHEtt ebbGt i pfirfekciFalpha.

puri fi cati oWllexthegresent imventiexsmpt kmitddito mparticylar irtérferon elphprinagdefemed t may
be desirable {o,obtain.,a protej roup.Qr qroups, including contam nants,
in an inter P%ng’ébmﬁ‘!&“f’ﬂéipgﬁ%Lf‘feggﬂqlbﬁ?}i#gcess. Regardl ess of the
interest in obtaiNiffihéRniboliRieiE thepresddt HvehtomProvides PnethdiR O nObrfingaoUP
that is the ultimte goal of the purification procedure is considered the
desi red pr oresombinastly pradupest adiynct ispformcte the desirgd proteig somprisingshemicallyr ot ei n
I sof or yp havi f P f&tﬂgracteristics simlar to a
desired pro %?%‘,ﬁﬁ%g‘ﬁeg‘?aﬁheﬁgﬁég@%tpgg%%ﬁgéocan ‘be renpved fromthe protein
to produce the d@heprdenintention ishot limited byltiee cJeanaple group rawovetiontlone - 5 MAR
2003 WO 001 29440, PCINS9 12&?00 3 to nean a chem cal group attached to a
desired prot®bAdiment the glpagable group camMpUSISPYPAVALE- ~ Cheni cal renoval " or

"chenical |y renoygd Bré&tmti&?fsgﬁdf% niod liﬁﬁférﬁ fg?ttﬁeﬁae&&dgﬁ%h%f&g%mﬁsweg the

chem cal group has been separated froma p el n by chemca 2ans,
i ncl udi ng, lsleavahle gionpd Irconheembodimefitcthe methadwompriees exposingitheadiynchigoform tm

vent Fon, - Sspln it o bt RERRRDR | BRIy ot S G Rbren e e
I sof or m can pheferref thay thel adid station bostabbutpH ﬁge mfsugﬁma?quiﬁﬁﬁo ftris flrther
a _aesl ge prorern navin

le, a " dj i 0 _
Cl cavabl e ORI takIAEA°H ReliPE 0F Hottc4Cah BhofborrRORRET, REWEXER e Mumes,

the term " oxigfsr 8 r&ﬁ@s@& td £2inc I51fi6n. Anf £REfenR ehiboRNHEH, the z?‘?ﬁéﬁg%ﬂ gasét‘i'&ils

sul f hydryl groups of two cysteine amino acids to form disul
used her ei n,7.8& fopH &6mini a furthef prefemed| epibwdimertt cthe zine sohitioniis gt 3F38°Qduci bl e

secr et protein at _confer. resist . S 'y e ls, ..

i nhi bi ?&cel | pr Olsflhég}-%ﬁftdﬁveghan ‘rlaseéslsﬂ tgqqgﬁnelie%rbysté???ﬁ’eo&qaﬂqg&%&é:ssg)ﬁ*mgrwpﬁ%%s.
Th};s famly pr:r:]dferﬁb'd&n?ﬁvdtméxﬂs,mlﬁ&acid soltitieh rbtczixhdﬁoeuh 2%@{ wm;ﬁ'is&hagﬂﬁm(iﬂhft.ehﬂn,
Hof f man La- Roche, Nutley, NJ),.interferon al pha Intron, . Schering 15

Pl ough, I\/adipéﬁ’r?,‘d%)",mff-’%?%?méqdé‘ﬁ°‘§F’ﬁ{\%%"é B} 6emPrisgssehionien (7 Fian

| ngel hei M leyBliifintth et koflenfrBRHPARHEIdAR SSOLAGREe. def I ned by
determ nation of a consensus sequence of naturally occurring interferon

al phas (I nf Defimitionsnrgen, Thousand Oaks, CA). Detailed Description of the

I nventbon The present . .jnventiqon pertains to,fthe isolation.and purifi.catio
of profains. I ardesdhehelb e ent desied Broledy s KndlaR O Rikrhitiat rpEpad
i denti fi cat itobe piifigd)rTHe idextifientiol oftH¢ desited ipPetbi@r i§Fof dolirse)subjtef toah® elimue !t |

the present invention_ praovides nmethods for producing a desired protein from
adj unct i sofé9phf the purjfigatian prosedure nborRxspic, during 8 pugEsatanrecrdptst Maybedes

a highly purgeit kdi | CRz I ddeidch fs Osdds
protein toget hea?’@evm@te%uéﬁjgS%tah%sd(}lip?}f%&'gﬁaﬁfﬁg{dg%sequ@ﬁ@’c‘gtﬁsgrr‘ts| onm(; Stteﬁe
adj unct i sofofthespurificatien proséss.cReggdlessoofthe intérasttiniobtaiming en intermediatoprotein f

t he adpynct isofgrmis.reduced and the overal i el d. of the desired protein
% nebllace ikl Pro@in GPUF fheute wieR 5T R HiriisRiok pposits brapRacedhe
yiel d of thehéléesire@prdeeiftt ei n can be increased by as nuch as ten tinmes the
yield as obtained W thout converting adjunct isoforns. Wjle the present

i nvention is not 49 yRcd derely, theferm cadiwnct agoferme’ means aproisimisaform having stractural
adj unct i sof QK8 kurl ' s b e '

constructed via ﬁdggo ?ﬁgﬁaﬁﬁﬁ%gﬁ%%ﬁgﬁaygéﬁny eﬁéj@ﬁ@%ﬁﬁc? %Irgggcanbe
known to thosmoutd fromdhé proteiretoproducgubidesirad praseine A feleavablegaoups'is undeystbed

eukaryotic or prokaryotic cells, bacteria, mamrmalian cells, etc. For
exanpl e, interferon al pha may be produced in bacteria by

-~




- 5 MAR 2003 WD 001 29440 4 PCT/ US99/ Z0900 fol | owi ng the teachings of U 1003
Pat ent No. 4,530,901 to Weissman or by the techniques described in European
Pat ent Application publication nunber EP032, 134. Likew se, the present

i nvention is bobksdsped to any particular method of extracti ngctrissovdgsenct
I soform from the producing cell. Wen the sdesi red protein is interferon

al pha, for 5 exanple, the nethods described in U S. Patent Nos. 4,315, 852

d 4,364,863 t Lei bow t | itable.. Li kewi th t
vent Fon’ i SoRAanIEGHRIRa! 9o FEPche 10 % JF5LPS BRoleiR FIAL RLDF CEEHSAIRIER ORbI oyed
to isolate t‘lﬁxeﬁ“?édi' ?&ﬁﬁﬁ%%ﬁ@:&&m?ﬁ%ﬁéw £isPd RERInTs uMEto S fPIRIRaaRAYA

and ot her separation techniques ar nown to those skilled in the art and
are appl i cabdhemieal grouphad/Bech sepanated fromeaproteir by chamicalgneaps, in¢lndingdbusyot he

met hod of identifying.th dj unct i.seforns, .tdentifi.cation of adjunct
i sof orns ca “B’é"é%’c Fisglﬁgﬁ‘l’ ﬁﬁs‘g fﬂﬂﬁ???gnﬂ?é l%ﬁa@ﬁ@’f&v\ei ghts of the
desi redsprot ei n ayyiila Ayt befik Rbeseay t6 phisttéithe prevontdavéntion it thghiledvalple grouphuamn
the desired protein. One such nethod,is described in Rose, et al, J, Biol.

Chem 267: 1dxcchemicailydentifiedthmadiunct isoform 6ag bs Teisred te 252 speriGntyms Sfiadiunchan
the desired ; [ gg%g ) : ol Qs ot

extrenely acligéifglgqu' ggfre Fey&bg@gag%ﬁugﬁdgtggﬁ%gd&? gr eg:?daggbﬁ?%ﬁcﬁavable
products. | fgromeattdchedtharis diegtifishie aopymuvatduct s has the same mass and/ or
structural characteristics aof the.desited protgin, _then the contan nant,,can
be considered an %I}’i?ﬁ d 'Eglfeotf’?ﬁ‘ h%mngegthBVMS yFaeten xﬁﬁzpag&lﬂc@use the
pr esentpi NVeqmodiyl grodps of twdicysteink amindadids Ubah di¥alfidedohdy. converting

adj unct 20 isoforims to the desired protein, in gne empodi ment. a screenjng

process can det erds neediheesin thajern Cistarfaren elpha oisfers i%@ﬂﬁlﬂ&ﬁ@@ﬁih% secrasp
process ent ﬂ%’b&{xﬁ R TBer &sﬁ%b@&»%tseé)én aeﬂgﬁﬁﬂgfa%egmﬁfe%oﬁ Qhd }é%’xgh[té g

the point t e Cleavabl e group I's reno jur~-1sororm
functional osxpeession-of MIEQ elass bdnyigeresn &Ehis fathitieinchudes, punis aotlimiedito interferon

Yorovi g a 3P Za (RRfrron o L RoRte sl NDninterteton SRR (8ot Sbeints,
cl cavedsby exBaa, Maditsh, RY), Hiiterbrd AbRS-D: (Berdfr Hih BRiuigeP Ingletheiim, IngSthBin

acetic acid). an alternative enbodi nent, e adjunct isoformis exposed
to zi nc. TheGemmesyher ¢onsensed ipterferonssisfined by detemminatign aflacconsgnses sequence of

whi ch the cl | [ lon ks I r | gher the

t enper at ure,ﬁﬁgﬂgggﬁﬁﬁ%ﬁéﬁ%mfmaﬂ@g& g%%gﬁfﬁﬁﬁéﬂgﬁg{‘ﬁ%ﬂ to the
desi red pr ot DBetailed\Dieseriptimofahe Inventivnl of a cl eavabl e group may produce a
protein with the ,Earre structural character.istics of the desitfed {)ro ein, it
i's sometines nece %Pffs%mﬂﬂtlﬂ“zﬂ?"‘ﬁ’@alﬁ?:gﬁl F‘F‘H’Sﬂ%ﬁm_ ’&”G&P{S’s" {RSOIGINSy 1 PRR:
bonds. 2§hi s é}hﬁmeﬁ:hﬁwﬁzm&w ifvénfloR brcVidesFb MR8 idenfifidatis A8 Purification AR ALH 3
WD 001 29440 5 PCI/ US99/ 20900 become a functional protein. t hods of

oxi di zi ng suisefeymis.yIn apothep smbedimeniothe presenhiaventionravidesmethedsfor pradueingiaon
is not limteg. - ' 0 ' oI (P ' :
he. or esent - Sotres Lo B il ElsofBFinRo h 9t B EF LGk, ISBrEIRORL BB
during oxi daproeides @ hightywpurifieddesifedrprateiroby thie cogtuhificationsofthd desived protéin tdyetiser

for 5 protecti met hi oni ne grou are knowin the artf., and,the present

| vent | on |+ <V AdiunS olamas g POSRenETHERon o)t i o eminab Hrereied
gr oups.25Met hefdeein "RYRKShannler) Seliffounh 81 the AdfiincAilb ot lifirsahdedand WS SverlPHieldof
Lam et al, J. Pharm Sci. 86:1250 (1997) and U.S. Patent No. 5,272,135 to

Takruri. Thethgidesiesstproteinciaincosasedsand/ards more highlyipugified thaneprendousiyl agifievable. The
| npl enent at | 9i@ldoc§f tR desired protein can be increased by as much as ten times the yield as obtained

without converting adjunct isoforms.
While the present invention is not limited by the source of the desired protein or the
30 adjunct isoforms, in one embodiment, the source is microorganisms constructed via
recombinant techniques. There are many such techniques known to those skilled in the art.
Such transformed microorganisms may be eukaryotic or prokaryotic cells, bacteria,

mammalian cells, erc. For example, interferon alpha may be produced in bacteria by



10 oxidation reaction. For exanple, in one enbodinent, the present _5,MAR 1003
I nvention contenplates the renoval of a cleavable group foll owed by

oxi dation of sulfhydryl groups. In another enbodi nent, the present

i nvention contenpl ates the renoval of cleavabl e groups and oxidati on of

sul fhydryl gr oM@8024dfer the sane reaction conditions. Likew se,PCMéﬁaw???QO
chem cal renoval of the cl eavabl e group arfl oxi dation of the 15 protein are’
conducted in the sane reaction, the present invention is not limted by any
particul ar nfellowihgahe teachingstf (&5 cRatertsINo. ;530,961 to Waissmandirbydhe techriiguess and

oxi di zing. In one .enpodi ne owever. a screenin r Ls conducted to
determ ne t h&"sffg%ef‘.l "gﬁfﬂpﬁqg%i‘“r#&rppﬁﬁ@fﬂ%%ﬁ@m&%%r%f’ﬁiié?i-avam e group.
For exanpl e, experikaRi3k,Shé'Biebéht thveAiidteis Abt Riite® iy pwﬁcm&ﬁn@mowaﬂ@f&aaﬁﬂg
and the amount of resulting desired protein having adequate 20 structura

integrity (itheadjunaisaformefremsheprpducingcell eWhen the/desiredprotain ismintesferan alpha ore

Sdequat o st roarara e prilt Eoerthed b S FRLNG} ARSI B B L B
in a bell cuglyse switable. t he hi ghest point of the curve representing the ideal

pH for chem cal repoval of the ¢leavable group, In such an enbhodinent, .a
simlar screeni ng-ikelisedhe prgesnt IVentiqryis "Pg{%’“ﬁ&‘i‘ By thegartiuiarnugidication teghnigugs|

25 curves of d AR isb i (i ' ?hﬁ@tg%
i ntersect, t%’%ﬂg%?ﬁﬁ%% tnl{_eer sec!tliso%ﬁrﬁrgvggl%%&e%teﬁ lglahggﬁr It : oarnd
renmovi ng t heotbérsapaxation tgchnigues ave kaomaii to ithnge skiled inl theartraptl arg applisable herce

sane reaction. F 1 C . 4 | on_of ruvat.e adj unct

I sof onﬁaof i nter Mgﬁ%}pﬁ%{l{ﬁﬂgﬁ@&d?ﬁtﬂgﬁg | t@? gée&o a‘%%ﬁ?‘ﬁﬁ}[?aggl?&' %cﬁunct
reveal i ng t higofonfd, idertifitativhi offadjuacy issfome camitbermtomplished byistidyirgt the fnoleculs—
reaction conditions that can be evaluated 30 include, but are not limted

to, salt conveights af thelesired pratein andany coptammants having amelegnlap weight higher than
isoforns to ' p | : q .
necessary { oodeiid piilnl Ok Shth mbtbl RdesrMATR RARE W0 Y 1 R CHERY 28710101
desired prot@dsR)i Contantindrityhaiing 4 medkcular weight bighed thaw thei desized prioteirs cart bl e
for thegapeutic use, if . desired.. For exanple when the desired protein is
it er 145 on- afApREd Lo degradstioh coBTNOBRYC o) S TS SORET B Bo b G I AN ARl Aed
descri bed i nfoldégraddtib Prodies. Ifen/bf theée degadation PPodudts Ha the s eAnaks dndor
Patent No. 5,766,582 to Yuen et al. are suitable. Alternatively, other

i nert, phar nBeelral chamcteristics of ths|desired prptein; thenthg eorsaminant eap beconpsiderediang.
Solid form pf EﬁBfogﬁ%an la”cﬁ&wﬁﬂ , tablets, dispersible granules,
capsul es, cachets and supp0Ositorles. e powders and tablets may be

conpri sed of fronWhilethe present inbentiond&ngtdmrited to dqrartientarmethed for convelrtitg sdjunct

solid rriers,are ow i.n,the art, e. nesi um car bonat e, nesi um
Stearatl, 1 aClonty e drsired prel inprgied ot R et Een A B SACRR Be
can be used gop&rohvkrsies aaiflificHsFob skdniilé, Onk ProceiPéntALH d%é;ﬁivi%@&c%j §tmefiO6£ the
preparing suppositories, a |l ow nelting wax, such as a m xture of fatty acid
| O gl yceri did of thegeaction sejutiontor the poinkthat the clegpable groupsiremayved drony the adjur-

i ngredi ent i ' S ' ki Ld ) | ten
nompgenous rioiTPere & HhcRRRHE ATl eblnilea Yestdd i WSl (00
cool and thereby Motdoster the présgni idvémiomipnetimitdd wnthe nrthodist cheinidallg ehoving a
suspensi.ons and | sions. For, exanple, water or wajer propylene glycol

SOl Ut 1 afs. T of YD E #ratea 3 opp SBBPOMET iR AIPUR BrioBPVEL PkiHven by ssposng the
opaci fiers fgfjufti flofotl thaf:iﬂ(fijconaiiﬁa_E (54, Ciingardti By B allenfitive emBbdiment,

preparations may also include solutions for intranasal adm nistration.
Aer osol prep@F&ﬂmﬁsSQﬂfm issixposedito zikal ati on may i ncl ude sol utions and

lids i wd . . Al ) ; eal |
Scceptable carr| ofte SroeetineniBhis 2o s 3B 67 Heilmbly e {OURLARIC IRV, ¥
the present reastimtis am. iagendralphbwevke) thy higher the emysbestor, the. fasteetht aajnsetdsstorm

conposi,tions take the formof creans, |otions, aerosols and/or
emul si 3hs anﬁﬁﬁgﬁ"%m th&"e@lesFrﬁdarqt?‘ansdernal patch of the matrix or

reservoir type aswig cRei¢arYehfoRal ofiatcléabﬁol@gov%%%)‘ ?ﬁoﬁu&“ﬁ @%ﬁ&%wﬂﬂ e same
quantity of active conpound in a unit dose Of preparation tan be adjusted
from 25 aboustnghoal ogracisristins.af theodpsiredyprotain; ipis sbmetilney néaessary troonidide fetiuneyd

to about 750 r | v agtiv. ound.can _be prepa b

I nternati onafﬂgﬁlf@é TgFov‘\’/? ? LO q‘g@%‘? é&gdrs'r ggﬁsaaglgg‘éggc B’@?%?%%@b\%ﬁm% fﬁ?‘ﬁf‘g éﬂd and
50 mllion international units. In such an enbodinent, 3 mllion, 5
mllion) 18 mllion, 25 mllion and 50 mllion units dosage forns are

contenplated. Also included are solid forns which are intended to be
converted, shortly before use,




30 to liquid formpreparations for either oral, topical or parenteral-JMAR 2003
adm ni strations. The foll ow ng exanples serve to illustrate certain

preferred enbodi nents and aspects of the present invention and are not to

be construed limting the scope thereof. - 5 M4f; 2003 7
PCTNS99/ 20900@9&?%‘%&1: Screeni ng Pr ocersn? for Conversion of \!P\;?Fg\imastgzmo

Adj unct | sof orns Pyruvate adjunct isofor can forminside cells, wherein

t he al pha-am no group of the N-term nal anino acid residue of a proteinis

condensed wibcpome a funstipesh protejn.oMstherds gfexidizing sufhydryl groups areaown;ip the arb ard;
i th tei Lon, . [ . B tei dj t

ot orm i o RyGRsr B ebtfhi beTan g oy R ol AP OGuRhr © 7 20 07

]pr ot ei BI freel ]y r aﬁ?hderhb?]cammsﬂ:.d?séséﬁtdnimign thﬁtsmghtdﬁhm pmggdtiaﬂoﬁgiemioninc
avorapl e cont or ngt,l on cgnange. a SIre 0 n.nas S

bond(s), a rEERNRSSUrig BYIdRYATIR DIVERLHYS ?%W% mﬁiﬂmees%ﬁéﬁﬁa&ﬂbﬂ&m be

oxi di zeg as paotBétrlg ﬁéthfr?ﬁfn‘c?.'g?ddﬁg ate Krfdwdin B5Sart, Afld hfal';s}bseagmwﬁﬁ&ﬁk neYiifgted by

procedure il'lustrates how to determne the optimal conditions to convert
pyr uvat e- pr gagiculanmethods forpostestingimethioning grupss Methasdsphoweveriindudesthg use of

AN
o

reviously, _if | rote| ' |
g creeni ngyneagécs”gfi %ﬁ%lé&ieg?x}qegg 95‘ u ’S?%fﬂ 8’(%" @f“n"? E%Of(ﬁ%é@%ﬁg%#.gﬁai%ﬂég[oage
(hydr ol ysi s)5,272{135 téd@akfueid protein has a disul fide bond(s), screening needs
to be perforned tél%srraxi m.ze not ,only pyruyvate cl eavage (hydrol%/ls,i s) _but

_onl
al so 15 di sul fi ddSEHFRFRGPYRRIPR IS AseaHmA Py thy methogof irplementationofgh uvat e
assay §¢ NeeHBshibR rdiBibd. For eREnfle! filthe habtted, ¥ prekdie fviRtion QortibiRaeS

pyruvat e- cl eavage ki netics. For ex ree” pyruvate can
quanti tati veetmova ofig eltavablegrobe fallowled by dxidation ohHsulfiytityd granpsain anotherat i c

nethod. 2,4 2 i ni trophenyl hydr.azi ne, P can be.u tQ,derivatize

oyt Uvat e ateibodimgent RS PR el 8 FenoTa] S Pl BT e

pyr uvat e- pr gx@iatioR df stifhydiyh BloBpsmtier tHe samB réefion bMMARiGmNDr ane, for exanpl e,

a 10K nmenbrane. A filtrate Is Incubated at acidic %H wi th DNPH whi ch reacts
al

with "free" pyruJdkevisouhen thechomica) emaypl ofithe eleavable group and oxidation of the
2, 4-di it | : - o _ -
col umn Such RReh ot B80T in B8 BuiE Tl e Gl CER el Rl inid b1 B8 0,

reaction i s patticutan mmthetdrofcemavingeleavablet growpsnfeoms an edgmnct iedfopm and axidizing. alns o
possi bl e. An_enzyne. ki e.d., lactate dehydrogenas W .ca | so _be .used
o measur e (P ATEPBMORl RO REkri e RIS TIOReS BoPur i Aetertyns e PFE FORTIGRDS
since its mfbEchHemiehl kdrAdval 60the BleafdbfidtBuR YFarexbmple, experintinid st a 1%?& of pH
adj unct isoformduring incubation, To neasure the conbi ned anount of free

pyruvat e andopditigngean dertaken andhthgtamonnt ofjresulting deasirgd prateippaving adeqiatsu| d
be cl egyed ' : ' ' ' i rtﬁ'bean%g!ﬁf ' ' '

met hodgcryequicg%{elgﬂf/dé%e% &1{'&2 %ﬁ%ﬁ%ﬁ%ﬁg@\%f@ ﬁlﬂgﬁé I ncu ati°g§f°%"|y“%§ gr%f: eéh
pyruvat e carbelmeastredyv Acplotf df tirnaincun ofthedasited mteteintmvingratieqiath stoidbhtabimtegnity
the incubation. Therefore,.. a.sanmple should sed w t hoyt. bejn

't rar i1t or g SRR AT ROy Fesal i AL Wb Mgkl of the curve
conbi ned anuetesedting fedded gHTOREHENE] veidval bfthe RRaba8T® kfoup, In siehMAR 2003 WO
001 29440 8 2) Isof orm assay: PCINS99/ 20900 At |east three isoforns exist

for protei nsMhodimentsa similatscrsning can be underiaker for the exidation reaction. If the bell
25 curves of the chemical removal reaction and the oxidation reaction intersect, the point of

intersection reveals the best pH conditions for removing the cleavable group and oxidizing the
sulfhydryl groups in the same reaction. For chemical removal and oxidation of a pyruvate
adjunct isoform of interferon alpha, the two curves intersect at around pH 5, revealing the best
pH at which to run a combination reaction. Other reaction conditions that can be evaluated
30 include, but are not limited to, salt concentration, temperature, etc.
After conversion of the adjunct isoforms to the desired protein, further
chromatography steps may be necessary to purify the desired proteins from contaminants.
Afier the desired protein is suitably purified, it can be placed in a form suitable for

therapeutic use, if desired. For example, when the desired protein is interferon alpha,



for proteins wi thout disulfide bonds. Generally speaking, .a desired pr'o? AR 2003
and its reduced formcan be easily resolved by 1ZP-HPLC. In the case of a
protein .having disul fide bond(s), screening will be very efficient if three

i soforms (adjunct isoform reduced and desired protein) can be

quantitativel WQPHIN4ed on 1ZP-HPLC. There will be no absol ut ePREAFIYIP0Q he
pyruvate assay and it is possible to idenbify which step is rate-limting, -
if any. However) it is usually difficult to resolve a pyruvate-protein

adj unct i sofsruldions descebedind).SoPatentNost 4,847,098 and 4,406,531 i Kwas and U.S: Phient
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. adjunct isoform is the conbined anount of free and bound pyruvate |ess the
anount of f Telklelsypawders cachgtsand gapsples cambensed agsphid desage fayms suitable foreral

wi t hout ultﬁhilh%t{?%%on 20 in the DNPH net hod. Then) the anobunt of a
reduced formi's e difference between the conbi ned anmount of a protein

adj unct i E of o(r:I m Eoripreparingisappbsitories, amEreﬁﬂlgllyaﬂ,tsﬁ’cmﬁnme?ge'atqnwﬁt of
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conver si on ofnvehientsizedoolds,atlbwedta cooband thersbysdlidify.m 4. 1) Wen a desired

protein has no dilrsul.%'#‘de bond:.In.this case, a desi.redﬂﬁrotqi.n foLne _as 1
pyruvate is cl eavEHIGIF RIS M 89@8%5}%39\?63‘88? EFEIEPY R exampre,
fyruvate cl eawroewdeeprop9lend glitol solutions futiparentedaltiyjeplionivreddditimSeT)swebtehdrs S
case, Si nceﬁltacrere,'s only one step, hydrolysis, involved.in the conversion
of theldadj uARd opacifiess for oral solytionss suspensians #nd emulsionsy Jyguid form prsparationsanay
t he di sappe f Ir iitfdnad the formation of a desired
orm on ot peg il solufiBndfor ififgjat Sdiieafion, e T OLTRLL DN O 8 001 20440
PCTNS99/ 20900 9 Aesrasol prepasatianssuitdbie for intiatation myayr include sélutionszaidisobids ins of onn
into a desied.protein.need to.be found. The first step.is to, investigat
e r eact: oRONARPIEVHF ity 58 b o iniipn WK » pliacghiny Arishibll Grbt sl
adj unct isoﬁpmxﬁﬁ@@ﬂp}gs@gdi@g, to be enployed in the screening. If the
kinetics is 5 first-order wth respect to the adjunct .i sofonn

concert% ati on) t H&e sempounds o theprossnt ipyentian may alspbe deliysredimngdesmally.s Thed
any concent | : ; | 0g: Q8.
S her i sor \EnsdRnABrleiRE QKo IR STERaRR, Michk, JRRsGhElor Bl 4R
There can beambmincludediined wansdevriat patcli 6£the matwix by rhsetvoiritgpesasape cofiventanabir
ones could H,e”?{%) hﬁﬂﬁerature, metal ions (such as zinc, ferric, ferrous,
Cu, My, etc.), cORGUEPYPPI%, 10 buffers, light, and agitation. By measuring

the effect of anThequinity ofadkive asmbAndan atudlt doBEYEprebatiG cah Fidjiedd from
into a desired formeach paranmeter can be timzed. For exanple,

I sof or 0

sever aif al i dbtd-QJrmg tashoyt bo%ﬁg»aﬂ“ﬁimﬁeﬁbbyﬁQma@b@“&)&Q’c Bigrio abput Y0 Mm&of or m
are incubat ; Iy gl | : ] .

par amet or g Seriasvely bk abh & LonfBlAE ol et REA By ifEmibrdal uibte witHCnE pfEred
in each al i dosages beingbetweerd3 afillion and 58 miillion ifiermationalcunits. imsuchaniembodintent, 3
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i sofonn or a desired pntein, or if the protein is irreversibly denatuf&d¥R 7003
The presence of sone netal cations can catalyze the hydrolysis. Even though
a nmetal cation catalyzes the pyruvate cl eavage, such a catal ysis can be
greatly netal gatdon,goncentration-dependent. Therefore, a 25 \perrseb/gedoo
range of netal cation concentration shoul d,be enpl oyed when netal cations

are screened. There m ght also be interact!|ons anong paraneters. For

exanple, it mght be possible that there is different optiml pH depending

on whet her sExemplels) $esrening Brocessdor Gonysrsiheh, such a cation has an

i npact on t hByowateAdjuaat Ispformse case of a pyruvate adjunct isofonm the 30
presence of Zn ca ?at& %ﬁ%&?so%}!ﬁ.c% Fdrid fiSide @A, %'erd?d"tﬂe%plﬁya#dﬁ@ up of the
cl eavage (pH 7.8-8.0). erefore, It I's necessary to vary at the sane'tine
not only a nNwepinalmmine adid rdsidue pf a prateid iHcandansed vathithe carbpoyltgroup of pyruvate.

paraneters i rder to,.truly aptimze it. 4.2 cn esir rotein _has
di sul fi de boﬂdﬁ%&ﬁ“"a@ inkerfgges D BroteES WM’B%#%&?@O%@/?@@B%W&&m&m
two- step Conydisdt HofdOis Bfdroly2ed @yraatk is eleavedoft foay£protdih) danahie proteim dieelyCt
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i sof orm and §ivald cdexidided Brapartrofoefdiding imtoptesiteddoremach step. A maj or
difference is tha o%aﬁgen t ransfer, and s;}r‘r)e OXJé ants |ike.oxjdi ée.d
gl ut at Hlone (Gs sHie joHowms Rroesqurejllpsiates fesminehe gptima) conguionsto convert

optim zed fopy{ipfieB¥dtelnblijRActSSdTBm irfto feS@EaifRY fékn?. €As Ai3t¥ssed {n%dﬂﬁﬂ , #2'dekirdd
wi Il greatly enhanCe the "oxidation or disulfide bond formation step.

However, theproteain fipesinokbdve arstisulfide Bond(s), ssrecping\nseds tobejcarrisd ogtsiapiyto

oxi di zes 10 the. adi wnct i sof or I £ | et 1.1.50%: ot
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estimated. If they are_reasonably . close, the internediate conditions are
set as l8pt i nésukignaprd formation{gxidation)q) | y speaking, there can be different

‘optimal condj Pfﬁ% fEReRdi ng on the initial ratio of pyruvate-protein
adj unct i sof o}r toaa 1%ereduced formin a sanple. For exanple, the optinal

condi tions shoul d be dAfpysrvateassdydsnedded seinonder the extentofi hydrdiysisinssderite
majority tha n reduced f LS.t ta L.ority. r '
Shoul d be. r cBuE O ERAL gL Rippdos, 35 3uRp st P bt cpd BERSefgively
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i ncubati on t membrrandi foaexampléat 1 0Khmembraat iAofiltrated inoubatad et adidic pHryith IINFH

accumul ati on_happen ndi t.i.ons . ahl Q_0Xl el ch Qs .nore
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changed so t ki ; . | | he
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condi ti ons f useddhardasurk pymnateaThisim alok reqyire spnplac tlaticnosmosfits30ild
the protein e.very, far apart. they can be |ied step-.w.se. For ex | e,
Lhe bptirml Sosead) cpRR Ayralk o HhyPy B Biokdd afbRR b Brp ahitbe fERfHRoR:
opti mal conditi onTofnfdasiird theonibiriddimauing pf fre€pyritvdte 88d phavate BEumy @' Lprsteirs all
ete. When it i s not feasible to isolate each isofo

I's al mpst conpl r

pyr uvat assgg))’ haund pimivats shawld he alsaved oft e tg|the degiyatization; 1Rincethe pgi?ﬁ)r ns
cannot be regph . Litaar L : /
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condi 1 ons. aresuBlhaia e 2R Fho PRk bt tercd i 03 BPH SRR Gt B0d ™

order to measure a combined amount of free and bound pyruvate in the sample.
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approach is that the overall conversion is optimzed after the hydrolysi
step is optim,zed. 5 This approach m ght be nore practical especially when
it is di.fficult to optim ze the second step due to the interference caused
by significant and continuous adjunct isoform hydrolysis. As nentioned
before, pH t™H28440re) oxygen transfer, netal cations and oxPEHHEY2PY

i nportant paranmeters to be optinized. Int&ractions anong paraneters becone
nore inportant for the two-step conversion | O process than they are for

t he one- st ep) FseMotai 8ds@yr process. To confirmthat there is no inpact of such
optimal condition E)ararreters on a desired forn)@a&lgesi red form shqul d be

purified and itsApleaptthre isoformsexisy forprateins with drbands and Eve isofarmyg sast

purity, sho £yl £ a ; r SHEOS ; : lWmct
5" 1 sof or m {25 Hrffins Hithbu i eborat? CRpdtalty el £ el profViy R I pltleld™
of the di sufférmeantberdsilyreslvedfiyRPHPLCE. an el evated tenperature (30-37C)
and a reaction p f 5.2 - 5.6. These,.reactio ondi tjons..are unigue |

that bcth react | Shg‘eﬁﬁﬁ?ﬁf a§é‘?fﬁ‘€rha|‘”£gld§s“§@%’r°“aﬁ S§5??Em|gé%‘yt cow%sﬁig}elnf g.ns
and that bi gaed is¥RnAS gd'djﬂn@t isSforRCfadBéedtnd d6kirkl Protei) chdbS qeititaively whaly?ed
peak of protein LJV-absorbance el uti ng fromthe protein isolation

chr omat ogr aphRPaHBLG o dhexs will e miraabselnte ngediBr tha pyrnvate assay and dtiepessiblgto 3

grans of methi QRi LI e 0. pr ' Is S . i.,n pool
and agi t at ol uiR) Psf Siep 4t ilind, Bl HREr s 60 AT BB £°F
wi th di | ut epgraterpratyiniraditindeisofdia fiomila mducdd formddn diincae) 4 pyruoate assapdd

adjusted: it j,s be en d150 - 200 mM NaCl . ,25 A stock solution consisting
of 10 ¥V ac&ndisnenssplesn ordes fontignize each FOPYRISIAN P00 MV NaCl is added to the

protei n pooky hfeaSurehitit of ROfofMidoRipdifticnt 20 MM net hi oni ne. The protein pool
Js transferred to a reaction vess and the tenperature is raised to 37C

Wi th steady agit dlhenra desined forrodeesingtduie a disulfids band(s), dhe S6foB@Composition 8an

hours. At the ,24-30 ho t0 4k int, th cti.on m.xt is filtere

Chrouah & ooperemmned Rithot dFchR) Shee b Bl RERt@R, 4 isBiorh doh s Shdly

preci pi t at egesolMee fidfra désired e GTORPHRIGL ed and diafiltered against 10 nM

acetate pH 5.5 at _2-10C. Exanple 3:dmc;£[_[l1v rsion of Pyruvate Adjupct .| soform
as

to Interferon al f¥henghedesigd farmch nd(s)andppratsingdigctisoform is not
PCT/ US991 20 t; j i ' v, i ' .
2l phazh at SHCTiky HURIE Sk i, pORPRETOMEGUFIOLAN A MBSl @ Hetermine
agi t at ed dunsofigrm ¢renpositioni The mobarramdunt efipyvevats bouridstoalpooteing Odticht ik the amount

reaction solution.tegperaty e can be decr.eased. tp.4C t.Q st t he, r.eacti on.
Sorutt on pr ot hpefrin RS otodn, B e Eorbi RERR, oL r e pmdhobh ARybiNil 1B the 1
8.3, 1 5 nMagufitdfifide@PruvaRPThitd cah®e ricatiifed BSAY HahplevitindhdNaMBetailafitratién
mv NaCl at pH. 5.5. The fractions containing the pea UV- absor bance

k of
el uti ng fr or® thedNPH mathoeds Fhen, the ameuntaf ageducsd formmis the diffsernce fepnsga theer
and 0.2 uM f, WERAVY . = ' er
Is slowy aégggﬁ{egglgggﬁtp%?& t%ﬁlpa)g%)?ﬁ??ﬁfgngﬁqg% rgc\i{éc;: S?{’:’éﬂ ng?%ltr%qgry%g };?E)Eéﬁf: S
i n the rangendtheznpunbofpyFyvasdbarindite apiteiatdetrminedbyapyvévardassay.SThen, Tee 1
mM Zn sol ut i.og. i s sl ovvl?/ addgd i.nt.0 '&he basi c protein pool while being
agita ' in OTAMTeQmBosion an ge galeatedn oy ratio of zn cation to total
pyruvat e adj4ySefecningfoptithalRofditiohs:2 pyruvate adj unct isoform concentration
is 1.0 ng/m, 30 uMof Zn or 0.03 (V/V) of the 1 nM Zn solution s needed.
Use fr&sh zn cat i¥¥pethesiadesisnd for has a disalfideiband(sheimotothe sereering srteria shotd pe
a reactor ' [ | : | ' .
340 thr oughars Ae a8 oabiize IIFercBRE i Bt TR Bhith Bt et Bolcith Bho o
ext ent that desieedfornng in the reaction solution is sufficient but not

vi ol ent enough tq rat e bubbl es me ventjJation in the reactor should

be al | owed for o@mw&@w Pﬁ?@iqsﬁ%s?‘b&é? l%‘mrhatipn. On the ot her

hand, if the readghéis b&e,mdﬁedgoieiﬁ Worms Qb pifuQatéGs cRaedd ST frofl #ﬁﬁﬁ?ate-%%‘t&na
r mpl e

ventilation i s not necessary. ing the reaction, a reaction sa
adjunct isoform. Pyruvate cleavage does not have to be monitored by pyruvate assay in this

case, since there is only one step, hydrolysis, involved in the conversion of the adjunct
isoform into a desired form. For example, monitoring both the disappearance of the adjunct

isoform and the formation of a desired form on RP-HPLC is sufficient. The incubation



can be taken to follow conversion using RP-HPLC. Wen the reaction isd¢ARr2003
the tenperature can be dropped to 4C for the next chromatography step. From
the above) it is clear that the present invention provides nmethods to
identify undesj¢ ggdsRsPr Ot ei n i soforns, and convert themto thepgpwsssdooo
protein, which increases the 25 overaII y4 el d and purlty of the desired
protein. . 510 15 20 25 ~~~AF ~ Z003 13 CLAIM5 1. A nethod for

increasing the.vield of. an interferon si t.i on

conver ¢ ng SO 14 BASIER 6 PRSP ARG RBITH i ASSRAY BrRE Brsdip e
al pha by expRging said pyruvate adjunct isoformof interferon alpha to a
solution having a pH of at least 5.0. 2. The nethod of Claim1, wherein
said interferon ahq)ﬁast step isrto anviestigate the Fraation kigeticstuityiespest to wWorkingtange of

wher ei n sai ad unct the
range of ab Preed alem g’(gﬁ(o;ﬂ% cénc%ﬁﬁ&?q?ﬁo b8 £ L%dcg' e? %:Pﬁ &ﬁi&h ggtg?%ﬂigté{:sg

aci d sgl uti afstiosdenivithlrespectnbittie ddjunbdt isdloam m:and‘md'amﬁn @xcssample cmkeenmatrmnslms do
acid solution is at 34-40C. 6. The nethod of, C aim 5 in said a

sol ution colapactenthekingtics and ey concenptration.canherpmploye “5’1“&158“’%%1"5??{3@5555
anti oxi dant ﬁ@m'bhsmé}%ﬁs@'tﬁ@b&ﬁen@anomﬁomwwpr onStart diirifk sefeepiagn sai d
methionine s at a concentration of he method of Caiml,

wherei n sai d adj There carsbd mrmy paramastprssehich affect the hydrolysisstep.1 The Wajoroneseomld f

The et hod B Pl prarevirerplr Gl skt B i, CuMe” of Jonabltsng, 1
met hodoof Chafférs, iikht, \Maela Itauoaauagl xmaaﬁan@thu effodt &'@Hmmbﬁﬁonaphr&ﬂétbﬂdn thant .

13. The net hod of Cdaim ein ti oxidant conprises neth i ne.
14. The et FRAYCBIONO 4 adjungd lsaﬂemtﬁ OFRicaFh PrIameter ¢anbeptiiAR Horon

of 540MM 1ocerflig sgsé@%ﬁe&s SEh cem g b hud-BRAH M BEIIBRRG ©

said solutio ours. 6 The rret I'm11,” wherein the
rati o of salmuliatcd:attacsufﬁmmt lrmgfeof diffegen® pHs Mothjalbthe Dmer paremeterhatdheif respegtive

16, wherein,said is rm| osed to sai.d s unt|I % of said
isoformis Bﬁﬁ\%?ﬁs Eeﬁﬂmﬁeﬁﬂt nmeac %@'éof%ac

net hodjsof  Cheriidh ﬁ'médb'éﬁ&? e.g oawuugm)g ThapHmﬂ wrﬁctm& hiyheafcoﬁeersioh ¥ eHtdiRédis
al pha2b usi ng chr omat ograph The net hod of C aim 18, wherein said

chr onat ogr asﬁynmacqaaﬁ aneept pHs eSusbaJé EXReyiment siTAPaaled in opHIMIZSHthesPAramsters e d

clystal 1t sat BorSRal P o GRRRA IR AR RRfod R R 05 Rri e

(1s' BYLWy#+eihdshat valuksY THisds b typifat aptimizhtier teehfiqud.caV] ca] caV] ca] caV] ca] caV] ¢
aJ ca] ca] ca] ca] ¢ all'ﬁe chgfltﬁ)%]p‘i-ﬂpfec?g thé L)?g'uiysw atel%C aJrCI%] ‘fower p‘i—I leads to more

20 hydrolysis. Higher temperature also increases hydrolysis. However, hydrolysis at a very

acidic pH, such as pH 2, might not work when there is irreversible precipitation of an adjunct
) isoform or a desired protein, or if the protein is irreversibly denatured. The presence of some
metal cations can catalyze the hydrolysis. Even though a metal cation catalyzes the pyruvate
cleavage, such a catalysis can be greatly metal cation concentration-dependent. Therefore, a
25 very wide range of metal cation concentration should be employed when metal cations are
screened.

There might also be interactions among parameters. For example, it might be possible
that there is different optimal pH depending on whether some metal ion is present or not when
such a cation has an impact on the conversion. In the case of a pyruvate adjunct isoform, the

30 presence of Zn cation results in a different optimal pH for pyruvate cleavage (pH 7.8-8.6).
Therefore, it is necessary to vary at the same time not only a new parameter to be optimized

but also other important parameters in order to truly optimize it.

4.2) When a desired protein has disulfide bond(s):
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The steady accumulation of reduced form with mcubanon time indicates that the oxidation

step is rate-limiting. When accumulation happens, conditions more favorable to oxidation
such as more oxygen, higher pH, and higher temperature should be applied to maximize the
25 formation of the desired form. If there is always a low level of reduced protein though
significant formation rate of a desired form, the cleavage step is rate-limiting. When this
happens, incubation conditions can be changed so that they may improve the cleavage step,
which will lead to the maximization of the formation of the desired form.
If the optimal conditions for chemical removal of a cleavable group and oxidation of
30 the protein are very far apart, they can be applied step-wise. For example, the optimal
conditions for the hydrolysis step are applied first and the optimal conditions for the oxidation
step are applied when the hydrolysis is almost complete.
When it is not feasible to isolate each isoform, pyruvate assay becomes indispensable,

especially so when the two isoforms cannot be resolved on RP-HPLC. By monitoring
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10% Example Conversion of Pyruvate Adjunct
15 Isoform to Interferon alpha2b
The cleavage of pyruvate and the formation of the disulfide bonds are performed at an
elevated temperature (30-37°C) and a reaction pH of 5.2 - 5.6. These reaction conditions are
unique in that both reactions occur sequentially under the same reaction conditions and that
bioactive protein is recovered.
20 The fractions containing the peak of protein UV-absorbance eluting from the protein
isolation chromatography are pooled together and 0.45 uM filtered for sterility.

3 grams of methionine per liter of protein pool is added to the protein pool and agitated
until dissolved. The pH of the pool is adjusted to 5.2 - 5.6 with dilute sodium hydroxide. The
sodium chloride concentration is not adjusted: it is between 150 - 200 mM NaCl.

25 A stock solution consisting of 10 mM acetate pH 5.5, 200 mM methionine and 200
mM NaCl is added to the protein pool to a final concentration of 20 mM methionine.
The protein pool is transferred to a reaction vessel and the temperature is raised to
37°C with steady agitation. The protein pool is incubated at 36-38°C for 24-30 hours.
At the 24-30 hour time point, the reaction mixture is filtered through a depth filter,
30 followed by a 0.45 uM filter to remove precipitates. The pool is then concentrated and
diafiltered against 10 mM acetate pH 5.5 at 2-10°C.

Example 3: Conversion of Pyruvate Adjunct Isoform
to Interferon alpha2b Using Zinc
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Pyruvate adjunct isoform is converted into interferon alpha2b at 34C and pH 8.2 with

zinc (1 M). The reaction solution is agitated during the reaction. When the conversion is
about 80%, the reaction solution temperature can be decreased to 4C to stop the reaction.
Solution Preparation: 1M Tris Buffer: kept at 4C, 1M Tris Base + HCl at pH 8.3, 1
5 mM Zn solution: kept at 4C, 1 mM ZnSO H,0 + 10 mM NaAcetate + 175 mM NaCl at
pH 5.5.
The fractions containing the peak of UV-absorbance eluting from the protein
purification chromatography are pooled together and 0.2 uM filtered for sterility. About 0.083
(V/V) of the 1M Tris Buffer is slowly added into a protein pool (the pH of a typical protein

10 pool is in the range of 5.2 to 5.5) which is agitated, to a pH of about 8.2.

The 1 mM Zn solution is slowly added into the basic protein pool while being agita* *
in order to achieve 0.6 to 1.0 molar ratio of Zn cation to total pyruvate adjunct isoform, e.g. if
a pyruvate adjunct isoform concentration is 1.0 mg/mL, 30 uM of Zn or 0.03 (V/V) of the 1
mM Zn solution is needed. Use fresh Zn cation solution.

15 The reaction solution is heated to 34C in a reactor while being agitated. The reaction
temperature is controlled at 34C throughout the reaction. Continuous agitation is also
required to an extent that the mixing in the reaction solution is sufficient but not violent
enough to generate bubbles. Some ventilation in the reactor should be allowed for oxygen
transfer into the reaction solution. On the other hand, if the reactor is about half-full of the

20 reaction solution, such a ventilation is not necessary. During the reaction, a reaction sample
can be taken to follow conversion using RP-HPLC. When the reaction is over, the
temperature can be dropped to 4C for the next chromatography step.

From the above, it is clear that the present invention provides methods to identify
undesirable protein isoforms, and convert them to the desired protein, which increases the

25 overall yield and purity of the desired protein.
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3. The method of Claim 2, wherein said adjunct isoform is exposed to acid

solution having a pH in the range of about 5.2 to about 5.6.

4 The method of Claim 3, wherein said acid solution is at about pH 5.5.
5 The method of Claim 4, wherein said acid solution is at 34-40°C.
10 6. The method of Claim 5, wherein said acid solution comprises an antioxidant.
7 The method of Claim 6, wherein said antioxidant comprises methionine.
8 The method of Claim 7, wherein said methionine is at a concentration of 5-
40mM.
9. The method of Claim 1, wherein said adjunct isoform is exposed to zinc
15 solution.

10.  The method of Claim 9, wherein said zinc solution is at about pH 7.8 to
about pH 8.6. |
11.  The method of Claim 10, wherein said zinc solution is at 30-38°C.
12. The method of Claim 11, wherein said zinc solution comprises an
20 antioxidant,
13.  The method of Claim 12, wherein said antioxidant comprises methionine.
14.  The method of Claim 13, wherein said methionine is at a concentration of 5-
40mM.
15.  The method of Claim 3, wherein said isoform is exposed to said solution for
25 24-30 hours.
16.  The method of Claim 11, wherein the ratio of said Zinc to said isoform is 0.6
to 1.0.
17.  The method of Claim 16, wherein said isoform is exposed to said solution

un@il 80% of said isoform is converted to interferon alpha.
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