TI TLE: PROCESS FOR PURI FI CATI ON OF HUMAN Tl SSUE TYPE
PLASM NOGEN ACTI VATOR CROSS- REFERENCE TO RELATED
WO2DBEMA3SHPPLI CATI ONS Thi s application clai ns breEIN2008#f00607

provi sional Indian Application No. 1857/ MUM 2007,

filed Septenber 24, 2007, which is hereby entirely
TrrLiEAcor porated by reference. FIELD OF THE | NVENTI ON: The

present invention relates to a sinple and efficient
PROGHSFCBOR FIGRIFIGATHIN @F ERIVON SIS Ee BEFIMSYINOGEN
ACTINIAGDR nogen activator (tPA) protein. In one

enbodi nent, the invention relates to the purification

f .
CRO} IR RANGAT A RELA FEBTEA LS ALEECRTORY . gi i ne

This SUENRCRSTRT BIRSOSIC8 FaviaiootlnoRRakPPIBANED Yo & S3gRHRMI200T
filed %ﬁme@&u CHH0BSRARSSs hiidby gﬁt%@ﬂftg?&fafem%fef%.

croscopi’c of nacroscopic va injury.

[ ' Ssis is counterbal anced by intrinsic
FIEL W NS RIRE )

c properties and physiol ogic

fibrijnol is. Under normal candi.ti ons, thr S iS. .
The gxtytp] ARIEHEOR FHEST et AR C P Gat B h PN i Heokiifspon of
reconf®Rfnf HSdue PlAWikddet aklivAal (tPALRDteiblNE6fe steisciheht flRMnvention

is dimni shed already, such as in atherosclerosis.

relateginithe [paitfisation £ scomdinanily GrBrestedriBih suchcamhgpap Hiyagated tPA,
wherdf 48 1RSSR BP0 EHine ARE R AR BichidMer by,
pACERAOPRR BT TE R pENIBDL | o1 oL e val ves and of her
Thrombas {5 i BPRREIPEPH) Gb Arear] PARSHETS SHRF fhetqlals Papeyrhae
from U Bfi IS %P%H&B%oﬁcemwam eyt € ImeheHetc Sih@kBosis is

acute peripheral arterial occlusion, and occlusion of
counterbdlaebdd ygintansheasitbroniotia pregrendasaid phasialogier Bbrbedyss. Under

epend. on t,he coaqul ati on cascad I I
norm G0, AR b0 BB e L VL Uy ap s mo
obstrd RASH So ArRichESRANSIMES evkelt hingsibits dinghivhéd alteadiancia as in

vascul ar insult occurs, inmediate |ocal cellular, i
athergselspasis e Unslke paihpkogical conditions, thrombus can propagate into otherwise

normal vessels. Thrombus that has propagated where it is not needed can obstruct flow in
critical vessels and can obliterate valves and other structures that are essential to normal
hemodynamic function. The principal clinical syndromes that can result are acute
myocardial infarction (MI), deep vein thrombosis, pulmonary embolism, acute ischemic

stroke, acute peripheral arterial occlusion, and occlusion of indwelling catheters.

Both hemostasis and thrombosis depend on the coagulation cascade, vascular wall
integrity, and platelets response. Several cellular factors are responsible for thrombus
formation. When a vascular insult occurs, immediate local cellular response takes place.
Platelets migrate to the area of iﬁjmy where they secrete several cellular factors and

mediators. These mediators promote the clot formation.



Platelets mgrate to the area of injury where they

secrete several cellular factors and nedi ators. These
WOore@pa63503 pronote the clot formation. During tPCDIN2068/000607

formation, circulating prothronbin is activated by

platelets. In this process, fibrinogen also converts
urlntgothﬁbrﬁﬁlhsnfoer@H Eﬁ‘&ﬂat %eﬁltoelﬁohﬁ)ﬁl fid BetivatdmBby iplatelts. In this

his takes lp ace while atel ets are bei ng adhered and
sq

proce%ﬁg dieigagatalsTronnet ot ﬁlernd rwigish dlasmvereates ther fibrin saadx. All this
takes @La%é F\&hl 3)%](61%% a‘}g %%{Eﬁ[)édpé@& aﬁgtag%le%ﬁk& ! *?Hro%b%'i’yd rugs convert

fibrinchioniad pleemindgendo plagihih, thMmtekinﬁitmgts’fe@ 1ﬁmrnm¢>a1ysle of
both heart attacks and stroke. By dissolving the clot,

the blood is able to start flomﬁn% again to that area
A thrembelytic desg breaks up bpdigsalvenbloed e arp $hesmginy eagse of both

s AL P, OO AT i
that dré &f the Tieanmidibiéddcilogenttse avat isahieed aghiry rapidly sit rrth)Eprevent

roteases that work by convert i ng pl asm nogen_ to
Long-Rgp Lffaﬂagﬁt@rfgﬁ diegtirmusslromid PlaxsSHen Ston &’ sivent thate %Oulc? be fatal.
Throthib& RiseakdiR@1d oyt R fbind %%&e@nﬂa{ Rk Nby converting
con alnéﬁ In a clot. ¥ok|nase l i"'ke pl asm nogen
plasrréndgenabdhs matuafalpﬁbﬂmlmb agent gladminel H’lasml“ﬁh]gyescq:lptsulb}abmaklng
e.excrete he hei r abi .
downgtfe SARDEF AL RERLFOI DFiopI HERFG AR RSB A pivators
are ploduddd RGBSl &Ill‘sgmﬂemt})tulhféemﬂﬂ@&ﬁQx‘i‘cﬁal‘érex@fb‘ﬁ&f\ﬁleth@furlne Their
| ocal fibrin clot si ngl e pl asm nogen activator has

ability ée satapppe dhe ¢opyersing af rbasnEpegenatedplesmin isdaffastosh slightly by the
0 every indication. New agents
preselgceaorr?gsenﬁg%f O%Qfggr??r’élﬁg are under constant
i nvestigation. A choice of plasm nogen activator is

No sﬂ%l‘@ﬁﬁhshﬁn@ée?ﬁ%ﬁ%ﬁr tHae BRAUbHSod IeNNAT.S! iFodabnd Drug

trial’'s and upon the clinician's experience. The nost
Admiajspeben (BIPA) dg st labeldd fenevaey indicatesie hNew agests and new dosing
situati an cha es f
reglmﬁg% alenl{n 5 cons nr%v%gtx%%l;ué}éng\r c(i)alg)g%engf%/ pl?énnfrugﬁ%o 50?%‘(& 18 generally

baseda@imt the &ésﬁllta\b@ldngbing clinfval ttehlngnd ul)orﬁﬂléwlﬁa&‘,lanl\é‘l bﬁ;b‘brﬁﬁte The
directly upontheflbrln strands wthin the clot 1)
most ppRreRHala servAndregigeRtiar caghi dmiqehsiuagen Cé%@ﬁﬁver tizhe and may

dlffer%&ﬁ\ﬁgﬁé}&t@ Iiepity, and (iii) plasm nogen activators,
as str pto'inase, ur oki nase, and tissue

pl asm nogen. All of these drugs digest clots by
Thred BE5UPSdMhrdiBolgD Lapenf arpl mﬂhﬁeJ mdliknd|(Doehzymes, which act

d1rect§|f gé’énb%e éialjaglsﬁr'tlli@ggq %ﬁfnetﬁg %Iot 8113 ells;{lgsac’g\l/e?ut)rs age-rll-t% which increase
plasma activator activity, and (iii) plasminogen activators, such as streptokinase, urokinase,
and tissue plasminogen. All of these drugs digest clots by increasing the amount of
plasmin in the blood. Plasmin, a serine protease, dissolves clots. To produce plasmin, the
substance plasminogen must first be activated. Plasminogen is converted into plasmin by

certain enzymes known as plasminogen activators.



substance plasm nogen nust first be activated.
Pl asm nogen is converted into plasmn by certain
we@pwyaessoknown as pl asm nogen activators. One PCT/IN2008/000607
pl asm nogen activator, streptokinase, has been used
si nce about 1960. Researchers use streptococci :
One }ﬁ%‘fﬁlﬁséﬁ% E&ivgfog,d’s’ti:@fcélﬁﬁa%e,dﬁéégoeeﬁlutsgcp U@Be ShERPISE NR&Rarchers
I's the least expensive activator, some negative side
use sabftecics] mochiaa® prodme thiss gogs eshlthoage dteeptokinase is the least

experi.enced b atients ot her pl asm nogen
cxper B, AT P TR AELEe $4° FRCH TSP ) o SERggg, have been
experfeﬁ@&pbyablaﬁeﬂtﬂ ARG tHEF IpBminddes actiutsre dadkinge, IRTYAR] naturally in

response is associated with its use. Because it is o
humag, fespesially indhpuwing.y Thug 40 mASHEE METNSTAPONEIS @ﬁ%ché?d with its

ey ,: e 3 s ‘

v BRURELio SRR NERARY, 4t MR VBB SR by
is usupllpadminigend ac smaidtoses GhPéymbinediivith other dergsl y used for

di ssolving bl ood clots. It is unique because it

activates only fibrin-bound plasm nogen_and .t hus

Tissue glagainpgen aciyaser §PAe is almncywrenilyrispd forglissoldng blpedcdefs- It is
. in_Very. 5 ' | .
wiaop BgLFEY BBy IO P P in SRR GELLS ol e

tPA ipheanz plved id poducdde vetyosnpllibamiunts by fdasbulanaldptlietial cells.
enzyme. Plasm nogen is synthesized as a single. chain
that is cleaved by tPAinto the two chain disulfide _
tPA i jarfieeigted] sesine Profesgshiicopversthy proerzyme Rlasminageyr et plgsmin, a
. a tis ' e L AV
s PRl FAIRAGRT: MRESASAE RIS B8 e by
into thé ewdichgin dieslfidadmftcaqldsmit.y Plaads playshy mdé iitocelh ahigsition and
. which can result_in thronbosis or nboltj sm  Thus .%PA .
tissuej rgmafelingy yipgraaprd cnrypighc ared| Ss) PSTHby PRI, Which manifests
as exefsgfwclﬁge(ﬁﬂ .t @@créé%l:i%c{i\'}i | pggd 'tQQQFME&%ﬁJ_ 19si@RhidlPan result in
al so been n%delnt e | aboratory. "It is a systemc .
throntbosie ndroémbolésnf.c | BhushdBAI isgin egyme &hatl hetpsudiesblven clobe  tPA is

treatment _of. heart attack a st.roke. tPA.s.known.to .
e O L e ey ey S L
systeﬁlﬁoth]f@ﬁm%/ﬁ@@ﬂ&trblfsﬁh% adehORYis useDEh the REbaBRMRS heart attack and

fibroblast cells. tPA has been previously produced

strokessi ng reconbi nant neans by a nunber of groups,
initiated by the successful cloning of the cDNA by
nni ca et al.

P .. Nat 301; 214-221 (1983)..The.t P,

(A iRt fo Gotsod RGBT AT PBPa A e Koty A GUE Bt foa

kidneDO$bssy, | 4 OIoRT fibrobfddt | cell O UEPA Lhat €bded, EQVKBu@Efl bgodaBell using
yeast. See, e.g., EP 174,835 (UpJohn), EP 161,935 (Eli

reconbihdng meafpby 4 3uoder ¢RErowpsciiigiyd bywgenossafyl cloning of the cDNA
by Pennica et al., Nature, 301: 214-221 (1983). The tPA protein can be recombigantly
produced in a variety of hosts including E. coli, mouse L cells, CHO cells and yeast. See,
e.g., EP 174,835 (Uplohn), EP 161,935 (Eli Lilly), EP 143,081 (Ciba-Geigy), W086/05514
(Chiron), EP 117,059 (Genentech) and EP 117,060 (Genentech). Native tPA has been
isolated according to methods as described in Snow Brand Milk Products (EP 196,226);
Kochi Medical School (EP 194,736); Kowa KK and Asahi (EP 151,996); Meiji Milk



(Chiron), EP 117,059 (Genentech) and EP 117, 060
(Genentech). Native tPA has been isolated according to
WOoreaoboesons descri bed in Snow Brand M| k ProduRC@EIN2B68/000607

196, 226); Kochi Medical School (EP 194,736); Kowa KK

and Asahi (EP 151,996); Meiji M| kProducts (GB

1535366)53 £9aYhosy As A EFzi 307R): AANIand RolRRK (US.

Pmdhﬁﬁ ?%BS%I)ZF ,3%a§?’8§%30;§y’vglén§% o Ph ér@g’ceut ll%czﬁ1 fo (
4,505(8813 it Weakanodto diharrhimentidad 88iptectvd gy pYas $981). of

recombi nant proteins, such as tPA in E coli often
Overdxpgadsioh of asottibiamt pbeind) stidheasftBAME. dolsdienliézls to accumulation
) aggr egat.es _known as inclusion bodies. |nclusjon podie
in the g &%da%a&sfa&ﬁ&gg@syﬂwm%l YA PeHCr o‘l_tnéﬂlﬁlon_ odies ate
compH@de&th@r%eftyn%iéﬁ@d fd%ﬁéﬂtxﬁﬁ pﬁ@feliﬂ elo¥&ules iR @PUBIA A akii@es.  To

reconbi nant protein, e i ncl usi on bodies nust be .
obtairs @kt réatbivand protein, sthe ubtlesinn imdissi mustr be eiotubitigstl del then

efolded.into.a biopacti.v orm .Ref ol di.n i ncl uskon, .
solubls R e By e SR RISy » B BUury oRgolfut i Ptusion
body dBriRAOProfRE0 KB WEvaN i @fbeBe, fRltd MepdBRir&dovensind dbcounts for

production of reconbinant proteins fromE coli. Until

the mpjoe epdt iy pradpatioraef seembipurtiproteids f9MmE &odk i ous types of
affinity chromatography. For exanple, tPA
Until rexcottpi tRAnkhdsybegn pdtifiedi using Fariq@s| typesoofiafnitis clonmptsgiaply. For

d en sql.ubli zed, is.gen [ urified after .
cxamplsy QAT RO BomEER 1O Fgliondndy ik e ndthen solublized,
is geh&bRyBhRHeaPier fAfblEgatvithniht YhelhraMBiR@! Aty Udeeinbtopraphy.

purifying tPA include concanaval i n A-Sepharose, .
Othereaf{inity ichepmatggrephy nsedi for peilymeriPA SehKigreogeanayplin Arfogharose,

.G L body. A - Sephay gse. d, .. s
eryf i AT REROE BL0 SO I RRC I ety qpd antbody
Sephd3b ¥, aln&jﬁ'%mﬁimSez)ﬁﬁr,os& 08&: e.@Q%jl{eﬁ%&l)Col}dﬁuﬁﬁibl.ﬂheﬁi.,l. 256]7035-

. Biol. em 259, 635-1 163 1984) . et. al,

7041 (143851 pissams Ao gdoBrgoC toroehy: T L0-1 1ons (1RDY Ry er'al, FEBS
050893 S [ tRQgs fdgai ty Falalg Y affini

Lett gg?’u%ﬁg %vggggg’erw\}%d@gtlggcﬁi’%’gogfg i rr?mb' l@:@éengg HHERY affinity

chronmtogrepns chlummst havec obsermed 4 deamtittigt pHmPntobdsred proteins from the

chr omat ogr.aphy ¢ol ums have oduced undesired :
colunffn; or BarfEHGEHH ¢ 1F0: SEAAOEHPAdPOIOHS Jaroy bipdpeed undesired
heter®InPEESE Peotéias. purifying tPA have required multiple
affintiy chromat ography steps and/or the use of

o o 8 0SSR AT A A gy,
chronettogrhphy 8ecdridiorche ete @inplvgkinehantibbdict BBAfinity Pigends, such as a
plant %rg{eje?qlt ilgmrrg%bigggc{i%}x{bit%ﬁ oS’e:Ié,5 g g, %j(la(zr? %f al.[,EiB?gcrh?rﬁgcg e?hioaghyéica Acta
(BBA) - Protein Structure, 580(1): 140-153, (1979); Einarsson et al., Biochimica et
Biophysica Acta (BBA) - Protein Structure and Molecular Enzymology, 830(1): 1-10
(1985); Matsuo et al., Journal of Chromatography A, 369: 391-397 (1986); Vlakh et al.,
Journal of Biotechnology, 107(3): 275-2845 (2004). In addition, some processes have
involved an unfolding step under the influence of altered pHs and temperature, and then

involved subsequent refolding. See U.S. Pat. No. 5,158,882.



Bi ophysica Acta (BBA) - Protein Structure and
Mol ecul ar Enzynol ogy, 830(1): 1-10 (1985); Matsuo et
W@R009/0d3503 nal of Chromatography A, 369: 391- 39FCT/I28@)(000607
VI akh et al., Journal of Biotechnology, 107(3):
275- 2845 (2004). In addition, sone processes have
Thus, %‘ ﬁ@o#ﬁ%r%&hﬂﬂ PlcEkbel! %}%At R&eiREh 'ﬁ@&? %u9§uch processes
a t enpe ature and then invol véd
have smlvs]sqcﬂ;eratt leeftolidli pyt, Shmmat(&ralﬂa@ pygeedures 1nvolv1ng numerous
158,.882. Thus de v r|e £ f cal
chrorggalito stept Aieh e e oanorrbiogel BB ARt Amitligands. el
filtratftiy CarhMbRIuE SulfAé ptRsitatibis AT the 1Ker antoeglﬁ@e hr6cedures greatly
procedures i nvol vi ng nuner ous chronaT%graphy st eps
decreaggdiher totH evelymeo!l wabrbattiehnl PushttP Hodi @POla‘femqu% yf running

9 I MLt a8 ¢y terial
HNHU%?egﬁgﬁgggﬁggéggﬁgﬁbﬁ @]Eﬁgﬂﬁ% Hg} ﬁ%se pr%égl f%gf]naena
increggeeat | y decrease the total volune of substantially

pure tPA. The inconveni ence of running nultiple

In ad@itio8Thes 8l SridiOdrt Fthodk Ofrufos@dPiPA, niaycicrants mecipitge to a
vol une of material increases. In addition, when using

great pextent aduringt rfelsing: o caibseruepiA IFEYICAetgRy due to Tts high
hydro@[lgl%c%ht @%1& bR 3 ﬁllgg @Ttha?ﬁ%ee&t gﬂﬁﬁenﬂl Etﬁfé?%] ﬂlgg @fﬁ%matography

en puri Calonseps ue to its
was qimérdifﬂwlﬂ edchyise OF itovisaodityl axdi alad dipht bmtduu’sﬂt}oflf the immediate

ginine in buffers during chronmatogra
chrorgAPgrFR Feb ok chEpt & %stgmpdgﬁ%p# .ﬂ@qﬂ% in Grder to use
1M acf%ﬂgféq{i by 'c%md%ra%lﬁ?u&'ﬁ?%b ARt SIP H@lﬁﬂéﬁﬁ‘feyto %b%ﬁh feﬁsonable

n exchange der st ood, for exanpl e,
flow oateker Whenusrgining & gsedi inethe mamplecmdohuf@rapﬂwesmjgh@r conducthlty

eSS e B SRS PR AR TpBtns

Prior @HVi$o KiggBaed e dusid Néeﬂ)dofi\'ﬁk&lﬁn% clabhatos§hy to punfy a protein
contradictory for ion exchange chromatography to bind

recomttipanglyoexiresed ipr ForCodi tong| goukl gepeateeatginae frpmothe refolding
SOlutlldﬁ q’t n‘%) %]fo?c{iﬁgar}g? e%}jﬁglgalls ng{:aﬁﬁ)t% olho td %\’véryth% eg; %@d before

i nan express one shoul d renov
loadnag'@ttaltl{belofma@metngecbleﬁml di ng solution after refoldi ng ,
for exanple by diafiltration, to | ower the

Previ6 @y k@bivii n¢thoe§ goe phasah §P AN disdasse@ mbexenalgelaborate, time
col um Previ ously known et hods for puri fyi

consugminsanslergselbév @ substantigl dessroftnsoteln dye tooths uﬁvfﬁgem%mcpf multiple
steps. 1ﬁ“¢tHs% %)rec%s %ﬁﬂﬁé@%ﬂ uén‘{ggre@ ougggfg?dvﬂl %@h&c@ Hhﬁ ﬁ)rempltates

i'nvol venen rocess.
and/onh@revesibig brnelvn@umsmskran&vnnm;bimﬂs dmﬁxg mreoaspmgabwuse of
hydrophobic in the buffer systems, and therefore high refolding volumes have been -

required to keep the protein in very dilute condition.
SUMMARY OF THE INVENTION

The present invention provides improved processes for purifying recombinant tPA and has
overcome problems associated with conventional purification processes of this molecule.
In one embodiment, the present invention provides a single step of chromatography for

protein purification by altering the arginine concentration in the refolding buffer and in



and/or irreversibly bind to resins and nenbranes
during processing because of hydrophobic in the buffer
WGQYBPees)3 and t herefore high refol di ng vol umesPEEIN2008/000607
been required to keep the protein in very dilute
condi tion. SUMVARY OF THE | NVENTI ON The present
buffetsWEQ HLARS Hﬁ@ﬁiaﬁ%i%ﬂ}ﬁp MAVE vBinO GRSiEStd:18 habél disbdvedd optimum
reconbi nant t PA and has overcome probl ens associ ated
argining t ¢pncontvasion| snaes o uss clating nchperoateswply.opughhps ion exchange
- @EIeﬂabg. In one enbodi nent, the present invention
¢ Onb WHREs a single step of chromatography for protein
urjfication by.altering the arginine congentration in.
Furth, e oY Ge RySHiFY a0 VDo TEPE e bou gy Tor Hecombinan
proteiaf QRS gP APFAYind il iddhisfor Bbdles hitd rebOtEbih@MtSexipadsSion in bacteria.
di'scovered optinmum argi ni ne concentration ranges for )
The present|invenidor rrdueest by rafotding yabmeasesdedh te ieofain iologically active
chr t.Qgr . r{k e.present, iMn [ I .
proteffy SRR IBELAB boalebe biTows prRREEISN el By 00Rl Bfrein.  The
presefi fvehtién psaiddesas siple, feffigicht] BomArkdidiyo vidbisliaed assiorffective
reconbi_pnant expression in bacteria. The present
procepsfps RETIHANG waorebmaphiE A for yseinglion|cgite needed to
isolate biologically active proteins frominclusion
As digrygsedsboyip.tion ertdes seggenigd yhas ifiion suchsnee ehrogrategiaphy is used to

purif}g %olte‘f;%lg%c% }?o%eigr ff?eg.n pk&gi%ﬂt ] of Brog,v %%glfinégfs?lhﬂﬁ! 6 removed or

fic conmer ci aFly viabl' € an ective
reducpd des $hé eefollinig buffag by elisfibbtianbr tdBAtibwrto keep iconductivity low
atient care. As discussed above, prior art has .

p / .
beforg dopsking @Bt Hige 100f XHROESxEHEMGe RAMSHHEDgIAINY Fginisefiom the
samplehePOtE 1EMirtk &1 Aod RERIES Boldiin®howeRE 888 hRRehtNnfention keeps
i shou 5 e

, argirmne enoved’ or reduced fromthe
a relatieély|highh gortwerfitiatonlof adgiainelib baffesrand thalsdmyple defare akd dyring ion

conducti vi t ow befaore | oadj ng. ont o e ion change
exchagF P HAENERS  HARO ey 8F SO FHIEReDls Hipi o8 Shchange
colunRel ah@s,| BRYrBInPMVRnkOE ab&lls TS hENEBtcHPdUEMo JrOMIV:ATon during
the present invention keeps a relatively high

purificgsivee by r lgeping  bighar girgining ¢amcpuifdtionsanghdt tthe ssmeptise without

bef ope.and during iqn _exchange chromatography, w thout
lmn@?%%%ﬁﬁﬂn?ﬁ@ggTWBiﬁﬁag?g?%¥%hcy of the ion exchange

col.um. Thus, the present invention avoids .l.oss of
As aI5 gsgisedaboicn PBE BT C RS oAU L RO pduced PA
(in idRRRINGolicd METE. 36 Nishy BRIGRE IhadrhAPe@plly atepbhichRi® lysine
time wthout hanpering the binding to ion -exchange
affinitye shrgmatography after protein refolding. In the present invention, by contrast,
refolded tPA is purified using ion exchange chromatography (such as a SP sepahrose
column), which is performed in the presence of comparatively high concentration of
arginine in samples and buffers. Thus, in one embodiment, the present invention provides
a single step cation exchange purification of recombinant proteins, such as tPA produced in

E. coli, and eliminates the need for expensive lysine affinity chromatography as well as

other additional chromatography steps.

In another embodiment, the present invention provides a single step ion exchange

purification of recombinant tPA at a relatively high arginine concentration to maintain



As al so di scussed above, prior art nethods generally
purify reconbi nantly produced tPA (in inclusion bodies
WO p00B063503 ) using nul ti pl e chromat ography st epBCT/IN2008/000607
including lysine affinity chromatography after protein

refolding. In the present invention, by contrast,

solubflﬁ& of %%I‘Bféﬁ‘l | $ho) fhrebéﬂt %’ve’ﬁﬁbﬁ Srdv%bs%’ﬁﬁﬁﬁhg @rginine concentratlons
chr omat ogr aphy (such as a SP sepahrose col um), ch

in bufifers peitfbe fmdlonrext:hwgp c@@mmrmhycmamaplev@ﬂ Ipash Dth or 0.3 M
; Og%ﬁncentratlon of arginine in sanples and buffers.
0 one enbodi nent, the present invention

a si e st ep, cation excha urlf |
In o sCHHR AR Gt BT SRR s UB 4f Erolghe volume
requird@do 8¢fold RRBbBBidaREpORSH afte the PRABIRI NS beiS kdtemdiifaintly texpressed
chromat ography as wel |l as other additional

in E. cdediopad @g‘p@hyﬁ@ﬂ@%@smq hodig®t 3sk afierbimglugiont bodigpecontaining the
protelﬁrh%§/§ rk])ge | Qo\fl%ﬁlké)d’] 1R ?}\élegr?o%dﬁ?%{'&nt%%; %5&3 nb@flio ;j)‘fﬁ\ﬂaﬂs a single

Ion of reconnl nant at Ive
step pﬁll‘r@!cﬁlﬂldiﬁfdi‘ Qedaitinait ipedteiiipsuchiasttBANsaitaibed it chikionttedies. The

protein. The present invent provi.des opt m . .
presenfigyetion TRBHBIERT 105t POPIOtSIR CEW SFSTRIfafIOn B %bgﬁt?r jobpion during

procegs)rfﬂ%?gﬂ)a (%{Igﬁ%.[%} ﬁf[g«?’%{.‘é{rﬁ 4 Hind tf’atloﬁtrellaﬁ@eﬁ/ h%h]m Mne buffer

I n other enbodl nents,
solutipn.ede ninei emitendiment, theduesst ihentor oritintfes e oled hgh dllutlon of

vol u e%#i ed t refold reconbinant protein after
Pﬂﬂﬂpﬁgﬂg%&%ér %ﬁn?econblnantly expressed in E.
coli and forned intq inclusion bodies, and after

In ong grbadipmany Hhe BESERRMNHPRFreides O BN AdampERyed process for
pu AR 01 B2 SR DRl pk Bl g BDbb ARk, 2y g

argmlpe at eéntgin $un¢enaat1dnEA Theopesdnn emjvemtlom risbysoddeshoptinegm arginine

ent inventi m ni m.zes 1.0Ss f prqt ei ns, due
conoep B EaP R B Ee AP FaPIG SPE PO OB PRgEe Shebfiitography
When%ﬁlﬁ%ﬂﬁgké&gn%ﬁla'n@’ﬂ’ﬁﬁxchanger by keepi ng argi ni ne
concentration relatively high in the buffer sol ution.

The {)/ s&f emgﬁfgg Id‘ilsrég Nerta ‘f‘efo MRtV 80 1O s 88 N dﬁtﬁ*ﬁfyt bi®active

ution o pro n needed ‘for refol
reconﬁﬁrﬂamllyeﬂq:yessedl prmsteme shcldias tBAf fram rsehﬂ»nlwémnc}uawanbom after

ovides an effj rov rocess far
exprefioR 4 PR GO R dn ol PATLY R P RERG G BIe s reduced
amoufK&NRARSI8In %Wmt@%@p Y c&th ?eﬁe&l% peevadiyivagalie ns@hdd@l Without
concentrations. The present invention also provides

affectingt yieldrandrmyirity o€ theonewnbinanti pefsing drer¢bynteanting iybigher recovery.
For examlg)lg}aitno(%{ ae,pmhﬁlddlmencthth%sprgsaegl 3y lﬁ%{{g thé Hg OIFRERIHAR Eg liters,

(e.g., 32 liters) of refolding buffer when processing 5 grams of inclusion bodies as starting

material,deleted .

In another embodiment, the present invention provides a process that comprisés steps for
direct refolding of solubilized inclusion bodies without any prior chromatography, thereby
minimizing protein loss, reduction of the batch time and cost of chromatography resin and
chemicals. In one embodiment, the present invention provides a single step purification for

recombinant proteins, such as tPA, that exist in inclusion bodies.



when purifying reconbi nant tPA The present nethod
uses certain refolding buffers in processes for purify
Whr@ao63isve reconbi nantly expressed protein, suetI/EE008/000607
t PA, from sol ubilized inclusion bodies after
expression in bacteria, such as E, coli. In one
In onewhdeidineent, thehwesent hoentisseproaides dusrecesaniatntdades the amount of

. ef ' buf f t eviously . .
o R P B SR oA oty o
from Ghctehi® used avidixpaRé thy Qﬁcﬁéiﬁi withBh e B¥mp &Y Eﬂen&ﬁ%lﬁinfgheefﬁciency,

hi gher .recovery. For exanple, in one enbodi nent,
theretﬁ’r dsakingrghe oeibipl gikestmentuser digdeessfoltimg 3Bssel,t brssr space

. j: fol ding buffer en processing
ot AL 8L BLIDA, Bl Pr oo .
ri eleted .. Lln another.enbodi nent, the present . .
o 0“?_%“2’8?@6%1?@‘!#%@8%? HYsP %B&Vﬂ%&;a BT Whee dyreigw Fegplding is
perforttiedet rodre i@hsbiragre) iwhse tébdes %@t@ldiﬁ%&ﬂé B8ReRRE1a8Sids the costs of
. W thout any prior chromatography, thereby mnim zing
cooling, Jn @pethpr,gmbodimgnic thegnafodding Aed Barowiatagranhy steps ewsall wrfrformed
a ' egicals. In one embodi nent. .
o ook CRPRLRGL ATy SO EACT e 15005 STRRETER e
both fpurdfoidiey ammhretovery of utified piot¢in Otheidb§ in& ¥ @AgieldPhd purity of
PA that exist in inclusion bodies.ln one enbodi nent, the
tPA. present invention provides a process that reduces the

amoynt  of refolding buffer volume needed to form
In On%@fq%\‘?ém%ﬁ“ét @ienprﬁﬁ‘elﬂg ADESTOM Dk vitlesga ipnedesss o ghvasi @s industrially
bl ' t r e pratein, Wt hout
Fesible R 2 R P R R DG g Pl frgm cruce
starting meaterégdj without comptoreise ofi de yélg@ad pugfyol di ng vessel ,
| arger space requirenment and handling and processing
In anofitep bidOBingdnt,| tAE GResutl ibveRtioh ProVidesIRO eI ®IH usdesingle step ion
present invention provides a process where protein
exchanger eliramatperaphy grridicaen sithpoie tneag o anyragfinigh cbiomatography,

i1 eyt n jds the costs of
such aEE: %%%ﬁﬁﬁ&%ﬂig@%g?&b@k‘b%ﬁcﬂg rﬁlﬁ ?ld]ieﬁaeﬁ&lngf ol di ng and
C 0 hy steps are all perforned room .
R e KA A —
higheri aryi@ire edhcBmtPdtidnZiasthbaknpd df ove. Mhetds fslar ehel di 03 ﬁfljgvhich

recovery of purified protein, thereby increasing yie

resultsdﬁdng)h_ﬁricpydlgz[tlvttp/fpr 108 Rxcharige (bhramatograhly, prue desmers the loss of

roteir QYR QiRlRY! des a process that gives an
P 4néﬁ§?#€g?@£ %ea3|ble process using a reduced anmount
In one%ﬁnﬁoﬁfrﬁé&'tﬂg prbelécfergt%rrwevr\i%gﬂ p%v%etsl orl])g'ngurlg raprg(}rrlilﬂg econcen‘crations in the

sample at the start, therefore resulting in initially high start conductivity without affecting

the binding of the material to the ion exchange resin.

In one embodiment, the present invention provides a process for purifying récombinant tPA
comprising: (a) recombinantly expressing tPA in cells; (b) isolating inclusion bodies from
the cells; (c) solublizing the inclusion bodies and tPA protein contained therein; (d)
refolding the tPA protein in a refolding buffer, wherein the refolding buffer comprises at

least 0.1 M arginine; (e) thereafter loading the tPA. protein onto a chromatography column



starting material, w thout conprom se on the yield and

purity. In another enbodi nent, the present invention
WQe@9oles83 a process that uses a single step i oPCT/IN2008/000607

exchange chromat ography purification w thout the need

of any affinity chromatography, such as |ysine

pre- ec@ﬁflﬂ)ﬁ’ceﬁ fh rﬁ”&i&%m Youtd} 641 E)héﬁngfe{‘t QEast ®f OVliaREninkNand (f)

|nEnt he present invention provides a
elutingr the eﬁ’zéx phrodtin UG e ‘duecmhtpan awsinge(iy thé ghwitibrivgi buffes and (D) thé

i onc atlo .1.N t‘ﬁ gﬁ f 0.1 Mto 0.5 nolar, such
equiigg %’féﬂngé% i gher conduct ivity for

catl 0 exch e chr raphy, but. | awers t I f .
In ong 53 OSE 1 Pragest 33?% P, Dot ity elramaifgestly until

after ﬁrf(ﬂaﬁ‘n%tm 'sﬂ:Yﬁﬂj | BadiRY 'eﬂl%%di‘ﬁihtn't THEDRICEHSHORE not comprise using an
concentrations in the sanple at the start, therefore

affinitye shfomiatagrenhyi aplumal igmedigtelys efien theorafoldingy ey @-t Hguanother
mboglc I& ttlé%g OéJEES B npq{sgsgus? Jﬁgo’ﬂ@%@f n%%oeg&%ahyjc%h%xﬁp such as an ion

n one

exchdn@@/ ehion@ilogthshsi elslema, PipQeessioh @ikclpipe iclitongats gragybéoiamh, such
PA conpri si ng (a) r econbi nant | y expressing tPA in
aSSPé@Ph@““{Eﬁ“ FlogY eqlP#g- i ncl usi on bodies fromthe cells:
(c) solublizing the inclusion bodies and tPA protein
In certain embadignankse i ne;fol(lmg stepf() ginggforrned atpaomtemperaturg (23-28°C).

sens B b8 B S MEL B P ARl et

o e B S L APRLRIRBIS g of il
buffef mﬂ‘eg(up Gorobverf &Srafhs JofMnalusioR i Hodies asembﬂﬁaedqhtgtéwg:) In one

rotein fromthe colum using (i) t
ernbOéqmﬂt,l the mfnidm stegy Omds inilesy thane2 Qelapiry. i Irdng rﬂrﬁl@ﬂfl@?nt the purity

di d I nbodi h
of tnd B 0PA AR MBI S8 et forming any

et A R R
as 0. 5J§/1 BGidhe. afrhé RéfoMifed bRIT@ A alﬁmcoﬁl@hm psvediaal 0/092-0.004 M
after the refolding ste } . I'n anot her enmbodi ment
(g]e% Odgﬁ mg

reduced eglpfraﬁn@@s andfnp rQ. ey 88 rev/ghr dﬂa@@g capiegiment, the
refolcgn% quﬂ’%r gs?efpo@ é:x%sﬁ%‘lc ookt elﬂ n(?fear% 'ﬂ{n%qﬁttﬂg a%%n%f 5% ﬁf% 0.8 M,

ge ¢ raphy
150 n81 Bepbaifase nifesita-EDIA s4lt, arweenlm 1ﬁe]iet mnge eﬁb@diltn@rﬂs% (wiv),

reduc%:g ,?gb@ﬁfhl%h}g Iél? g@?agp ; d& ng;gr frglr nea%(lf?;rea:]lg};ﬁ%r%e g£0.25 M to 1
M, wﬂ@r@ifanlg?&olmng Shiisy thgg@ ﬁH%tfléﬁgut(S?S?, 2800C) .

In certain embodiments, the equilibrium buffer comprise 0.1-0.5 M arginine, such as 0.2 M
arginine. In other embodiments, the equilibrium buffer comprises sodium citrate and 0.2-

0.3 M arginine.
In one embodiment, the purified tPA protein is human truncated tPA.

* In one embodiment, the present invention provides a process for purifying recombinant tPA
comprising: (a) recombinantly expressing tPA in cells; (b) isolating inclusion bodies from

the cells; (¢) solublizing the inclusion bodies and tPA protein contained therein; (d)



In other enbodi nents, the process further conprises
using less than 35 liters of refolding buffer in step
W@ 200vpeasokevery 5 grans of inclusion bodies sol BI/IN20684000607
in step (c). In one enbodi nent, the refolding step
occurs in less than 20 hours I'n one embodi ment, the
' f t es at
refoldpngﬂpg ¥pR"or n%ﬂ%gu fr?rle %Ir?glcﬁ%gb I@rﬁgﬁﬂfg rfeiéo?@lﬁg bg?fg?p cé()rﬁ ris
least @mn@rargemep(ea ﬂlesealﬁﬂeaicgudmm¢ tEAlcmofaBl mis a\PRSgplrress. column

The re buf al so co rls
pre-ecphlgonted Sk R BT B S AR AR b dohgbERend ©
elutin ‘ﬂfeecPA%}ot(eM #dm thé cA/menboOdi nent , t he ref ol di ng
fer in step (d) consists essentlally of arginine in

In anc{‘@ﬂﬁgﬁgﬁmﬁft e Pr &E ﬁﬂn@erﬁloyh)r&é@es@ﬁl&éﬁ .fMJrﬁirmg%ed@ﬂbmant

e range of
tPA cOmpuing:r@y ueecdnb}hanutbt mmeﬁsmgrtPAhe celsidb) afol@ing implusion bodies

from {es<fSite] GPAGUBITEN G TG o st e PR oY RERE) Rarois @

refol dREP@E PR PrSteird Ha ?&Hld‘lﬁﬁbﬁf‘ﬂdﬁvﬁﬂ{@e Feﬂf@fﬁ’fﬁﬁg sehtortatOgpM step
argi ni ne,” such . arginine. In other

betweentstpi (@ rans, step e(déqwhenem thmeﬁ@lrlm@r blbpranarises gdileast 03 M

and 0. -

i, Sy el O ES od, ERBPIROBIRY tun e
equlhﬁfa&:daﬂ'*ﬂi)dm ﬁ@ﬂhbntuhﬁ)uﬂ’eﬁ s@npridimy ehtd Bmd evdidmsci@ate and at least

rocess for purif reconbi pant, t PA conpri §j.n

weigis: prchbavinga ﬁe‘%f‘gWﬁ?f X ?rﬁ“@e(b Aluﬁps) q@’oﬁ giot‘i(\@hom the

un{d H9+ bé%;gﬁ C britRh BRFEZEAEpddie sodi

col I nc ’J{g lgﬂwbo .12’3“%%3{&%2&&@ g;enec%ﬁnt al ned the(?g]? n&?g socim
chloridel) ref ol ding the tPA protein in a refol ding buffer,

wherein the refolding buffer conprises at |east 0.1 M
BRIEN DESCRIPTION OFeTHE DRAWINGSNg the t PA protein onto

a SP Sepharose colum pre-equilibrated with an

Flgur@ gu Ellds’ﬁﬁﬂeb‘ Reustess t@ﬂlg@f aofit B e refoRdisl cPeld tiMeasfgPAL Ne;
(f) eluting the tPA protein fromthe colum. In

Fi gur@ﬁ 0 ﬁlnﬁfr %Eﬁ%@ff@?&f ar%ﬂl?mocfoﬁéﬁﬂﬁatlbﬁ ¥E bR Pspiades a

rocess for purifying reconbinant tPA conprising: (a)
Flgure Flgghgf%gl%ﬂ%ﬂffe)épé e Fl%)é)tléon%r{t ﬁuﬁx?%%e?oldfr%bcif:tg‘%ln St It Eg
e B AR SO R
P é§ Wiitret e s gaﬁe«“”@ HETER BT SPcontne oF T =1 P

nprises at Ieast 0.3
Flgure 6 provides an example punﬁca’uon process flow diagram for purification of

recombinant tPA.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides industrially viable processes for purifying tPA, where the
processes obviate disadvantages associated with conventional processes of purification. In
one embodiment, the present invention provides methods that use a single step of
chromatography to purify recombinantly produced protein, such as tPA, by using certain

arginine concentrations in relevant buffers. The present invention also presents optimum
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arginine; (e) thereafter |oading the tPA protein onto
a chromat ography col um preequilibrated with an
W@ w6503 um buf fer conprising 10 to 50 nM sodPTIIN2008/000607
citrate and at least 0.2 M arginine, and having a pH
between 4 and 5; and (f) eluting the tPA protein from
arglm{i% %oﬁ@énﬁgp% Fd? aQ1'o)1 d:{ABarRBULH b REo BRIV TR o dmbbéiinent, the
equil rium fer conprising Sodium chloride
preseIB%ﬁtlmﬁmb@mmmlﬂmlmwlﬂm #ffegtipg the yield and purity of the
illustrates the effect of tenperature on the refolding
proteigycie time of tPA Figure 2 : illustrates the effect
of arginine concentration on refolding of tPA Figure
Definifionst | ystrates the effect of urea suppl enent during
refol ding of tPA, Figure 4: illustrates the eff
The tergy(i@ed-25tused hgtein BRISIA e IsHeRIaBIRPEsY A5fVEton” %a%h fcludes a
or
homaff bt HE BT S b e o LU REDLPuR RRTNGEL LD, & T
examplef & ftnunmtedahumamﬁé%mﬁiammgi aagroaavidsor9-pRif of iheafiulldengsh human
reco t tPA DETAI.LED %S\zé:R ﬁ'gl ON OF THE | NVENTI ON
proteifgay 8 cefl g PSPy SHIWEYi al Iy vi abl e
processes for purifying tPA where th
The tgggy/irgem twa%ﬁ%trﬁgé%t%@mma 13eE w?egﬁai%% nal
processes of ur| fication. In one enbodi nent, the
The tgmeS@rvusion bediesh (B ev ilBSsrofet teoaisledn ar Gdeplasmic rppeeegates of
msolug) e ot]élageg; gut ta?%or%f&'ﬂwr&t%uf%gﬁs edrlggo%g@h tgl aiyE coli). Inclusion
bodied mfHynbd eolabilieed)t thatebp sleasing dhmﬁaﬁd rbcm‘nfllﬁnaltlyﬂm@duced proteln
present invention also presents optinmunmarginine
Whlc}bﬂj‘ﬁ% gy bgrefohledte iorgabliogw @i&ﬁﬁ%\g@rﬂ% mat ogr ap hy I'n
one enbodi nent, the present invention reduces t
The terst $efildige Pofferirefirs Foubulierused ingllavhes 91(1@1310%wertems after they
nave et fafiufieed o LRLEI bl BetsRaT s HABiE U prbleh iPfhsoluble

form. \Mlh Qﬁheidﬁﬂﬂdddﬁént;’:ltﬂwm&nlgm&tr &ﬁniprlsésuaghym (0.3 to 0. 5 M), Tris
sm nogen acti vator reconbhi nant Ini pr o

d. i .
butfep 61 30, 1Rds bl S Bl ki 0Bt v,
reduc?rgjﬁﬁ%e@%# f5 0k 8&5%19{ tof N1 n‘zl dnd! ﬁ@QbQSrMnﬁ)nl NI O4fRI Ras a pH of

duced usi ng reconbi nant technlques
about 8.5. -

The term “equilibration buffer” refers to a buffer used to equilibrate a chromatography
column, such as an SP Sepharose Fast Flow (SP Sepharose FF) column, used to purify
recombinant protein after the protein has been refolded in refolding buffer, after
solublization from inclusion bodies. In one embodiment, the equilibrium buffer is a 10 to
50 mM sodium citrate buffer, pH 4.0 to 5.0 (such as pH 4 or 4.5), containing 0.3 M

arginine.

The term “purity” refers to purity as measured by RP-HPLC, where samples, for example
protein after purification by chromatography, are compared to commercial market
standards, such as RETEVASE™. A percent purity, such as 96% purity means at least 96%

purity was achieved by Reverse phase HPLC analysis as compared to standard.
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The term "room tenperature" refers to a tenperature

range of 230C to 280C. The term "incl usion bodies" (IB
W@er00bBe3503 ef er to nucl ear or cytopl asm c aggr epeEr/Be0e§ 000607

i nsol ubl e substances, such as foreign protein

expressed in bacterial (e.g., E. coli). Inclusion

The teptﬁd" mH@’y{e s i %rgﬁiullé 3R an&/Bxeérgﬁ))fnJ Bteasi ng denat ur ed

eco I nan uced protein, which then may be
fo ded t 0 1
s LRI RS AFBRACI0R LY e S, Rtat gty Teshpupon
group r GTIQJ ﬂﬂsﬂzglsofcoﬁmaanys asdhilable. t Roy ekamgle,hBR rBepbirokd™ziéast Flow
om i nc) usi on qE)odl es re [ ouslﬁ conta

nin
(sold by Stk Healthcars, uﬁgp%rs or exargplg) ésnﬁ(‘?if %imort fréchanger with
r | $f18esAIEHeNidNE exdhaBed nMit high
high g@&&kﬂ uf?‘lg gpd’c%ﬁllgoofﬁlﬁ’l‘&ﬁﬁpaﬁ e@) Hehld " dBC ok charigd %r( 55 ntains hig
capacitiee ever @0v¢:Bir@ipH an@e 05%- 13w/ v) , r educed state
glutathione (0.2 mMMto 4 nmV, and urea 0.25 Mto 1 M
In ond ndnbaﬁmnp ldf othe ajwestnt &nﬁentibhe preresses en]luplvc bthat preduction and
buffer” refers to a buffer toe L br
purificagio it Bgk-a 5 3SoPYRM t@ﬂﬁ’ﬂe‘ggg ArF*8 Haros Olga%%mg known

recomblaW n@@E’eﬁ@&harose FF) col um, used to purify
reconbi nant protein after the protein has been

For e{(ﬁf‘lﬁll d%gclu%or{ Bhaed! #ghn D @% ahﬁﬁg §I‘Pé 'é?bﬂegs'@:td' gﬂ%tefiﬁ Gy be

odies. I'n one e I nent, the e rium =
harveqied fafter itacridl ctld 156s. nMThedncluslontbcmlm bugf f n, S(ﬁﬂblhl@ using
to 5. 0 (

TR e A W R M———
room sat R R Sefys, Wige EHS@EWHE eSixtf®ls ﬂiéﬁl"éﬁj&ted to an acidic
protein after purification chromato

range endrﬂmﬁseddtagalustm Tl dlnhsweaanmd@wdbwcglut%wﬁha%ea solution and

slowl A B!éAIg?E (tfcggrétp%gf /arngileﬁr)]i ?‘5 “4’/\513%’&1115 |ugv L é?sﬂfﬁde action. The

pH thEﬁ' 3§ adjubted @nataliat Sr@mdcradr td réatish ametarrel i¥bgaihdnenbated at
‘arginine" refers to arginine base and/or arginine
roomFQ@IlPelmeSématH@l@é is cation exchange resin , where the

i on exchange group is a sul phopropyl group. The res
In andthec embrediment,| the avaiticabiniktufofromxaheyt és dgmted to 4-8 fold with a

refoldg?él?lgjﬁézﬁe ;ab u gg@hﬂl ilf)ws g’c%hrgl)el?%lﬁé;{ %%fﬁlgg%r:ﬁ aﬁ@ fjsolated from

the 1ﬂMdstbnthJ1e§@cP§§ﬂold/ id @h 4ot gbfis. oThekdfoldingy ahﬁas coﬁﬂpﬂses for
I on exchan mai nt ai ns h|8h capaciti es ove

exampmer R]fgitgnpﬂg ma?@ T sah, Tween 80, urea and reduced glutathlone "The

protein is incubated in the refolding buffer at a suitable temperature, such as room

temperature, for 16-48 hours with stirring. After refolding is complete, the reaction mixture

is further diluted with sodium citrate buffer and the pH adjusted to 4 to 5 with urea, and the

arginine concentration is maintained at 0.1 to 0.8 M.

The effects of various buffer components and process steps on protein refolding were
studied. The present invention presents processes for providing optimum yield when

performed at room temperature and the refolding reaction is completed within 16-18 hours.
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In one enbodi nent of the present invention, processes

i nvol ve the production and purification of tPA, such
W@goobtesms t runcat ed t PA expressed in E. Coli, BGI/MR008/000607

known reconbi nant procedures. For exanple, inclusion

bodies fromE. coli containing the expressed protein

After HEX]\SRS By b@g? SGuBfiZRion b@(ﬁ&ﬁ@étgén aeliysid, ¥8luBion BHE refolding, the

usl on es are then solu [i zed usi ng guani di um
sampléryisubgeitat todz stngte SFTmaPEEapsy Istepi |leee@hrmrmtqgr@hb/sstep involves

cubat e W|th stlrr at_ ar ure fo
ion exocrﬂ §u° FALOBF °XC h%’gg”ed Wﬁgegﬁrﬁ Hen é‘%’n uSt% & ? PsSéﬁ)garose
chromﬁf‘o‘g?ﬁp‘hy BROIR pRffrfkdlizeshigted ﬁgf&udérﬁmen'ﬁlaﬁoﬂl a‘h@' sffektive use

e'1s then diluted with urea solution and. s]o
of relsi "& Bigbex conasnitptions of MR ind thitarqsesh ﬁ‘?taWeb?ftﬁf Yields of

punﬁerE 7 ?#é r%h&cﬁﬂ% ;ggt%ﬁl é)?&?:ﬁ)l{gﬂgn FI Teflcdbpe 20bebab&dsb&h use is

Kali arou reaction mxture is again
contraditgsrpatoedicat ekd\mmgé edtpemnatographwi due $¢ i rhigh gconlduct1v1ty, In one

anot her enbodi t he react| o m xt ur%ﬂ%r om agl '
embodiment gyrifigatiors o 6?@“%"%51*}“ &Iot %‘1“ %I‘?ln sl & rpacgon rB“‘ ure is

done Qﬁlf f ep dp%?&ro@é | BN, BRRID IRA BEIRICHAT 80-380 Uhi. | kdg Gfoﬂﬁb@btems

ate romthe 1 Aclusion bodies to refold in an
1solat@icfrome0 Set gm Bhéndlesial Bpdigs, bankdf irprecapilibsased withr sodium citrate

ex l.e, arginine, .Tris, Na-EDTA salt, Tween 80, urea
b“fferzfﬁ‘gr;}) H%@Hgﬁﬁﬁrﬁtﬁb—one The pr otei n is incubated in

the refolding buffer at_ a suitahl erajure, .suc .
Samplgs apedgadadeonie i Gplwnn pad waghedgy %H"él %“é‘tl’firf?rr i%’é’“ﬁ proteins
are ehﬁgctl %thraelg&ilag ?fhglérﬁ 0 Qﬁrﬂhﬁ T Bratd BEFrdr @8fdalrPRy MV kodiSml dhloride in

her sodiumcitrate buffer and the pH.
arginineljeist 63 M) atdtsodBmmwiitiateuruder haviag tahgH axt ¢ tei he The protein was

centration is I Nt ai ne . 1.to 0.
cluted GRS & e g erain e BT st s Rt Mot Gnigining 03M
arginif®), BHO & #.5rRdUqdilbgativarsufet dehigitingT 1 jpdRMEdhloride The purity
i fvention presents processes for providin (gﬁ& timum

of elujgdepuptain eWSp@pfl@d REW, as apdlymed Bynfar Bl e (G ) ¢ HA activity was
di hi 16-18
Bt T N
di fJ cat d f ol th
The pg"%ﬁ: (gjt gp‘!f(é%}t é‘&‘lfeahx? hag th§ f%gﬁwén%ﬁ alrgg(él’?safg Ay St e pe

The chromat ography stg j nvol ves .i an eEc(tﬁangw,lt such

L. i GHloUhahodger S ETmy Ao g b SoRY S s prior
}Egﬁﬁﬁéﬁiﬁé Ctﬂér%sahﬁﬁﬁﬁﬁﬁg gr&t@ﬁﬁtloéss IR H?ﬂlel&'tdhgtuﬁe and cost

inine concentfation. The effective use of
offékr@ahategtaphprgpireandodeodcals. at i ons of arginine in this
process to obtain better yields of
2. Reduction of refolding volume by nearly 35% without hampering refolding efficiency,

thereby reducing the capital investment for bigger refolding vessel, larger space

requirement and handling and processing problems of large volumes.

3. Refolding at room temperature to reduce the refolding cycle time, and also performing

the whole process at room temperature, to avoid the cost of cooling.

4. Industrially feasible processes using a reduced amount of refolding buffer with regard

to crude starting material, without compromising the yield and purity.
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purified tPA by reducing protein precipitation is

remar kabl e , because such use is contradictory for ion
wWe@2@bassges chr omat ogr aphy due to hi gh conducti vPEHIN2068/000607

one enbodi ment, purification of reconbinant protein

fromthe refoldi ng reaction mxture is done on a SP

5. U@?%)Q %&ZI ﬁ;g e at %aﬁﬁoﬁﬁbhﬁnﬁuﬂ"ﬁ&tﬁﬁxﬂiﬁguﬂﬁer&%d Bf any

om 0.5-1 gm of inclusion
affithi d&pmatm@ramyml@cﬁyqalﬁtdrlrﬁoahw with sodiumcitrate
buffer and arginine at a pH of 3-5.0. Sanples are
6. Uél@@d@dpmtl@ely hégheo brginina nchosnisdtis ib the woge bf HAl.-8 o such as

buf f B t | ut h a |
R R N R R g

wl‘gpf% Aok 8ot Radp& fhe rlﬁnc(lﬁg Of ’pr(Qel% Bt 18RErsSDEi1BE8 6f priotdi® due to
fer having a pH 4°to 4.5, The protein was el uted

erthatanl near gr adi ent of equi I i bration buffer (
sodiumcitrate buffer containing 0.3Marginine), pH4
7. Td pro¥ide eytinenuirkinbreatanoemtiatibhiein saomtles, mésudfingMnsadiniffally high

CICIC PN TATR NN TR

thQ' Qfg@rggncomﬂsr ci al k| t Chronozyne t PA (Roche).
e process of the present invention has the foll ow ng

The fcﬂ%\(&gé ??chgéﬁl s a g)%rblvlﬁ to]dengngt?éjte cEefif Eﬂibegm?énttseéf the invention.”

USI on I es W thout any prlor
Thosectf ekitt mgthepiry wlﬂeammcmte rihati the igchmigtesi disdlased in the examples

reduction qf the tinme an t
represe s Pithoda CHATFESI D) 15 THERGE PR aFioReV e di oL FOrRe of the
1nventk?%n &rtlln)/s é}é%ﬂ‘é,l@ié}@&llhﬁﬁw b &es fBf ab @taﬂ:ﬁc@f fl‘h@ée&ffc‘sl(ﬂl in the
ereby reducing the capital investnent for big

art wrllefmlhghn ofvbs spe¢senﬂ érsgleaaurs,pmem@q dhateshangesapan e made in the

e Bb AR RISSSSEAE BUORETD By O AP

deparﬁﬂéfr@mtthé@pmﬁﬁﬂd ﬁio‘p@opﬁléfiwdﬁhﬁﬂ the whol e process at
roomtenperature, to avoid the cost of cooling. 4.

EXA lﬁ?“lgj, hxrgtﬁﬁpéﬁll)g processes using a reduced anount
r ef ol g buffer with regard to crude starting

Huma%?‘{‘rﬁﬁéa@éd’ PR t(hQ%mﬁB”Q&&’s’%‘?'Sﬁg 5thﬁleyfuﬁ| Qn@ﬂﬁdhﬁﬁﬁﬂ thYotein) was

a singl€’step i on exchange chromatograph
recombmanﬂycatpresrse&\/l inhBLutcoli hesime ectaiddbla rigchaiduiesi argd DNA. constructs.

Inclus&%{r% t er a {!}Xlﬁg Igr{?lgq(.:r}ll : %r%%fﬁ% éﬂ{&r gli‘)t%ﬂ Were ri?aﬁvested after
bactefi2 08 lﬁfls, Qnd-B1dilMedSH QShMaﬁ) 8 M (i.e., 8 M in this Example) guanidium
hydrochloride (1:30 w/v) in 200-300 mM (i.e., 200 mM here) DTT by incubating with
stirring at room temperature for 3 hours. Thereafter, the pH of the mixture was adjusted to
3 with hydrochloric acid (conc) and dialyzed overnight in 6-8 M (i.e., 8 M here) urea at 10-
15°C. The dialyzed sample was then diluted 10 to 20 fold with 6-8 M urea (i.e., 8 M here)
and gradually supplemented with Tris (to a final concentration 50 mM) and oxidized
“glutathione (to a final concentration 25 mM) after adjusting the pH to 9.3 with 3 M sodium

hydroxide solution, and then incubated for 3-5 hours at room temperature with stirring.
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0.5 M though results in very higher conductivity for
cati on exchange chromat ogr aphy, which does not hanper

W0 b@94063503 ng of protein but |owers the | oss of PEF/D{20081000607
due to precipitation. 7. To provide optinmum argini ne
concentrations in sanples resulting in an initially

EXA ik 51 Refol Hﬂ% ltoYeth &p&ﬁﬁbmnes but w thout

ectlngt of t e material to the ion

The sgrgﬁgﬁv%%&ﬁnﬁted%% fs% PWRY r%mam SUFRS ﬁaaﬁg\élr%qf@fw and

rate certarn enbodi ments of the inventio
contaihfi@segininesid M)i Trigt buffar(l S(WﬂM 2 B Bc NatBD T Aasalit(ReM), Tween

techni esdlslose e.examl es re t.hods,
s0 0 4F oo Bl O AR S0 BANEE, HRPIEREN T e
tempe?e{tél%g ibEEveh 10P@ td PPN tdnYRratARAR Yo PA-28 GOMSIvigh Sitring. After
lustrative nodes for its practice. Those of skill iIn

mcubathm iarthe wifblding bufiférgthe semplenwaspdidugedh ity HHOo%Qm@/I (ie., 20 mM
t
v RRFEHE LU L33 20 e s PARSHE] s

final 2finfieBohadntiag64 dbem'tb 0/3aMtand epad;tistiige ]SH(th(he 5p{pH 4.5 here).
and scope of the invention. EXAMPLE 1: Preparation of

Emmﬂmrff{c@ﬁgﬁt ed tPA (i.e, anmino acids 69-527 of
full T'ength human protein) was recombinantly

The sﬁﬁﬁ ER3E thehMobded G4 | 'a S{S'S@ﬂ})o AR PR PA B ctBERY I BHBS 88THto 160 ml

constructs. 1nclusion di es cont ai ni ngr
resin ﬁ&d(fnbpnmmmd fromx(ps e gh oﬂJBsppmmudlhmé withr egélibsthm buffer of

10 topjop g S e e RomndE o s A Reminpat Berh B fa° At
samplel1038ind Vthe | £o18R- 349 mAh@a ‘@lth 520@, m bslugn %Mms (CV) of

I ncubating with stirring at roomtenperature for
equilibmtios buffhearehbewnd proteanspwere felutert withe hiear wiaslicny J(%Ps, fedfg or step

gradlggse?%qqél”{hr{i]tx ‘%Pel{/l?% u%og %% %2 % Hbl%ltl% ?éﬁgr %odlglnlng IM

sodiuihénl6kid® §Eetors BEIﬂ’eEB\)VaSFhEhﬁnt}da&hnéxad a]sOthdBnE@d bpIRP-HPLC (C-
with 6-8 M urea e.,.8 Mhere) and graduyal |

18) wauppl lesrehers 9% (e THPISiN e LY ARAYe e PoRhiggizyme A

Ldi zed glutathione (to a final concentration
aCtmgngn%F 5’? r adj ustlng the pHto 9.3 with 3 M sodi um

re-r{PEE DL P et ibs ARb SRR £ o Rerof o1 no

of tPA roteln af t i zatLon .The, sa
In a rgyqr3s RS ROt %gsﬁt@ymﬁkeﬁ%glorwer%/&ha? g PBlif AR IR Sy e used
for MR’ h8s Anc@Bng non-polarity, which helps elute proteins based on their

hydrophobicity. A C-18 reverse phase column (5 pm bed size, 300 A pore size, 25cm in
length) is connected to an automated HPLC system and equilibrated with solvent A (0.1%
TFA in 10% acetonitrile in H,0) at 0.8 ml/min. After the baseline at 220 nm is stabilized,
the protein sample is injected onto the column (1-15 pg) and proteins are eluted from the
column with a gradient of acetonitrile containing solvent B (0.1% TFA in 100%

acetonitrile in H,O). Protein that elutes from the column is detected at 220 nm.
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containing arginine (0.5 M Tris buffer (150 niM pH
8.5), Na-EDTA salt (2mM), Tween 80 (0.05% (wv),

WO edooexsost ate gl utat hione (0.2 ni M and urea BPOI/EBI8/000607
and i ncubated at tenperatures between 100C to room
tenperature (RT) for. 16-48 hours with stirring. After

XAIyiii, ti ' i f Biiffers S BHR! Feri®BE regardin
E Il %gd %ﬂ?%ﬁlléofb;i})ﬂeg%ﬁlnr% {(?(?ugiég’ % nM her e) slgedi um s s
steps @ tRAparifichtien pregess ag dessribed in flampdesnlede) |
containing 1 Murea to bring the final arginine
concealAr BOWN SIRBAMPROSCHSSA 1O WD HIPRAM { hegrants
4.0 to 5.0 (pH 4.5 here). EXAMPLE 3: Purification The
sanpl e was then | cagetimoflay SP SejadmpgHrsFFV¢lARer s Heemp (°C)
colum (80 to 160 ml resin used for proteins fromO0.5
IB Subiligatioaf |1 Bs) pre-equdd i brated 88 th equil i®30 um RT
buffer of 10 to 20 mM sodium citrate buffer containing
0. 4M arginine, having a pH 4.5. After sanpl e | oading,
AciliifRaG& s opgmavashed w3 h 5 to 15 col uim veol3zmes (CV)RT
Dia&%is?gw t@yation buffer and bound proteins were el uted
1t a linear gradient (30 CV) or step gradients of
eqWlibration buffer (Elution Buffer A) and
.equilibration buffer containing 1M sodium chj oride
MIZ]E’ réﬁ”;ltgc{?rﬁ:ﬂfg]fogr B). The purity achieved as g%ﬂ denced o°
R y RP-HPLC (C- 18) was not |ess than 98% The protein
wasyfully active as determ ned by Chronzyne tPA
activity assay (Roche). RP-HPLC. C- 18 reverse phase
Refaldiigyt i cal HPLC col um 1& a rever¥e phase 640 RT
chr omat ogr aphy, the stationary phase is polar and the
nolk | e phase used for elution has increasing
Dilit@di pol arity, which helps el ute p3dpteins baszd on RT -
thej r hydrophobicity. A C 18 reverse phase colum (5
nmyed size, 300 A pore size, 25cmin length) is

X ut omat HPLC syg¢ em and egui | i brat edrT
SP\%‘Q@%?@%I?\E%%%B? . 1% TFA in 10% acetonitrile in H O

t 0.8 .m After the baseli.ng.at. 220 run is
(IB:3’(1%151“‘1?1?E‘I%‘i‘?s’m%?%‘?é?lﬂp?%%ﬁ 5%‘? jected onto the
See afsBIFigRe 61- 15 o) and proteins are eluted fromthe

colum wth a gradient of acetonitrile containing

EXAW]YE 3 S?ﬁ&ﬁs of¥difiGud Ebn#gﬂ%h?sctﬁ{ Ablaihg erficitnky O) -

otein at elutes fromthe colum is detected at 220

n:gtli:‘XA E 4; I erature, volumes, buffers
A) a ?ﬁtﬁwg{_eﬁne?"irgﬁgﬁ?@glgrﬁglﬁn steps in tPA purification
Folloalrirg)gc Sesl’nef%%ds(,j B %eé‘c% %d'iﬂ ]iExxa%erfé %,S ré'fbf)aing experiments were done at

various temperatures, and the effects of conventional incubation temperature (i.e., 10°C)

and room temperature on activity and yield of purified tPA protein was examined.
Specifically, the enzymatic activity of tPA was determined by means of a Chromozyme
tPA assay (Roche Diagnostics) and quantified with respect to a standard curve of native
tPA to provide a measure for renaturation/activity. The yield in mIU/ml of purified tPA
protein, after 16 hours of refolding at room temperature (23-25.°C) was compared to that at

done at 10°C.

16



t PA© DOMN STREAM PROCESS FLOW DI AGRAM (5 grans | B
Start Time (Hrs) End Tinme (Hs) Vol (U Tenp (0C) IB
W@00906350Fat i on 00 03 0.30 RT \ Acidification BQHINR0E000607

and 03 15 0.32 RT Dialysis (8MUrea) \ Mxed disulfide
reaction 15 18 8.0 RT Refolding 18 34 64.0 RT Dilution
37 12.0 RT SP- Sephar ose (1oom

Table%‘}

Inclu3|on

bodi es; RT :

resin) 4

146 0.5 RT

Room t enper at ure

AN

”
N

IB :
C
5=
F

SO l—igur e

EXAN

FLE »7 3t

ol ¥ .

udi és of

\'4

of

DN

0
Z
o
J
Q

t

S | CI UI

crll fa)

h

;‘fﬁ% g%ﬂﬁ

v

A Effect-

Argiine (|

T ILoI\J \JIII\

mlno re

v
T

+ bande ~o
cCTITUOUS ddS
t S war o
C J TVoT O

Trisdorfter4Myar i ous

enplddt ur

a
€

axp r5 nmen

7\ LILI ~ |

=)

expeti
t heU-d2 f o

ts of

Na-EBTAesalt ¢haM)i nc

1bat0.902 t el

mer at ur

e G002

10C) and

Twdea@0 {(SopW/Yur e

on Q66 vit

y and Vi

i el @0Bf (

urified tPA

Glupz{tﬁfoﬁle ?ed@&d?&ﬁm

ned gapeci

fically,

tg2en?

ymatic

Urear (™M

LT VIUTYy Ul

zyne i PA as

q’q\/bli [SLBLLL

ochd

med by
b D agn
gl

Mmeda
QfJ

37

d
nd

pH quantified with |

espdel to

a stand

ardge rv

of

of native

BuffdPA/dl omﬁk@up qﬁuﬁ

neasuse f(

br- r enat

ur atj.en/ 4

ctivity.

Samljﬂg V)61

m ofs5 puri

fred t

chg eln,

after 16

Incyuby

"MOu

TE| Ul UI
TFrl(Q(PI) to_that

dl oom

ng_d]é!he_at

Activify (mallj/mlhhove 4

A¥bSOrbanEey

tenperaru
CT

nhl 1& o A

250C) wWas

[efaYaYal I

he Anbf’nl a

.
A = A —

: ng mTU/mf

r eact0 Hms.pr ogr essed 423 er

| 100G
(EIG/mly
an@-7 es

ul t&H3 n

a_hi gHe?

yi el d8Wwhgn perf or

med).848 r oc

m 2eénpe

rat?24 (2

3- 2508586 as

. conpayqyst 0

0.936
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0.912
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3.375

As seen in the table above and in Figure 1, the refolding reaction progressed faster and
resulted in a higher yield when performed at room temperature (23-25°C), as compared to
10°C.

B) Effect of arginine concentration in refolding buffer on tPA yield

Following the methods described in Example 2, the effect of different arginine
concentrations in the refolding buffer on tPA refolding (i.e., active protein) yield was
studied, after supplementing the refolding buffer (as described in Example 2) with different
concentrations of arginine. Refolding efficiency (i.e., biological activity) was measured by
a Chromozyme tPA activity assay kit (Roche), which measured active tPA in mi}li U
(international units) per mL. The effect of 0.2-1.0 M arginine in the refolding buffer on
tPA refolding (i.e., biological activity of tPA) was studied, the results of which are

presented below.
Arg (M) yield (mIU/mL)
0.2 1.56
0.3 3.228
0.5 3.519
0.8 3.1382
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1QX0C. B) Effect of arginine concentration in refol ding
buffer on tPA yield Foll ow ng the nethods described in
WEx@n63502, the effect of different argini ne PCT/IN2008/000607

concentrations in the refolding buffer on tPA
refolding (i.e., active protein) yield was studi ed,

The AMdvE reSHRAP S bOFikhe 7, et rOYfdisy effSedd§Swhd Affest in
In Exanple 2) with different concentrations of

refoldingibuffier comefming Orig Mefarginineney tlfis .cencenpirBdm girediiced the highest

activit S red by chr zv.e t PA acti Vi . .
amonE QLA P X B oS a1 SR EREETY o epREopt i yginine fo
refoldikk 6f tPAe6dvatred hethewindesof apedt 013 M tHES 8f hg@itinef 0.2-1.0

Marginine in the refolding buffer on tPA refolding

C) (iEfect oPupda0@neahtrafbn Wi FefoRing Fifer@istred yréied, the
results of which are presented bel ow. The above

FolloWiHh SmetBSdsWlstrit il BULH1L2, BB WL hE Gl BhnBéhtration in th
0110eff| Cl en%y v?/as Shrilghelst inrefol di nS buf fer cont ali nrianlgc:;)n e
refolding Miffergioni tBA asfolding Gencedtiveatproteinr gibld ewas hgtudied after

hi ghest anmount..of active . tPA in.m/lLli LU per . The ,.
supplfygi (BET iR, A e (e BioRy gt st B wiB® differen
concdn@hBbsl fired. REDINEE BfficRGcY Kak Aabd8dBy afCiabRuty e & AVhctivity

to 0.8 Marginine. C) Effect of urea concentration in

assayrléf Roghelg whiehfragasurediapiave {hA th mdlilginieynatinnahbnitg ger mL. The
' [ - ‘ ff.eGt_of «t he. ur - .

ctteof B I P RE ol ARG o e By B e Rl PP lgsigab oy of
tPA) Wias studiedcthe Yesulis of @hivh ayé pleskntaisbesdwadi ed af t er

suppl enmenting the refolding buffer (as described in

Exanple 2)[wth difffenggff copcentrati ons of urea.

Ref ol di ng efjfd.GivpNCY iR FnIEapUr €d by a Chromozyme tPA

activity abbdﬁjKi (%ngﬁyf Whi ch nmeasured active tPA

T
innmlli | gf erratgal—uni ts) per nL. The effect
of 0 to 1M-ux %5' thg%zggfo! ing buffer on tPA
refol ding [i 8> Hiolohykal hctivity of tPA) was

studi ed, the ®&sullts cf2%hich are presented bel ow. The
above resu|ts,l as wel 13.23 Figure 3, show t hat
The diveldiulg, af fell endigwass3, ihghetiat iréfoldéd0 kfficiehchuivie highest in
fon%aining 0..25 M urea, as this concentration produced
refolqipg byfifefiroRtaining Orp Mruress @f (his epientrption)nrodyced e highest amount

ofac@etﬁ{l&&ﬁ‘iﬁillﬁ%[{?&d[ﬂﬁgd gl ut at hi one concentration in

ref ol di ng er on tPA yield Follow ng the nethods

D) gﬁ@é?e; k ?IF ger(]féllaec?)éﬁﬂmh?or‘nze cotnqgnt?fa{i(?lg }n I%E‘Olﬁﬁldguglﬁ?éls S A yield

Following the methods described in Example 2, the effect of reduced-state glutathione

concentration in the refolding buffer on tPA refolding (i.e., active protein) yield was
studied after supplementing the refolding buffér (as described in Example 2) with different
concentrations of reduced glutathione. Refolding efficiency was measured by a
Chromozyme tPA activity assay kit (Roche), which measured active tPA in milli IU
(international units) per mL. The effect of 0.0002 to 0.004 M reduced glutathione in the
refolding buffer on tPA refolding (i.e., biological activity of tPA) was studied, the resuilts of

which are presented below.
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concentration in the refolding buffer on tPA refolding

(i.e., active protein) yield was studi ed after
WOpHEpE3nt i ng t he refol ding buffer (as descr iR6ddN2§8/000607

Exanple 2) with different concentrations of reduced

gl ut at hi one. Refolding efficiency was neasured by a

Chronozyne t acRedided asspy Kidid(Roche), which

measured_activegfRihibie Ml | {ndcfinlf e nati onal units)

per ml. The effectyg) 000, 004! M r educed
gl ut at hi one iﬁ—fhe—f§§¥+ﬁfﬂp—bg%§gf—ﬁﬁ tPA refol ding
(i.e.. biol ogieal 9’00."it" ¢ PORP wak studied, the

results of whi he above
results, as well as Figure 4, show that refolding
efficiency was highest in refolding buffer containing

The abo@d2evlts.catuvwet af Etmeh Honkow dbatt tefeldimgnefBigienay ivess highest in

refoldﬁw@r gl#? %dcotgya?rgglg %’ﬂ%@g‘?ﬁi o]bltaglblt | Vﬁatsttgfs‘l | rrllcer:rxl};tlratlonl erJoduced
the higiRkOAHbRI obuétf\%ftPAﬁntnBHlIUQéﬂnEm | owi ng the nethods
described in Exanple 2, the effect of Tween 80

E) CE@f%@mifﬂvbaﬁso BorfdeRtraibR g kmldwg h&frerotn 1A yi@f ol di ng
(1.e., active protein) yield was studi ed after

F ollo gﬁhffﬁ%\g{oﬁy ge.‘itqcﬁge# E‘I E’ieﬁiﬁﬂg 2 bﬂ{fe EREct AT vRE %’0 ‘Fgﬁgedtx% dc.)n in the

rent” cohcentrations of Tween
refoldigf dudfengoef fRAI mfclyhnms(l erea&ﬂuved phyela) @mkﬂmmmd?éd after

supplGriering) o Uetar PO GCEESY By IR PRGoby Fidh  different
conceRfratfis it @N&Q%OTV‘R%fbl(ﬁgg @Mé{énc&r\véshﬁeisﬁféa' 15 BQCIQan;o%?me tPA

on tPA refolding (i.e., biological activit
activityeassast kitl (Rekhe), hehick sudasured fotive; B mrlellb dUs@nicmadtipedl gmits) per

L. B8 RS LR Rl R L o Wy ein

(ie. lﬁé’lﬂgﬁtﬂwﬁguﬂ? oPEIA) et BEd, (MY 1ehultsast wihilsaie Pae et dkionn
produced -t he hi ghest anpbunt of active tPAin mlli U

per nmL. Thus,[whiTe We have] desgggbed| f undament al
novel feature 0 ti i W11 be understood
t hat vari ous ﬁ&éﬁ@é@%gﬁ ugglU/{nE)ﬂ ns and changes
in the form ard—det s—raybe é“s'rb e w t hout
departing fro ] : ntion. For
exanple, it i ' 6 t al l
conmbi nations of those el ements and/ or method st eps,
whi ch perform supstantially the same function in
The abuolxs tresults,ahd yellhas Fegwee Wayghdw tha:mfeé@ddiﬂghﬁfmmmey was highest in

refoldln?gsgutlfer con%almntghb BS‘%h Wegr? %8 (O f/v)t hag t Ps,vceor}ltcler?t?at%lAllaro uced the

highest amount of active tPA in milli IU per mL.

Thus, while we have described fundamental novel features of the invention, it will be
understood that various omissions and substitutions and changes in the form and details
may be possible without departing from the spirit of the invention. For example, it is
expressly intended that all combinations of those elements and/or method steps, which
perform substantially the same function in substantially the same way to achjeve the same

results, be within the scope of the invention.
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1. A process for purifying reconbinant tissue
pl asm nogen activator (tPA) conprising: (a)
w0 e@omtEsaant |y expressing tPA in cells; (b) i sPCEHIN20¢R/000607
i ncl usi on bodies fromthe reconbani nantly expressed
tPAin cells; (c) solublizing the inclusion bodies and
protein contained therein; (d) refolding the tPA
CLAflﬁg‘tei nin arefolding buffer, wherein the refolding
1. A phuetdsdor panfyirigsesombinhgdissuethldsniinagey aviimatpr (tBA) comprising:

t her eaf ter | oadi .the tPA protein onto a ion exchange

(@) rec%ﬂh?ﬁﬂﬁlYoW5?§ﬁ§?g&€gdﬂﬁ&bﬁ» eequilibrated with an .
(b) isolﬁﬁlzg InicRisiohnB daids fiefm ﬂféffﬁédn%dﬁﬁaaﬁﬂ¥ b@Asised tHA M ag18 ni ne;
rom the col um using

anﬂ(fé eluting the tPA protein C i
(©) solybiipingsibe inginsiantrcidiamand P& proteie conteynedeereiii | 1 br i um
£ f i Si i rjde.: - f o
@ ren e PR AT e TR REOR Rl
leaspenfMranginthepny chromat ography until after step (d). 3.
The process of claim 1, wherein the process does not
©) ther@@ﬁifﬁp%dénweﬁgf*aﬁofalfnr PP ﬁgzorbﬁ%caﬁ%aecf@?%mgr@sm fPfumn pre-
' ' | 4-@r i- . The
colfBREL K R R Lobl g RO Aoy |
() elutperthothve gra¢in fioantheechmmmusing (i) $8-e380ibyiumufinend (ii) the

ocess of clai.m 1, erein.steps (c) - (f
cquflbrT Bl sbrponE sedBE Aa® (53 Shoo | 5. Mhe

process of claim1, wherein the process further
2.  TheCPrARessS$ dlghnd, | RBSreinN e PPodeld @M0Ss Got I@h@iribe NBerforming any
buffer in step (d) for every 5 grans of inclusion
chrisppgrgpoibiafer gep (B step (c). 7. The process of
claim1, -.wher€in the refolding step occurs in |ess

t 0 .S, 18 f ' rel: :
s o IR0 10K RS SR LA LRl g i
chrobheto ataplee sdumh imhaidiatdly aftbrethe refolde stgf @)di ng buf f er
in step (d) conprises 0.3-0.8 Marginine. 10. The

T 4 I LN 8 L G W A —

(232kaiym 1, wherein the refolding buffer in step (d)
conprises 0:25 Murea. 12. The process of claim1,
wherein the refolding buffer in step (d) conprises

5.  Theroeess @f gpamM, wherein steps (c) — (f) are performed at room temperature (23-
28°C). | |

6.  The process of claim 1, wherein the process further comprises using less than 35 liters of

refolding buffer in step (d) for every 5 grams of inclusion bodies solubilized in step (c).
7. The process of claim 1, wherein the refolding step occurs in less than 20 hours.
8. The process of claim 1§, wherein purity of the eluted tPA protein is at least 96%.

9.  The process of claim 1, wherein the refolding buffer in step (d) comprises 0.3-0.8 M

arginine.
10. The process of claim 1, wherein the refolding buffer in step (d) comprises 0.5 M arginine.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

reduced gl utathione. 13. The process of claim1,
wherein the refolding buffer in step (d) conprises
wWO2@926303F educed gl ut at hi one. 14. The process PET/IN2a08100607
1, wherein the refolding buffer in step (d) conprises
0.01% 0. 05% Tween 80 (w v). 15. The process of claim
Thelpro¥dig be bl'auﬁ hewh&kRl e Moi@l&ﬁ%lﬁfffér it §E§ ) (RnpFiaesso. 25 M urca.
essentially of arglnlne In the range o O 3 Mto .
M 150 mM Tris buffer, mM Na- EDTA salt, Tween
The precesanfelain 1o whereithg r@fs%n(lwwffer ip stendeHcognprisss 9108%@ 004 M
t e of 0.2 ™Mto 4 nM and urea in the range
red%%dé@%ﬁﬁ}%b 1M wherein the refolding buffer has a pH
of about 8.5. 16. The process of claim1, wherein the
Theegmicbésbof clairh uf, fveliegeinrthe trefoddie )busiied iff fsjepc@irpoigeises 0002 M
grgiﬂ rh?' nine. 17. The process according to claim1,
red%}? FRAIIME equi | i brium buffers in steps (e) and (f)
conprise sodiumcitrate and 0.2-0.3 Marginine. 18.
ThelR@cdks OF RESmAL GiHetdin thd RfS1HRE Bulfer WNGEL (D doRfprises 0.01%-0.05%
equi librium buffers in steps (e) and (f) conprise 0.2
Tweanefd(Wivhe. 19. The process of claim 1, wherein the
purified tPA protein is human truncated tPA. 20. The
Theogl(?)%g"s%sofoélalﬁ{ EI“ Whereinie' 16 ﬂdlhﬁ_gou@fepcfr?gt% f(H?' E&%‘istszesj?entially of
C rises using only one chrofatography” col um .
argfﬁh&a r theaasgobf Ol3aMmtdl 0. 8\/\Mar1é0rml\/h aris rbuﬁfea,tbgmMpNy-EDTA salt,

coI |n ste d (1) an i 0 an e
Twes S B Ry SEORL A b 5% (D, e iRNERg fy b range of 02
mM’\'fbezI 8iM, dddeureh {rPﬂPi@tré}%’eQH > et ﬂé“inM Rk ﬁle(r%folﬁﬂg bluffdr has a
Is a cation exchange chromatography col um. 23.
pHpf eloeg 8.5f claim 1, wherein the chromatography coI umm
in steps (e) and (f) is a SP Sepharose Fast Fl ow

The” p]i)rocess of 2fhim Y, W% Slshe (eglgg%ﬂlhlf B/dfpegs I sqgfgb()e)ng{g (f} &cﬁﬁ&%e 0.1-

asm nogen act va conprisin
0.5 Neagpdinhaant |y expr eSSI ng tPA in cells;

The process according to claim 1, wherein the equilibrium buffers in steps (e) and )

comprise sodium citrate and 0.2-0.3 M arginine.

The process according to claim 1, wherein the equilibrium buffers in steps (e) and (f)

comprise 0.2 M arginine.
The process of claim 1, wherein the purified tPA protein is human truncated tPA.

The process of claim 1, wherein the process further comprises using only one

chromatography column.

The process of claim 1, wherein the chromatography column in steps (e) and (f) is an ion

exchange chromatography column.

The process of claim 1, wherein the chromatography column in steps (e) and (f) is a

cation exchange chromatography column.
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23.

24,

(b) isolating inclusion bodies fromthe cells; (c)

sol ubli zing the inclusion bodies and tPA protein
w@owasysesl therein; (d) refolding the t PA protBCHIN2008000607

refol ding buffer, wherein the refol ding buffer

conprises at |east 0.1Marginine; (e) thereafter

‘Thel 286Hs8 91 blagin t1PAVhRFeRt ﬁierblﬁ&hﬂo?ra Ry 581%&@1??3&;@; QLAY (f) is a SP

gre-eqw librated with an equil'i br1ium buffer conprising
Sepharoseckast Fipwicalmangi ni ne; and (f) eluting the tPA -
protein fromthe colum. 25. A process for purifying

A EETOL A RS RSHEEi 21c ) compige

(2) recqrbbinambi edprargingnPAlusiceis; bodi es fromthe cells; (c)

(b) isolatipg e istoncesiesifipm fg)ce

sol ubl j zi ng the .incl usiﬁn_ bodi es and tPA protein
&folding the tPA protein in a

(©) soldb?iféﬁig%agmhuwnedodwstah@ b A PRStEiAIThidthed tediEigmat ogr aphy
S

bet ween step (c) and step (d), wherein the

(d) refaldihglthi thd profeiein arsfigldingduifar, whessin tie. 8foldiag §hifemesmprises at

t-her.eafter | oading the tPA protein onto a
leasﬁﬁ-?&\%‘f Sphy col umm pre-equilibrated with an

(e) ther@SffidrllbdtihdltReBPA fRbteunits h SPrREpA&osdcdbinAreebhiliBated with an

citrate and at least 0.2 M arginine, and having a pH

equiibtifimentter spmprsing ahlepst 0. eMareimine ped t PA protein from

® elut[‘ngghéeg{jélkJ té‘iﬁiﬁ%ﬂb%ig%com_eqm libriumbuffer and (ii)

25.

(2)
(b)
(©)
(d

()

®

26.

I brium er conprising sodiumchloride. 26.
A process for purifying reconbi nant tissue plasm nogen '
A pacessvat puriffyingApcasbiobmitivet Hirmieogenenyilvatbt @BAheseprising:

recomnarly exatesting tbA IScamp! es and figures.

isolating inclusion bodies from the cells;

solublizing the inclusion bodies and tPA protein contained therein;

refolding the tPA protein in a refolding buffer without performing a chromatography step
between step (c) and step (d), wherein the refolding buffer comprises at least 0.3 M
arginine;

thereafter loading the tPA protein onto a chromatography column pre-equilibrated with *
an equilibrium buffer comprising 10 to 50 mM sodium citrate and at least 0.2 M arginine,
and having a pH between 4 and 5; and .

eluting the tPA protein from the column using (i) the equilibrium buffer and (ii) the

equilibrium buffer comprising sodium chloride.

A process for purifying recombinant tissue plasminogen activator (tPA) as claimed above

exemplified herein substantially in the examples and figures.
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