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WD 2006/ 051554 PCT/ | N2004/ 000346 A NOVEL PROCESS FOR
PURI FI CATI ON OF HUVMAN GROWMH HORMONE Technical field

wab@eiosmsent i on rel ates to the purification proPEFEN2001000346

human growth hornone 5 (hGH) in conmercial scale by
usi ng hydrophobic interactive chromatography, which
effectively separates clipped hornone noieties forned

duA INQVERePROIBSS IFOR BURFEFIGATTION O BMANDGROWTH
reconmbi nant techni ques. l\iﬁnd of the invention
Human G owt h Hor none (hléﬁ)alﬁhgj pituitary derived
T™dchhRaIfisMt h a nunber of 10 inportant bi ol ogical
functjons, i.nclyding protein synthesis, .cell
or of HENEYSPEAT aleles Folba BUTEHO ReS§Ers 05 hign g hopmepe
(g@ﬂ) G QomRkicRe REAISI By Qfing BdroptiobR!t i@leYacl¥e KiPBmatography, which
econbi nant hupman grovvth hor'mﬁgpéf@&b has been
dleghwdsrnatniss eliRps homons mietiey Giring|thg praduciien pf grgwth
ReR6A B INA T8 RibhanfesiRiques of chromat ographi ¢ and/ or

non- chromat ographi ¢ nethods are then used to obtain

B4k RHinA o R iRy dhtioht 1S reported that the 15 region

bet ween 140-150 ami no acid residues in human grow h

hor MNEndnSGBRASHbINY R (WG is B Yty @érivel Pt RS &&th alintber of
leads to a proteolytically cleaved form of pr ot,gﬁi n.
ipposet piRlpgicela fnsHense iaqlinga PROIGTH (TVBIPTY uFh B EFr#tog nind
hbaboiRfy. hotest 1! £5Hb Geid Tidhe VRIypastide fd?afproRimabiF L L &Da.
arise during the purification process and its renpval
Ressmbinantrayam giowa herpae i(WGHdap berpuexmressedofn E.coli both as
i'ilﬁ%egglgyﬁé Gve! r%dd%lc Ea% t&ﬂrﬂ%ﬁeﬁf)@%ﬂo&a‘m—é&?ﬁe %h/%r non-
t he or it

use o erapeuti c purpose, I S
regragegirhic wethedsmare themused It pijeid thenjveeprotsin. It iprepesedzthat the
r%?i%ﬁ rbélgl%én ER)C-[HU Ao aciﬂékiﬁ@es% ﬁurgérr é@&ﬁ%n&&&% Ee.lﬁ@itive toa
present Tnvention In nany aspects such as process
poutzEnef erasasey) dihjsnieadssto ues padteolyticallyi ¢lgaved fempaf atotedm wipse
t.arget noi.et .use. of . r_af . . .
SO e PR bt TS0l ot BOBRECpot¥hc i vapiont
cfohGHecHnS ardiesdiring etht quitificagiona sprossks ahd dtserenova prsesf all major

s.anal.ytical, 25 techni ques rather .than as ,i.ndustrjal
PYERe b e Froduish ol fheppeutisciras Boroh hPLGe el grihf® the
@k o GHIB BBaBeutit pefpas] it heCddsaed @foapihy cligped molecules.
purifying human growth hornone. This patent purifies
hGH epeior afttdestribeOiatinit@ed) wich argdiffeichafrym Gheapregniindentisn in
not related . to reconbi nant hGH or its guri fi ca%i on. .. ¢
TRRC 25Pegth 8uch; 4R RIPGES BUAHEIPS; G RmPRES et pEiBs &t sgpgration o
@idef BORERY, ubd OMuntRr BNFhaldsEER M sbiRertd) @ygeasTaiBinitg Répadiled. A
hor none. Besi des use of djfferent. nedia and di{fer eqt .
91 greTsart (deeupFbt dissloges teghnigef t Whishrare Mae jisgful as analytical

feohfhdel e 1fh b faEHtal HRIBSEAIERrARAdI ti ons and
ditfferent binding and "elution buffer. The elution

gr adi?@'ﬂ'g?3ﬁlglcﬁéc§&,e el §8" Ty drobhotd HRerd@RErdhRRSatddMphy for
use o ue
purifying human growth hormone. This patent purifies hGH extracted from the human

pituitary glands and is not related to recombinant hGH or its purification. Hence, the
impurities arising in this process are different from the one present in the recombinant
hormone. Besides use of different media and different columns, the process uses
different pressure conditions, different temperature conditions and different binding and

elution buffer. The elution gradients are also different. It also describes the use of blue
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WO 2006/ 051554 PCT/ 1 N2004/ 000346 sepharose or agarose
in separation and does not teach use of organic and

essential features of the present invention. Follow ng
references relate to purification of growth hornone

obt ai ned by reconbinant DNA techni gues. .In the
sephaggsa toy ragarogen iy eepaatiok ApthvAoss ROé\AF%Sgﬂ%éﬁtOé ofgaply and aqueous

ﬁ&ﬁ@eﬁ%@ Bt HGdh 16 6RCIIRER s fORIBOSE thdpreRhdidugitiog a
reconbl nant porcine Gowth Hornone; US4705848,

US46 %ﬁg\h?‘mg st fedd k12t B PBAEGEon ethZbrmone obtained by
US5023323, "US5109117 and US6410694 deal with

rseimltiiant PAYA deshaiqesn &t dreakiPigime, Hheth gtk ke ap Y Juffpisale
SR8, whith deReBEs @k %e@}iéh%ﬂg%&z&& SCREShank Pércine Growth

present i nvention. US patent 2858 is related to th
Homvoé;at USA7GR4h GHUSHONETh (RATAEM40; s USPoHe- Hsé3¥5é§9’
. | | . | ¥3i 0 £k dn@NSaturation
U0, U B R S, AL RS Bl sl e
adhodstas dn tseRiadfcatus, puaitthese 28 pYHDIR Ahe seepad sheprpssnipypntion.
for determ nation of biological activity of ) .
r ecortifi patet GOCRB¥nid rélated do thef formulaiiomyafi RGH whgreibheIGH 1s
US patent . 2369 t . ek h i 1
Brﬁ'eﬁgatt? o}’]wstg ;Z% ea@a?gtﬁgéé&gﬁ%tﬁéﬁ%h&%g pH | 0eﬁss’s thteﬁa“r/]hl%l? genzy
giochot isaddidap itpné diepltt atjustd to 3-9t he essential feature.
However, process conditions that enploy acidic pH may
| ead WS pateygrsgaéi2idaenches aanétbodhfpd defbryminatiopfof bw&g&aﬁ@tl"lty of

and are I sagdvant . S 6451347 describes a
Eﬁ?@%?%?pgfna“ﬁéi g ? ot ?lyﬁgi?ﬁ@/ﬁgg?'ei n conpl exation

with netal i uch [ ' j t j

s nalS apA AR RSs Bl Nl né ARGl A cltlodhc ot
pHtES thaehs b eso-ttbyeprecipitaion 3s the iessenigpl fieabure.t Hewever, process

degradation qQf h nd not, the cli. i ati .
portsfans aseradey esion b ooih Mer Bl PR G DAL of bt
R arPhbishdvaataben of peptides including hGH but does

not nention the separation of the clipped hornone .
noi et ysf pasatt bes13aT addscriel] alueiticdtion 2metSd pfor en@H, wherein

6437101 teaches .a techni que wherei.n, agueous. bi i
expplgeatiop withypatal dons SP‘R@S Fadonss @W&e@t"r“giﬁ‘é’ﬁ ésg%OﬁFfé,‘e%?%g of the
SPRLRY SRt e THE QaRASdsEritey HkevasiaNte afisily flomnthe degidation of

easy to perform Patents referred in the docunent by
@i elped oigtigs- e construed to have been

ip gf le ﬁ%g dga*?rllb %fﬁgg éﬁ glg}ghaglozgéj%é @?fg?%giiglé g))c(cthalggfer tfo'l%u%%i:a(}ion of

P%&d}aé\'%{é%{&w,ﬁout B¥&ndi AekRMord R se@Mtioarahhedtigpad Sotatone
ﬁu Ification is separation of clipped nol ecul es
megely fiomghd ingast e andlespldet ol ecul e. These cl i pped

noi eti es renmai n bundl ed . ) . . .
US patent 6437101 teaches a technique wherein aqueous biphasic extraction

without the use of chaotropic agents is employed. The process is cumbersome and

hence not easy to perform.

Patents referred in the document by patent numbers are to be construed to have

been included by reference so far as the text of the said patents is concerned.

whi ch i s one of PENEN2004/000346
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together due to certain other |inkages present in the
nol ecul e. Non-patent prior art docunments conprises of

hydr ophobi ¢ i nteracti on chromat ography for separation

of hGH variants, including clipped variant. Pavlu and
Cellerfors, Bioseparation_ (1993), . 3: 257-265 disclo ?e
hydr dpiBUPEY fhstisrlapioblsh &hseskabiificatiany isopepgration of clipped
FBIRONTSY BaMng TR MheQ @WetmBREITE MiescEHBALT ABbMbs remain bundled
Gellerfors et al ., "Acta Pediatr Scand (Suppl) (1990),
@B@hﬂ@@@KU@“F@@ﬂﬁéhm@@ﬁ§§ﬁﬁmdﬁﬂ@ﬁm&W@h dentification

of growth hornone variants by high performnce_ | iquid

chr orfEQTORAeH RYIOR B AOFUEIGRS comprises 0& ifollowmg @ﬁedwh}@%‘@ﬁi papers
énl %%O))f hﬁQQpho’é@ﬁnﬁépa@hgﬁ SRR APRY F&ALbARHGH of h@ﬁ variants,
er f ormance hydrophobic interaction chronatograp y to
mpladiop slipned @ptianht | on of DNA derived human growt h
hormone. 15 The techni ques disclosed in all these

r ef erRafbiedndnaglierigese Bifsepprafionf(3833ni: 271365 disclose hydrophobic
&P&Acﬁ@%m&ﬂﬁb&g Bxgo;f éll 18nbin aﬁ{ a11 oSt RB e,@%ﬁoﬁ

and peaks corfe ing to pped nol ecul e appea
af t erGélﬁﬁ‘oﬂaétnalpeﬁ&a Hhenk &H@r u}SiJl)S ¢l 9@§T3 B 99f100 teaches
acetonitril ércentage o A)ln nobi phase A and
Spgiafompis iden tﬁ%eﬁm & gpwﬁlghmpnﬁ vrpEsdy IBgh perfcgrn@pceslsiuld
@@&Béég%%qumggﬁgve recovery of the product from 70%
%0 being a detergent helps in
| overiyg hhej kA 0800 sbaSoBIe0 Qidbiold WpfAfon of high-
matri X €reby an [ ng recovery. estingly
pdrforpask haﬂroplmbgemtmmtlen ghremptogtaphle to thhe:harp@a’ﬂczauon of DNA
Th rs essentially describe HPLC
@%ﬁh@ﬂ&ﬁmggoﬁé aréB%etter used for anal yti cal
purp t' .
our 821}5%8 e&%&c@gg d&ﬁ@gg 2k \Ng tﬁ]ﬁ%g ?%tgﬂeﬁégg gr{aﬁg Hg gigap Is.usrfatcﬁgi Brij
(Hmblou&ﬂhy)éned@t hllugé I’dﬂer)l i inem®lrilej phase Boandf pealisi cedespondifg to
i.ndust scal e e its re vaI the ot.ei o
P ol Ry 26RaT 1S Syt T Rurep S Teh% Ro Bl pdlorivee
pervenpigt O6F omkéxsmosﬁe pas© Agadi 3¢5 ﬁﬂh&ﬂﬁfet[ﬂlawnB m@ whithgdh@®15%
r.opor.tions i mnates t use, of . Bri F
B RGH s P ot R i iy b PR LTy 0% by i 35
wmg Ql®teridde hPPAKn QbwériigOmt iftetactionl 6f tHer profeindivith the matrix
élons resol uti on between clipp e%ﬁgnd i nt act
fhgre ¥ AMCEPEVIgTAFQYETYC Hitcresiely el peakd dragj snabeule precedes the
Mf&XVaﬁﬁ{tEWhe@@E%&% Ss&Rtidlly BoNchibd EPLET REMiiqheP @hd Bredbetter
mM col um 6/051554 PCT/ 1 N2004/ 000346 vol une.
vsed tipreang i urnosesathien than deroindustrish pragugtion; paRagess {hg main
hﬁ@géd'lkgofocﬁes@ xﬂah&ﬁ'ﬁ thaP 'ﬂ{e' Jsb%@ dRYeReRis ik Brij b nﬁpfa"éfmed in
volune. The limtation of e prior art is'the use of
mdpshrialiseald ginesiisfrereevahfrom @nei qrois@ containgngrsaludien migp be difficult.

process recovery at an anal ytical |evel. This presence
of nobheiwesert invention makes use of organic solvents in much higher proportions

and eliminates the use of Brij. Further it is noticed that the peak corresponding to

variant precedes the peak of target molecule.

Prior art mentions resolution between clipped and intact molecules at analytical

level loadings of approximately 50-150 pg semi-purified protein per 3.3 ml column

5 on use of PCT/IN2004/000346
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whowaas5t564 pr ot ei n nol ecul es.

5 surfactant may be undesirable at preparative |evel,
as it is difficult to renove surfactants that remain
The cl ai med pr oceBGT/IN2004/000346
circunvents the need to use surfactant for inproving
process recovery by using higher ambunts of organic
solvent in the eluant that can be easily renoved by .
volrwents e nressty inventipmresglitign is aehicved jaf p deading of 1 mg semi-

QB QSR cohnigat.s of the invention The main
object of the invention is to describe a process for

pur i f reAtin@fidaf of tHe!PRG S RO uROEMP AEn-IdARL suebtant, Brij 35 to
ef fectively separate the cllg%ed nol ecules fromthe
eeligen theoPEsess erecoysot Reen osplEeal devalh dhisnivesenpo Rt inondenic
BERNIAE nhyPHOGRSSHROE RUFkhdrRll RDe107Tas Ny MBMNierikalr 46 OMiddve
hormone that effectively renoves the clipped nol ecul es
Firfastantsibatabmaia habid fegproteint melecudesn Tho Flawedrprprestiereumypnts
‘ﬁ'fe B %ﬁserga}fgc%ﬁt Por i%?{ovg'%?rg@%s 1%94)\%%1 by &sif) hi‘gﬁeq amounts of
present 1nvention1s to cribe a process o
prgahitiselyentam thefeltaunthat ogn bovetsiliiaemaved by trengesiah e filtsatign or
far [ rposes such as analytical nethod for
R R ERAEBRPES PN 2 P paustri Al

rééé‘tg&th Medfon 20 NG Still another objective of
t | Ion

nven Yo provide a purification process that

can eGt. C . .
£a", B8 PR RRERH P hEobR ALEeRESyfedtof o
hnmem giowrth iherntone dignt @b pffectively cepasaté dire clipped friokatles fromf the
?%W%%; Q;mgh hor none that does not nake use of any

(et rgents or 25 surfactants. Summary of the

I nvent,i The Jnvention rel .10 nov. [OCEeSS

pur 1 e Berfest BT Btoh RG b ideRt aBorte L R ERA Rl
gsiwtly hbsntbme pileo leffectivelly aeactes e dippedrablegulapfisst théteby enabling
Lnyenti,o further relates to the use of polyneric

RS SORHD e Bendiion e sl oS Bor t and mi xture 30 of
aqueo buffers.and organi c solvents as an eluant to
separ g?te apothey eOfE’Jel‘f%'—? ﬂ%l cEﬁe%en%)Ew\‘?ﬁl%HGtPO%f%%bf a process for
PlatfidaNgR O histih3d 6wl opioad thpiad be asstdfoe nittiphd pri@poses such as

present as inpurities and fjnal desal tj by .gel. .
Rrieseal methos M TR ofuhf BOHAsSF AT B Rpset Afadication of
Ther features of the present invention will beconme nore
apparent fromthe follow ng description of the

I NVengiily endtRR 6BjREHV M tHeNBveRl 8SE ol padvida Sifriffchtonredesy thectan

5 enbodi ments. Brief description of the acconpanying
be @ﬁ@cggely carried out in the pH range of 8.0 to 9.0.

Still yet another objective of the present invention is to develop a process for
purification of human growth hormone that does not make use of any detergents or

surfactants.

Summary of the Invention

The invention relates to a novel process for purification of hGH obtained by
recombinant technique using hydrophobic interactive chromatography. The invention
further relates to the use of polymeric hydrophobic beads as solid support and mixture

of aqueous buffers and organic solvents as an eluant to separate target hGH molecule
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BRI, R X ROTRR vopgr s Bh el &

grhbodimegnéham K2HPO4, H 9.0 30 %Acetonltrl |l e Det ectl on
280 rim 4 Colum: Resource 20 nmM Sod- 20 mM Sod-
Bxiefylescriptinp of PhiFaccampanyiing Figuxsshat e/ 0. 4M Phosphat e,

pH 8.0 / Detection 280 nm Amersham K2HPO4, pH 8.0 50
Thefoewinattalile dessrilgs ichiomatomesnbia separgipnvnditens fopsemipurified

ved
0/

PHE (1.0 ml) Phosphate / 0.4 M
ogvﬁ E}U%‘%&g%'ea%h “bet ection 280 nm Aner sham K2HPOA,
Fguze () Cb®nigogeeityoni t|Muffer 46 Col urm;BuesBur ce 20 |rBmplgdetails
#0 ni Sod- Sanple 1.0 ng PHE (1.0 m) Phosphdte / 0.4
M Pho&ehame Repiure. ( 20 mdeSwlet j on [A90nMSPd-Arer s Haymple: 1.0 mg
K2HPd ESHOBD0 50 ofcPhpsekadshPeM | ¢ Phg@b?tw# 9. He 4 dteeiipn280 nm
M Sddmeshan Sod- | SaHpPe PHO-G n#f odeetpnitre i)
Phospha eﬁ/ 04 MPhosphate —npnH 9.0 Dat ecti o 280 rim
Aner 4 %6 |4 & h a%%r % Sample volume: 1.0
,RfsJo\L 3 cﬂom rile ?iate%tion 280 nm
Ti e\TA urc 2 5 3 01 e U = Sample volume: 1.0
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,'\{bt ha ey ,_ %ﬁ;@{, Al n N&cheé éﬂe’tecti.on 280 nm
all 26- Y dN1) PR 4 SWH Sample 1 mg
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7 Column: Resource {20 mM  Sod- | 20 mM Sod- | Sample: 1.0 mg
PHE 1.0 ml) | Phosphate/ 0.4 M | Phosphate, pH 9.0 / | Detection 280 nm
Amersham K,HPO,, pH 9.0 50 % Methanol
8 Column: Resource | 20 mM Sod- 20 mM Sod- Sample: 1.0 mg
PHE (1.0 ml) Phosphate/ 0.4 M | Phosphate, pH 9.0/ | Detection 280 nm
Amersham K,HPO,, pH 9.0 40 % Methanol
9 Column: Resource | 20 mM Sod- 20 mM Sod- Sample 1.0 mg
PHE (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 9.0/ | Detection 280 nm
Amersham K,HPO,, pH 9.0 30 % Methanol
10 Column : Resource 20 mM Sodium 20 mM Sodium Sample: 1 mg
Phenyl (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 8.0/ | Detection: 280 nm
Amersham K,HPO,, pH 8.0 50 % Methanol
11 Column : Resource 20 mM Sodium 20 mM Sodium Sample: 1 mg
Phenyl (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 7.0/ | Detection: 280 nm
Amersham K,HPO,, pH 7.0 50 % Methanol
12 Column : Resource | 20 mM Sodium 20 mM Sodium Sample: 1 mg
Phenyl (1.0 mb) Phosphate/ 0.4 M Phosphate, pH 6.0/ | Detection: 280 nm
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ResoUrfoeerd@mnnV Sodi [UkHPO., pi680di uh ‘Sésaprbranoll nipawple
i on- |Phenyl (1.0 m)) Phosphate/ D.4 M Phosphat|eDefggtipn: 280 nm
6 0/ |eSobimangeRgourie || 29dnM Seriwne har n2aMsedivmpH 6 9usls: bge
i sopr|dhembl @&npimd |Rbpwhate/ §:1:M 280Phepphate, &f ujnfPptection: 280 nm
Resoyriseersigmmvi Sodi [P0+ RS0 di 139 “Bavigiprailey
ggpmlJog:mnﬂm ) _Phasphat ﬁ'/ 0.4 N Vuﬁ%’f’]&’ pH )gg__@{ -
teC HP 410 u Oampt?: mg
Acet qrifei {1 1711) 25% e R ?%%drg‘r‘?% Col 1PHRte, RS @ﬁr Retestion; 230 nm
Sodi y Sodi un pBHOD ny dﬁ“‘%ﬁo nil)
rce i e
Ir Sl” eny %S 'osph 510'401@06 %Is h%feFﬁIéO/ZS gg‘ Hod: 980nm
anol | Amersham K,HPO,, pH 9.0 25% isopropanol / 25
% Methanol
22 Column: Resource | 20 mM Sod- 20 mM Sod- Sample: GH, IEX
PHE (1.0 m}) Phosphate, pH 8.0/ | Phosphate, pH 8.0/ | fractions, Sample
Amersham 0.4 M K,HPO, 50 % Acetonitrile volume: 1.0 ml,
' Detection 280 nm
23 Column: Resource |20 mM Tris/ 0.4 M | 20 mM Tris, pH 9.0 | Sample: 1.0 mg
PHE (1.0 ml) K,HPO,, pH 9.0 /50 % Acetonitrile | Detection 280 nm
Amersham ‘ :
24 Column: Sephacryl | 9 mM sodium Detection: 280 nm
S-200 HR phosphate, pH 8.0
(Amersham)100 ml
bed volume
25 Column: Resource | 20 mM Sod- 20 M Na-P, pH 8.0 | Sample: 1 mg,
PHE (1.0 ml) Phosphate / 0.4 M Detection 280 nm
Amersham K,HPO,, pH 8.0
26 Column: Phenyl 20 mM Sod- 20 M Na-P/ 50 % Sample: 1 mg,
Sepharose FF (1.0 Phosphate / 0.4 M acetonitrile, pH 8.0 | Detection 280 nm
ml), Amersham K,HPO,, pH 8.0
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mM Sad- 20 M Na- P,

8.0 26 Col umm: Phen
Sanplie: 1 nmg, Seph
acetonitrile, pH 8.

Phosphate / 0.4 M DE

ner sham 24 Co
80 nm S-200
bed vol une 25
pH 8.0 Sanpl e
tection 280
| 20 nmM Sod-
arose FF (1.0
D Detection 2

4 M K2HPOA 50 9% Acetonitril

e@%ﬁ}’é}g 1)2%
#H9 0/ 50

Rt

um: Sephacry
HR phosphat e,
Col um: Resou
1 ng, PHE (
nm Aner sham K]
20 M Na- P/ 50
Phosphate / O
80 nm ), Am

u-IDA
lﬁﬁf GH having
molecule
280 nm

cltj@
sed: FPLC at

flow rate
1A£)a1 s) 10 pl of
P cti
Sfalysed on a SDS-
BAGE gel followed
Elysdilggrstaining

15

BR@ HP
Col u

Sanpl
7.5 9
clipp
Syste
10 |

follo

75 IBolrde 15 1

o EtOH / purifi
ed nol ecul e
m used: FPLC a
of each fract

wed

olypit: Surlerdex WO

Det ection :
1m /mn

20004/ TeiS, PHSA0
0/ SPIGhleiQ3Y 150

eAmg@hapDA Q  AeMS¥een vl Tr

ed hGH havi ng
28
[

on anal ysed

PCT/ 1 N2004/ 000
10 20 mM NH4C
s, pH8.0/ 3

D M  Fractions
low rate Ana
on a SDS- PAG

% Et OH 500 m\VOd

RBkmnple?GH having
¢clippdd molecule —
@ngured in 6 M urea
gdyced with 50

DliD”ﬁ][ for 2 hrs at

g‘g %mn 280 nm
ons 1 ml
System used: FPLC at
0.5 ml /min flow rate
Analyses: 10 ul of
each fraction
analysed on a SDS-
PAGE gel followed
by silver staining

29 Column: HiTrap 1 ml
columns of Phenyl
Sepharose FF ( high
sub) / Butyl
Sepharose FF /
Phenyl Sepharose HP

/ Octyl Sepharose FF

20 mM Sodium
phosphate, pH 7.0 /
0.5m (NH4)2SO4

20 mM Sodium
phosphate, pH 7.0

Sample: hGH having
clipped molecule
Detection : 280 nm
Fractions: 1 ml
System used: AKTA
Explorer at 1 ml /min
flow rate

Detailed description of the invention

In accordance with the object, the present invention discloses a purification

technique for hGH. E. coli cells containing recombinant human growth hormone (hGH)

gene were grown under standard conditions in a 1 L shake flask. After 8-10 hrs of

induction, cells were harvested by centrifuging for 15 min at 4 -

8°C. The supernatant

was discarded and the cell pellet was suspended in Lysis buffer containing 20 - 50 mM

Tris, pH 7.0 - 9.0 and 100 - 500 mM NaCl. Cells were disrupted using ultrasonication

for 30 min., Temperature during disruption was maintained at 4 to 8°C by keeping the

samples on ice.




by silver staining 28 Columm: Superdex 20 nmM Tris, pH

8.0 Sanple: hGH having 75 HR 10/30, / 5 % dycerol /
waadeobispped nol ecul e - Amersham niM NaCl denat PCBIN2004/@0346

Murea and reduced with 50 nmM DITT for 2 hrs at RT

Detection : 280 rim Fractions: 1 m Systen1used

FPLC at 0.5 m /mn flowrate Analyses:

each The godp disate arralclpsiéigd by C%ptlsta@tloméaé@@%@ rﬁna)lfcrfolvégoﬁt 4°C.

‘g%ersde %ﬂ&aﬁ&@%@ H%F %sqglsddfﬁgd ah T8 3R dedH supndtiMt Sediditle

having colums o Phen I

\psoslgthioeiveHiral Gorceptitiop 9428 - 4B M. Bhis wap b@éewt%édpénl
c%ﬁ%?ro?sgh%: i %ﬂ’a__gsg teBdd %ﬁ%ﬂs%ﬂm@@@p Q’ﬁe co%ﬁﬁ)n was

actions Sephar ose
eayﬂﬂoeamm adlowA}a{fEAbf SPfem/ imiSephduifsecHpitngEor é‘? mew Tyis pH

% 3{6} B({O 30 &Mll%%ﬁ ibar Slg%dﬁﬁléizgl\é/ U %mpﬁ}a%!rllaﬁgashed away

1 ONn € 1'hvent n accordance wt
wirjgeth , eqtiibrapioe deffér andvaiter iten atiodeheses28 grapiefli to drapadine,

S e on ot BB gl Ligg 2 -s0 v

g’?fm 72%931 %6@ aﬁl?t&hm Igm@ld 200 -0500 mM Imidazble shrafem doheemkration
er

uberovit vl P FHEL"S - SO BB AR Y o
gﬂlcs&i?ésq@lg atend1debeDeRbtiondedsl atricd@st fou$ @ e aai eaﬂs dnd stopped

LySis buff containing 20 - 50 nM Trjis

bm{ddmg)Z M sgiatigaaiNgEeEIP Ol |79 O & SHYP g’trw %@cwaﬂ@n o? 09 -
H Lif 3801 &%@%\%2&}%@ wh@ an&&i 5‘3’[5‘ 2 PTl@ﬁSH @eﬁﬁa‘%ﬁ RiUEIhitEn (column

di srupti I nt al ned kee ng the
selnpl Bs minequilihrated withobufx @smwmgpwrf | @@o 46~ 04 M

K,HPO4, pH 7.0 - 9.0 at a flow rate of 5-10 ml /min - Bound protein eluted with water

and the peak fraction collected. This was loaded onto Q Sepharose FF column (column
vol = 10 ml) equilibrated with 20 - 50 mM Tris pH 7.0 - 9.0. The elution was done
using a 15 - 30 column volume linear gradient of 0% A to 30% (v/v) of buffer “A”
containing 0.5 - 2M NaCl. The major peak at 280 nm containing human growth
hormone was collected and a solution of 2 M K,HPO4 was added to achieve a final
concentration of 0.2 — 0.6M.

This sample was analyzed varying pH, equilibrating buffers and eluants
conditions using Hydrophobic Interaction Chromatography.

According to the invention, there is provided a process for the purification of
human growth hormone from its clipped moieties of hGH molecule, by using
hydrophobic interaction chromatography technique, the said process comprising steps
of:

a. loading the sample on the column in presence of high inorganic salt
concentration,

b. equilibrating the column loaded with sample with an - aqueous buffer,

c. eluting the equilibrated column of step(b) with linear gradient of

aqueous buffer and organic solvent mixture,
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The crude |ysate was clarified by centrifugation at
16,000 rpmfor 1 hr at 4C. After centrifugation the

w@eltboes15pes di scarded and to the cl ear super naP@rniN2004/000346

i mdazole was added to give a final concentration of
20 - 40 MM This was | oaded onto a 10 ml  col um of

Chel ati ng sepharose beads charged with NNSQ4. T

col urm dhacoliscting and i cBPRIE f‘dt“e%%ﬁf’t&ns Falff%spa?%%g- @3‘9%1 peaks

mn wth gﬂﬁ@&ﬁfaﬁﬂﬁ%ﬂﬂ@%ﬁﬁiﬁ&i #4tionH0 MM Tris pH 7.0 -

9.0, 100 - 500 NaCl , 20 - 40 nmM | m dazol e. nbo}zgn)db

mat eri & deseling aadelyophilizing then sonsguffatsdy fiagtigs Furierly) by

and after J 0 daRgRrin
Fﬁ%@gﬁgﬁgﬁt@({e}ﬁ% abo 280 F1PPRGHWAR ﬁb&lrogen

elution o . ns was carried out using
el uti on bplidsphatcohtian of Pl 6969-0.28¢ nM Tris pH 7.0 -

9.0, 100 51200 B NBGlrahWhvrtn B! | i dazol e

Prot ei n" conce e elution was neasured,
nmade The Bocessl Otilivgd bmic purtftadt umanogrowthd heamene fagra sample for
glﬁf%%“ c digestion at 4 - 10C. D gestion was carried
R 6% 15 - 24 hrs and stopped by adding 2 M o
sol ut i Ghe oblutkd HRMis hyttoPhdbiOresin ig agrase-linkdd; ppdystyrene divinyl

concent ration .of, 0.2 - Q. The di '

e are Pt e PeyE Lalied il SRhe BRI Em" S Sroup

m&&iﬂ@&fe&auﬁdob@pﬁtmyly\bdtﬁ abdphenyl. cont ai ni ng 20 - f5|0
Tris, 0.2 -.0,4 15 P H7.0- 9.0 at a ow

rate %thgrfé“}?fc I}WMSPI%%%EJH%?W?%?HPEI uted with water

gﬂ% iﬁdra]gann:e@h &é;: geae@fe'u @FdnLH gr:oep b@distirl'i'g'lbﬁafga%ﬁ?m auléede, disbdium
ephar ose colum (colum. vol = ) )

Sidengen phasphafedippassym hagosth PhpgRDatg qr-ogum’ ylagide, ppreferably

&Ed&ﬁtﬁ’ i &@%ngﬂﬂﬁha@ shdSlo@ picferabld Aipe ki hydrbgaimphbsiphetar

gradlen{o % A to 30% (v/v) 0 .bLflffer Q‘t 0

cont afhei ingreanis salt pRnqeaEytionTyied isjrpthejange ot 0-3g00-fl. more

| Qi n growth 20 hornone was coll ected and a
&g%@PQ%@g% K2HPO4 was added to achieve a fina

conc eRtertaffen nsed fforeqpilibraping fae cpiinzn is B akagRaHsdivm

' H ' i s
P B AN Dl S S LSRR, UM bE e equlibrating
Giiffea natgegbeséon. 6. 0and Ox W preferetdy inbe fangeef§-01,9¢here i s

M f- - k - -
o ot s Tieb B AR BHRE ol BUILERLS Rafln hydRoah PRiiphate
BPiie Guffer, anb yn bighiig solbentlr ophobi ¢ i nt eracti on

chronmat ogr a .techni qu he sai.d GYPri sing
st epsTh"oFPgIJ.i ° ‘.H%f‘@j’&%ﬁrgpq?%@%'arﬁ?ﬁnég %eﬁ‘g {eﬁﬁ%}duﬁn in
presemge ofaniti ghlvennaisgh o emeihg prateinc Bnsaletadofrpm3the pgroup
equi | i brati ng‘r‘tre ﬁol unm, load(gd. ' tht sanple with an -
sefisisting offur to &y alcpholacgippiffile ax mB#HFSI PEFYt ed col umn of
st ep( e Wighflc lsbRERMin GeAelin@ip! mbdhure agHgeobatwbarf 4670% vdv, more
organi c solvent m xture, 8 WD 2006/ 051554

railp 60°4/-50U3U6

The temperature for chromatography separations is preferably in the range of
20-30°C, more preferably 22-24°C.

The growth hormone peak eluted from the above hydrophobic interaction
chromatography step was concentrated and further desalted on a Sephacryl S-200 gel
filtration column equilibrated with 2 — 10 mM disodium hydrogen phosphate of pH 7.0
—9.0. Desalted fraction collected and lyophilized to obtain pure hGH.
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d. collecting and conbining eluted fractions
correspondi ng to hGH peak, concentrating the conbi ned

wo e@e55ns, e. desalting and | yophilizing the PCT/IN2004/000346

concentrated fractions of step(d) by filtering on
Sephacryl S-200 gel equilibrated with di sodi um

hydr oge hosphat e sol utjon of pH 6.0-9.0, and_f.
obt ailtip h@ovputﬁatfq Bt FoAestPrgFilseePngs sepaesifcthe ghrped moiigs from

tHé fec{nﬂﬁi?arﬁ%@H Ré{aﬁefrfoﬁsdP BUTBRCt lPeéMnl? S@Qfdr@ﬂﬁpl)a@ 990) 370, 93-

urrfication. The columm used i's
W?d Bepptation @nd ddsintifigation of ey lNoHRANY YREPIS by rhighe performance

Iﬂ{t} éfr o O%tiljgr F@&éﬁ%@@}@? Iy B dprE&ﬁi RvBbhNg wRist e hat use of

ected froma group consisti ntrq
wétonitrilerin the ognggp«yﬂ 50%,—9](0% effectivply saperajss eth§,|unwzpﬁ@d clipped

rp%lg u?é%nlrgtl a%d s%llgs%guen t}B rté%@trrﬂakx}ﬁl@&%rﬁél efﬁEt‘Ps}éBr seﬁ}@ted with

ani ¢ sal froma group consi'sting of
therpiity WiT>9915f %t gH atid sblds anrimpvyidntoglerin geox Heience of separatlon

ot.assi um h dro en hos h ,
e e T
1Rére fvels Ab |e?feﬁive @é;a,iiﬁlloﬂ mhhgedsr whenthp pHspisdhaeasdhabove neutrality
|norgan|c salt conc r at used is . in I
e semdiagoR bR e SpRreP ARy S Of 3ot Stgtiled P EARG: fig o9
§4§1@§ opthurf %Uhﬁéd%ﬁfahmgedch gheCdekitabile lity proddct (Bigat 1, Flgure

gueous di sodi um , hy EglPosphate a41egt?‘{)o[%a&) um . .o
?‘)ydf*é‘ﬁ’éﬁo?ﬂ‘x‘ﬁ%‘tﬂwéft”és EHe capdrdcPal PR goc% a4y
ioiekt HRNE %@hl@\ﬁﬁg’\ﬁé@&u@otpbeﬂﬂééngrhg clippeafaad abhey hiGH imhlecules
range of 8.0 to 9.0. The buffer used for %}Butln

ywingt Respurcs Bhenyl ehipraatagraphys SIPAIAiaRy tr 8o ﬂ%‘gpaﬁeﬂHe 8 -9

crga{si tpélélfl BEIoR T RBuRE SRS EHMRNT) so-lfﬂl&:hﬂlrit af pH 6 O both
utin fer preferably ranging betvveenlé %n h left
bcu_ipsg ahviec as @I %ﬁi@ pedlednradl the| chrpmgfomrPs dhey PPk on the le

éqq'l'egﬁotﬁggtofé’h m il IQIF(P(Hpche ﬁght(i@&ﬁhﬁ&ﬂ}m{ of Cl to C4

e and m xtures thereof. The
org anAmalwhtvtsncﬂ viarious hes | teqhinisgesrioc sapaiater eliged melaaiss from

0. TRS, IR RLSLPEOh R0 - S0% viv. The

ture or C romat og rap Yy Sep arations is
pr ef er ahl yioi-axdhangervatigmttopolyRe- a:w@ll apreapBargsedicadsa BHiYE

22-24C. 30 The wth_h n t &nd
above hydr%ﬂ%‘&%‘c’f&r t &F ﬁ) ”Iﬁggﬁmg%ﬁk%%&éoog gggssmg{ngpn was
concent r atdetergonc further desal ted on a Sephacryl S-200

0o AN FA g Y i lllr
fraction calteetisdrophsbidit®phi | ized to obtain pure hGH
? 3. Gel filtration chromatography uses native as well as reduced-denatured
conditions

A brief account of the details of conditions used for purification and the
outcome features below.
Experimental details
Ton-exchange chromatography: Ion exchange chromatography using Source 15 Q
beads were tried to separate the intact from clipped hGH molecules using sodium

chloride gradient for elution. (Figure 27)

10
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WD 2006/ 051554 PCT/ | N2004/ 000346 It is known that 0.5
to 5% acetonitrile cannot separate the clipped
wWOoRiensss4 f rom t he reconbi nant hGH. (Cel | er f or BCHIN#04/000346
al . Acta Pediatr Scand (Suppl) (1990) 370, 93- 100,
Separ ati on and identification of growth hornone
arlan,ts h, pert nc i quid. ch t.ogy aphy .
Serloion® srpfioh oF cORRE Tivaleb M et RAR SRR e
aus-ae dhﬁorﬁat@giﬁﬂﬁd’\jbrbédsé B dnf of the facangenstlsedOYBIB-PAGE gel.

ﬁit?t [ velry separates the unwanted clipped nolecules
atigp, grOBlOgHABYIt | y the target mol ecul e can be

Gifhfuﬁl@tSu)é&Jdé/x BEARMB1O0AME s am t he purity of > 99.5 % pH
also s_an |nportant rol(f |nthe eff|C|ency of

miYnleis, PRSP /15rie Byset | M Nghle perforned, it
Eyéﬁ?)leo kP@@f Hﬁfilné a%e Wafiechi e—d@ﬂﬂtﬂr@d aCh W Great B EINHBS Wit 50
ctive separation whereas when the pH was increased
aMNET fredihrsdtiRE, 10 the separation becane nore and
]gagc@mgfjggqﬁﬂ ve. It was observed that pH range of 8 to
yi el ds opti mum purification and hence the desirable
E:{@saiom)lrplroduct (Figure 1, Figure 2). After

I_fgglq%g&.q;gl b%smlth@ﬁaﬂakgrents it is concluded that
%8 oes play a

Important role in achievin

Amdokat 0o Qfetwbefmctlhe adlyspp @d mﬁBSfHﬁ%tgeh%HOWGd by silver

no “"ggjl si ng Resource Phenyl chromatography.

Se tgucgn i’s nost efficient at pH8 - 9. 15

Obereaivnn Yotshparghdnld | @ippdl 1ﬁoleeﬂ|¢$cfasn gz hGH is obgeFiedun ¢he
nol ecu

é)oﬁ%&gorﬂ%tggaghlﬁpré’f’?sgfrha@yé)ﬁﬁ]g Aatoy MRY Setdf;ebé’ pea&g g(eﬁe

| eft corresponds to clipped hGH and on the ri ght is

Hydrdophétsit 1di£i|dcuéﬁ3ghhﬁﬁdtbgrhpmeah S&jhiapess beadse (Figure 29)

SR | Gl o A Eah SHeeBen FEdr g s ust Sfiose
ﬂ?IW‘PI%ﬁﬁ*B%BE&oé@HIW@&WSeE@JrU&W as well as sepharose
beads-" usi n%ﬁfia queous buffer as well as m xture of

B@ﬁﬁ%@@o ang aailismsdospbatespiiAg / Oder SgemY 2.

r mat ogr aphy usi ng sepharose

%b/ ?ml\gﬁb@g@e@?&ﬂﬁ%rﬁngl cities 25 3. Cel
$anll111¢ AGHbeevirieradippedonelepPsy uses native as wel | as
9&? cedsgdenatured conditions A brief account of the

s of conditions used for purification and the
Elawnna‘el mkat ures bel ow. Experinental details 30

excha r t .exchange

%ﬁ?eg}r%e@g‘&%ﬁﬁ%@@%@%ﬁ?ggﬁﬁﬁéﬂfg@% beads were tried to
Sbgavation: Noeseparhtiont of fClippedindlopdel M@ imbadt S sbergiadgn the

gbovewomgtt&gr%hlcpm%radl ent for elution. (Figure 27) 10

The following examples are illustrative of the invention but not to be construed to limit

i

the scope of the present invention. The present invention has been described in terms
of its specific embodiments and certain modifications and equivalents will be apparent
to those skilled in the art and are intended to be included within the scope of present

invention.
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WObbMeHOvE4 i N t he

WD 2006/ 051554 PCT/ 1 N2004/ 000346 Qoservation: No
separation of Cipped nolecules fromintact hGHis

of the factions anal ysed by SDS-PAGE gel. Cel
filtration chromatography Col um: Superdex 75 HR
10/ 30, Amersham 5 Buffer: 20 mM Tris, pH 8.0/ 5 %
d ycerol / 150 mM Nadl @W E$\GH havi ng clipped

yje -denatured in 6 M urea and reduced with 50
nmM DIT for 2 hrs at RT Detection: 280 nm Fractions: 1
m  1Fogpe tienrpichange ppitied dractions of hGHeiKaHP Do s pdded to a final

c%ﬁ@én}f%‘cﬁl of](p4 M ﬂﬁs @ésqnjeﬁmsﬁtb QM ANRLIRAD I@l@nﬁ colunyp, (30 x
SDS- ver stainin

@m)mmhgwtedmgs S0 AN GBI 08 VISHPambE . dpurd pisfens
WAt alted il 2 R r%ggiff geadﬁeﬁ}eof é@gwsgg{}g@s&g @l@hr B0 %

process in any o tions an
agetonitrils. Mmophﬁ)bmrb weerstceHestad anA aHysodhy SHSAYHYE. 6Phe Chpped

P ARAANE RERL T L B Uy e e B ure fom

Sépivan goevth h‘cﬁnﬂon@bvemﬁtmﬂ@pf?amt}s@ 995%, Oetdy BS%Ephar ose
FF Buffer A. 20 mM Sodi um phosphate, pH 7.0/ 0.5 in
EXpleSO4 20 Buffer B: 20 nM Sodi um phosphate, pH 7.0

o B A Gl RASHa LM 5P 85, B s B

dolﬁpemtfﬁﬂécml\bflr Qidcl: B/ll.ZlﬂusGr&tsseinjeatbd onto aNom$ @psnuatel Rhenydfcolumn (30 x

b ST TR R 2h v BaY o kRO Pl Bt Bteins

wére dhltbdiStithah i Z(Brrﬂfhrteﬁle gfaﬂiéﬁtnbf ao lhm NagHPO© i 9.0 / 40 %
t he

constr, u to li e r .
3oioBIEle acﬂmvﬁ L Ee SONGRL ﬁnﬂ&%ﬂd B ST SRAGE: Tiscslipped
LGH Wdolecife dlitsd siRag iof e ieERAEH MRdcalea (KigRy 2)aHighly pure form

IBSEN GRTAE BemoRe PRECHH LS NITAY & Pt BBl EStbe

i ncluded within the scope of present invention. 11 WO
Byoepled1554 PCT/ 1 N2004/ 000346

To the ion-exchange purified fraction of hGH, K>,HPO, is added to a final
concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO4/ 0.4 M K;HPOy4, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na,HPO4, pH 9.0 / 30 %
acetonitrile. Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped

hGH molecule did not resolve from intact molecule (Figure 3).

Example 4

To the ion-exchange purified fraction of hGH, K,HPO, is added to a final
concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO,/ 0.4 M K,HPOy, pH 8.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na,HPO4, pH 8.0 / 50 %
acetonitrile. Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped
hGH molecule eluted ahead of the intact GH molecules (Figure 4). Highly pure form
of human growth hormone was obtained. (Purity : > 99.5%, Yield: 85%)

12
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EXAMPLES Exanple 1 To the ion-exchange purified
fraction of hGH K2HPO4 is added to a final
wa@omemstssat i on of 0.4 M This was injected ont PCHIN206d/000346
Resource Phenyl colum (30 x 5 6.4 m) equilibrated
with 20 nM Na2HPO4/ 0.4 M K2HPO4, pH 9. 0. Bound
lg@otel ns were eluted with-a 20 ml |inear gradient of
mle Na2HPO4, pH 9.0 / 50 % acetonitrile. Fractions

of 17y h¥e6ReeBhloR Glueific@ TAc@AbY BEH, BYHBOSiPAGEd tohefinal

clipped hCGH nol ecul e el uted ahead. of the jntac
Q‘?Bq:eé?EEIWC@SOf(OF‘“r M TBisTyas ipgeeif q? §nte @ lemf BpspuTe hﬁx&aﬁﬂlumn (30 x

) egRbIERAGY 150 QiR Naf1el,y ORI R PO, pID.05 Bould piotkins
85O 10 Ex Exanpl e 2 To the ion-exchan Npurlfl ed 00
were celuterh voth #0, mkzmﬂmgqaéle%a%a piHEQs PH 7.0 /50 %

81!88%‘1% r gﬁﬂﬂs ?f 0211 4eM coTl'@J:t@d Xﬁﬁaﬂa%&ﬁﬁﬁ%%&@fﬁ(ﬂgﬂ’e 5).

esour ce eny equi l i brated
(Rutity : 280X k2 BiFoN / O 4 M K2HPO4 pH 9. 0. Bound

proteins were eluted wwth a 20 ml |inear gradient of
Bt Ma2HPO4, pH 9.0 / 40 % 15 acetonitrile.

Fr actp—% PR ,%E hgﬂ%m@ 1e9°ﬂr4cﬁ&ﬁ & h@'Pid lana S§@ade to a final

SDS- nol ecul e el ut ed ahead
tneeritiatio of (IBIHMrdflm:wa%mJe@IEd goioea byl RHF‘QWGyP}ﬁ ylémmgrwo X

f hu Putyi
/é‘mq?ﬂgﬁr gé’g ggﬁ] /§5 @(/I‘Na‘(‘ﬁ?(&? EF)E) @M’:EQ‘IIPO(% gi)f(lcé .Y, Bourid proteins
Wbltfel éluted wittaat20o mlolﬁnehﬁg;adiéﬁHI@D@m wMadddPOo Hi'?fq thaIs0 %
20 con tratiop of 0.4 ft
20 SSBESPALR B 1t il D SO ko
WG A& urMidag HRokA fdndinkdckAGIBEMe (Figdre 6D. Boun d

proteins were eluted wwth a 20 ml |inear gradient of
EQa;[{MeNaZHPOZL pH 9.0 / 30 % acetonltrl l e. Fractions

f 1 Il ected
2I i pp@?jtmﬁr@a X agg‘%ff"gn%q%ngﬁ% c%gso LKA B %%ed 1'% final
Uigi{c@l]?twtlgn %FO Q;M ETH} ;Jvag hjdcdnpkea 4 n:ﬂd{dsbmrce Bllrﬂnskmi'amg 60 x
urified fraction o
gérﬂ‘}@h equkibrapd thoz!nm%lﬁzﬁ%%é 1‘){ ﬁﬁzgﬁa “ﬁlap teins
%%?eoéiﬁ@@wﬁﬂﬁw |m1QfﬁEé%??acﬁ§1@ 020 ﬁMﬂrNﬁEHPCBCpH pjob rsato,e ethanol.
dn Shes Glgnglaﬁd ed hGH
;Era@tlenSn@f v s erleetediant sgamparhy FPR gligpeg {hC
é%lme'\@gtw %admﬂtﬁe fhtdct @li-{ rf?o%@gll@é? etigivet 7')| H@ghly pure form of

actions o were col l ected and ana %?
BDSaPgGEh Wimeord vasbtinadfRuRE :eciP2oeY 1E1]f1e%5 é)nead of
the intact GH nolecules (Figure 4). H ghly pure form
dfxampheshh gr omt h hor none was obtained. (Purity : >

99. 5%, & Iicgf-e}éﬁa()@ge ]p%nﬁ@l £908m0sx 15, ROTPONZOAH0Q0 34 final
concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO4/ 0.4 M K;HPO4, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na;HPO4, pH 9.0 / 40 % Methanol.
Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped hGH
molecule eluted ahead of the intact GH molecules (Figure 8). Highly pure form of
human growth hormone was obtained. (Purity : > 99.5%, Yield: 85%)
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Exanple 5 To the ion-exchange purified fraction of
hGH, K2HPO4 is added to a final concentration of 0.4
woORoslFSSnas i njected onto. a 1 m Resource PhRPOI/IN2004/000346
colum (30 x 6.4 nm equilibrated with 20 mM Na2HP04/
0.4 M K2HPO4, pH 7.0. Bound proteins 5 were eluted
wth a 20 m linear gradient of 20 nmM Na2HP0O4, pH 7.0
Exable® acetonitrile. Fractions of 1 ml were collected

and 39 q%%ehd M“}%?PS’ gﬁ&?ﬁﬁ@&;&usfehéﬁ K, MBS iid ¥dded *8Q%inal

Yi el To the 1 on-exchange purified
chnaatraton off0.BHThipdgedted entelad mbRasomcﬁ Aﬂﬁenﬁd golumn (30 x

ntr
6%3 mi] ey 1%% yv? ) 81 ml\%{%@(ﬁ/ %S!M'I{U[-ﬁ’@teg%l l@r(‘)tb?gtﬁ‘nedéprﬁiems
wéré blu2Q witd a2 PGkAr @radicivoR 201204 Naghh @, pH 9Hb/ 1Y% Methanol.

B SR 0,  aoeeongl oo

i ons
rﬂ(ﬁleclﬂd‘md weiresobel ftoae inedt mnkcwEln Higwed). t@urgm?%q@meﬁq &5%)

clipped hGH nolecule did not resolve fromintact
Eming?yl@ §F| gtjre 6)f 15 Exanple 7 To the ion-exchange
purifje raction o t. i

conc iP5 RXChaAngs hi* ed.lfha.cS ng hlt}%I 2%?‘2?4 i9 aﬂdefd' BaA final
Rasauuteh fhenM. Toi wasinfed@d xnto6 unrhﬁ)emqum Bhemrlapbv@m (30 X

wth 20 mM Na2HP04

o o SR L CRE G 0 SRR 501 W R pH SR ffng prcfens

%&%@thégﬁgﬂf’yg? rrﬂ)th'n%r @ra/gleﬁoomohﬁmmmo4,w &0 460 Yomsthetol.
collected and a

Brelipeircrl Hop collyeoril GG 48 P TRC T et hegg hoH

ﬁgie&ﬁé‘ leﬁl%ed(aﬁ'lbag.y&eth@lntad'f"m|n?)/01&'dfe§ (Figure o). Highiyapure form of

growt h hornone was obt ai ned. > 99.5% Yield:

BEBYN E&WOEH‘EIGWSPH*@IWGQKPW %%éel[fvﬂﬂ 8%Ped fracti on

of hGH, K2HPO4 is added to a final 25 concentration

Bkaoplt 11 This was injected onto a 1 nl Resource

Pheny. ?I‘Raj %WEX&%Q%'&?( Buf@ﬁéh #3508 Qi HATDr RYFERD s t ddd&D tav] final

Na2HP 4 H 9 0. Bound pr ot e re

ecbnspbmtlvm of0.4 MOl WRs irbasie dmipsd &l Resouwser i;mn CAtfpspy (30 X
olrf1 gf’ zéud 8/8 anal yg{?% Ié?/zﬁPg%to ﬁ?g Th%‘thl Eﬁpglgound proteins

n'za;teeatmbdewﬁh a8 dnldiveaczrastiont RE2q mivhNeHEQanpi d 0| s Tréthanol

[ e hI r r
ihr ﬂ%rﬁ é‘\i b é/ollg&gc? [358’ aﬂbl%ed 1%8 SBEIWE{GYI?e?M bl 8P§Jed hGH
11800 20061 dhEa]cEcEcthd:iﬁfE/:ﬂ mammaco@@ Gﬁﬁ“reéi)a AP Burgy ?61“?%@

i on-exchange purified fraction of hGH K2HPO4 is added
tExampid 122

To the ion-exchange purified fraction of hGH, K,HPOq is added to a final

concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO, / 0.4 M K,;HPOy4, pH 6.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na,HPOq4, pH 6.0 / 50 % methanol.
Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped hGH
molecule eluted ahead of the intact GH molecules (Figure 12). (No purity achieved)

Example 13
To the ion-exchange purified fraction of hGH, K,HPO, is added to a final

concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
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concentration of 0.4 M This was injected onto a 1 ni
Resource Phenyl colum (30 x 6.4 mm equilibrated

WOwake/02654rM Na2HPO4/ 0.4 M K2HPO4, pH 9. 0. BourdI/IN2004/000346

proteins 5 were eluted with a 20 ml |inear gradient of
20 mv Na2HPO4 pH 9.0 / 30 % Methanol. Fractions of 1

FRCORIEL R TR s oy i

v[gi(’é Gé‘liiliédi‘ fgtﬁlT ) l&{bﬁm?)lmee{rlzﬁiﬁdlél)t of 2’@5n1?ﬁ) N?Q}E'Oi, pHS%) / 50 %
a e 0 e | on-ex e uri Tl

lmwpa@rﬁewq% oo Golect g Anafype gﬁé@ﬁ ‘#‘?gﬂi ° fipped

}Q}I-f'nMecﬂ_lla'eﬁlté’@a‘ileécf‘&)ﬁﬁé RithcPGHAM el (F@QS@IB’)CH1ngquyé form

colum (30 x 4 mm) equilibrated w nv Na2HPO4/
of hympa gsmrﬂdzpnnpnp BaPbiaRedABUEY 5987 n é’ 161%@? é) eluted with
a 20 M linear gradient of 20 mM Na2HPO4, pH 8.0 / 50
Bxampledhol . Fractions of 1 mM were collected and

anal ygeghe QXn-éQﬁaﬁé%fyi‘ %a%dnp pedGRGH, HPO, ¢ lalli&bdedolﬁ &elal

ahead of the 1 ntact nol ecul es (Fi gure 10). hl'y
qgmeeltrammf& 4 Msrhm«mnng%@whto ok b RESURES Péﬁ'tlﬁéhcﬁ i Y30 x

({E H{ e)x é]llqlﬁl%ﬁa{gd Mﬂ? ?I@ eﬂg@ g@azl%mlmlﬁzl—ﬁ‘bﬂ 9.0. Bound proteins

uri raction of hGH HPO4 i s added
cﬂe aeltﬁtsdl amth eo?Ocmhtlmaan gadignt of 20 vnMTNagHRs BEhO&c 48 %

N o

1REH meblguu et ehited alizfd vithe ingdct GEmulietHesa(FRgurerl4). Hw@é)r pure form

ad| ent 20 mM Na o t hanol .
rhélgiafl é"%%mrfloﬁ? WP tal%(fp "liy7>39A) eg%g {/r}saed by
EDS— FiAﬁ:‘g The clipped hGH nol ecul e el uted ahead of
P'fitdct GH nol ecules (Figure 11). (No purity

achi epethe iofreashahge putified ﬂrdmeom ofi }@I‘hrﬁaiﬂ’@qda radfi¢detd a final
K2HPO4 . |

fractiqgn o ed. t
COBREAPBO} & Moy THo: Soniorie Sriheis ! o s Bpepdepiupnn, (30 x
Ba?l%g)"z g@ﬁﬁg@g ﬁg‘%ﬁfb“ﬂg }geg%lp% I—(Ig4 A KpiP@g pHl 9.&rBdued proteins
Wi 0
PeErst epted Wil 2e2Q mift (é‘?fawgfﬂle&t 26%1 W&ﬁl’a ég? g’rﬂ [ %
%QerMnNP%ﬂ’%s dH - vibré oot Bt zﬁﬂ]’j@éd by S‘TDS&BAG(EHC‘Ehd)cfhijed
were col |l ected and anal ysed by {3 #g 0
bGHptp@dClHGeiutWhé%fh P66 e oCHHBERe (HTe oA LRuriE95%
?:gé@géj% s (Figure 12). (No purity achieved) 30 Exanpl e
e i on-exchange purified fraction of hGH,

?ﬁ 1S added to a final concentration of 0.4 M
I'S vvas injected onto a 1 nl Resource Phenyl colum
(30 xTo 1 inp-xoeroBusiRg festiop EdSALORGRAY Iseaddeqly @ final

E&% #&%oﬁ‘%?g 4Wt 'ﬁng QlagF‘A &‘?%"(P%é l%lﬁ%myl &dthirfin 030 x

roteins were a 20 i near
GHhading nQulblﬁra@O witk! 2Q2MPO HPOR ©4 M /KzEBO%pH 8.0. Bound proteins

were eluted with a 20 ml linear gradient of 20 mM Na,HPO,, pH 8.0 / 50 %

isopropanol. Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped
hGH molecule eluted ahead of the intact GH molecules (Figure 16) (Purity not

achieved).

Example 17
To the ion-exchange purified fraction of hGH, K;HPO4 is added to a final

concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x

15



10

15

20

25

30

i sopropanol . Fractions of 1 ml were collected and
anal ysed by SDS-PAGE. The clipped hCH nolecule eluted

w@b@adssf4 t he i ntact GH nol ecul es (Fi gure 13).PEX/g¥R094/000346

pure form5 of human growth hornone was obtai ned
(Purity > 99% Yield 85%. Exanple 14 To the

i on-exchange purified fraction of hGH K2HPO4 is added
6t4omm) feqlnhbrated ovithe2t mik NeshlPOR/ @4 M HP R oH\AS- Bayddrrelgms

LB D BT R T

ldﬁpwpainqc'b rEra@ions of Omiveere cellagted andyimatysed bOSRS-PAGE: éﬂhe ChPPed
&;}gleo fe]f.lge% m\/la&\l%% '_tﬁg)%?t?& '_bﬁ Qlofemﬂgs gﬁg{u%o @7)0 Gﬁnﬁlﬁnty

wer e ected and anal ysed
a&B&eB)Q\GE. The clipped hGH nol ecul e el uted ahead of
the intact GH nolecules (Figure 14). Highly pure form

E;)(;_fanfjﬂﬂ?(yé;r ow h hlor none was obtained (Purity >98%

e ) e 1 t Lan an i f ]

‘f rac e don ﬁ:&gﬁfi %Z&‘ ?rse’lgtgog dgﬁhdt}%’ g‘%??éfg GadeH b b
o@ﬂcfbﬁi&ﬁ’tldnadﬂ N MDfTh:. Was Nhjedfbd entwvas! inhResued Rbamyd calumn(po x

e

vpér@teﬁitétﬁ withes e0enll tidearwgrhdiest QEOZ(DﬂmM NedfPQu pffi 6.0t/ 60 %

20 mM Na2HPO4, pH % t
igmrepanel Grioneol | sl e Al ORyehY SOS TAGE i Eoeed
1 RRQEC D ehfidd ARdag Cofl e eihtutztedHahﬁ%duIaﬁ (Fizaré nBpcho Ghkity
nol ecul es (Figure 15) (Purity >95% Yield 60%.

Fhighge 16 To the ion-exchange purified fraction of

hGH, K2HPO4 is added to a final concentration of 0.4
Kxample 19 was injected onto a 1 m Resource Phenyl

col unm, i i i
Na2HPO4§h%810?§—exc%§n P@lﬂm BRHbA oD halE d, WP, i2Adddd to a final

HS8.0. B d
@mmn@rauw 004 MigThig W inissied gpiack bAY 1%9?5“%% l?hwﬂaffhﬁtﬂa 30 x

I f
e e

ok ebtidcviéh 2] Apneradientoh 20 M NerHRSY, Bl Ié@ﬁ%%/g adkinitie
Xgé e%ha:l’l@ ng W)l’lst o f‘?ltl wg‘?e%ﬁll%&@@lmd %lﬁé@ S@)SlﬁA@E The

1 on- exchan € puril fraction of HPO4 i s
dipgped hGHl mofecllia Ielutqdcaipc@hoﬁ the iimact sFH @nqlecMes {Rigure 4. Highly

W %8%’29 A e A G A A
#F f%gmvl Na2HPO4/ 0.4 M K2HPO4, pH 7.0. Bound

were eluted with a 20 m linear gradient of
20 niviNaiRHR exclpiled prified5Baciton of hGH, KoHPO, is added to a final

concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO4/ 0.4 M K,HPO4, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na,HPO4, pH 9.0 / 25 % acetonitrile
/ 25% isopropanol. Fractions of 1 ml were collected and analysed by SDS-PAGE. The
clipped hGH molecule eluted ahead of the intact GH molecules (Figure 20). Highly
pure form of human growth hormone was obtained (Purity >99%; Yield 85%).

Example 21
To the ion-exchange purified fraction of hGH, K,HPOy is added to a final

concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
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i sopropanol . Fractions of 1 ml were collected and
anal ysed by SDS-PAGE. The clipped hCH nolecule eluted

w@b@adssf4 t he i ntact GH nol ecul es (Figure 17) P@DIN2004/000346

purity 5 achieved). Exanple 18 To the ion-exchange
purified fraction of hGH K2HPO4 is added to a final

ET5RTTbiny £l bl By RS2
wbﬂéhelz@d rkNa 20P QR 1idkadt gMdiRHBO20 RM NOIP&o YN 9.0 / 25 %

proteins 10 were eluted with a 20 m _|inear gradie
Boproppuphf Reys pmtiianol Fragtigns of gombaveiesofpcipshing) analysed by sDs-

PAGE! mélip?r)ted 1GH mdRESe %ﬁltédeﬁlgﬁﬁoiaﬂﬁg 1&@&'@@%@’01&:\&165 (Flgure
SDS- PAGE. The clipped hGH nol ecul e el uted ahead

heHighbapure Gpmef Bamnegoih kpsmene gps pbfaingd, (Rugify >99%, Yield
eved). Exanple 19 15 To the ion-exchange purified
raction of hGH, K2HPO4 is added to a final
feAfmEREati on of 0.4 M This vvas |nJ ect ed ontoalmn
Resource Phenyl colum (30 X . ui | i brated
wi t h T theMongHiRa P@lﬁbdl\ﬁr%EHP@ﬁ hC%H Iéz 0488 added to a final

B S e ST 0] BBl
frembemathanFBstierons eghilibratel widhr 20 wi NexdtPed/ @AM KHPO4, pH
P |

0534 G5 A TS BRSO BV o,

O g9y apetométiile rErraoubnmsnﬁﬂaml gzpm/woﬂiedteﬂ amnaalyesl phSRsFAGE
Pur . 9% Yi el | 20 .
SHE ARG BT o Ao it DS R, 21 5 oo i g

thereaftdri siladr stifgac@nlisualizeoe pfotdin 6a1Ms (nguse 22)s The chypieé hGH

ont o Resou ce Ph | .col um 25 6.
@&{?ﬂﬂF Bﬁ%qdea&e% %?%ﬁf&llﬁs ﬁ@&eenpfwm% gel

Bletigl proteins vvere eI uted with a 20 m i near
gradi ent of 20 mM Na2HPO4, pH 9.0 / 25 % acetonitrile
ExAhpfei230propanol . Fractions of 1 m were collected

and anal ysed by SDS- PAGE.  The e no

ol it ok Ao kA BFhangRe PP facHen rﬁﬂ@ﬁ Igé{% ’gmdg szJéﬁ a final
EidBlnhtioR UE 6.41@r iyl szgfnﬁif\& i nIoR B Ee myp&m@hmem X
éPurlty >99% Yield 859 Ie 21 To th

Srmmx eqnaliyatesd with 20 caMy %6914&4 R@HB@M ROl arpre
Eﬁteﬁ vjlfhnclaio mpﬁ{éﬁleé}ﬁﬁléﬁt of QO fM eré1 #E‘ﬂ 9.4t 5@ A"ﬁ:@tohﬁﬂll@ treions

onto a Resou CO u

aHbe wwe@eﬁrmdlmmddmmPA6E4Thm11p@@fiJhGHbmd@C@k¢ eluted
Meta{i' o%Qhe'TthefF éecgles ﬁ{glﬁ%k%ﬁlﬁ{gﬂr}; ﬁurg forgP Y ﬁuman growth V

proterns were e ear gradi ent
B@mvive Na@blR@ded (Phkiy. G- 99.526 Wisld: 85%).

Example 24

Resource PHE purified protein fraction was loaded to a 100 ml bed volume of
Sephacryl S-200 HR column equilibrated with 9 mM disodium hydrogen phosphate
buffer, pH 8.0. Column was eluted with the same buffer at 0.4 ml/min. Protein peak,
detected at 280 nm was collected and lyophilised. Pure hGH (>99.5%) was obtained
with a yield of >95% (Fig 24).
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i sopropanol / 25% net hanol. Fractions of 1 m were

coll ected and anal ysed by SDS- PAGE. The cli pped hGH
wodoenslse4 el ut ed ahead of the intact GH nol ecuP@BIN2004/000346

(Figure 5 21). Highly pure form of human growt h

hor none was obtained (Purity >99% Yield 85%.

Exanpl e 22 To the ion-exchange purified fraction of

Eramplk2HPO4 is added to a final concentration of 0.4

M ThHiSeag, 8£Ufh§1‘foé1fﬂlrﬁi@@ GradtidiE SPUGEE KNP0 lis G@dd B a ﬁnal

(procured Amrer sham Bi osci ences) el%gl ['ibrated
aan¢antrRifonndf] Ok MHAD W, injesrkorpadl mybﬁe!spu@e pyl golumn (30 x

| r 9 rsadi
Eh ) R BSH Sk B GO FR Ll KRR pASEER Bloreins
wdre tlured wuﬂraEZ(bml ligat gfddlam’t@f 20 alM dacH Ry, sBHS-PAeEtions of 1 ml
accor
SRS 42 SRRl SPsachy ke PITN T Resol i cf bifted
molsmﬂéslané 1ﬁtdcwhﬁﬂohﬁieamldsawotﬁataérﬁdgur e 22). The cli pped
hGH 15 nol ecul e el uted ahead of the intact GH
Pxdngelelk€s and is resol ved as seen fromthe ge

picture, Exa e 23 i
fract 'Ooﬂwolfm-ﬁ P—“’-r’%f I'¥1‘?aclu%r(1j é)g)ﬁt%%ﬁa P él dgeql to a final
enapaeaticab 0 Mf THs 4vablinjddiédsont@a 1 mj Ebénytl Sepitamsa FE column

SERRSSE ST S 0, 2P T S i

é!l@t%@ vathui ed rm ﬁﬁbaﬁ g&eleﬁﬂ of 2@ NiHHHOS 0% hce2dhitnitd, pH 8.0.
Tris, pH 9.

tonitrile.. Fr ' f 1
Fiaytiong G bvletrosn el ySR By S PaE A (Bens, 2. No
R &%Hg:&d@ﬂldﬁcﬁfés ama@dt HH tdciled &6 bbieidedm! ecul es
(Figure 23 H ghly pure form of human growth hornone
was obtained (Purity : > 99.5% Yield: 85%. 25
Exanpl e 24 Resource PHE purified protein fraction was
| oaded to a 100 mM bed vol une of Sephacryl S-200 HR
colum equilibrated with 9 mM di sodi um hydr ogen
phosphate buffer, pH 8.0. Colum was eluted with the
sane buffer at 0.4 m/mn. Protein peak, detected at
280 nm was col |l ected and | yophilised. Pure hCH
(>99.5% was obtained 30 with a yield of >95% (Fi g
24) .. 17 WD 2006/ 051554 PCT/ |1 N2004/ 000346 Exanple 25
To the ion-exchange purified fraction of hGH K2HPO4
is added to a final concentration of 0.4 M This was
injected onto a 1 mM Resource Phenyl colum (30 x 6.4
mm equilibrated with 20 mM Na2HPO4/ 0.4 M K2HPO4, pH
8. 0. Bound proteins
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5 were eluted with a 20 ml l|inear gradient of 20 nM
Na2HPO4, pH 8.0. Fractions of 1 mM were collected and

warabpsesas by SDS- PAGE. (Figure 25). No resol ut PONIN004/000346

clipped nolecules and intact hGH nol ecul es are
obt ai ned. Exanple 26 To the ion-exchange purified
fraction of hGH, K2HPO4 is added to a final 10

WoHeEnt rati on of 0.4 M This was inj ected onto a 1 ni

Phel—lé(ﬂf’e‘%hir Oﬁe FF%CQH mglu%%g gla 01%1( ﬁ% tngfo@m@tMPPed

el ut adictied bf HGHQndS[bcdlé rh;@alslng rladnop]ﬁbmfnte&ébmﬁ/l chimtdR@EPhy
50% acet. oni ﬁQF pH 8. ns of 1 nm were

col | Bebta e i esa Byt * (7l gure 20) o
:T;S glc 3|t Iég%g(?lrelg glg sgrgﬁlg 8{;‘9436_281% 51%8%48? ggqig%gﬁéentration of a

PCT/ | N200#bipa0i844t, We claim 1. A process for the
purification of human growth hormone fromits cl |1P2P

moi et i s @;fuﬂqumgntlhee@lp@n obsien @) legdatyeiftbismmpls with arl aqueous
i nteracti glﬁ»eth omat ography technique, the said

process conprising steps of 5 a. |oading the sanple on

t he CO'dJnEluhﬁg ﬂfee&lﬁﬂibﬁltéﬂf colirgih of etep €bit with ilmearodradient of an
i norganic salt, %Eol l'ipr aé\’l ng .the colum of step

(a) | oade%ﬂ‘\ﬁP‘Esﬁ’@ﬁh‘ﬁ} TEAECHFO ﬁntg‘ﬂffﬁé‘%s buffer, c.
eIutlng ui liprated cqlu

li near @eéﬂ‘?g B?CP SombiRige ;%Leu gigl Eleg %;?c gsr Qé% 5¥\%{rdgh A
sol vent ﬁbé@kw(ﬁwerdratmgﬂhb emhbmcgi feavdomsobi ni ng t he

el uted fractions corresponding to hGH geak

concente. atlesaljing hend clyniliiliming theaeanceniegtedetraciiesof isirg @hdy
Iyophlllz the ¢ O¥%n
71 Feri no A ih SESFILSIRE bl FANKADE pth ARl ot
di sodi um by@hpm;esblutikﬁl qﬁbHngIgéoesmeu@OoShO,@hde rangi ng
between 6.0-9.0, and f. obtaining purified human

growt h hophbn@gmmfﬁdbwm@w@é‘o@%ened inclaimli,

wherein in ste the sampl e used i ur| i ed
humarf groseRsHs Wg“r“ﬁ?fi@ clyym %%@(’:‘b%“‘?ﬁ (Saﬁl? %ﬁ S
in st Hﬁg@pml;l SRIhHERnstzed i s hydrophobic resin 20
conpri sing cross I i nked pol ystyrene divinyl benzene

pol ynebrdcessiol chai il ngheraintim st (h) ttibyeckrobymirotsied i Iygleopdiobic resin

sel ecctogn%rlfsﬁlg nc];rgslgﬁmgg Elystgrrérslelz Sd%\'/n%q lg)enzeentehgglymer resin having

attached hydrophobic ligand selected from the group consisting of ether,
isopropyl, butyl, octyl and phenyl.

4, A process of claim 3, wherein the hydrophobic ligand is preferably phenyl.

5. A process of claim 1, wherein in step (a) the inorganic salt used is selected from
a group consisting of ammonium sulfate, disodium hydrogen phosphate,
dipotassium hydrogen phosphate or sodium chloride, preferably disodium
hydrogen phosphate, and most preferably dipotassium hydrogen phosphate.

6. A process of claim 1, wherein the salt concentration used is in the range of 0.2 -

0.6 M, more preferably 0.3 - 0.4 M.
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i sopropyl, butyl, octyl and phenyl. 4. A process of
claim3, wherein the hydrophobic ligand is preferably
w@b@aph1ssb. A process of claim1l, wherein in SPEPIN2a)4/000346
the inorganic salt used is selected from 25 a group
consi sting of amoni um sul fate, di sodi um hydrogen
hosphat e I pot assi um hydy ogen, phosphate or sodi um
R o reCess b B 3y §hiP o On R POg B 6% o prat e
nost cplusindis abhiyuel Jfaheeas divodiyd M9 PerPpHRsPHARE Mid dEpotaAsium
proc Si‘ of %Iqai m 1, wherein the salt concentration
used Y UOBH R lenge of 0.2 - 0.6 M nore preferably
.3 - 4 54 .PCT/1.N2004/ 000346 7. A
B ocutobetbr dim S ARREL AP AL el PERY g thovéen
used 6f0omdédui | i brating the colum is a m xture of
aqueous di sodi um hydrogen phosphate and di potassi um
Sy dr dgracqsh ebitiae & Wheremahgprafeable ri rapkesi hetwWeen #ifamneé P
the pH of the equilibratjng buffer ranges between 5 .
B0 Bnbroeesnobelafh bruRedumaterdPLih Patir el ¥ Rlufieproteln is a
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