WD 2006/ 051554 PCT/ | N2004/ 000346 A NOVEL PROCESS FOR PURI FI CATI ON OF HUMAN
GROWTH H%EWQ%S hnical field The invention relates to the purification
process fo é?‘ovvth hormone 5 (hGH) in comrercial BeHMEOPOOMFng

hydr ophobi ¢ i nteracti ve chromat ography, which effectively separates
clipped hornone noieties fornmed during the production of growh hornone by
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bi ol ogi cal functions, including prHORMGYRt hesis, cell proliferation and
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physi cal prigeens sDNAcesqmltinant isgwilapabl e from that of intact nol ecul e.
This variant form of hGH can arise during the purification process and its
removal posBackgromded themsntionge in the production of therapeutic grade
grow h hornone protein. To enable the 20 use of hGH for therapeutic
purpose, it is roteas@royth Homawe (kGHHs 2 eitpigase deriwst eeai¢in svith appmber ofr t

descri bes ! ReRRLAUSSIogHR HheRbS, %cfhfdﬁ{rge Blotdid F&g]ﬂﬁlgtﬁs, PeeRS gl%iife'raﬁ'i\éﬁ Nfhyon 1n
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type of i JfY (g% C i t echni ques,
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Thi's pat entiritp @it Refid TR aR M onedth el i bt RGP and 1 s
not rel K edregion betweabi 40030 dnEhd aid edidues in hfmhanadrowih. hohigdieds sehbitive bapuriti es
arising in thi.s process are. different fro he .one. present in the
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challenge in the production of therapeutic grade growth hormone protein. To enable the

20 use of hGH for therapeutic purpose, it is necessary to remove the clipped molecules.

Prior art describes techniques, which are different from the present invention in
mary aspects such as process parameters, equipments used, priority of separation of
target moiety, use of number of phases, use of solvents, type of impurity separated. A
few prior art documents disclose techniques, which are more useful as analytical

25 techniques rather than as indusirial processes of separation.

US 4332717 disclose the use of hydrophobic interaction chromatography for
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

30 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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does not t f organic and aqueous m xture for eI ut| on, which is
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For. her, whor el 1 PRBTCZRE, SACee i B4 R @uﬁq@g@%ﬁ SRR 2 e
out whi ¢ i ‘p‘renﬁéatal fm&htz.nr ﬁ'ldO(f)pﬂohﬂly 246 ﬂysﬂmemtcalcnxma s oafier Which rardnt

descri bes the v egradation of hGH and not the
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US pat ent 6&33&&%&&@@@81@@0&@&%&%@@@@9 aqueous bi phasic extraction
wi t hout the use of chaotropic agents is enployed. The process is cunbersone

and hence not a8 Yyateft 1182369rtBachéd methsd whleertheaﬁbelrahohh&re daciedent aty pat ent
nunber s are be co trued to have .been. inc ference 39 far as
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PCT/ 1 N2004/ g&{a8#8s that employ acidic pH may lead to aggregation or acid hydrolysis of proteins
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and are a disadvantage.

US patent 6451347 describes a purification method for hGH, wherein
complexation with metal ions such as Zn ions is carried out which is not a feature of the
20  present invention. This patent describes the variants arising from the degradation of

hGH and not the clipped moieties.

US patent 6451987 emphasizes the use of cation exchanger for purification of
peptides including hGH, but does not mention the separation of the clipped hormone

moiety from the intact hGH molecule

25 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.



Even today the real problemin such purification is separation of clipped
nol ecul es i fromnega target nol ecule. These clipped noieties
remai n bun‘&ﬁéwﬁ}ots{)%ét her due to certain other |inkages p‘? BY3004/04034p o

nol ecul e. Non-patent prior art docunents conprises of follow ng three
publ i shed papers 5 on use of hydrophobic interaction chromatography for
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hydr ophobi coi wsephbydrophobier intreactigr alpgnatographe fwhapaaticer ofzBEH ovariedts, DNA
derived hu : mne. 15 The techni ques disclosed in all these
referencesrqrirlwl(}d?g{ng\sMélgsbé3 gglrﬁshgrfact ant Brij (Polyoxyethylene 23 lauryl ether)
in nobile phase § 0 i G .npl ecul e .appear after
the mai n peak Th.eggln %&B‘g‘?iﬁf&}%@?f‘%@%%géqg?@c%? gk?@?%fsgﬁsep@%%o%e of 0.5%
i n nobi | e piesastion gndm&ogiaphynflairtcenpirmsthuiiaalgorvgh hordoné) @R6&OpiBri j . Brij 35
was used to inprove recovery of the product from70%to 99% Brij 35, 20

bei ng a det er gerfeellsefoysseti al., | Ante Fedigirt $rand r(Beppic (1900), G70:t AR 190 adaebes Wi t h t he

mat ri x he : i Lng recovery. Interestingly, the peak. of target
nol ecul }aé pr %@%ﬁ%@p&hde%%ﬁmg‘fo \/%?\Ntﬁn%@mleh‘éagl&mﬁgﬁgﬁ‘% %eé—@gﬁ%cghﬂqﬁlddescr i be
HPLC t echni cluesategrdplortechbeéser used for anal ytical purposes rather than

for industrial production purposes. The main drawback of these nethods is
that the use of WetetelehtChrdmategr.BflPP0)i SOMGO5666 disclest Applidbtiomnefuggh-i al scal e

since its r from the. protei.n contajni solutjon nmay. be difficult.
The pr esentgﬁq}éﬁﬁcf drﬁ%}%’z’écp‘&%@cb?n 8 r@’éﬂﬁﬁoga@& Weth? §ﬁﬁr??t%%tff’“h‘?f§hgﬁe‘

propor t i onsderzatihahingroethé@smidne. use of Brij. Further it is noticed that the
peak corresponding to variant précedes the peak of target nolecule. Prior

art mentions r estieutdhaiqubediveiand ¢ bRt ffdench’ aeke 1R FGUeG it Brjal yti cal
30 |l evel | oadjngs ,of approxi el.y ,50-150 sem -purified protein per 3.3
m col um @Obﬁgmg?nﬁ%%%ﬂw £5) NZEOWJI@GG%E@ H]\Pd’ldLR‘?élFs FWGLSPR%“dH&ge‘@e nt
invention rejppbdinoRbulb SpRetdfey @ Biin Pedk0gHbR Papdrs distTBeSBELS acetonitrile
percentage of 0.5% in mobile phase A and 5% in mobile phase B along with 0.075%

Brij. Brij 35 was used to improve recovery of the product from 70% to 99%. Brij 35,
20  being a detergent helps in lowering the interaction of the protein with the matrix
thereby and improving recovery. Interestingly, the peak of target molecule precedes the
peak of variants. These papers essentially describe HPLC techniques and are better
used for analytical purposes rather than for industrial production purposes. The main
drawback of these methods is that the use of detergents like Brij is not favoured in

25  industrial scale since its removal from the protein containing solution may be difficult.

The present 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

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



purified protein per mM colum volunme. The limtation of the prior art is
the use of ora—' nic surfactant, Brij 35 to enhance the process recovery
at an analy izgﬂzﬂ 545§‘§/el. This presence of non-ionic 5 sUtYTARRYHYES be
undesirabl e at preparative level, as it is difficult to renove surfactants
that remain bound to protein nolecules. The clainmed process circunvents

the need toumieSH BRGHAN HOLbIRLANNDY PLARSSS of LTOUBOY Sl hi Oher

anounts of organic solvent In at can be edsi|ly renoved by
tangenti al ProledIIptenger heodmmn gdémé.i | trati on chromat ography. 10 Objects of
the invention The main object of the invention is to describe a process for
purification of ThulwmHatipnovitthe praorrashis thtase ofannefeictsurfadtyntsBriatatoe t he
clipped nol get ) other_ obj ec |
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ob; ot ve o "tenBA il ¥eindh 3o e Rles. PGB i Syl "'
puri fi cati otheofeed tomese sgrfmdnh fdrdmpioning tpheesscacoves Wﬁgflﬁgheﬂ‘dﬂnb?rrﬁ ef pur poses
h | vii cal t hod, f GH, .isolati he h | _as
Thdusiri al SN sExpTiah B8 Pt ceh beFny reamgeh iy bogad h L lRten e

i nvention t gelfiloaticdeh@nptogtabhgat i on process that can be effectively
carried out in the pHrange of 8.0 to 9.0. Still yet another objective of

t he present Objectndfitheinvention devel op a process for purification of human
grow h hornone that does not nake use of any detergents or 25 surfactants.
Sunmary of the | Tiemhinosbjebhef iHeviavdntion iy &l ddsesbet D pRcatO el pifRes&sof or

purificatiop of hGH.obtained b rec i nant techni que usin dr ophobi ¢
interacti Veﬂ‘&fﬂ?‘bﬁ@f"gbg%}? ?q‘f’ﬁga’} ﬁ@@ﬁ?&%ﬁ@af% ﬁ’ﬁé’?‘pﬁ%gl 18%“@“51‘1%0&%/%&1‘%85‘3 of
pol yneri c hysgeoploldile. beads as solid support and m xture 30 of aqueous
buffers and organic solvents as an eluant to separate target hGH nol ecul e
4 WD 2006/ 05 1554AR]§ﬂTéerlﬁﬁl(b4/t}{éQlﬁ)&ﬂﬁon fbsrt@moleidb ?@lﬁfdedﬁ%ﬂ@ﬁﬁc%ﬁ%l%fhlﬁﬁ?tpr esent

; ha ; . iy Rark’ ¢
g;t :'B.Im; UE) f.: gﬁ%éV nﬂ@_l{ogg tha%/etgéac%eeljtr Irerllxgoveg/ ’chgclaeclippedI molggllelsOﬁr}statﬂerebyygn%bllingl zing to

better control over production of target molecule.

Yet another objective of the present invemtion is to describe a process for
purification of human growth hormone that can be used for muitiple purposes such as
analytical method for hGH, isolation of the hGH as well as industrial purification of

20 hGH.

Still another objective of the invention to provide a purification process that can

be effectively 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

25  surfactanis.

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

30  of aqueous buffers and organic solvents as an eluant to separate target hGH molecule



The features of the present invention will becone nore apparent fromthe
foll ow ng \9‘5;%@ gtlon of the inventive concept and the description of the
preferred hents. Brief description of the acconffaiyy ﬁﬂ’“ﬁ‘?:’@%res The
foll owi ng tabl e describes chronmat ographi c separation conditions for
sem-purified hGHwth respect to each figure Fi gure Chromat ogr aphy

Sample: 1. 0" IBpE [eng hbasd el M ziﬁ'@?s"iispwslfy B 00 oot on

280 nm Arreﬁ%ﬂqhtma@ﬂm’mhzmﬂt@olﬁalﬁ@uﬁﬁeﬂdﬂfbm tr| | e Col um: Resour ce 20 mM

Sod- 20 mvl So E Phos hat

Phosphate, pH 9. eﬁ%{@k O\fc{gﬁg};ﬁs?éﬁg&gy Wgﬂ. /mﬂﬁae? ﬁfeln F‘P‘é‘ 1%St ection
280. urn 3 Collowing Resiptie of 28 inveidd-coBépt add SrddesS@ynoh of ibd pretned. 0  PHE
(1.0 rri)5 Ph ota&er(tso 4 M Phosphate, pH 9.0 / m Amersham K2HPO4, H 9.0 30
%Acetonltrl Y&ttion 280 urn 4 Col um: Resource 20 nM Sod- 20 mM Sod-
Sanple 1 0 n|I Phosphat e/ AM Phosphate, pH 8.0 / Detection
280 inn rl ‘EES((’@ Eﬁc'émgmgbn /Fg\'é'@fonl trile 5 Colum: Resource 20 niV

R 7.0/ m ﬁ%d{‘) Wé%‘el a8l B Do RO SRS Qe lfiaacPat o

Col um: Reshf&nH&eché)spndﬂtcﬁmdhﬁg&enM Sod- Sanple 1.0 ng PHE (1.0 m)

Phosphat e o r.m te—pH-6—0+—Det-ect9p-280-nm— mrchemw_r"” , pH
6.0 50 % A F‘F‘"gem CPETECTE) um 2R our ce 2c1'%‘%\f°‘536d- 20 myﬁ%ﬂe "Bl e: [1.0
ny PHE (1 =~ ,}JI 6- M D'JIIG.L pH uLT ot} -286—HAm
Amer sham KHQ dﬁ}%ﬁ 50 I\/E tP & e:,d§4 o 9%e $§i§‘§u%0 vl
Sod- Sanplge: 1. C 8 @lg(a) g/s ‘};l%sphate
Det ecti on P80 nrh1 Aty sham K2HP©4 ) g 9 Col umm: Resource
20 nM Sod- [ZU TWVCHIRn: RetHicE T 20miPSodHE (20 ol $odE’“05 p”éﬁﬁﬁpﬂoﬁ!@. 1.0
Phosphate, | pH 9| @uE (DekBCt i 0N | 2RQpMA 04 M | Phosphate, pH 9.0/ | ml
Amersham K,HPO,, pH 9.0 40 % Acetonitrile Detection 280 nm
3 Column: Resource | 20 mM Sod- 20 mM Sod- Sample volume: 1.0
PHE (1.0 ml} Phosphate/ 0.4 M Phosphate, pH9.0/ | ml
Amersham LHPO,, pH 9.0 30 % Acetonitrile Detection 280 nm
4 Column: Resource (20 mM  Sod- |20 mM Sod- | Sample 1 mg
PHE (1.0 ml) | Phosphate/  0.4M | Phosphate, pH 8.0 /| Detection 280 nm
Amersham KHPO,, pH 8.0 50 % Acetonitrile
5 Column: Resource |20 mM  Sod- | 20 mM Sod- | Sample 1.0 mg
PHE (1.0 ml) | Phosphate / 0.4 M | Phosphate, pH 7.0 / | Detection 280 nm
Amersham K,HPO,, pH 7.0 50 % Acetonitrile
6 Column: Resource |20 mM  Sod- (20 mM Sod- | Sample 1.0 mg
PHE (1.0 ml) | Phosphate / 0.4 M | Phosphate, pH 6.0 / | Detection 280 nm
Amersham K;HPO,, pH 6.0 50 % Acetonitrile
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 KHPO,, 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 KHPO,, 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 9.6/ | 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 Sodinm 20 mM Sodium Sample:;  mg
Phenyl (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 7.0/ | Detection: 280 nm
Amersham KHPOQ,, pH 7.0 50 % Methanol
12 Column : Resource | 20 mM Sodium 20 mM Sodium Sample: 1 mg
Phenyl (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 6,0/ | Detection: 280 nm




Amer sham K2HPO4, H 9.0 30 % Met hanol 10 Columm : Resource 20 mM Sodi um 20
nmv Sodi um nmg Phenyl (1.0 m) Phosphate/ 0.4 M Pho hate pH 8.0/
Det ecti on: égg@!(&’ﬂ#" Amer sham K2HPO4> H 8.0 50 % Met hanol qil 14PRe4

Resource 20 mM Sodi um 20 mM Sodi um Sanple: | ng Phenyl (1.0 m) Phosphat e/
0.4 M Phosphate pH 7.0/ Det ection 280 nm Arrersham K2HPO4, pH 7.0 50 %

Met hanol 12—Cotut Sotce v o i Sod-tmrSanpter—t+-1y
Phenyl (1. Py J’l}éénlgi;n q,f PG ‘I{ g:‘ﬂd Sﬁ,/& ftgu Lt _ WO
2006/ 051554 PCT/) Iphig! &g}ﬁ% ﬂa?eﬂ@Mz he%EB 0 -%Eﬂ@@@bm 13

Col um : Rasouré q)shggyl di um ﬁggl UM 58 @fRdoparol 70 | Phenyl (1.0 i)
Phosphat e/ 0 mM S ATSEsR@ Tk HPO4; H
9.0 50 %i >oro | (PRény o@qjurm PhRﬁWO@M 20 pxdipiadippm 020 | WSpdi230mianl| e:
1 mg Phenyl (1. Quidksham Phosphatigip@,, g bbPhasip h@is@,@pﬂmw 0/ Detection: 280

rim Aner >|n:am (oA : REEoTcd 4G0 %M SadiuhD an@bmsmrmrm | skesl@umee 20 M
Sodi um 20 M SodiPuenySawphle: 1 |mgospkAreoyM ( 1. Fhosphate, BH@S(]I)hﬁltE&fectﬁbn:&S%m
|.
|
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_ﬂ

Phosphat e, [ pH 9./ G¥meBbgrect i on: |2GHBPQy pH 90mer|shdmsiidd®l, H 9.0 30 % isolro
anol 16 Co| m :| (RsouRewuz®d 0 SddiBadin20 VA0 8dd BedionSanpl|Samgdle:igng Pheny
(1.0 nl) PhosphattéényX14 n\) Phos ;ﬁhaﬂp@te/gmw 0/Phpwhae wHELY 2 8Btection: Bhanshgm
K2HPO4> H 8.0 5 ﬁ%ﬁrsh@mro anal RO dmisenrepangd Sodium.20 M
Sodi um Sanpl®e: 1 Gelymn ee (1] 2Qﬂﬂ/i[ig()dmlﬂ'hos FAmBM Sgiium M PH ?ﬂatlé“g pH 7.j0/
Det ect i on: | 280 rlPﬁﬁ’“YN’r@r‘%l am km‘:@/ﬁ“?ﬂ 0 %0%14t§(9}1r7d)/ar etegtpnZ3P i

Resour ce 20_pM_ SRl 150 Yoyisepropapl . :

+ )
i gree Ppdi
ot sopfozﬁjﬁ%‘ﬂ‘?f‘@ﬁﬁ* L I 5 L BR o
) hg tect onAZSMn'n

Sodi um 20 MM Sod

Phosphat e, HO it c"’Resource 3 Bodiom 20 mM Sodium Sample: 1 mg
Phenyl (1.0 ml) | Phosphate/ 0.4 M Phosphate, pH 9.0/ | Detection: 280 nm
Amersham X,HPO,, pH 9.0 25 % Acetonitrile /

25% methano]

20 Column : Resource 20 mM Sedinm 20 mM Sodivm Sample: 1 mg
Phenyl (1.0 ml) Phosphate/ 0.4 M Phosphate, pH 9.0/ | Detection: 280 nm
Amersham K.HPQ,, pH 5.0 25 % Acetonitrile /

25% isopropanol

21 Column : Resource 20 mM Sodium 20 mM Sodium Sample: 1 mg
Phenyl (1.0 mi) Phosphate/ 0.4 M Phosphate, pH 9.0/ | Detection: 280 nm
Amersham K,HPOQ,, pH 9.0 25% isopropanol / 25

% Methanol

22 Column: Resource | 20 mM Sod- 20 mM Sod- Sample: GH, IEX
PHE (1.0 ml) 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 % Acetoniirile Detection 280 nm
Amersham :

24 Column: Sephacryl | 9 mM sodium Detection: 280 nm
$-200 HR phosphate, pH 8.0
(Amersham) 100 mi
bed volume

25 Column: Resource 20 mM Sod- 20 M Nea-P, pH 8.0 Sample: 1 mg,
PHE (1.0 ml) Phosphate / 0.4 M Detection 280 nm
Amersham KHPQ,, 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
mi), Amersham K HPO,, pH 8.0




Amer sham K2HPO4, pH 9.0 25 % Acetonitrile ! 25% net hanol 20 Col um :
Resour ce m 20 mM Sodi um Sanple: | ng Phenyl .0m ) Phosphat el
0.4 M phoi‘gﬂg{}ﬂﬁgﬂ*ﬁé’g 0/ Detection: 280 ma Anersham K2 mlB‘H“@% 25 %

Acetonitrile ! 25%iso ro anol 21 Columm : Resource 20 nmM Sodi um 20 nmM

Sodi um Sanple: 1 nmg Phenyl (1.0 m) Phosphate! 0.4 M Phosphate, pH 9.0/
Detection: 280 nm Anersham K2HPO4 pH 9.0 25% i sopropanol / 25 Met hanol
22 Col um: [HeSOUN E&uml) SHVEeS@U= T Zk SeFhLEr
Phosphat e, [pH 8. 04, Rhegsphat €, bxhlv;@er ?fsf@ﬁst 20575 VR Havifle M
K2HPO4 50 % Acetbnitrile vol uned, glo Det et @280 n chBSedQBieb{{EW
Resource 20 MM Tris/ 0.4 M 20 vaTrls pH 91 0 Sanpl e: 1.0 magctiddHEsdnkn O M)
K2HPO4 , pH 9.0 50 % Acetonitrile Detectipn 280 urn Anemsdiam 24 Col upm:
Sephacryl 9 nmM sjodi um Det ectiop: 280 nm S-200 HR phosphajt$steqlbed:. FOLC at
(Amer sham j100 bed vol unme R5 Col umm: Repgource 20 nM Soldnl /20 fhivNage P, | pH
8.0 Sanple:l 1 ny, PHE (1.0 m) Phosphate /| 0.4 M Det ect i |ofwaB88: Il of
Amer sham KﬁHPO4, H 8.0 26 Col upm: Phenyl 20| mM Sod- 20 M {NactHfactBn %Sarﬂpl e:
1 ng, Sepharosel FF (1.0 Phosphate / 0.4 Mpcetonitrile, [pRalgedoetiectipn
280 nm nl)f, rsham K2HPO4, pH 8 o 6 WO 2006/ D51554 PCT/ldeb“@Fimb%Wedm
Col umm; Soukge—35-10—r-NH4C w ;
Amer sharn Trl COT (%CI?}{?I&TV L(S % G Sﬁéf OH / purified cl1ppe§molecule§mgo)
Et OH4 500 myl NaCl &Lxér&% mol ec e onp © 280 m denatured in 6 M urea
and reduced with 50
mM DTT for 2 hrs at
RT
Detection : 280 nm
Fractions: 1 ml
System used: FPLC at
0.5 ml /min flow rate
Analyses: 10 pl of
each fraction
analysed on a SDS-
PAGE gel followed
by silver staining
29 Column: HiTrap 1 ml | 20 mM Sodium 20 mM Sodium Sample: hGH having .
columns of Phenyl phosphate, pH 7.0/ | phosphate, pH 7.0 clipped molecule
Sepharose FF ( high | 0.5 m (NH,),80, Detection : 280 nm
sub) / Butyl Fractions: 1 ml
Sepharose FF / System used: AKTA
Phenyl Sepharose HP Explorer at 1 ml /min
/ Octyl Sepharose FF flow rate
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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.



Fracti ons: Systemused: FPLC at 1 m /mn flowrate Analyses: 10
16f each anal ysed on a SDS- PACE gel followed by silver

st ai ni ng 2&6%&6@%{54 Superdex 20 mM Tris, pH 8.0 Sanpl e: NI9R#O4Qp46 75 HR
10/ 30, / 5 % dycerol / 150 clipped nol ecul e - Anmersham mM NaCl denat ured
in 6 Murea and reduced with 50 mMDTT for 2 hrs at RT Detection : 280

Lﬁgl ygreg(:t I18nlS ’lfqh ryéuélgh rac ?ar&ed %glc&ltﬁ‘glgat%n%t EE@M %ﬁllqﬁ/ iol | owed by
sil ver st ai Aftergee2@ifiGmtionthe Iidilla'trwaqw dlsmdemnmw Swdwlcﬁmsﬁp)armnSOUMdﬂﬁ‘i’lSarrpl e:
ol ccal ¢ SEBATER Bte ¢ PR SnGRESRA Y R Bty e 347 FERE S0 f1 Cbf T
Butyl Fracté¢dusn df GhelatBgpheghamee Risddsd chyrgtde nwitls @SOAKTHe dehemy IwaSephar ose
ggs?r(lo:o? gi\ “g‘%l b%ﬁgﬂ ﬁ‘tﬁ?\rﬂﬂr’}‘f fa%no%#oég@%%ﬂg‘ﬁi@u%ew? aﬁj\évngrqu e%dtje{‘ﬁ;e ghr]esent
i nventi on d.eclo@se® as00unMiNLAL 2000 hMtlatduaolgLenfoand médetialRZshedalwiaycel | s
containing lrls?xggO%I erc];%{llﬁjrauorrl’r%uffgrr é)nvcx(t eﬂ:ter engbnsgrbgnrl]cg_gt 280 dropped to baseline,
elution of bound proteins was carried out using elution buffer containing 20 - 50 mM
Tris pH 7.0 - 9.0, 100 - 500 mM NaCl, 200 - 500 mM Imidazole. Protein concentration
10 in the elution was measured, made to 5 - 10 mg/ml concentration and kept for
enzymatic digestion at 4 - 10°C. Digestion was carried out for 15 - 24 hrs and stopped
by adding 2 M solution of K,HPO,, pH 7-9.0 to a give a final concentration of 0.2 —
0.4M. The digested sample was loaded onto a Phenyl Sepharose FF column (column
vol. = 15 ml) equilibrated with buffer containing 20 - 50 mM Tris, 0.2 ~ 04 M
15 KpHPO,,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
20  hormone was collected and a solution of 2 M KH{PQO, 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
25 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,
30 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,



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 mn at 4 -

8C. The sUBRPH{5H54 was di scarded and the cell pellet \HI/BA4OAPAY in
Lysis buffer containing 20 - 50 mM Tris, pH 7.0 - 9.0 and 100 - 500 nmM
NaCl . Cells were disrupted using ultrasonication 10 for 30 min. Tenperature

during disruption i nt ai.ne hg ncippRikes on ice.
7 WD 2006/ 051554 Fﬁg??l%ﬁ‘ﬂdﬁg‘ﬂ‘g&“%‘%g%%é%fé et%g‘ﬂ’gmg clari P%d by
centrifugation at 16¢@0entmating thecoribied factid@, After centrifugation the
pellet was discarded;a ear pernatant, added to
give a final concefit P%#?B% 38%%@3%1112% |st]%\E/\E}asﬁff"c agéé? tpgdya 10 m ‘
columm of Chel ati ng fi@ingrasSephaaylsS-200 ggeduilibtated\iviiOdisoditie hydtogem was 5
T S AT LTS
mat eri al washed avmyobwﬁin@guﬁmmmanlgtdmhhommmfer and after the
Corereaoen st e drSRPE s P el ) mP g S BB 0

100 - 500 mpvkiNeddon. 200 - 500 nM | m dazol e. Protein concentration 10 |n the

el uti on was neasured, nade to 5 - mg/ nd concen]tlratl on and léx}énl
enzymatic di gesti GRe Gelumn “S@G@hyﬁf’@}@i‘i R R crosy rinked POYYSYISRF Y&V 24 nhrs

and st edoenéeﬁemw @szM}ﬁ@&Tl%tahme@fhy&%blﬁ’@% 1ipARd7seRooRdt fom ajmoepa fi nal

concentratl on of e di %gsted sanpl e was | oaded onto a Phenyl
Sephar ose Fqﬂﬂ@,iﬁimgrﬁfe@ébise??ﬁpylml 5“4rl’l)enlé‘qw librated with buffer

containing 20 - 'I?thﬁf'oﬂ_l{dbﬁh Onis 7 re@erﬁ)l%ﬂély@aﬁ‘pﬁl pH 7.0 - 9.0 at a flow

rate of 5-10 mi Bound pro Pein el ited W th water and the peak
fraction coffhedoeghnicTialtés selested Sauiaderonm eongisgnigneraimEsigieu o4l urm  vol

= 10 m) e dtdéﬁ %iugsgh %&a%smwﬁ%[qgeﬂ- ghés Hzﬁle él r Sodiun? cﬂlona_@ef)re%rﬂlg on was

done using-a gradi ent of 0% A'to 30% (v/v) of
buf fer I'5A" dxm:dmhmhydrmn@h&s;nhatemdma@t preTm@lmmSSpmwdmgﬂ?B@OSphW cont a| ni ng

human growt h 20 .hor.none . S@B%"me %&1?9 u‘é‘é]dj g& %‘Egg’ﬁgzrﬁ.déé g'ﬂmﬁﬁ%

added to achi eve lfl?rﬁglfw CERt i ORof
anal yzed vampydfergblpld,3 -egaM. i brating buffers and eluants conditions u5| ng

i opnont €1 eGSR AL R ARFSI BB A BN, 1T
its cli ppedhypdgeh ipBSspRite BfdHipahRiut Brdrddén phosphate. The pH of the equilibrating
20 buffer ranges between 6.0 and 9.0, preferably in the range of 8.0 to 9.0.
The buffer used for eluting protein is a mixture of disodium hydrogen phosphate
or tris buffer and an organic solvent.
The pH of eluting buffer preferably ranging between 8.0 and 9.0
The organic solvent used for eluting protein is selected from the group
25  consisting of C; to Cq4 alcohol, acetonitrile and mixtures thereof.
The organic solvent in the eluting mixture ranges between 40-70% v/v, more
preferably 40% - 50% v/v.
The temperature for chromatography separations is preferably in the range of
20-30°C, more preferably 22-24°C.,
30 The growth hormone peak eluted from the above hydrophobic interaction
chromatography step was concentrated and further desalted on a Sephacryl 5-200 gel
filtration column equilibrated with 2 — 10 mM disodium hydrogen phosphate of pH 7.0
—9.0. Desaltsd fraction collected and lyophilized to obtain pure hGH.



hydr ophobi ¢ i nteracti on chromat ography techni que, the said process
conprisin : a. loading the sanple on the column _in presence of

hi gh inoréﬁﬁ%@gﬁg?gi concentration, 30 b. equilibrating BHENHIA4 0aded
with sanple with an - aqueous buffer, c. eluting the equilibrated col um of
step(b) with linear gradient of aqueous buffer and organic sol vent

mxtre, © VO 2000k g 654 PCH NRORAANTIAR: odlu B AFpANARIS AT ni ng

eluted fractions correspondi concentratfing the conbi ned
fractions, the rajesbingitiHaiCelleyorsth ¢t ati Agja Pediate Sermd iBunpl)ddo30 3&40:i%ns of
step(d) by i I, . Sepha | e S: =1 e ] I.s0di um
hydr ogen 510%71%"%#5‘?13 $8 i RAGSLY "E)gf"é&g-h . f:“g?;*’%h*#‘?"’%‘%?ﬁi %‘*’.‘*‘ﬁﬁ“ﬁ*&?i fied
human gr owtluibeinmonetogripty tcimixmes Iuthie| firgsest meentiopult iwfai delind thatrpsgobwt h

hor none as a sanple for urifigeati-en. o] o] d | bic resin
is acr oc’zs-alcfatﬁﬂlglﬂe dBI@%FV%SnOJ %)Ig/{% A efficgl%gl nZ %gte%glfey%\ﬁan?éggfﬂ E‘gvi ng

att ached hysolepialifiret dntl gebzdqzaietht edgdtmuriecalegraabp effedively sepagedwitket her

i sopropyl, butyl ctyl. an enyl . The r aphohi c .l i.gand.| .ef erabl y

hony! " ot ol Yt of £ 09 fAi ok Bk Py encbarl o P e G D S teharBlch 060y

amoni um suhad e StpefiflintsTvelydifogesd, fthespbiateed diap ohes sieuH iy shidigen

phosphate or sodi um ¢hl oride, pre erab‘lﬁ% ]}\SE-%I sodi um y(gro en Flhqgsphate

Bnd most pr@fErEs Ry CHPEEE SSEai RYHPEgEPIRORRING ot AN AL sal t

0 M he B B B Bt h 1t he ol i | o & Mk re of adueous
: il [ Xt ur,

di sodi um W%ﬁ%@@tﬁ#‘ﬁh&%ﬁ%ﬁ@g;‘%heﬂF%BF grahip ng’dﬁ‘éjﬁ‘cbﬁ:&lﬁ%;’tj%g‘“?he gllj o1l‘J

the equili bio)s’ﬂlt IWRGr cSRubiHel Shied 8N eRRriARMICR s GoiABd Byt G @b&f glaplahy in the

range of 8.0 to 9.0. The buffer used for eluting protein is a mxture of

di sodi um hyiepegent rplde pehieving tspoletiansbependhe elipehanbilshhCHaBtlv. The pH

of eluting huff Résogfcgflq{eﬁ)ql éﬁr&r@ﬂ?&grn ﬁslﬂlg.glgéﬂé@aﬁf&nsis QRN QrrRiddt FNEHOE gami ¢

sol vent used tor eluting protel ected fromthe grou

: P
15  Decreasing the pH below 8.0 reduces resolution (Figure 3) so much that at pH 6.0 both

molecules elute as a single peak. In all the chromatograms the peak on the left
corresponds to clipped hGH and on the right is of intact hGH.

Applicant tried various other techniques to separate clipped molecules from
intact hGH were tried as mentioned herein below:

20 1. Ion-exchange with both polymer as well as sepharose beads- using
aqueous buffer as well as mixture of aqueous-organic solvents and
detergents

2. Hydrophobic interaction chromatography using sepharose beads of
different hydrophobicities

25 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

30 Jonm-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



25 consisting of Cl to C4 al cohol, acetonitrile and m xtures thereof. The
organi c s&béggt i_n_the eluting m xture ranges between 40-70% v/v, nore

pr ef er abl 09105588, v/ v. The tenperature for chromat ogrBiN28M98834¢ i ons i s
preferably in the range of 20-30C, nore preferably 22-24C. 30 The growth
hor nrone peak el uted fromthe above hydrophobic interaction chronatography

step was COpsRMdRHhEN dtidh P efipplRS A Gks HdnAinEePEE iy bbsskvéP R 88!
filtration colum egu??ﬁ%ﬁét egjh\;e\j/ihp%% - 1OSm\/Irrgjian§od| umI%J)dSr ogen phosphat e

of pH 7.0 &ogEc paraihiq praesst ineny of the factensandysed bp KPSt g9 obtain pure
hGH 9 WO 2046{25br ettoRethilaMR04/ 000346 It is known that 0.5 to 5%
acetonitrile cannot separate the clipped noieti,es fromthe reconbi nant hGH.
(Gel | er f or sSCuap: SgperdgeTpHRJ /381 Amss (Suppl) (1990) 370, 93- 100,

Separ atifn @1;}% i i, 4C A i Qf 9 variants by high .
per f or maflce f'q%?@hcﬁsb%thfggrsa{)h C?%g(i:ﬂlni{ag%es %I’Il the present invention, it
was found t¥ampla)dérbhavingadippedhntoldchle —denatumal mahiybush abd ¥&kinesdewitlect i vel y

separ at es tgﬁﬁmﬁ lhi-pped nol ecules first and subsequently the target
nol ecul e can be" e téglgsl@e%e separated with the purity of > 99.5 % pH al so

pl ays an i npdedtiamt280aire in the efficiency of separation. Wen the

experi nment Spe! es_rf%lforrred, it was observed that when the pHis acidic
there was no &rléctive separati on whereas when the pH was increased above
neutral 1d y Syetetvhsed FPhCat 0.6 mibbadafiey rr e and nore effective. It was

observed that . pH r.ange of to.9 i el ds opt. urification and hence the
desirabl e q‘%‘éﬁlﬁ’ﬁ @r'gcﬁfg"tacgF—ffﬂﬁmrba%tlysﬁqdﬁﬁrﬁeébg}dm(‘%f gﬂrg"ﬁ%‘ﬁ?ﬁu&f " seri es of
experi ment sstditing Figeegduded that pH does play an inportant role in

achi eving resol utjon _between the_ clipped and intact hGH nol ecyl e usi ng
Resour ce PHRPRFIVAtRRGNA SeRgFadion P Céerf&rla@ﬁw sifiompact %@ﬁw@ﬁvﬁiﬁn B8 - 0.

15 Decr easigpgvd deordib RV pr8edds ity 6LMhe FREMsWhd1(Rd b iSBILBAG] ¢80 Much t hat
at pH 6.0 both nplecules elute as a single peak. In all the chromatograns

the peald on the left corresponds to clipped hGH and on the right is of
i ntact hGH. Hygygphadiginierpstion Ginomagegraphyamn Sepbanosebeadst FigupaPat e cl i pped

on- exchange aPTH BaEh. Bl oREi? of Pha] SaniBa o nad B £ aRo T e liose qleous
buf fer as vill/APhasyl Sepharrse HFf/ Qotpl Soplmrase GENi ¢ sol vents and detergents
Buffer A: 20 mM Sodium phospbate, pH 7.0 / 0.5 m (NH4),SO4
20 Buffer B: 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
25  Observation: No separation of Clipped molecules from intact hGH is observed in the
above chromatographic process
The following examples are illustrative of the invention but not to be construed to limit
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
30 to those skilled in the art and are intended to be included within the scope of present

invention,

11



2. Hydrophobic interaction chromat ography using sepharose beads of

di fferent jcities 25 3. Cel filtration chromato es native
as wel | as‘mégﬁ u@gﬁg‘?ﬂenat ured conditions A brief accountWﬁ%%ﬁwgﬂ | s of
conditions used for purification and the outcone features bel ow
Experimental details 30 |Ion-exchange chromat ography: |on exchange

chromat ography using Source 15 Q pggadgegese tried to separate the intact
fromclipped hGH nol ecul es using sodium chloride gradient for elution.

(Fi gure 27)E%50nm}pl 2006/ 051554 PCT/ 1N2004/ 000346 Cbservation: No separation
of Cipped nol equl @s ibk-SxBhhMedmlifdPabSorOBS REME R, LPO] Egea%d%mx% final
chromat ographi ¢ process in any of the factions anal ysed by SDS- PAGE gel .
Gel filtr atfwurenEnticonefthMapmis @ inispied SiparidakRemuteR Preny3 oolumpéilham 5

Buffer: 20 aMubi) itk Qied 26 il Ha6R,P 0.4 MIGSPEY! NaSlo BRER forciCH Navi NG

clipped nol ecul € -denatured In urea and reduced with nmM DIT for 2
hrs at RT DE¢reclyterh withge 28nmi Aimgent pledisnt of 2§ nid Ng3tPem pBedl0 FELE at 0.5 ni

Imin flowr Anal S fracti Nah¥ e 3 PAGE gel
fol 1 owed by ECPe0e PHEfEne o1t neie SRR bRl APSLESROE Iudoioed oY
d i pped nol ke moicchlemmtichatmad ofithel intact GE moleeded (Figuve 1).dfighly poterformt ogr aphi ¢
process in . Lons. anal vised .by - PAGE .0el,,~ 15 Hydr ophobi c

i nteraction ?lgérﬁéogvg}lféogﬁ%n%‘ﬁa?e;ﬁ%éréb@gm é&??:%)t?ﬁ% s @9) Col um: Hi Trap
1nm cogdjrmﬁxa% £ enyl Sepharose FF (high sub) / Butyl Sepharose FF /
Phenyl Sepharose HP / Octyl Sepharose FF Buffer A: 20 nM Sodi um phosphat e,
pH 7.0 / 0.5 i nToNh4)iatextha® Buiffeé rfraBion26f hdMH SEdHR phedistiab e, fipdH 7. 0
Sampl e: hGH_hav

concen%rgtgoncclﬂj P EP ﬁ?sl \%gsbglnj%cted onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM Na,HPO4/ 0.4 M K;HPO,, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM NaHPO4 pH 9.0 / 40 %
15  acetonitrile. Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped
hGH molecule eluted ahead of the intact GH molecules (Figure 2). Highly pure form

of human growth hormone was obtained. (Purity : > 99.5%, Yield: 85%)

Example 3
To the ion-exchange purified fraction of hGH, K;HPO, is added to a final
20  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 KHPO,, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM NayHPO4, 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).

25  Example 4
To the ion-exchange purified fraction of hGH, K,HPQy 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 NaHPO4/ 0.4 M K;HPO4, pH 8.0. Bound proteins
were cluted with a 20 ml linear gradient of 20 mM Na,HPQOy4, pH 8.0 / 50 %
30  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



Detection: 280 rimFractions: 1 m Systemused: AKTA Explorer at 1 ml /mn
flowrate 25 Cbservation: No separation of Cipped nolecules fromintact
hGH i s obsEPPU%PH¢ he above chronatographic process ThRCHBROOHYS

exanples are illustrative of the invention but not to be construed to limt
the scope of the present invention. The present invention has been

descri bed | of its specific enbodinents and certain nodifications
and equi val enat WI |1 be apparent 30 to those skilled in the art_and are

i ntended to be ﬂ?@cthadetdemhaﬂrgerpmlﬁed deoipm of hEHe KeHPO, imedded itog. firpd WO
2006/051554, B¢ / O&Add%% ﬁ%ﬁ%%gggcg%t% B3Pk so&rc?@h&x@ﬁ cHifia R3FRange

purified fracti to a fina centration of 0.4
M This vvasﬁ#mre)ce;qedlbmmdowmh 20 miM ReSHR0.L 6.4 SHPOa bt fhf. Batndprotging. 4 mm)

MR T O Wi s e
acet oni t ri | setoliidlet Fractonobf 1 niriweretotiectad drelcinelysairsy $SPHSE] FignrShs- PAGE.

The clipped_ hGH nplegul e gl uted ahead of the intact GH nolecules (Figure
1). Highly g&?‘é"f%ﬁﬁ‘t%}?#de'ﬁgﬁgn growt h hornone was obtained. (Purity : >

99.5% Vi elﬂ: 8&0/% 10 Exanple 2 To the ion-exchange purified fraction of
hGH K2HPOA*¥"Rfied to a final concentration of 0.4 M This was injected
onto a 1 nil Reswmaoi?-lamuﬁgecpjﬂﬂm f{a8flork of GGH, Ky}POqus hidedabedfimlt h 20 M

Na2HP0O4/ 0.4 M K2HPO4 Bound rot eins. _were d wt 20 m
li near & adf@RPITAHOHE mJﬁFFe ogfoa Lyl é}ei%‘mg?@f’@' P ml“BB@ﬁr actions
of I m werg4Gah) &ﬁil%taﬂﬂmaalnmmzmoﬁ@&mc&lpolhﬁmto iBoest pﬂo{aiﬁsrml ecul e
el uted ahead of the intact GH nol ecul es E{/: 8ure é} }[-(15 gy %u[g Qr m of
human gr owt WoRoflREheviliag hidi e spdigR Py 2 2 #f OnyiPlY § °Exanpl e 3
To the ion- Qeé%ﬁﬂEeFrQéﬁdnE bl hRfd dof anh%hlyééa P ©hSHsAGE dRE cl1ppea final
20 concentration of 0.4 M This was injected onto a 1 m Resource Phenyl

coI um (30 hGH@ldequiﬁd@@mmefpé&ogunwtrwlgmler{@laﬂé?ﬁhvom 0.4 M K2HPO4, pH

9. 0. Bound %r ot ei ns
xample 7

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;HPO4, pH 9.0. Bound proteins

were eluted with a 20 ml linear gradient of 20 mM NayHPO4, pH 9.0 / 50 % Methanol.

20  Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped hGH

molecule eluted ahead of the intact GH molecules (Figure 7). Highly pure form of
human growth hormone was obtained. (Purity : > 99.5%, Yield: 85%)

Example 8
To the ion-exchange purified fraction of hGH, KyHPO; is added to a final

25  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;HPO,, 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

30  human growth hormone was obtained. (Purity : > 99.5%, Yield: 85%)
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were eluted with a 20 m linear gradient of 20 nM Na2HPO4, pH 9.0/ 30 %
acetonltrl‘gs Fractions of 1 m were collected and anal ysed éﬂ SDS- PAGE.
The cli pped® M5t ecul e did not resolve fromintact nRENRWIOEere 3).
25 Exanple 4 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 nl Resource
Phenyl col O, x 6.4 mm equilibrated with 20 M Na2HPO4/ 0.4 M K2HPO4,
pH 8.0. Bo teins were eluted with a 20 m |inear gradient of 20 mM
Na2HPO4, pH 8. 0Th the i8h-SRhagetparitied ifeaionFofaedHoKsHRD, & addedutsr & Tl | ect ed

and anal ysed b DS- P, GH .ol gcul f the
intact GH rFBP‘?%‘HTﬁEg‘ C(@C%Mr Blﬁ)was ﬁ?gﬁ?dy"’g%?é o ?%our% ﬁhéé#aﬁolgr os’% h’phor none
glac% ?th glo Zﬁog‘éﬁgq“ﬂmmmﬂ?@}%{ ¥aIRD,/ 8% KLAPOH 1i209.6/ B&XE 5Hoteins -
e 0 no
K2HPO4 i%s ddeaiues ng"ﬁ 11“@6%%’% ?’FQ? ?%vag&agﬂﬁhh#ﬁ?ﬁl@%m%aé& :ﬁ{najlnglct ed onto,
ﬁja %Hgojeg qi*ﬁﬁﬁ’&?ﬁﬁ gihﬂ Gt msnerc%e ahd fhalyseindy SPS-PAGE.aTied clippef T m;/lo o
.. Bound pro re.

| i near gr adp@ﬁﬁul%‘?ldﬂetrﬁ%ﬂlmwifmﬁ& ‘gﬂ?}EFeg‘%g/bﬂ\e gd %fﬁew a@r" actions of
1 nil were collected and anal ysed by SDS-PAGE (Figure 5). (Purity : >80%

Yi el d: 35%E’B&iﬂ%l‘é 6 To the ion-exchange purified fraction of hGH K2HPO4

is added to a fimalhe 13@6% Bﬁuhﬂedi Qf&cﬁﬁn OF 4GN| XTHPo, wasddedjteat Bahionto a 1
ni| Resource Phenyl co um equi Li brat Na2HP04/

0.4 M KiHPownogsfraiorof Bhhd ﬁr‘iﬁsémﬁ%ted WétPé Wh?@ﬁuﬁeﬁ’ﬂerﬁwﬁ?}uﬁp fnear

gr adi ent Ofszg P wigPEb G Na, FaED @ﬂqq{&mrpme,o Ebmitpremsof 1n
were coll ected and anal ézs:ed by SDS—%

The _cl.i pped hﬂ ul e did not
resol ve fr owetk glusast Wit Eﬂﬂbn%aFBTQéE@tCG“)ZO mlY Nag 1’@H78@|' em‘?ﬁ 0gxchange
puri fied frAGIAY 31 Mok Rhihal SddiRded 8y aiis-paLE. TRacapidatéan of 0.4

M This was I njected onto nil Resource enyl colum (30 X nm
equi | i br at emomnﬂh e@@drﬂb!b@da@l-ti?@mta@(ﬂ'l wiokerro Fiswne 19)-oHighy vee fﬂnﬁt‘gl ns were

el ut ed a 20 (Eq'tohogl? rfqn?%ﬁ%(%tfggg%%%gﬁ pH 9.0 / 50 %

Met hano ns 0 ected an anal ysed by SDS- PAGE. The
clipped h%xample 11

To the jon-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 Pheny! column (30 x

6.4 mm) equilibrated with 20 mM Na,HPO 0.4 M K,HPO,, pH 7.0. Bound proteins

20  were eluted with a 20 ml linear gradient of 20 mM NayHPO,, pH 7.0 / 50 % methanol.

Fractions of 1 m! were collected and analysed by SDS-PAGE. The clipped hGH
molecule eluted ahead of the intact GH molecules (Figure 11). (No purity achieved)

Example 12
To the ion-exchange purified fraction of hGH, K;HPO, is added to a final

95  concentration of 0.4 M. This was injected onto a 1 ml Resource Phenyl column (30 x
6.4 mm) equilibrated with 20 mM NapHPO, / 0.4 M K;HPO4, pH 6.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM Na;HPO4, pH 6.0 / 50 % methanol.
Fractions of 1 m} were collected and analysed by SDS-PAGE. The clipped hGH
molecule eluted ahead of the intact GH molecules (Figure 12). (No purity achieved)

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

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

14



nol ecul e el uted ahead of the intact GH nolecules (Figure 7). H ghly pure

formof hunman growth hornone was obtained. (Purity : > 99.5% Yield: 85%
Exanpl e 8 Y8 2048@3155h- exchange purified fraction of hGH, BEIAPEU4{08034¢ded t 0
a final 25 concentration of 0.4 M This was injected onto a 1 m Resource
Phenyl colum (30 x 6.4 m equilibrated with 20 nM Na2HP04/ 0.4 M K2HPO4,

pH 9.0. Bo i e&tinef 20 nmMv
Re2pos, on 68 ARG TRER G SR O Py 2D SOBIERNES ana

anal ysed bywapShpabmithTa0chl pipesd sadipntef] 26w NpiPed pHeh? /00 fhe intact

obt ai nod. (oot Frablops b P NeBb ety Qb B pp KT RABES the'ckiakarone vas
PCT/ | N2004/I®11®3m&cu]§>ehmﬂ ahe@ ofdhet intact GH-neoledulen @Exgr;nuarls?1 i Highly ma@tfpmt OL hC;{ﬂ
K2HPO4 0 onto
P S Aol b STt s Gyl = s, [ ect e
Na2HPO4/ Odﬁxe%ﬂfgl}—fm pH 9.0. Bound proteins 5 were eluted with a 20 nil

| i near gradi 20 mM Na2HPO4, pH 9.0 / 30 % Methanol. Fractions of 1
m were coll ect & &ndomnmdhyx%@dauhﬁe@lﬁﬁem h¥FHe KgHPQp éxdaddi@H to mofiwstul e di d

not resolve from.] cule. ) d: 45%
Exanpl e 10 GPoc?iﬁ%I?n x@ﬁgﬁ aﬁd e‘f gﬁ?r%alc |g§308{°¥ P&gy?%@&é@é added to
ahfl nial llQS QQ?E)edqhﬂﬁt'atmwﬂ{ 20 mAi lNla%HH(i)‘;SOWeM KLEPEG 1 168 9 OnBoursl frotelns Resour ce
Phenyl col um 0 6.4 ui li br.ate 2 Na2HP 4, M K2HPO4,
pH 8. 0.10Bou%de pei‘g?‘ilvﬁg‘ aml g’%ﬁﬁre%a Ifth dnr}ﬁ aﬁ}gﬁ)é’apﬁ é)gc{l gnt/c'of 20 M
Na2HPO4,  pHsépréhaholoBratfidiie bhamolvere colléttdd 0 andlfsed b‘yf’SDEE’CP&}E: alhk elipped and

| ysed by SDS-PAGE. . The cl jpped. hGH. ol ecul e_el ut d_of , the intact
G o ccul SO PalsH gt wrrHILE BAFLORGPFoREs B FrRGAER RBProne. vas

obt ai ned. (dutra orXlogd G}a&%‘%@ine@(ﬁﬁmﬁr&!aﬂ% ¥R1d dver)i on- exchange purified

fraction of hGH, HPO4 is added to a final concentration of 0.4 M This
was inject ey Q1018 1 nil Resource Phenyl col urm (30 X 6.4 m’r)

equilibrated with 20 nM Na2HPO4/ 0.4 M K2HPO4 eﬂgug g ell ns 20
were elkited wi t Hoathegomexqhppgsapurifed diagtien of hol. MIRQMD p}ﬁa7 ol 50 %

LTF;[ nggl hmfoﬁm@&ﬁfaﬂ&?ofﬂ 4 M. MiWpAsGnfe @bl Bb&d AP ReaNRL BB RYSRIIPACGE. The
6.4 mm) equilibrated with 20 mM Na;HPO4/ 0.4 M K;HPO,, pH 9.0. Bound proteins
were eluted with a 20 ml linear gradient of 20 mM NaHPO4 pH 9.0 /30 %
isopropanol. Fractions of 1 ml were collected and analysed by SDS-PAGE. The clipped
20 hGH molecule eluted ahead of the intact GH molecules (Figare 15) (Purity >95%;

Yield 60%).

Example 16
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
25 6.4 mm) equilibrated with 20 mM Na;HPO4/ 0.4 M K,HPO4, 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 mi were collected and analysed by SDS-PAGE. The clipped
hGH molecule eluted ahead of the intact GH molecules (Figure 16) (Purity not

achieved),

30  Example 17
To the ion-exchange purified fraction 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
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nol ecul e el ut ed ahead of the intact GH nolecules (Figure 11). (No purity
achi eved) |l e 12 To the ion-exchange purified fraction of hGH K2HPO4
i s added t‘BOa’rmfG(oﬁ]éﬁS“ 25 concentration of 0.4 M This waPGHNEMOMEHt 0 a 1
m Resource Phenyl colum (30 x 6.4 nm equilibrated with 20 mM Na2HPO4 /
0.4 M K2HPO4, pH 6.0. Bound protei ns were eluted with a 20 m |inear

or 1 oct ed_ AEmEn By &bk By U M) APl TE Rt o e

of the int agdre GlitstDhitiud @8 1(1Fﬁ1g¢ar%rdcﬁe)ni of N ptMlN@éHHOh]lﬁW@l) /3® Bxanple 13

To the ion-exchan urifi raction qf hGH final
concent r at |1§ﬂ1?r9§‘F‘“‘8€Féfg Sr?ﬁe]smI/\)H ﬁ';%&?aéﬁ‘%myée éﬁﬁ b%&?gﬂﬁeg%ﬁpg dgnyl

col um (30 hGH Ydold¥le? O OmbRb 41 I?EEFAI{M(@FH@&@&A& (Fgren1) (@ouiuritpr at ed
with 20 n1\/||\la2HPO4/ 0.4 M K2HPO4, pH 9.0. Bound proteins were eluted with
a20m Ilr?élélPVf‘&P adi ent of 20 mM Na2HPO4, pH 9.0 / 50 % isopropanol.
Fractions of 1 ml_were collected and anal ysed by SDS-PAGE. The clipped hCGH
nol ecul e el%#8P8Hbad of the intact GH nol ecul es (Figure 13). H ghly pure
form5 of human Tgr@utibn-BQhiRESubsd aaétnNethGRURLHBO.>1s98Rkd Yo @l fha85%) .

Exanmpl e 14 To the,ion-exchange purified fract gn of %I%SH K%HPO S added to
a final' cOnReafttionqfdif M Thisvapimisredkoniaa |Iﬂi esewie bheg! &0 sour ce

Phenyl col Wn{l@)Qz ismbﬁte‘a mz@ﬁm Nlammm mtﬁ;@@,rﬁﬁ N@ZBB%/pr&eﬂhs M K2HPO4,
pH 9. 0. Bound protel ns 10 were eluted with a 20 ear rad|§qe6} of 20 mM
et

Na2HPOALO phvee Glyted) gvitly, 2 280w} dipeas ogradient o5t ?Q)t’i%l\/lolﬂazﬂpﬁ%‘* er Odo ed and
anal ysed by aﬁé%ct%ﬁ?oﬁ fnﬁ@@x@ colléakdaml %s@d@}gbgﬁlﬁﬁlﬁmtﬁ elippethe 1 ntact

GH nol ecul es ure 1 Eure form of human grow h hornpne was
obt ai ned (FGH tryolbcglk%ﬁluﬁdema@@%t e ExtagiphH meleggest (Fighke 19n(noxeENge
purified fr%ﬁ“’ of hGH K2HPO4 is added to a final concentration of 0.4
M This was Tnhjected onto a 1 ml Resource Phenyl colum (30 x 6.4 m

equi l i brat eﬁlxa%gl 0 MV Na2HPO4/ 0.4 M K2HPO4, pH 9.0. Bound proteins were
eluted witha | inear gradient of 20 nM Na2HPO4, pH 9.0 / 30 %

i sopr opktnol . Fr él"@t ihanan-etchangwipw@n@ fraotidneof b@Ha KdHBAa s edded iy asfiml PAGE. The

?:DIUPID?S 38 &&%n DLGCH ¢4 §L. "Ehlesdwz%qggge&) Enth B8 ' RBGLCPER) CoHkRT3d k1 gure 15)

6.4 mm) equilibrated with 20 mM Na;HPO4/ 0.4 M K;HPO4, pH 9.0. Bound proteins
were eluted with a 20 m linear gradient of 20 mM Na,HPO4, pH 9.0/ 25 % acetonitrile
/ 25% methanol. Fractions of 1 ml were collected and analysed by SDS-PAGE. The
20  clipped hGH molecule elufed ahead of the intact GH molecules (Figure 19). Highly

pure-form of human growth hormone was obtained (Purity >99%; Yield 80%).

Example 20 :

To the ion-exchange i)uriﬁed fraction 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

25 6.4 mm) equilibrated with 20 mM Na,HPO4/ 0.4 M KoHPOy, pH 9.0. Bound proteins
were eluted with a 20 m] linear gradient of 20 mM Na,HPOs, pH 9.0 /25 % acetonitrile
/ 25% isopropanol. Fractions of 1 m!l 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%).

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

concentration of 0.4 M. This was injected onto a 1 m! Resource Phenyl column (30 x
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Yield 60% . Exanple 16 To the ion-exchange purified fraction of hGd K2HPO4

is added to a final concentration of 0.4 M This was injected onto a 1 ni
Resource PHBAWSOEFmm (30 x 25 6.4 nm) equil i brated wiRGT/DEOMHINNAD HPOA/
0.4 M K2HPOX4, pH 8.0. Bound proteins were eluted with a 20 m |inear

gradi ent of 20 mM Na2HPO4, pH 8.0/ 50 % isopropanol. Fractions of 1 m

|1 %gg | ut ed
\Qﬁregdcgf ?ﬁg@%@;&l{uﬁﬁﬂt&é ecu ?E ur%olgl)g[l%gurl ’g’{r??%gﬁ° drfrgt/éeg)e goe
Exanpl e 17 W@etﬁéteﬂowtbﬂo?ﬂangdlrpw glfadlent of 3¢ triln NefHROGHpHK2BP(A5 1% added to

f |

Pheny! col vbirbret 259 gl epdds TR b PRaGI g 0B Fafbba b g 1 o
equi | i br at eBAGEt Bhe2Glippivd NGPHREK 1O clitel aki@4dRDAhe pithc? GM miBteoules (Rigtrei ns  wer e
el uted th ear gradi ent of 20 nmM HP H 7
|sgpr op\ggnol agt]%lpj %ﬁé?% ma:ﬂegr Wt% JIPEEe ‘??*’&“’é P@%‘é’&%/ é%%dPAGE The

clipped h@i"/ﬁ).)l ecul e el ut ed ahead of the intact GH nol ecules (Figure 17)
(no purity 5 achieved). Exanple 18 To the ion-exchange purified fraction
of hGH, K2HEGmplse22dded to a final concentrati on of 4 M This was

0.

Wb 20 i Na2r PO e GO R RSaees T 6 e SEb{TF BSFBOe haod e B ot o
Wi [ ute
\I/:vith a 20 monb¢n;eMn gﬂ*adlhﬁrrrhmﬁwaQQg?Mde?d-PMsouaid ﬁwaFl)/Acgg%ﬁ%/@prdca@ar Opglmolh.GH

ractio col.l ec n na ppe
nol ecul Z&el %‘i’ d’“’é‘ﬁé’g@e%‘fmﬁ%e ﬁﬂ‘&@l?raf@;l ﬁ‘%@éﬁﬂxﬂ E?ESQ&‘EM.L@H QeoPBurity
achi eved) . $&8aBgung pideiddwiR dii&l Wil a 28 ellanes gwﬁdnft b0 fM SlalHID,0HH N CH,
K2HPO4 i s gggg 'Itjg a fltg@q concentrati on of M This was m&@gt ed onto
a1 m Resotfée?Phé GrRstipusPiyd mpware r?ﬁ*}ecéqﬁ@lfl iapHyted Py WS
Na2HPOA/ 0. feMalsgHBQbe mithét Of Lﬁamdmé %Eﬁwass nn'8f 85 el Altsd 4%19 a@adZO m
| i near gradient of 20 mM Na2HPO4, % acetonitrile

met hanol . Fhgieefies §8vesfstainedito \wrd@lmédhq Er@teﬁuba@ﬁﬁ (ﬁgwey%dl‘wlwslm& The

15 molecule eluted ahead of the intact GH molecules and is resolved as seen from the gel
picture.

Example 23 _
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
20 6.4 mm) equilibrated with 20 mM Tris/ 0.4 M K;HPO4, pH 9.0. Bound proteins were
eluted with a 20 ml linear gradient of 20 mM Tris; pH 9.0 / 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 23). Highly pure form of human growth
hormone was obtained (Purity : > 99.5%, Yield: 85%),

25 Example 24
Resource PHE purified protein fraction was loaded to a 100 mi bed volume of
Sephacryl S-200 HR column equilibrated with 9 mM disedium 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
30  with a yield of >95% (Fig 24).
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20 cli pped hGH nol ecul e el uted ahead of the intact GH nol ecul es (Figure
19). Hi ghl rmof human growt h hornone was obt ai ned Pur|ty >99%
Yi el d 80%*“@@%@@ 20 To the ion-exchange purified frat4i BRI
K2HPO4 is added to a final concentration of 0.4 M This was injected onto
a 1 mM Resource Phenyl colum (30 x 25 6.4 mm equilibrated wwth 20 nM
Na2HP04/ Odf} %ﬂfg?—f pH 9.0. Bound proteins were eluted with a 20 mnl

| i near gradi 20 n1\/INa2HP04 pH 9.0 / 25 % acetonitrile / 25%

i sopropanol . Fr dst therisn-efchhngel pumé’neé freofidneof b@HaKdHBfaahg/s@ﬁdby agsib®l PAGE. The
clipped h ahe ta re 20).

H ghly puGr-Le q?ég?r%q%& Ofed M\Ed%l? V%qnﬁét?ém&ﬁ% a\r}va ffégﬁ%‘é‘mﬁg d ﬁ(r?l;ﬁ {1%(8)8% Yield
85% . 30 ExGping eZﬂnlemt&(helth 00 1 MaghiRfey/ P ur MIREPCEy i€ Bi00 Bowfd maegns K2HP04 is

addedtoaflna ce ion ject ed

Resour ce Ph‘g?fylequeg ﬁh %@@%ﬂeai%m%qua%%w%%cﬂff@ﬁz ?5’86%281? 6. 4 )
equi | i br at edlerei collecdl axd M&Wj SDS-’JP.AMBKZ(BE@%E 25K 9% @esoﬁﬁomdf plimteéi ns  were
eluted with Lin nt o 20 .MM Na2HPO4, pH 9.0 / 25 %

i sopr opanol gle?’g?faﬂgfrﬁ g{}Hqﬁ&‘ééf % 8 E’fnei' mM were collected and anal ysed
by SDS- %ﬁﬂﬂ él i pped hGH nol ecul e el uted ahead of the intact GH

nol ecul es (¥F 21). Highly pure formof human growth hornone was

]tgbt ai ned (fF’u[1 IGL W&g@%&-&@hﬂ%e Sibfed fEﬁ?dmehGE ’KQHPO@ it afiedxo hafigs purih fied
raction o K2HP to a fina concent 4 M This
w1 Bt CEPERRIEIG Pel e EpiHERyecid) i | Bk SePoerons G PR s ham

Bi osci encesiquaiididd Bl Rnbl N B0 MM KEIRD, Girt bl m otdd Yed. Bound
proteins were eluted with a | i near gradi ent of 20 Na2HPO4, pH 9.0

I 50 % acet BHPd pithea 2&%‘9%%5‘?‘6@“ of 40" ¥ Nagldi P S0 UcacsiorraPY St by

SDS- PAGE  agg@fodi g 1 quit Q@ren@&ula&@h ahd bagelivy SHS-I98LE WBdgdd et N85S MA for
45 mn and thereafter silver stained to visualize the rot ei n bands

(Fi gur e 22)resofyiion@f clipned medgquipsandgniaetinGa! mplgewes asheldeingt t he i ntact GH
nol ecul es and is resolved as seen fromthe gel picture. Exanple 23 To the
i on- exchainge purified fraction of hGH K2HPO4 is added to a final
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concentration of 0.4 M This was injected onto a 1 nl Resource Phenyl
colum (30 x 20 6.4 mm equilibrated with 20 nM Tris/ 0.4 M K2HPO4, pH
9.0. BoundVPro@stis4 were eluted with a 20 m |inear gr adiGEAN2HH00G44rM Tri s,
pH 9.0 / 50 % acetonitrile. Fractions of 1 m were collected and anal ysed
by SDS- PAGE. The clipped hGH nol ecul e eluted ahead of the intact GH

nol ecul es I(ylfi %ui;ne 23). Highly pure formof human growth hornone was

obt ai ned ( uf ?y’. > 99.5% VYield: 85%. 25 Exanple 24 Resource PHE
purified protei B fhashiGnmeBRiHEeARE b tiRnfn 108 hdgene OfstBisCflippeephacr y|
5-200 HR colum equilibrated wth 9 nM di sodi um hydrogen phosphate buffer,
pH 8.0. Col unm waisties of b@Hwnelcuic &y $aiRe hpdipplabicamtegacion CHgAOBEPYL ei n peak,

detected at 280 as : i fLised. Pure hGH (>99.5% was
obtai ned 30 wi %ehm’%&%’gﬁggé‘lg§9°t§g%c%&?%sg 54%. 17 \WD 2006/ 051554

PCT/ 1N2G04/ 000346 5, Epeadig the 3ampie o h cbl0n &X fagReeoigH donedhtrhtidanttizon * of
hGH, K2HPO4 is added to a fina concentration of 0.4 M This was injected
onto a | m Resour cei®g@mgpalbol um (30 x 6.4 nm) equilibrated with 20 mv

Na2HP04/ 0.4 M K2HPOA4, .pH 8. 0. Bqund pr ot eji.ns re ut. ' 20 m
|i near gradient of* z@%‘%ﬁbﬁﬁ@“fﬂw .t??.(gg?%\d@?iw\gﬁlssa’y elv$ “%1 n‘ﬁ’b\%e:& 1é@col | ect ed
and anal ysed by SDS-f#ff, (Figure 25). No resolution of clipped nolecules

and intact hGH nol ecul es are obtained. Exanple 26 To the ion-exchange
purified fraction cof elni@4 thegmlitrated caticiodof gem ()i wigh linepo geadisabpt At i on of

0.4 M IS was injec G I . P : harose FF col um

equi i bﬂbgt ed with 20% L@ﬁgb%‘fl Oﬁ%lcﬁﬁ%%bﬁ&bH 8.0. Bound proteins were
eluted with a 20 1§ |LijRedly SHANRMing the2Ouitl ARAROMeBRN g ab GGH i | e, pH
8.0. Fractions of 1 nil were collected and anal ysed by SDS-PAGE. (Figure
26). No resol ution pfakctinppaatingghecmbined4rationit act hGH nol ecul es are

obt ai ned. 15 18 WO 2006/ 051554 PCT/ | N2004/ 000346 érNe .cl ai ; 1.dAb§)rocess
for the purificati%ndeselingfad Lerdliznente roneerfipish factons Pighg‘%l()

filtering on Sephacryl S-200 gel equilibrated with disodium hydrogen

15 phosphate solution of pH ranging between 6.0-9.0, and
f. obtaining purified human growth hormone.

2. A process as claimed in claim 1, wherein in step (a) the sample used is semi-

purified human growth hormone.

3. A process of claim 1, wherein in step (a) the column used is hydrophobic resin
20 comprising cross-linked polystyrene divinyl benzene polymer 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
25 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 0f 0.2 -
0.6 M, more preferably 0.3 - 0.4 M.
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noi eties of hGH nol ecul e, by using hydrophobic interaction chromat ography
techni que,_ the said process conprising steps of: 5 a. |oading the sanple on
the col unmY?RA%5{08ahce of high concentration of a i nor FEHVINZA04{0p034¢,
equilibrating the colum of step (a) |oaded with sanple with an aqueous
buffer, c. eluting the equilibrated colum of step (b) with |inear gradient
of an 10 agueouspRidédsek cRRf 1058855 $@b YH e H | bt hi'g and
conmbi ning the el ufed f rag'ti ons corre%.po%gllgrr}ge %ﬁ%{%?d %ggﬁﬁﬁ%on .elh‘?rati ng
the conbined fr&8MPEAS 2 nexturrenf avaonydisedinm yipdrhidn phosrateaed dipplsesine at ed
fractions of stgpdlq)ggnlg% phfa{el tering on Sephacryl S-200 gel equilibrated

wi th di sodi um hydrogen i5 phpsphate solution of pH rangi ng between
6.0-9.0, argl ol plobdsBef fsifd 7, whekeMURBHH OF MteBuilBa R Giffel ranfbsHERRESS as.

cl ai rredrg nclaiml, wherein in step (a) the sanple used is sem- purified
human growt h ho EECT process of claim1, wherein in step (a) the
columm used,is hobi,c resin . [of0) | Si cross-1ipked | ystyrene

di vi nyl beﬁbzenewpﬁ)gér%%gpﬁlﬂgﬁiwh%\%nﬁ% prfétg{)a&h? H%SB%@bgﬁaﬁlq %@md sel ect ed
fromthe grup QoRSi&t bPdaaf 1.6 i ol r L.V, tyl .a henyl . 4.
A process of cl ai().ﬁrr&?S, \A/(le?z‘fe}{ri ﬁg‘g{"h“y’étreggﬁéﬁ?%&fﬁ‘ggeﬁ Ofleél'?%nrgéjfr%tfaggﬁé) phenyl .
5. A process of miktaremfdisodiiarhyingénphespte(oa s heffirnnd gamemissidentised i s
selected from 25 a group consisting of ammoni um sul fate, disodi um hydrogen
phosphat e, 1ldi pét BOEFsSKE chipe i b geisreim s pihebths elusipabufferaneforblysangss ef er abl y
di sodi um hydr oggwepn@skhane, and nost preferably dipotassiunr hydrogen
phosphate. 6. A process of claim1l, wherein the salt concentration used is
in the rande. of ADpidcess @f Glalvh 10DWkerdih eliccsralbliy sOvent uséd @ sMectd® WP 8906/ 051554

PCT/ 1 N2004/ 000346 7. A .ﬁr oggss of Cloi,i m1l, wherein in step (b) the buffer
used for equil i BIHPCAYYRROLE! 1 im alcehal agptonitile andor g dhegiofodi um hydr ogen

prosphat 968, S ast e LRSeR BIRPRNT) Srofi BTt Sl

70% v/v, preferably 40 to 50% v/v.

15 14, A process of claim 1, wherein the temperéture for chromatography separation is

preferably in the range of 20-30°C, more preferably 22-24°C.
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5 6.0 and 9.0 9. A process of claim8, wherein the preferable pH ranges
between 8.0 and 9.0. 10. A process of claim1, wherein in step (c) the

buf fer us@¥ORYI/08155¢i ng protein is a mixture of di sodi (RETHNGPIIEEIS46
phosphate or Tris buffer and an organic solvent. 11. A process of claim
10, wherein the pH of the eluting buffer preferably ranges 10 between 8.0

to 9.0 12. A process of claim10, { ic solvent used is

sel ected fromthe_ group consi st WDE Mgﬁ:ohol , acetonitrile

and/ or mixtures t HEFEERd byithe Intemationad Butsiau ondioriepBmbeh 2065 (1 91085)r gani c

sol vent used ranges betwednlapts bidl rept@e biramepded aiatsi ly1 40 to 50% v/ v. 15
14. A process of claim1l, wherein the grped)pture for chromatography
separation is preferably in the range of 20-30C, nore preferably 22-24C.
20 25 20.- WO 2008051564 tHRCPliika001/ @0 bEen AVENDERGiokE VEr§meiteiclipokdoy t he
I nt er nati onal reau Sept er. 200 19.09.Q05); ..Clains 1-14 replaced
by anended cl zi]? %Eﬁ?- ‘iﬁﬂf%ig B’é’g“g&% X.us}ﬁp%)?‘éi Qpko 16H“%W8tl?fhr°m%?3f@wyof
human growt h hedhaifie, the @4 iptdeessl doRpRRingipRlires of hGH nol ecul e, by using
hydr ophobi ¢ i nteracti on chr omat ography =~ techni que, the said process

comprising steps ofy Radh@dH Hehridien %B?J@g;ﬁ%%%@?bgi@%dﬁ&d’iﬁfﬁ@% of

inorganic salt having concentration int

equi li brating the col ¢rmeensfation gptheadndeoddet-Wist¥, sanpl e with an aqueous
buffer having pHin the range of 6.0-9.0, c. eluting the equilibrated

col um of step (b) twi eduililiratidg néharcumdi @hitepf(aploadad) weth Sahplef @ith amd
organi c solvent in the range of 4Q - ﬁo],% /v, d. collecting and conbi ni ng
the el uted fractions ¥BFP aP#gng eHhiadhe pangg of &h@éntrati ng the conbi ned

fractions, e. desalting, and Iyo_%gi i zing the concentrated fractions of step

(d) by filtering &n Birsbegrubbrategl epdimegbistepiblavish the ineat peditnt of an

hydrogen aqueous buffer and organic solvent in the range of 40 — 70% v/v,

d. collecting and combining the eluted fractions corresponding to hGH

peak, concentrating the combined fractions,

e. desalting and lyophilizing the concentrated fractions of step (d) by
filtering on Sephacryl S-200 gel equilibrated with disodium hydrogen
phosphate solution of pH ranging between 6.0-9.0, and

f. obtaining purified human growth hormone.

2. A process as claimed in claim 1, wherein in step (a) the sample used is semi-

purified human growth hormone.

3. A process of claim 1, wherein in step (a) the column used is hydrophobic resin
comprising cross-linked polystyrene divinyl benzene polymer 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 conmsisting of ammonium sulfate, disodium hydrogen phosphate,

dipotassium hydrogen phosphate or sodium chloride, preferably disodium

hydrogen phosphate, and most preferably dipotassium hydrogen phosphate.
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phosphat e sol uti on of pH rangi ng between 6.0-9.0, and f. obtaining purified
human growth hornone. 2. A process as clained in claiml1, wherein in step
(a) the sdNPPUWOHSH i s senmi- purified human growt h hor mPd/IN2004ABEGCcess of
claim1l1, wherein in step (a) the colum used is hydrophobic resin
conprising cross-1linked polystyrene divinyl benzene pol yner resin having
attached hydrophobic ligand selected fromthe group consisting of ether,

i sopropyl, butyl, octyl and phenyl. 4. A process of claim3, wherein the
hydr ophol ¢ | ifyBingesso1 sleisnds wibespinynatapl (b) the aguenus butfer wed dprgapilibratigger ei n
in step (a) t i nji.c .sal: L eg: r r sj.gting of
anmoni um sul fgﬁe e,&gt:hglgdilsu% 3}%?%%3% %ﬁ%e?g a‘?%(,%mhi p@%@%@dﬁ#’ﬁ@%ﬁg@ﬁ :
phosphat e or shphitassivohhyairdoghe, phpspdfter abl y di sodi um  hydrogen phosphate, and
nost preferably dipotassi um hydrogen phosphate. 21 AMENDED SHEET ( ARTI CLE

19) WO 2(06/ 0% phobef3(HT INAO 0 AW AEEBYM stép (o) the agesss bhiffed idiaithdy debdEmei n in
step (b) the ggaeous uffer used for equilibrating the colum is a m xture
of aqueous di FOgRY RberPb#eAr preBPMet e and  di pot assi um hydr ogen phosphat e.
7. A process of claim1, wherein in step (c% t he aqueous buffer is either
di sodi um8: hydregEscssHssisiae b vdrerein iin theusterec) tig: orgame selwers used i selasted,

wh i i h ) } | d . h
ther o1 1 LS 00 G ARG LA0N oINSt e SR GRS,
S ohalrosess Sl gealm b SR SUep (9. hi Lbneet Sradiontcrgnoe 1S

t he aqueous buybfse,and the organic solvent is preferably in the range of
6.0 - 9.0. 11. A process of claiml1l, wherein the tenperature for

chr omat ogpaphy gﬁﬁ@é'sacsf Qiind $ wﬁéﬁfnefnasl?{z&y Rﬁd) Thd PA 508 8gRloud SuBland Blc®
preferably 22-24C. 22 AVENDED SHEET ( rCLE 19) WO 8006/ 051554
PCT/ | N2004/ 00 @3miSpiveaMBiTefibisrn ARTiaagEo 190 1 .0.

11. A process of claim 1, wherein the temperature for chromatogfaphy separation is

preferably in the range of 20-30°C, more preferably 22-24°C,
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The present invention relates to a conmmercial process for purification of
reconbi nant hunman growth hornone usi ng hydrophobic interactive

chr omat ogr¥éPRINCOERFS ci ent to separate clipped hor none MSTANGO008SeNt as
impurity using a phenyl colum, m xture of aqueous buffers and organic
solvent as eluant, followed by desalting, |yophilization to obtain hGH of
purity > 99.5% Applicant has gone through the witten opinion of

I nternational Search Report and observes that: a) Novelty of clains 1- 14
acknow edged. b) Inventive step of claim 13 acknow edged. c) Inventive
step of clains 1-12, and 14 |l acking. d) Industrial Applicability of clains
1- 14 acknow edged. ISR refers. to six prior art docunents D1 to De6.
Witten Opinion of International Search Report (ISR) reveal s that process
steps of the present invention. could be arrived at from the cited prior
art D1 and D2 and hence, the process |acks inventive step. Applicant
believes that their process is different fromthe process described in
docunents D and D2 SFATEMENToWNBERARAFCIEEd Hilyh concentration of
organi c solvent in the range of 40- 70% preferably 40 - 50% b) Elution
does not _pmeke use of non-ionic detergent Brij 35. In_addition to the above
the proc&8% PEFSCRthEVRtiogatstatesipeh cPBmCraRlaroesss forr pYrificatips pf gecqphinant

r econbi nBwnath @pwih omy usirgo. Bydrephbig ieractivegphrpingtograpiyi sffiphadp resul t
has beensepatitatlinpdd hprhdre msietyofresenh g hmpurityasinga plemybéolomgamixtureafvent in
t he rangequebuglbuffas 40d%rgatic edlvérasasadlsmt,bfetiowad bpalskdtige dyophitifeion 3R t 0
have an bobwierHGHN ef piutly 09Fs%as not been suggested or taught in docunents
D1 and D2. Hence applicant has included this step in the min claimas a

resul t ofppldamb k| gohBanRiBR hE Vit ahmnf 8f nteRibBoldl S GAICRRpMt Ghahavi ng
inventi vgpshaRpo new subject matter has been added. 23

a) Novelty of claims 1- 14 acknowledged.

b) Inventive step of claim 13 acknowledged.

) Inventive step of claims 1-12, and 14 lacking.

d) Industrial Applicability of claims 1- 14 acknowledged.

ISR refers. to six prior art documents Dy to Dg. Written Opinion of International Search
Report (ISR) reveals that process steps of the present invention.could be arrived at from
the cited prior art D and D, and hence, the process lacks inventive step.

Applicant believes that their process is different from the process described in documents
D1 and D; for the following:

a) Use of a high concentration of organic solvent in the range of 40-
70%, preferably 40 —~ 50%.
b) Elution does not make use of non-ionic detergent Brij 35.

In addition to the above the process of the present invention involves purification of the
recombinant hGH of purity > 99.5% and with a high yield. This unusal result has been
obtained by the use of a high concentration of organic solvent in the range of 40 to 70 %
which has also been acknowledged in the ISR to have an inventive step and has not been
suggested or taught in documents D, and D,. Hence applicant has included this step in the
main claim as a resulf of which all the other claims also fall into the category of having
inventive step. No new subject matter has been added.
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