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have to be covalently bound to PEG units. Preferably,
there are 4-6 PEG units per B-2036 nolecule. Fig. |IB
depicts the structure of the trisulfide i sof orm
inpurity of B-2036 (designated "Trisulphide (+32 anu"
)) as conpared to its desirable form (designated
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§h?s8%gﬁ within Q Sepharose FE fractions 7

t h r ough]gui& s ghphie rcompreisontyy the ppictritages/ofd-2036 PBS Hopecigs Jound
Wé V\}u f geipéggg T Iﬁ%&l%nsHP &gu%hﬁlé%%d I}'ﬁpin%{%iﬁl& rkdis and

oregoi ng need to provide an i nprove
preyeﬁslsphﬁf@rfmk@ki ng a reconbi nant pegyl ated pol ypepti de

gr owt he;: Hof % ryoﬁf)anséh SraeqrRbnaRs of o8k PESK specwe found

poI y grow h hor nmone i, st
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n%sdlﬁd@ﬁo%ﬂmt ,f,unugsurran growt h hornone antagonist), its
Ul e o el T R bbin! irritg R, e Rt illibd ®ham),

formation of its des-phe isoform impurity is decrcased by sufficient addition of (1) a

chelating agent or (2) a2 metal salt, respectively.
With regard to recombinant growth hormone antagonist (including, but not limited to,

human growth hormone antagonist), its risulfide isoform impurity is decreased by sufficient

contact between the trisulfide isoform impurity and (1) a mercapto compound, (2) a chelating
agent, (3) a metal salt, (4) a mercapto compound together with a metal salt, or (5) a mercapto
compound after contact with a chelating agent but in the absence of the chelating agent,

respectively.



contact between the trisulfide isoforminpurity and (1)

a nmercapto conpound, (2) a chelating agent, MIANUAQ\-/ 2007
netal salt, (4) a nercapto conpound toget her wth a

netal salt, or (5) a nercapto conpound '"after contact

with a chel ating agent but, in the absence of the

chel ati ng agent, respectively. 7 Wth regard to

reconbi nant growt h hornone antagoni st (i ncluding, but

not limted to, human growth hornone antagoni st),

formation of its des-ohe isoforminpurity is decreased

by addition of (1) a chelating agent or (2) a netal

salt, wesResl to\/redommwttg{wm&e mag@mgtqraam@ Blﬁtnot limited to,
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gr owt rmone. and/ or a
the | eVel B Bodl comP Wg ehdt %‘d("%ug’iﬁléc]?uéa% ggmne%d to,

0 DBMt&d\hoanCniES’ﬁgY@bld@d“&h/bjmw amaaomat poegltadlyenan growth hormone

C AP B O e R g O PR i 85 R

EREOEsalERTeaintaiped drofecrsesed gt abbelew iaadepiohls layeb by gaign jexchange
t'&ht%n%@x'abhg%(ﬂu%@epaé%ﬁéffﬂegyﬁtéﬁ (RRmLegr aphy  AEX anion

exchang active pharnaceuti caI di ent Bl Bul k
. - '!

[ n%re
pemy Iﬁﬂmﬁhg Bb&&&ﬁor&?&@ @edaﬂaﬁs a@ﬂ@yﬁoax ed B-2036 CE

capi | | ary el ectrophoresi s cati on exchange cm
centi fitt ' tg%‘ Lﬁf HOPRPY DEAE di et hyl ani noet hyl
HEPESAﬁX(Z hydr o 288 ra2| ne N-(2 et hane)
sul foﬁglm c acid ® Y@Wﬁgﬁ i on .
chr on&t ogﬂqﬁ)hy | B ) (“Rﬁy F?n Daltons L '
liter® Gt er Regyld Me mLoor M mililiter mM
mlliRB pegylated B—2036

CE capillary electrophoresis

CEX cation exchange

cm centimeter

. CV column volume | -

DEAE diethylaminoethyl

HEPES N-(2-hydroxyethyl) piperazine N-(2-ethane) sulfonomc acid

HIC hydrophopic interaction chromato graphy

IEX ion exchange

kDa kiloDaltons

L ‘liters

LPM liters per minute

mL or ml milliliter

mM milliMolar

mS milliSiemen

MWCO molecular weight cutoff

pm micrometer =

N Normality

NaCl sodium chloride

NaOH sodium hydroxide

NwP normalized water permeability

PEG polyethylene glycol molecule or variant thereof

PEG-1 one molecule of B-2036 pegylated with 1 molecule of PEG or

variant thereof
PEG-2 one molecule of B-2036 pegylated with 2 molecule of PEG or
variant thereof
PEG-3 one molecule of B-2036 pegylated with 3 molecule of PEG or

variant thereof



nS mlli iemen MACO nol ecul-ar wei ght cutoff pm =
mcrometer N Normality Nad sodiumchlori eNé:t(Pj( @8]
sodi um hydr oxi de NWP normal i zed wat er perrre‘éb%[i y ?JI(:‘)@R\{ A

pol yet hyl ene gl ycol nolecule or variant thereof PEG I

one nol ecul e of B-2036 pe%yl ated with I nol ecul e of PEG

or variant thereof PEG 2 one nol ecul e of B-2036

pegyl ated with 2 nol ecule of PEG or variant thereof

PEG 3 one nol ecul e of B-2036 pegylated with 3 nol ecul e

of PEG or variant thereof TA UARV NCO 8 PEG 4 one

nol ecul e of B-2036 pegylated with 4 nol ecul e of PEG or

varia her eof B T : sk ed
W th gﬁﬁgl ecul e é?jﬁ%&%ff ggﬂg}g%g%ytﬁtetg Evétrgggf‘aﬁ%lé% 6 one

mol ecybesof B- 203G Redul @f]ﬁ%ﬁ%‘é’ipt:%ivla@dm@‘ﬁiéle@ul@f)f}'%@ror
vari ant thereof REGifmepde nol ecul'e of B-2036 pegyl ated

w th gpaml ecul e gfe nE’dfe@thBfB-E@B!pé%ﬁatéd%ﬁx%%leEﬁ&ﬁpm
nol ecul e of B-203Giape@yd.at ed with 8 nol ecul e of PEG or

vari apggther eof  BEGideMB 6f BBORGekyatdafwilB72dREulp 8OBH®ed
with 9 nol ecul e ¢fi.Rifaf Vvariant thereof RPHPLC

rever gad.gohase hp@mARLIE OF BRMDebylAdd vlth GicMTEE SOPETRY
SD st andard devi aida@ihenlef- PAGE sodi um dodecyl sul fate

pol yagkylean de gghe rﬁ&l&ﬁk%@@h@f@%ﬁﬁeﬁﬂ@%l&m& 8f PEG or
excl usi on hi gh pesd.arihedeee | iquid chromat ography TWMP

trans prepbeane pesEiotdpRne gl RrdrdntShiduchistiboxypmt hyl )
am norggt hane UF/st%d&alrggﬁ@Joﬁlﬂ-t ration/ dqlﬁlafi [tration

SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis

SEHPLC size exclusion high performance liquid chromatography
T™MP trans membrane performance

TRIS tris-(2-hydroxymethyl) aminomethane

UF/DF ulirafiltration/diafiltration '

uv ultraviolet

WFI water for injection

The term “pegylated protein” includes, but is not limited to, a hormone, growth
hormone, human growth hormone, growth hormone antagonist, human growth hormone
antagonist, an antibody (or fragments thereof), and B-2036 PEG. “Pegylated protein” also

| includes, but is not limited to, one or more proteins of interest pegylated at one or more sites.

Unless indicated 6thcrwise, the term “aggregate” refers to a spaghetti-like clump of
one or more proteins of interest, whether pegylated or unpegylated. An “aggregate” is a
multiplicity of protein molecules that have becomeé grouped through steric interaction or
otherwise with one another. Examples of “aggregate” include, but are not limited to,
entangling between (1) a multiplicity of pegylated protein molecules, (2) a multiplicity of-
unpegylated protein molecules, and/or (3) at least one pegylated protein molecule and at least
one unpegylated protein molecule.

Unless indicated otherwise, “unpegylated protein impurity” includes, but is not
limited to, unpegylated proteins i.e., proteins without an attached PEG molecile or variant
thereof.

Unless indicated otherwise, “stoichiometric weight ratio” refers to the amount of free
PEG molecules to the amount of unpegylated protein molecules of interest.

Unless indicated otherwise, the term “pegylated protein isoform(s)” refers to a proteih

of interest having one or more PEG moieties attached thereto, preferably by covalent
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thereof. “Variants” include, but are not limited to, homologues (particularly homologues

with conservative amino acid lsubstitutions, additions or deletions relative to human growth
hormone), analogues, fragments, pseudopeptides, antibodies, etc. (respectively) having
growth hormone receptor agonist activity.

The term “and” fnay mean “and” or “or’ as appropriate or necessary to recite a
process to yield the desired decrease in the le?vel of the relevant impurity (e.g., trisulfide or

des-phe isoform impurity and/or aggegate).
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noLe&y Ex@@%h (el'ée, lﬁ'oﬁﬁmeﬁﬁ{dm) lxed @Reskib@ (syhthesis and secretion). After its
production, B-2036 is isolated (e.g., by homogenization) followed by purificati in (e.g., by.
extraction, centrifugation, reverse phase and anion-exchange chromatography, and buffer
exchange). However, as noted during recombinant production of the B-2036 protein,
undesiraﬁle isoform impurities of B-2036 are formed, which are the trisulfide and the des-phe

isoform impurities of B-2036.



sufficient to. grow the desired reconbi nant B-2036

protei n conponent or reconbi nant hGH theregi Q. su O
there is no limtation as to what the hostfléLI2$§§9“%£2}7 Q007
except that it be one capable of reconbinantly

produci ng the B-2036 protiin conmponent or reconbi nant

hGH of interest or "variants" thereof. Furthernore, as

used herein, unless otherwi se indicated, the term

"growi ng" (or apparent variations thereof, e.g.,

growth) includes, but is not limted to, fernenting and
culturing, or otherw se causing the host cell(s) to

prol i herate ramfliaGiigRhtyns fnifs adleqetesl BOO36 aithliasignder

t he reconbi nant B-2036, protfein, conponent loRapt:
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WietebbnéL SRE Thblé Q BeR®0 Mdicatmg t thdBe @2 §Bndeneeniptween the letter and its
reconbi nant. B,2036 PEG unless indicated otherw se, it

| 57 POI88H %t hat the subject invention may be used
wi t h any reconbi nant gr owt Ballek none agoni st

reconbi nant growt h__hornone antagoni st whether it be
manmal i an growt h hor none oﬁhbvgméhtagonist, human
growt h hornone or_its antaguminafcidor hovine growth
hornone or its antagonist, At®) Pegvi somant (-r ef erenced
herein either as PEG B- 20365B(E)B- 2036 PEG) is the

pegyl ated form of reconbi ndf®@¥ ot ei n..(B-2036) produced
in reconbi nant host cells (@W D) reconbi nant ,.
genetically nodified E. col#™Wbst cells). The B-2036
protein is produced-during h? growh (e.g., by
fermentation) and expressiofd”t3¥nthesis and secretion).

After its production, B-20 ) “isolated (e.g., by
honogeni zation) fol | owed by fwy ficati. m(e.g., by.
extraction, centrifugation, ger se phase and

ani on- exchange chromat ogr ap nd buffer exchange).

However, as noted during regggpy nant production of the
B- 2036 protein; undesirabl gegggof orminpurities of
B-2036 are fonned, which areet@ trisulfide and the
des-phe isofornr inpuritieghof)B-2036. ~1 ~~| w~-Pzy
aoo~ 11 As noted, Figure | Ayi(¥ustrates the amino acid
sequence of .B-2036 with theCys@hdard 1-letter

~abbreviations indicating whiTgh(MBni no acid is present at
each lettered position. .Folis(@ference, see Table 1
bel ow i ndi cating the correspondence between the letter
and its associated am no acid. Table I Pol i
ArrAﬁdiﬁmllid the Mo(a)q‘yl sauﬁnce Es‘ B—2@§q,1ls ?]@1&6(1 Agbeul( ﬁgé%%?hb% 1 and

the amino acid sequence hGH is provided herein as SEQ. ID. NO. 2.

1. Recombinant Growth Hormone Antagonist
' and its Trisulfide. Ysoform Impurity

Figure 1B illustrates the amino acid sequence structure of the trisulfide ‘isoform
impurity of B-2036. In particular, the trisulfide isoform impurity contains an extra sulfur
atom in the bridge between the cysteines at positions 182 and 189 of the B-2036 protein

component.
a. Deecrease of Trisulfide Isoform

Impurity with Mercapto Compound(s) '

Without being bound by theory, it is believed that contact between selected mercapto

compound(s) and the trisulfide isoform impurity of the recombinant growth hormone
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am no acid sequence of B-2036 is provided herein as
SEQ ID. NO 1 and the amhno acid sequence hGHis
provi ded herein as SEQ IE% NO, 2. 1. Reconbi nant
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Inpurity Figure 1B illustrates the am no acid sequence
structure of the trisulfide isoform inpurity of
B-2036. In particular, the trisulfide isoforminpurity
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recombinant B-2036 protein component dunng or after (or during and after) growth of the
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However, additional suitable nmetal salt(s) nmay

added to the sodi um phosphate buffer. Pretﬁmﬁbl ﬁﬂhe%%E)f A0 F
buffer is one that is suitable for use wth the

present invention, i.e., es not prevent the formation
of the B-2036 protein co%ﬁonent or degrade it once it

is formed Suitable buffers for use in'connection wth
the present invention include, but are not limted to,
Tris, phosphate, HEPES, citric acid, triethylamne,

and histidine. The preferred initial buffer

concentration is fromabout 1 nmto about 200 MM nore -
Plaf 8568 Yud agamaﬁp %&ap'io BlvhpotndabieYito 4 GBwemiucehplan tippretein
preferably from abo t 8 nMto about 70 nM and nDst
pﬁl@ﬁm&mtwﬁeﬁaﬁ%’? %Pg ‘10 MM to about 50 mM O he

sui t ablagitibuailf, Qiesontay tihe barsed the Br298 @eaatpoyent mé%eéhﬂw agoat
a?rﬁeﬂms gbl;ef or'(': Iﬁet?#? § chen{ A AL b lepe.'f' oPfihe! @igulﬂdmfbﬂﬂmﬁbnﬂm

e from about toaout(g
aEﬁéHipl;ﬁy ithite coboUHme 56, doraing B ST TBIE ispRsthmpurity
reshect EabbR AburSedtoud 48 hptre\ok fted abant 5
S‘b"BF‘" %(a&dsy%%‘tyﬁg%%é of NaP, where the NaP
S bibutt foebous t1 Iputsoedpedigely-ne netal salt and the buffer),

the a%ﬁalfyo fanbh SufBER| cof@bt! beteeh NBe Lididl e#alt(s[ and NP B-2036

sol ut So _acting as the buff hou
t lsemppobidythe baffep cqyfm%hmglaiﬁ Vo ]H%etg m a!) l?%te? kﬁjﬁo&tf}ﬁtfoo

mﬁ'te%é 59k Bor036 1iREObabst 290F hien) alfout 200 lﬁters acb@mpt 1,500 liters,
000. Alternatively, the nolar ratico of the noles of

tH%SPPFEt"‘éY salt to the noles of B-2036 protein may be

from abﬂhbﬂpamﬁﬁﬁrstﬂmt alybrt ofllﬂq,r@t)@mng eaniacklsivgen g salt(.s) and

azg % g??r% onexrf,t 1];1511%@ tﬁpég Qm}aﬁ’% ﬁ&o Ulthe £330 rate should be that
| ; | att t

d aemeas ACRNU LI ARHRALE AT gﬁaléfs e a‘ﬁ,ﬁf Buffe,

b%é!iﬁ%ﬁt(%) Nge ﬁ%ﬁ coSBbrehtshd 2R Gtben@mBorRftS & the grbwjhrmedmm) while

onen nor fromth hos readi
Cm}@p@gﬂhe apﬁlgllt of % Q%Bg %Ftd‘{lag%ﬁ fo rme(} o'ﬁng)ﬁét &ff&%}m&a}sslﬁpﬁﬂ adily

ha&téi‘mm@ QRA QBT dlkrt ixifg ratanstabid be- @bvlouslnghmmg@t%e @bﬁzsec
from about .0. .5 40/ 1R 328 thee3 and By degra@itiof 602 B-
ab@ﬁttthelte'ﬂﬁ‘?r?ﬂ“etls 'mmtlaou?‘ﬁgtﬂEI PoT espect 1 vel yryﬂ
Fum3b@romur®mpmt¢et1$@mp@¥ﬁture range of the growth nmedi um
toget her W'ﬁ&o&ﬁﬁaﬁ%rﬁﬁfhﬁorﬁlﬂﬁe&ﬁh@mssal t(s) and its
ot her cont e&hstsmgbyg;sgmﬁmm [imted to, B-2036,
preferably Tshou e mal ntal ned at a tenperature from
about OC t 0, abowkcrdfmCoridésame tdoformet al salt has been
added to the hogiapaelyiwith)ChemtivyArent t her eof cont ai ni ng
the B-2036 protein conponent. Also, preferably, the
t emper anﬂlicﬁt !ﬁeingtbhrmdfwﬁieorwst 5 P@aeveéir%t lt}og}gs?hé‘a%'r@.g"é?@)&%h“
cont a' ” 36, SRATIONEE beshlfs B dBkaakd TR Eheflévelnf the des-
ab(’iﬁf) fmo%g g%r om about ZCE bou%an' )C. Qo of
f r phe Ebiowt u@@nwubﬁséwﬁn safial regackion jorthe, lepg) HefGSt F4ORRY

Up%ﬂ;{gp{gp ElZatibon With the rret al salt (e.g., NaP),
the te 1%@#[1;& gl-[e b he?gl'é%r(gg gde?gg ﬂ{el Rt ce!llts) |spnthesizing the

[ rrporta in denaturation

OC Gddkifed @Jcoﬁmﬁw B4036 fToteiASomprnbnt dumng. oz aflerpry dugp@and giter) growth

mal ntain R perat U f m CREEHRLR s(liav@baen conducted,

oo s ESRBRE 5 gRem IR gHOARTE gy taidhecp conduoeds

TAL&OPJ ﬂr&?ﬂnﬂfto pRf)fy the B-2036 protein. Tnereafter the punﬁed protem 1s preferably
pegylated to yield PEG B-2036 (pegvisomant). For pegylation procedures see U.S. Pat. No.

5,849,535,




salt, B-2036, and optionally nmercapto conmpound, etc.) 2
to a tenperature bel ow the protein denaturatjon , 00
tenperature of B-2036. Additionally, the coﬁk;gt:gkﬁeth%Eij A
between the B-2036 conmponent and the chel ating agent

should be for a tine suffj glent to decrease the |evel

of the trisulfide' isoforfminpurity. Exenplary

suitabl e contact tines for decreasing the |level of the
trisulfide Isoforminpurity should be for at | east

about 30 mi nutes, from about 1 hour to about 48 hours,

or fromabout 5 hours to about- 15 hours, respectively.
Typically, after sufficient contact between the netal

salt &}%{ %nld 1 ha%g %mag%g use‘ﬁqm?ﬂ%kn with @hebprésbigrinvention which,

t h £
;;gchorﬁac&@(xprefemb’e'r‘slth o e st v s BOAMS plotdid bEhpdutht

?cgg grcvhrt ifs rdéS—ph%ESOfOFﬂQ mpahs, ik bﬂeQEaS istsarficibro tit dedre®0 the lgvelef the

ar a m‘;‘t
o i Grofeom o B U VB (e iy e A g
1Boﬁ 20386. Cﬂ%ﬂ&ﬁ:‘ﬁ&aﬂn@ ﬁtjemfahb Fug Sseswithhheapgesit Xqvgrgrop g:pglde but

! (&) C. al S
ror rimoscROES, TRyl P, (LG ] et e

tlﬁ%{x&qtut a@%ﬁﬂclﬁﬁmd to[TBéfa’oxestaliet Pitipoartt mluga Eggf ‘IS& Mﬁ
n an er e nt o ci aJ Pen (&lci
g}sﬁ%  EERREPGEIGH dr%tﬂ SRR ¢ um

oam ng t hat Q
T"br@s%@iuﬂf Peatedlé Acid, Puekidr, an@ Brentiveg Qiofeyfbat E%‘i‘%“r %EFFB‘ ‘\iﬁ‘gt‘a“ form
%éépément m xi ng rate should be. Qbviously, the m xing
ould be such that the t erature [ | |
i n t hothdyovigblechadwing ey 4 ﬁﬁ @ﬁ?ghm¥|§%P%%G&%%%Pge
j 011\5\’%}%& AREREE1( [} 16O N2RA Bitex, 13" Bitiinys. mdava@(ﬁdke?dﬁ%?‘ﬁ%ﬁ"
rmone Ant agani St QHALATING
T e USR0S, a0 4 e el e
ChQIERtT)) SvigRdise SitdapNI (19e6)rgd bwsbiradd BYent ﬂ’é%?ﬂ‘fﬁ“t P “‘r“s“’ e
bel'i eved thaI add#l Hmm&gcalcg@gn@gsu pg ggen&r{@)osbp(ﬁdhﬁ), Mack

r of mone ant agoni st B-2 eteHme?to e
a pdenrsmagm Emstdnhﬁenhéebr'ema 6198Q1sad gpsk andypyEry;sy ?“6‘3
ULy G4t RG] 2ERSsm (16 BliGoR)eUofed S

r e N il fur eve su sequen
f cHhﬂ!maprmal st fap KoL B @ﬁsb%ﬁt%?&\fﬁd ry subseq ;
aCL(Aﬁ%% kP akd 313113&3 (4) SHEINLA SBiodigmickie sndzkengentsrfgr 1ern§§jReseaIc

reco

( d;atmﬁ'u?,?%t i é;ﬁ)(%o‘i'z Hosy: %R?ﬁ%ﬁ&ncﬁumna&oa fof 8fnb €hemicals

the host ce
Fusrahebsratns;, E@ipmnt, Milgagrolinpran LPBRIGE P Ql’éﬁe‘“’%’ editions
hat\ée %een -conducted, it is preferred to purify the
13296%6 protein. Ther eafter, the
pr ef er &¥flsyitabloeshpdtiag wagnts: &W‘rAe‘F aloi_t, '@% REQk 6 Melbng agent
( pglg’y 1& SURE bok useRah ﬂﬁ%ﬁbﬂiﬂvﬁiﬁoﬂ) shoulé @Gjﬁle@ﬂ@@é “@108 is spffjcient to

decreasethg dgsghe 13' p%t?( b?roag-'feas%out 10% of its Inghest equilibrium

concenptration (or its highest average equilibrium concentration, where multiple batches are
averaged) formed. Preferably, the decrease in the amount of the des-phe isoform impurity is
least about 20%, 30%, 40%, or 50%, respectively, of its highest equilibrium concentration (or
its highest average equilibrium concentration) formed. The initial concentration of EDTA
suitable for use with the present invention is preferably at least about 0. 01 mM, from about
0.01 mM to aboﬁt 100 mM, from about 0.1 mM to about 20 mM, from about 2 mM to about
‘1 0 mM or from about 2 to about 5 mM, respectively. _ .

It is preferred to provide the chelating agent in a buffer. Preferably, the buffer 1s one

that is suitable for use, with the present invention, i.e., does not prevent the formation of the



Any chel ating agent may be used in connection with the AocF
present invention which, when contacted (pr4 00
wi th adequate m xing) with the B-2036 prote%ﬁigbgg%%gﬁfkegf
together with its des-phe isoforminpurity, is one that
is sufficient to decrease.the |l evel of the des-phe
i soforminpurity, preferaa y W t hout degrading (or
substantially degrading) the yield of B-2036.
Preferred chel ating agents suitable for use with the
present invention include, but are not [imted to,
EDTA EGTA, and DTPA. Additional exenplary chelating
gents i ncl ude, but are not limted to, e, am ne, .
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22 B-2036 protein conponent or degrade it once it is

forned Suitable buffers for use in connecti fﬂ m—ARﬁJN&"/ aOO:IL
present invention include, but are not limt

Tris, phosphate, HEPES, <citric acid, triethylam ne,

and histidine. The preferégd buffer is Tris. The
preferred initial buffer“Concentration is fromabout 1
nv to about 200 mM nore preferably fromabout 5 nmMto
about 100 mMM even nore preferably fromabout 8 mMMto
about 70 mMM and nost preferably fromabout 10 mMMto
about 50 MM Ot her suitable buffers may be used.
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Any metal salt may be used in connection with the present invention which, when

-

contacted (preferably with adequate mixing) with the B-2036 protein component together
with its des-phe isoform impurity, is one that is sufficient to decrease the level of the des-phe

isoform impurity, preferably without degrading (or substantially degrading) the yield of B-



23 Additionally, the contact tinme between the B- 2036

component and the chel ating agent should b a (LA RPLA RY ADOT
sufficient to decrease the level of the des%plﬁe I sof orm Lf

impurity. Exenplary suitable contact tinmes for
decreasing the |evel of tgg des-phe isoforminpurity
shoul d be for at |east ab6ut 30 m nutes, from about 1
hour to about 48 hours, or fromabout 5 hours to about
15 hours, respectively. Typically, after sufficient
contact between the chel ating agent(s) and the B-2036
conponent, the buffer containing the sane has a vol une
fromabout | liter to about 5,000 liters, from about
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It is preferred to provide the metal salt in a buffer. However, sodium phosphate can

act both as a buffer and a suitable metal salt. However, additional suitable metal salt(s) may
be added to the sodium phosphate buffer. Preferably, the buffer is one that is suitable for use
with the present invention, i.e., does not degrade the formation of the B-2036 protein
component. Suitable buffers for use in connection with the present invention include, but are

not limited to, Tris, phosphate, HEPES, citric acid, triethylamine, and histidine. The



24 2036. Metal salt(s) suitable for use with the =
present invention include, but are not Iim ?%It y o
al kali earth nmetal salt(s), alkaline earth ﬁ %()ARV A0
salt(s), transition netal salt(s) and conbi nations

thereof. Preferred netal ? Its suitable for use with

the present invention inc but are not Ilimted to,
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phosphat e, sodium acetate, zinc chloride, and

conbi nations thereof. Qther suitable netal salts for
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Exemplary suitable contact times for decreasing the level of the des-phe isoform impurity
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concentration is fromabout 1 mMMto about ON AR 0’\007-
preferably fromabout 5 mMMto about 100 E‘m%((% 7
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a buffer (or in the case of NaP, where the NaP
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Following HIC step 2, an HIC pool is obtained. The HIC pool is then subjected to an
ultrafiltration/diafiltration step 3 which is optional in the sense that if the HIC step 2 is
conducted then the ultrafiltration/diafiltration steps is also conducted. However, if the HIC
step 2 is not conducted, then there is no need to conduct the ultrafiltration/diafiltration step 3.
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Each of the collected CV fractions wxll preferably contain a given pegylated protein
isoform such as PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and PEG-9.
The collected CV fractions are then subjected to pooling to determine which fraction contains
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At this point the pooled pegylated protein isoforms processed according to the above-
noted methodology (also discussed in Examples 1, 3 and 4 discussed below) should be such

 that the aggregate level of the pooled product is < about 10% by weight based on a total
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14.  The process of embodiment 13 wherein said pegylating temperature is from about 18
to about 25 °C. '
15.  The process of embodiment 1 further comprising an optional HIC step (a2) of
selecting said pegylated protein by hydrophobic interaction chromatography (HIC)

using an HIC resin.



(b) separating said pegylated protein isoforns by anion
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of (al) pegylating an unﬁ gylated or a partially

pegyl ated formof said protein, or pegylating both. 3.
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pegyl at i ng.-pH 4—3 f-rom about 7.40 to ‘about 7.80. 12.

The pr& 0 t2bowtS2 MBEBYi nent 2 wherei n sai d pegyl ati ng
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about 30 °C.
25. - The process of embodiment 24 wherein said HIC temperature is frpm about 18 fo
about 25 °C.
26. The process of embodiment 16 further comprising a UE/DF#3 step (a3) of
ultrafiltering/diafiltering (UF/DF#3) of an eluent from said HIC step (a2).
27.  The process of embodiment 26 wherein said UF/DF#3 step (a3) is conducted with a
UF/DF#3 membrane having a UF/DF#3 membrane molecular weight cut-off I
'(MW CO) from about 3 kDa to about 20 kDa.
28.  The process of embodiment 27 wherein said UF/DE#3 membrane MWCO is from
about 8 kDa to 2bout 15 kDa.
29.  The process of embodiment 28 wherein said UF/DF#3 membrane MWCO is from
about 16 kDa to about 12 kDa.
30.  The process of embodiment 29 wherein said UF/DF#3 membrane MWCO is about 10

kDa,
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pegylated protein including any impurity or said aggregate thereof of less than or

equal to about 10 g protein/L of packed bed-volume of AEX resiﬁ.

41.  The process of embodiment 40 wherein said AEX load is less than or equal to about
5.5 g protein/L of packed bed-volume of AEX resin. ‘

42.  The process of embodiment 40 wherein said AEX load is less than or equal to about
4.1 g protein/L of packed bed-volume of AEX resin.

43.  The pfocess of embodiment 1 wherein said pegylated protein comprises one or more
of said pegylated protein isoforms PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6,
PEG-7, PEG-8, and PEG-9 and any apggregate, trisulfide impurity and des-phe
impurity thereof and any unpegylated impurity of said protein and any free PEG
molecules.

44.  The process of embodiment 1 wherein said pegylated protein comprises one or more

of said pegylated protein isoforms PEG-2, PEG-3, PEG4, PEG-5, PEG-6, PEG-7,
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menbrane MACO i s about 10 kDa. J -Tp-i-OAP aOO 44 31.
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process of enbodi nent 1 wherein said péjég/l at ed protein
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protein and any free PEG molecules.

50.  The process of embodiment 1 wherein said pegylated protein comprises one or more
of said pegylated protein isoforms PEGA, PEG-5, PEG-6 and any aggregate,
trisulfide impurity and des-phe impurity thereof and any unpegylated impurity of said
protein. .

51.  The process of embodiment 1 wherein said pegylated protein cOmprises one or more
of said pegylated protein isoforms PEG-1, PEG-2, PEG-3, PEG4, PEG-5, PEG-6,
PEG-7, PEG-8, and PEG-9 and any aggrepate, trisulfide impurity and des-phe
impurity thereof.

52. The process of embodiment 1 wherein said pegylated protein comprises one or more
of said pegylated protein isoforms PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6,
PEG-7, PEG-8, and PEG-9 and any aggregate and trisulfide impurity thereof.



i npurity thereof and any unpegylated inpurity of said =
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PEG 3, PEG 4, PEG S, PEGg PEG 7, 12 -:Tr UAl z7 45

PEG 8, and PEG 9 and any ggregate, trisulfide inpurity

and des-phe inpurity thereof and any unpegyl ated

impurity of said protein and any free PEG nol ecul es.

45. The process of enbodi nent | wherein said pegyl at ed

protein conprises one or nore of said pegyl ated

protein isofornms PEG 2, PEG 3, PEG 4, PEG 5, PEG 6,
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one or combiationsfhesaf. d pegyl ated protein isof orns PEG 4,

PEG 5,..PEG- 6,  PEG.7: .0 inS Wk, id€f pooli
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PEG 9" and a0 2001 AR Souebid kS ote | TPUTI Ly and

; eSSS- i élf'he. process of embodiment 56 wherein said CE temperature is frorn about 5 to about
45 °C.
59.  The process of embodiment 58 wherein said CE temperature is from about 20 to about
40°C. |
60.  The process of embodiment.SQ wherein said CE ;cemperature is from about 30 fo about
‘32°C.

61.  The process of embodiment 56 wherein said pooling step (c) is conducted by said CE
ata CE pooling conductivity from about 0 to about 60 mS/cm.



impurity thereof. 52. The process of enbodi ment

wherein said pegylated protein conprises on AOOF
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PEG 4, PEG5, PEG6, PEG7, PEGS8, and PEG9 and any
aggregate and trisulfide z‘purity thereof. ~ ~~~~~ avow
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pegyl ated protein isofonrs PEG |, PEG 2, PEG 3, PEGA,
PEG 5, PEG 6, PEG7, PEG 8, and PEG 9 and any
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56. The proces
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from akaecuit 16mpyml.about 50 C. 57. The process of
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72.  The process of embodiment 63 wherein said pooled pegylated protein comprises one
or more of PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG—S, and PEG-9.
73.  The process of embodiment 63 wherein said pooled pegylated protein comprises one
or more of PEG—S PEG-4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9.
74. The process of embodiment 63 wherein said pooled pegylated protein comprises one
or more of PEG-3, PEG-4, PEG-5, PEG-6, PEG- 7, and PEG-S.
75.  The process of embodiment 63 wherein said pooled pegylated protein comprises one

or more of PEG-3, PEG-4, PEG-5, PEG-6, and PEG-7.




60. The process of enbodi nent 59 wherein said CE

~tenperature is fromabout 30 to about 32 CJ] &1. :jkavoﬁkéﬁf KOOF
process of enbodi ment 56 wherein said pooling step (c)

is conducted by said CE at a CE pooling conductivity

fromabout O to about 60 g§/cm 12 Trl oA" C200 47 62.

The process of enbodi nent 61 wherein said CE pooling

conductivity is fromabout 5 to about 10 nS/cm 63.

The process of enbodi nent 54 wherein said pooling step

(c) is conducted on said pegylated protein isoforns

provided in a buffer at a protein concentration of at
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The prg mzoﬂﬁxﬁggﬁgs g%Eé% wherei n said pooling step
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erfBod R Proses Gh P ERIR<g P VRGBR Y 18Pl P{Ey At provin compriss

conducPed-5on said pegylated protein isofornms provided

AT SRR I
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wher ei n sals'éroteln conicentration is ?ron1abou

about 8eegfated prowein isofpres prdseeaagregttc BEtsOi nent 63 wherein

sagd pcmé oA OF kb AR Pf Rhdleifi QAR PbSES pdpBted 9fotd'§DB:@st161f of
PEG 1, 2. PEG. 3, PEG 4 PEG. 7

p
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2 S gl R g 0 0
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PEG 3, pREG, $rGBER PEG RN mBrise R eals abBEG0%, byanghhPEseden a total
weight of said PEG—I', PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and
PEG-9 pegylated protein isoforms and any aggregate thereof.

84.  The process of embodiment 71 wherein said pooled pegylated protein fraction of
PEG-4, PEG-5 and PEG-6 comprises at least about 90% by weight based on a total
weight of said PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and
PEG-9 pegylated protein isoforms and any aggregate thereof.

85.  The process of embodiment 71 wherein said pooled pegylated protein fraction of
PEG-4, PEG-5 and PEG-6 comprises at least about 94% by weight based on a total
weight of said PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and
PEG-9 pegylated protein isoforms and any aggregate thereof. ‘

86.  The process of embodiment 64 wherein said buffer in which said pegylated protein is
provided has a pH from about 5 to about 10.

87.  The process of embodiment 86 wherein said buffer has a pH from about 6.6 to about
9.



74. The process of enbodi nent 63 mherein sai d pool ed

pegyl ated protein conprises one nor e of Gj
PEG 4, PEG 5, PEG 6, PEG 7, and PEG8 75. _ié étréé%,ﬂfﬁ R00F

of enbodi nent 63 wherein said pool ed pegyl ated protein
conprises one or nore of4 EG 3, PEG 4, PEG 5, PEG 6,
and PEG7. 2 L JAr UA ga' "&00 48 76. The process of
enbodi ment 63 wherein said pool ed pegyl ated protein
conprises one  or nore of PEG 3, PEG 4, PEG5, and
PEG 6 77. The process of enbodi nent 63 vvherei n said
pool ed pegylated proteln conpri ses one nnre of
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and equal to about 2% by weight based on said total weight.
99.  The process of embodiment 98 wherein said level of said aggregate is less than or
equal to about 1.5% by weight based on said total weight.
100. The process of embodiment 99 wherein said level of said aggregate is less than or
equal to about 1% by weight based on said total weight.
101. The process of embodiment 100 v;herein said level of said aggregate is less than or
equal to about 0.9% by weight based on said fotal weight.
102. The process.of embodiment 101 whetein said level of said aggregate is less than or
equal to about 0.8% by weight based on said total weight.
103. The process of embodiment 102 wherein said level of said aggregate is less than or
equal to about 0.7% by weight based on said total weight,



PEG 9 pegyl ated protein isoforns and any aggregate

thereof. 86. The process of enbodi nent 64y wﬂ@re|9¥§@LQQ¢7 A00F
buffer in which said pegylated protein i§$ Tprovided has

a pH fromabout 5 to about 10. 87. The process of

enbodi ment 86 wherein saiggbuffer has a pH from about

6.6 to about 9. saon 49 88. The process of enbodi nent

87 wherein said buffer has a pH from about 6.9 to about

7.1. 89. The process of enbodi nent 64 wherein said

buffer in which said pegylated protein is provided is
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equal  twasERoidid IddedyyegyiabOitbtein 3B Fe Y o8 alubnd Rpah3 ) WRIGME said
loaded pegylated protein with a salt solution in an eluting buffer containing an ionic
salt at a salt concentration gradient sufficient to elute said loaded pegylated protein
from said AEX resin. )

114. The process of embodiment 113 wherein said ionic salt is a chloride salt.

115. The process of embodiment 114 wherein said ionic salt is NaCl.

116. The process of embodiment 115 wherein said step (b) is conducted in a column
having a column volume (CV) and wherein said salt concentration gradie.it is from
about 2 to about 50 mM per CV.

117. The process of embodiment 116 wherein said salt concentration gradient is from -
about 5 to about 25 mM per CV.

118. The process of embodiment 117 wherein said salt concentration gradient is from
about 10 to about 20 mM per CV,



101. The process of enbodi nent 100 wherein said |evel ,
of said aggregate is less than br equal to abgout—p. 9%
by wei ght based on said total weight 102. Tbﬁ- bary KOOF
-of enbodi nent 101 wherein said | evel of said aggregate
is less than or equal toggbout 0.8% by wei ght based on
said total weight. 103. T process of enbodi nent 102
wherein said | evel of said aggregate is |less than or
equal to about 0.7% by wei ght based on said total
wei ght 50 104. The process of enbodi nent 103 wherein
said |l evel of said aggregate is less than or equal to
about Lot ot '
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Pr Q@i Nyt Res@ofidtbbaimiet lﬁ? %réupsaﬁqmglx YEIbAG i3tk Bbut 30 to about
containing an ionic -salt at a salt concentration

gr adi ent>0€wfifi cient to elute said | oaded pegyl ated

pragei nThefpfd&EHs Sntbodiadnt 1 25 Kbreinlshill linddR @e1pdi9 Geffotn but 50 to about
enmbodi nent 113 wherein said ionic salt is a chloride
salt. PPsmbgne process of enbodi ment 114 wherein said
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wher ei mosc% step (b) is conducted in a colum

132. The process of embodiment 127 wherein said linear velocity is from about 60 to about
65 cm/hr. .

133.  The process of embodiment 127 wherein said linear velocity is about 60 cm/hr.

134.  The process of embodiment 1 wherein said pegylated protein is selected from the
group consisting of hormone, growth hormone, human growth hommone, growth
hormone antagonist, human growth hormone antagonist, an antibody, and B-2036
PEG.



having a col um vol une (CV) and wherein said salt

concentration gradie. At is from about 2 tomﬂg% _@WAR K[A00F
el n sal V

per CV. 117, The process of enbodi nent 116

salt concentration gradient is from about 5 to about
25 mM per CV. 118. The prgsess of enbodi nent 117
wherein said salt concentration gradient is from about
10 to about 20 mM per CV. LLI. T AL |UA7" a0 ' 51
119. The process of enbodi nent 113 wherein said eluting
buffer has a pH fromabout 5 to about 10. 120. The
process of enbodi nent 119 wherein said eluting buffer
has a pH from about 6.6 to about 9. 121. The process
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139. The process of embodiment 1 wherein said anion exchange (AEX) resin comprises a
gel resin. '

140. The process of embodiment 63 wherein' said pooled\pegylated protein consists
essentiaily of one or more of PEG-1, PE'G—2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7,
PEG-8, and PEG-9.

141. The process of embodiment 63 wherein said pooled pegylated protein consists
essentially of one or more of PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8,
and PEG-9. _

142. The process of embodiment 63 wherein said pooled pegylated protein consists
essentially of one or more of PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8, and ‘
PEG-9. ‘

143. The process of embodiment 63 wherein said pooled pegylated protein consists
essentially of one or more of PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, and PEG-3.

144. The process of embodiment 63 wherein said pooled pegylated protein consists
essentially of one or more of PEG-3, PEG-4, PEG-5, PEG-6, and PEG-7.

145. The process of embodiment 63 wherein said pooled pegylated protein consists
essentially of one or more of PEG-3, PEG-4, PEG-5, and PEG-6.



132. The process of enbodi ment. 127 wherein said |inear

velocity is fromabout 60 to about 65 cnihr. 13‘ ER—NUAK"/ KRO007F
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is about 60 cnihr. 134. The process of enbodi nment 1

wherein said pegylated prafzein is selected fromthe

group consisting of hornone, growth hornone, human

growt h hornone, growth hornone antagoni st, human
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nmet hacrylic, polynerized aceram ¢ ad

base, cBiipesME logtieriupe&'laa%‘mr?taﬂ %i’}ﬁ*t”é‘? Pup step é?@r?érelutmg with an
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ot hac EPRETL 87 0 PR lest 1t Bt KPS %ﬁéﬁors from
gel , amtiow 6liltaibostes, of &:3Bcolufimevolome (EE)s of embodi ment
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pr ot ein consists
washing said loaded pegylated protein followed by a step (b3) of eluting with an

eluting solution said loaded pegylated protein by a pH gradient or an ionic sirength
gradient and a step (b4) of collecting an eluent in multiple volume fractions from
about 0.1 to about 0.5 of said column volume (CV).

153.  The process of embodiment 31 wherein said step (b) is conducted in 2 column having
a column volume (CV) and wherein said step (b) further comprises a step (b2) of
washing said loaded pegylated ﬁrotein followed by a-step (b3) of eluting with an
eluting solgtion said loaded pegylated protein by a pH gradient or an ionic strength
gradient and a step (b4) of collecting an eluent in multiple volume fractions from
about 0.1 to about 0.2 of said column volume (CV).



essentially of one or nore of PEG 3, PEG 4, PEGS5,

PEG 6, PEG 7, PEG 8, and PEG 9. 143. The prgcess _ o0
enbodi nent 63 wherein said pool ed pegyl at ed m;ﬁfﬁcw*\(& A0OT

consists essentially of one or nore of PEG 3, PEG 4,
PEG 5, PEG 6, PEG 7, and PEG 8. 144. The process of
enbodi nent 63 wherein said pool ed pegyl ated protein
consists essentially of one or nore of PEG 3, PEG 4,
PEG 5, PEG 6, and PEG 7. 145. The process of enbodi nent
63 wherein said pool ed pegyl ated protein consists
essentially of one or nore of PEG 3, PEG 4, PEG 5, and
PEG 6, 53 146. The process of enbodi nent 63 wherein
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col um vol une S {surd 1 liquid
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in a colum havi ng
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s

and wher el further. conprises.a ste éangmm
of washif s aspmhaaﬁ?@ope@éﬁw SFPWh hyPste ke 15‘2%%
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t requal to
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abo %b 0 Tf?e Ig)rgcegsaolf emgé)cfﬁh'éﬁp 1%%&4% tﬁec%)ldiﬁons are sufficient to decrease said
level of said aggregate to less than or equal to about 5% by weight based on said total
weight. '

160.  The process of embodiment 158 wherein the conditions are sufficient t6 decrease said
level of said aggregate to less than or equél to about 4% by weight based on said total
weight:

161. The process of embodiment 158 wherein the conditions are sufficient to decrease said
level of said aggregate to less than or equal to about 3% by weight based on said total

weight.



153. The process of enbodi ment 31 wherein said step (b)
is conducted in a colum having a columm v

and wherein said step (b) further conprisesﬁg%gﬁegfxgﬁﬁﬁQJf K00
of washing said | oaded pegyl ated protein followed by a
step (b3) of eluting mnth eluting solution said

| oaded pegyl ated protein gy_a pH gradi ent or an ionic
strength gradient and a step (b4) of collecting an
eluent in multiple volune fractions from about 0.1 to
about 0.2 of said colum volunme (CV). s2s~~~Y c-1007-
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5% by wel an sald tota g
total level of any said trisulfide impurity, any of sai des—phe impurity and any of said

aggregate to less than or equal to about 9% by weight based on said total weight.

168. The process of embodiment 164 wherein the conditions are sufficient to decrease said
total level of any said trisulfide impurity, any of said des-phe impurity and any of said
aggregate to less than or equal to about 8% by weight based on said total weight.

169. The process of embodiment 164 wherein the conditions are sufficient to decrease said
total level of any said trisulfide impurity, any of said des-phe impurity and any of said
aggregate to less than or equal to about 7% by weight based on said total weight.

170.  The process of embodiment 164 wherein the conditions are sufficient to decrease said
total level of any said trisulfide impurity, any of said des-phe impurity and any of said
aggregate to less than or equal to ai.Jout 6% by weight based on said total weight.



160. The process of enbodi nent 158 wherein the
conditions are sufficient to decrease said |evel
said aggregate to |l ess than or equal to abouﬁi4§éégt4*“0‘ﬁg}f‘QCXD?L
wei ght based on said total weight; 161. The ‘process of
enbodi nent 158 wherein th§600nditions are sufficient to
decrease said |evel of sard aggregate to |l ess than or
equal to about 3% by wei ght based on said total
wei ght. 55 162. The process of enbodi nent 158 wherein
the conditions are sufficient to decrease said |evel of
said aggregate to |l ess than or equal to about 2% by

ht based on said total weight. 163. The process of
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combining said selected isoforms to yield an epriched pool of said selected

isoforms. |
181. The process of embodiment 180 wherein said selected isoforms are PEG;4, PEG-5
and PEG-6 with a pool weight ratio of ((a first weight of PEG-4 + PEG-5 + PEG-6)/(a
second weight of any PEG-1 +PEG-2 + PEG-3 + PEG-4 + PEG-5 + PEG-6 + PEG-7
+ PEG-8 + PEG-9 present in said enriched pool)) which pool weight ratio is greater

than or equal to about 70% by weight.



169, The process of enbodi ment 164 wherein the

conditions are sufficient to decrease said total vel Q0T
of any said trisulfide inpurity, any of said He&d- e%hKﬁ*Faf oo
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g7 rffBhe 1s a pegyl ated formof a pol ypeptide of
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Whghei ngﬁea%gcéyﬁ%{bbdlﬁeﬁtelm HheBRSsaid pdblaw@ghe ratibrippreater than or
about 1 about 500 179. The process of enbodi nent

178 mheW%@H°§%M§%?@ﬁﬁﬂ??“has an.average of 90 pm 180.
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Dl ovESS b L NERSLEAT s AG.4 BhaTCRRS Blbamcial d
pegylatgﬁggpgéé é%?ornt |n?o sel'ected i sof or ns; aqueof
( b)196 rTiThe1piogess off ahbedinewst 1891 whereih G#ifgeleelsdyiolyTgs 3ff one of
enri ched,popbp@h sl 4l pRBlLPEGY, PEG-7, PEG8, and PEG.
196. The process of embodiment 180 wherein said selected isoforms are one or more of
PEG-3, PEG-4, PEG-5, PEG-6, PEG-T, PEG-8, and PEG-9.
197. The process of embodiment 180 wherein said selected isoforms are one or more of
PEG-4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9.
198. The process of embodiment 180 wherein said selected isoforms are one or more of

PEG-4, PEG-5, PEG-6, PEG-7, and PEG-8.



isofornms. 181. The process of enbodi nent 180 wherein
said selected isoforns are PEG 4, PEG5 and PEG

a pool weight ratio of ((a first weight of PEGA m”‘)ﬁfa# K0T
PEG5 + PEG 6)((a second weight of any PEG 1 + PEG 2 +
PEG 3 + PEG 4 +PEG 5 + PEG,6+ PEG7 + PEG8 + PEG 9
present in said enriched ol )) which pool weight ratio
is greater than or equal to about 70% by weight. 2i- 3
o Rl ac& 57 182. The process of enbodi nent 181
wherein said pool weight ratio is greater than or

equal to about 75% by wei ght. 183. The process of
enbodi ment 181 wherein said pool weight ratio is

gr el erppl Pﬁ&s@gf en%qmﬁllentt 1@0 QL 80 Yk kd Wafog are dAor nidieof
process 0 nment mhereln sai d pool weight

ratio 'W?"@F%%ﬁéﬁ@ﬁﬁﬁ%ﬁ -equal to about 85% by

web@nt .Thd %ecs?bﬁe:woaﬁeﬁta g0 fwherbi aslil sa¢tted 1B formh & enenorgadrel of
pool [ {':;8“ 0 lPi(%%reater than or equal to about

90% by \ﬁlgi"gﬁ e process of enbodi nent 181

whetlei rThs atodesp oDémbudinght 180 aghbreinissid gelestdayofarig are ope or more of |

equal t %by wei ght. 187. The process of
enbodi %@T@f vvﬁser ein said pool weight ratio is

gr 86@. erThe lpamese of eralepdiaent BOathoigin %@%lwedvﬁf‘tjﬁf are pg@or oppfg of
proces syl s, gﬁﬁ)ﬁf&_@ﬁnt 181 wher ein said pool weight
ratio is greater than or ual to about, 96% b

18005, TiGhepprasese & ouBHBb BB e AR Ps °§881gm°fe of
wei ght P ghdicy. eater than or equal to about 97% by

190. The r.oces
po 884 WeA groeess ore n?lgg @ggg‘@%‘ﬁg{mﬁtﬁgp 8t?m 138%?&%?:01{1 izt rurt: {)Pat gaast
98% by tRipgtitated piblein ﬁdfm;mﬂ;emsméonmmgﬂhmﬂmof 18 1
saual Lo BbouPeagsiE AT e B ptifEs Hent A mintue.
enm206li n&ptocsss for qumngg m fgxapkgd p@@gosm@q fg:m a stagfng opgosition, wherein

greater ﬁdm co n_g&ﬂi%ll cBerrﬁMbeg?ﬁte@ oy R @b t:)r th&3 pegylated

The process o odi nent’. 181 wherein said 9%(}3
rati o i §°fg‘F3§a-’tfé?r2Q?’ﬁéﬁ‘e‘i5‘?d fromy th| £79UB CAPIRE 3% b%fé'
wei ght . pA§4; PEGS, PECHE SEGT, FEHEdindEPEG- 9,8&d\7\hmnan rsaid girgkess
sel ected i sof %ﬁ%arfe one or nore of PEG 1, ‘PEG 2,
PEG 3, PEEIXFS 5" PEG 6, PEG 7, PEG 8, and PEG 9.
195. The m)oces}mnﬁg irbaliingeinposBion ity Miralitg of fepotions, wherein 2

sel ected i sof Qe llErafica v&gﬁlt ko Upﬁﬁt‘r—@,fPEG-S, and PEG-6 isoforms to total
unpegylated B-2036 and pegylated B-2036 isoforms in at least one fraction
differs from a second fraction weight ratio of PEG-4, PEG-5, and PEG-6
isoforms to total unpegylated B-2036 and pegylated B-2036 isoforms in at

least one other fraction,

(b)  determining a weight ratio of PEG-4, PEG-5, and PEG-6 isoforms to total
unpegylated B-2036 and pegylated B-2036 isoforms of a remainder of
each fraction or in a sampling of fractions, and

(© selectlively combining less than all of said fractions to yield said enriched
composition, wherein an enriched fraction weight ratio of PEG-4, PEG-5,
and PEG-6 isoforms to total unpegylated B-2036 and pegylated B-2036
isoforms is greater in said enriched composition than in said starting
composition.

All numerical values and identified molecules in this application are exemplary and

are not intended to be construed as claim limiting. The following is presented by way of



PEG 2, PEG 3, PEG 4, PEG 5, PEG 6, PEG7, PEG 8, and

PEG 9. 196. The process of enbodi nent 180 in UARY RO
sel ected i soforns are one or nore of PEGSﬁPE'Gélj%uQ L/

PEG 5, PEG 6, PEG 7, PEG 8, and PEG 9. 197. The process
of enbodi nent 180 wherein §ai d selected isoforns are
one or nore of PEG 4, PE&S, PEG 6, PEG 7, PEG 8, and
PEG 9. 198. The process of enbodi nent 180 wherein said
sel ected i soforns are one or nore of PEG 4, PEGS5,
PEG 6, PEG 7, and PEG 8. ~_ ANL) r? a20(c) 58 199. The
process of enbodi nent 180 wherein said sel ected

R, T B 50 S, 0
s e fockopks] magagines; mymalr asticdasepatsnts,morepy efher pRiggations, piceragitedgp dhis
PEGSHicatiéf dre e%sl?ﬁ@&ﬁo?&:ﬁereﬁrmqgk%gh 138 QniG £ all p&pdsek.

selected i soforns are one or more of PEG 4 and PEG 5.

202. The process of enbodiE¥MELES) wherein said

sel ected isoforns are one or nore of PEG5, and PEG 6.
208xampe1pr ocess of enbodi nent 180 wherein said

sel ected i soforns are one or nore of PEG 4 and PEG 6.

20 Mainkaii 08 DeG-Basé DéveDdTiATpREdte of Pes @it G Al Haithdik e d

pr dneignnistyBR203AREGYIN Anidn Beichimee Chroatatdee@iiy t WO

pegyl ated protein isoforns, said process conprising the
st ep of Maifitenjaneefpalpwt a dl@iradalevbl set.eckads pg gxysigat efitofat odeizht) or

S5LAGE L AL 450 o RLOGAR BT BB
wh &rternndiatg B-293Qtag itei #?g‘lfleomﬂ rrepored edingiciteieig non- prowsmnal ‘US.

unpegyl g&@&hoﬁu@é}ﬁﬁseamo GDf7851 RAi MGEBA R Produsihh @ tRowth
of 13-2 selected fromthe group consisting. o

f
PE&ommonpgad Antagspist Fhereofirying Lowircherels Gfifegfosm Ippygtips Thereof, filed
PEGmEust a51cobberSle tRNOLS. MRl £id TrAleh &tk [DEHGE FermeBQHGH (i Hed B-

sof t|n sai d startln OnposSi
| T Boe, fiept Bl 2 PO oD R G oby B TRCR destBed by
f r &upnigghanvet ghie UiSaPatant Nb. SEEBBS% PRifGation ofi BOREES- vas performed as

' S‘a%s%% bg%é é%‘o@é-lden‘d Sp?&vg%nﬁi?ggﬁteﬂ{‘a%plgﬁ%' R &dlm 891,

forms In a1 ne fraction
a %@dﬂ%ﬂr@} Hew ih@hprmeﬁsgﬁtlw%thp dnite prgiatign arFiEzzds’phOézmmeracﬂon

PE@m@maﬂo h?rs £ Qofe® trtowd REIIEIAL 18 GrodnR 835038 PHG. Following the

TR o L
PE@&M TRIh fle@sBad cfofFD4 slivinmcétatt Bibffer aip € ploadse of FRad I3 @, step
anqv, nggéﬁlal%%e drkg_rgtgxﬁge kwv%? Ihgx{ ﬁﬁje&gd &4 §%LIQ£GEIF c%iumn‘ strong anion

exchange chromatography. This step separates differentially PEGylated species into fractions

for pooling to achieve the PEGylated species distribution required for API release. This
column enriches for the PEG-4, PEG-5 and PEG-6 products of PEGylated BI (B-2036 PEG).

The product is eluted with a 20 CV linear gradient from 0-250 mM NaCl in 25 mM Tris, pH

7.0 following equilibration steps and a 2 CV wash with 25 mM Tris, pH 7.0. Analysis of '

fractions is accomplished using CE instead of SDS-PAGE as noted in Example 2, flowchart

2. See previous discussion regarding same. Pegvisomant (Somavert®; Pharmacia) is

collected from the chromatography profile as a pool from fractions analyzed by CE with a
pooling criteria of 275% PEG4-+5+6 (first fraction) and 294% PEG4+5+6 (last fraction) and
>0.5 mg/mL. The resulting product was then carried through the remainder of the B-2036
PEG purification process as described in flowchart 1. After selection and pooling of the



each fraction or in a sanpling of fractions, and (c)

sel ectively conbining less than all of said fractieps

to yield said enriched conposition, mhereiniéﬂfL“fT;”*U’¥237 RDT
enriched fraction weight ratio of PEG 4, PEG5, and

PEG 6 isofornms to total zgaegylated B- 2036 and

pegyl at ed B-2036 i sofor is greater in said enriched

conposition than in said starting conposition. A

nunerical values and identified nolecules in this

application are exenplary and are not intended to be

construed as claimlimting. The following is presented

b)fra\éﬁi:)ﬂs,@lfe andlydisTof the [)&dl!lzd‘lﬂa‘teﬂ@d final 381 tﬁ)S@HPL@ S@ngd héﬁdd?b@ﬁable
t onst .as a ljmtation to the scope of the
i %%I %%alfeb Eée %%Feqc”? wg?l?gothessm? %e“%o ks, nmgazines, journal

articles, patents, or any other publications, etc.,
recited in this application are expressly incorporated
herein by reference in their entirety for all purposes.
EXAVMPLES Exanple 1 Maintain or Decrease Level of
Aggregate of Pe2ylated G owth Hornone Antagoni st
(B-2036- PEG by Ani on Exchange Chronat ogr aphy

Mai nt enance (below a desired level - e.g., s 6% by

wei ght of total weight) or decrease of aggregate

| evel s of B-2036 PEG was acconplished by using Bl (the
Bul k Internediate B-2036) as the starting materia
prepared as indicated in non-provisional'U S. patent
application interimserial no. P-107,891 entitled

Met hod for the Production O Growh Hornone And

Ant agoni st Thereof Having Lower Levels O Lsoform
Impurities Thereof, filed August 25, 2003 before the
U S. Patent and Trademark O fice. Fernmentation ' (to
"yield B- 2036) in a reconbinant E. coli expression
system was carried out as described by Cunni ngham et
al. in US. Patent No. 5,849,535. Purification of

B- 2036 Bl was perforned as described by the
above-identified non-provisional U S. patent
application no. (P-107, 891). This naterial was then
processed using the initial pegylation and hydrophobic
interaction chromatography steps as noted in flowchart
1 below to produce B-2036 PEG Follow ng the

hydr ophobi ¢ interacti on chromat ography (step 2), the

B- 2036 PEG was UF/DF into pH 7, 25 mM TRI S buffer
(instead of pH 4 sodium acetate buffer as in the
process of Exanple 2, step 3, flowchart 2). The
retentate was then subjected to Q Sepharose FF col um
strong ani on exchange chromat ography. This step
separates differentially PEGyl ated species into
fractions for pooling to achieve the PEGyl at ed speci es
di stribution required for APl release. This colum
enriches for the PEG 4, PEG5 and PEG 6 products of
.PEGyl ated Bl (B-2036 PEG, The product is eluted with
a 20 CV linear gradient fromO0-250 nM NaCl in 25 n
Tris, pH
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Small Scale Procedure for Evaluation of the
Effect of Additives on S-Sepharose FF Agoregation

(Cation Exchange Chromatography Resin) of B-2036 PEG

To a 15 ml cenfrifuge tube, 1.5 ml of S-Sepharose FF resin (settled bed volume) was
added. The resin was prepared for protein binding by rinsing twice with 10 ml of a 1% '
solution of the additive to be evaluated in 25 mM Sodium acetate, pH 4. After each rinse, the
supernatant was collected (by centrifuging) and decanted and discarded. To.the rinsed resin
pellet, 2.5 mi of 1% solution of the a@diﬁve to be evaluated in 25 mM Sodium acetate, pH 4

was added and a quantity of UF/DF retentate was added containing approximately 5 mg of B-
2036 PEG from step 3 (prepared by the method of flowchart 2, steps 1 through 3). The resin
wasg then re-suspended in the solution and incubated with gentle mixing for 2 to 24 hrs. After
incubation, the solution was centrifuged, and the supernatant decanted and discarded. The B-
2036 PEG was then eluted from the resin by adding to the resin pellet 2.5 ml of a 1% solution
of the additive to be evaluated in 25 mM Sodium acetéte, pH 4 and 0.25 ml of 2.5M sodium
chloride. The resin in the resulting solution was re-suspended and incubated with gentle
mixing for 20 minutes. After incubation, the supernatant is retained by centrifuging, and
decanted for analysis by size exclusion chromatography (e.g., SEHPLC (size exclusion
HPLC). Then the used resin pellet is discarded. The above procedure was repeated for each
additive to be evaluated using Cation Exchange Chromatography Resin to determine if
aggregate formation could be eliminated or sufficiently decreased. Using this above-noted
procedure, the results of Table 2 below were obtained. As reflected in Table 2, no additive
test;ed using a cationic resin was as successful as was switching to anionic resin to decrease

the level of aggregate formed.
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was added and a quantity of UF/DF retentate was added
containing approximately 5 ng of B- 2036 ngﬂ[oiﬂ—gpag)k&
3 (prepared by the nethod of flowchart 2, steps 1
through 3). The resin was then re-suspended in the
solution and incubated w td9 gentle mxing for 2 to 24
hrs. After incubation, the solution was centrifuged,
and the supernatant decanted and di scarded. The B- 2036
PEG was then eluted fromthe resin by adding to the
resin pellet 2.5 mM of a 1% solution of the additive
to be evaluated in 25 mM Sodi um acetate, pH 4 and 0.25
m of 2.5M sodium chloride. The resin in the resulting
solution was re-suspended and i ncubated with gentle

m xing_for 20 minutes. After incubation, the

supetfatant is retaijned oy, centrifuging, and "décanted
for &al ysis by si ze excl usi,on chr omat ogr gphy (e g.,
SEHPIEC (size excl usiion HAEE). Then the uged resin
pel | e,!t i s discarded.; Thei abgve ﬁr ocedur e Was r*epteat ed
for #ach additive tio be e¥dl uated using Gati &n i
D&ha&'hge Chr omat ography iResin to determne if i
regate formationi could be el m nate d or suffiiciently
dezcr@sed Usi ng thls above not§d prf_@cedure th;e
e%ulgs of Table 2 bel ow v(xarae ol@t azﬁne(;i Aé‘ refl egcted in
Ta‘fbl gg 2, no additi ve tes{zeﬁ' usisngla Lat i §n| c%'e-5| n was
asévsugcessful as was SWI‘tChI ng to anigni cnre5|>n to
de:cr%se the | evel :of a.ggregatéforr%d 68 &b
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1.5 ml resin per trial
Equilibrate resin with additive prior to protein load
Elute by addition of 2.5 M NaCV/ acetate pH 4, 1:10 v/v
24 hr incubation all 1% except as noted
Additive/Condition ’ % Agoregate
Control ‘
6M urea 21.5
CHAPS 6.0
Sarcosyl 18.7
PEG 3350 9.3
Isopropanol ~203
1 propanol 19.3
n butanol 24.7
pH 7.7 50 mM TRIS 27.1
control 30'_3.
7.5 M urea 32.2 overnight hold
6 M urea 10.7.
3 M urea 8.1
1.5 M urea 32.3
tween 20 35.0
methanol 19.3
ethanol 33.7
5% sucrose 33.5
mannitol 3L.6
1% polyphosphate 30.8
0.1% polyphosphate 61.2
0.01% polyphosphate 42.5
25 mm phosphate pH 2.2 33.6
25 mm phosphate pH 3 19.7
25 mm phosphate pH 5.5 22.3
25'mm phosphate pH 6.5 63.1
25 mm formate. pH 4 42.9
control 1 29.0
control 2 31.8
31.1
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Cati on Exchange Resin) Small-Scal e Procedure of
Exanple 2 Method Resin |oaded at 3.3 g/l 1.5 m resin
per trial Equilibrate resin with additive prior to

Pr Qe 5024
RPHPLC Analytical Technique

RPHPLC is used here to monitor and quantitate percentages of pegylated species
(e.g., PEG-4, PEG-5, and PEG-6) found in Q-Sepharose column fractions from anion
exchange purification of pegvisomant.

25 ul. of each Q-Sepharose (anion exchange step, see Example 1 above) fiaction
(protein concentrations ranging from 0.5 to 1.3 mg/mL) are applied to a Zorbax 300SB-CN
column (4.6 mm x 150 mm; 3.5 pm; Part Number 863973-905; serial number USMJ001205).
Mobile phase A is 0.1% rifluoroacetic acid while mobile phase B consists of 0.085%
trifluoroacetic acid in acetonitrile. A linear gradient from 40 to 50 percent Buffer B over 20
minutes at a flow rate of 1.0 mL/min at ambient temperature is used for separation of the
different Pegylated forms of Pegvisomant. Absorbance is monitored at 214 nm.

The results obtained by RPHPLC are similar to those derived by capillary
electrophoresis (CE) as indicated in Figures 2 — 4. below. Also, see Example 4 below for CE

analytical technique exemplary procedure.



Elute by addition of 2.5 M NaCl/ acetate pH 4, 110jL
-24 hr incubation all 1% except as noted ANOA
Addi tive/ Condition % Aggregate Control 6Murea 21.5

CHAPS 6.0 Sarcosyl 18.7 PEG 3350 9.3 | sopropanol

20.3 n propanol 19.3 n biganol 24.7 pH 7.7 50 nM
"I"'RIS 27.1 control 30.3 7.5 Murea 32.2 overnight

hold 6Miurea 10.7. 3 Murea 8.1 1.5 Murea 32.3 tween

20 35.0 nethanol 19.3 ethanol 33.7 5% sucrose 33.5
mannitol 31.6 1% pol yphosphate 30.8 .2 0.1%

pol yphosphate 42.5 0. 01% pol yphosphate 33.6 25 nm
phosphate pH 2.2 19.7 25 mm phosphate pH 3 22 3 25 nmm
phosphate pH 5.5 63.1 25' n#¥&hosphate pH 6.5 25 mMm

for n‘a:lrﬁlyaﬁldl’ é‘-SA&l?aro?e FricRiat & @lgvxslmglgbyQ:ap1Mh{c9clphtges§tger ﬁugb;es

AT ( U A/ c9 (FDetermining the Percentages of Each PEGylated Species
(fractions 7 throngh 18 were also analyzed by RPHPLC — see Table 4)

e_u/ [A07F

startin
fraction concentre?tiOn % PEG-2| % PEG-3 |% PEG-4|% PEG-5| % PEG-6 |% PEG-7|% PEG-8

(mg/mL) .

2 0.59 0.0 0.0 2.8 26.3 39.6 25.3 6.0

3 0.88 0.0 0.0 4.6 28.6 48 | 188 | 3.2

4 1.04 0.0 0.0 5.8 28.1 48.6 15.9 1.7

= :

6

22 0.65 0.0 12.3 75.9 119 | 00 0.0 0.0
23’ 0.61 0.0 18.9 70.3 10.8 0.0 0.0 0.0
24 0.56 . 0.0 215 69.5 9.0 0.0 00 | 00

The shaded region .(i.e., Jfractions 7 through 18) represents fractions that were also analyzed by RPHPLC.



73 Exanple 3 RPIIPLC Anal ytical Technique RPIIPLC is -

used here to nonitor and quantitate percentap 200

of pegyl ated species (e.g., PEG 4, PEGS5, mdﬁng\—NOA’&‘-{

found in Q Sepharose colum fractions from ani on

exchange purification of pepg/i somant. 25 uL of each

Q Sepharose (ani on exchange step, see Exanple 1 above)

fraction (protein concentrations ranging fromO0.5 to

1.3 ng/nL) are applied to a Zorbax 300SB-CN col umm

(4.6 Mmmx 150 nm 3.5 m Part Nunber 863973-905; seri al

nunmber USMJI001205). Mobile phase Ais 0.1%

trifluoroacetic and whil e nobile phase B consists of

0-085% trifluoroacetic acrfhiddn acetonitrile. A linear

gradient from40 to 50 percent Buffer B over 20

m nut es at Datribhtou dfditferoit PEGHatddEdrind o1 P@tisoandd hemb

tenperature i.s use@-SemrrosEpetiontAs Baeroedt he di ff erent

Pegyl ated forns of Peg®¥ §BrddEHPAGSOr bance is nonitored

at 214 am The results obtained tg]y RPHPLC ar e (giél ar
el ) as

to those dePEGeY by cétBary é’t‘ﬂl(“o?)horesf/‘sgl%
indirﬂfﬂin ' O =/ ":, A Q :_'_;,- Ex-anh

pptelbroe™, .. R

c YCIPI ¢
TGPl cE= i s Sepha
Fractigns of FeEEEnt r ophg
f ==

OT 7Pur

P OoORFEPNTOQ

Comparative results of CE vs RPHPLC are depicted in Figures 2, 3 and 4 for B-2036
PEG 4, B-2036 PEG-5 and B-2036 PEG-6. '



c 6P% 19 0.84 0.0 0.0 80.8 19.2 0.0 0.0 0.0 20 O

0.0 1.2 78.2 20.7 0.0 0.0 0.0 2107100ﬁ8i§muA
15.9 0.0 0.0 0.0 22 0.65 0.0 "12.3 75.9 11.9 0.0 O.

0.0 23 0.61 0.0 18.9 70.3 10.8 0.0 0.0 0.0 24 0.56

0.0 21.5 69.5 9.0 0.0 0.0 .80 The shaded region (Le.,
fractions 7 through 18) represents fractions that were
al so analyzed by RPHPLC. TFrvvya~o fi -T 75 Table 4
Distribution of Different PEGyl ated Forns of

Pegvl somant Across Q Sepharose Fractions As Determ ned
By CE and RPHPLC % PEG 4 % PEG 5 % PEG 6 % PEG 7

fraction CECE CE' . CE75.233.05417.7 85.3
39.3 , - 50.6 4.8 9 4 5 49 9 41.B 3.8 10 5.1 59.5
33,1 2f3 11 744 17.7 0.0
13 15.3]72.6 Q; e UFE%FEF, %?%%m 0 1t
37.3 573 5.4 %géz o o0 5 s 4. 2
3.9 0.0/31.8 - 3.6 O 5rip %EN Conpar at i v§

resul ts| of, CE vs RPHPLC are dep| ct ed in Figures 2, |3

and 4 fbr &B- qd B- 2036 PEG 6. |
22 5 L) AP%@ b ——RP-HPLC

29 : —m—CE

g l?)' 40 &

2 . 20 &

S 0

7 8 9 10 41 12 13 14 15 16 17 18
Q-Sepharose Fractions

Figure 2  Graphic comparison of the percentages of B-2036 PEG-4 species found

within Q-Sepharose fractions 7 through 18 as determined by capillary electrophoresns
and reverse~phase HPLC.

Comparison of RP-HPLC and CE Methods for
Quantitating the Percentage of PEG-5 Species in
Anion Exchange Fractions

—+—RP-HPLC

Percentage of PEG-5
Specles

7 8 9 10 11 12 13 14 15 16’17 18
Q-Sepharose Fractions

Figure 3  Graphic comparison of the percentages of B-2036 PEG-5 species found
within Q-Sepharose fractions 7 through 18 as determined by capillary electrophoresis
and reverse-phase HPLC.

an{ 8007



Conmparison of RP-HPLC and CE Methods for Quantitating

the Percentage of PEG 4 Species in Anion Exgll_@ —:rA»NDArR"f AOOF
Fractions 00 80 ~~ - --~-RP-HPLC 60 - -

-s--CE 40 20 0 7 8 9 10 11 12 13 14 15 16 17 18

Q Sepharose Fractions Figure 2 G aphic conparison of

t he percentages of B-2036 PEG 4 species found wthin

" Q Sepharose fractions 7 through 18 as determi ned by

capillary el ectrophoresis and reverse-phase |PLC.

Comparison of RP-HPLC and CE Methods for Quantitating

the Percentage of PEG 5 Species in Anion Exchange

Fractions 100 J~ - wBO F O TF o m60 -s'-RP-HPLC 40 _

i. -E-CE}l20 O 8910 112 13 14 1 6 17 18
QSephar ose Fra& a“sPP 1:le P anh %IF PEon of |the
per cent ages of 4gn mfycgmféa?%fs"ﬁ%ﬁrwecmm. n

Q Sephar pse fracti onsAriopxghegpoergacgtipnget er i ned by

capillary el ecfrophoresis and reverse- phase 13PLC. |. 4
t S--r CA-{§ ado siidre: °LC and CE
Met hods | o# 4 - PEG-6
Speci es n's% 60 B —+—RP-HPLC
. g’tﬁ. 40 —a—CE
§ 20
&

7 8 9 10 1 12131415161718

Q-Sepharose Fractions

Figure 4 Graphic comparison of the percentages of B-2036 PEG-6 species found within
Q-Sepharose fractions 7 through 18 as determined by capillary electrophoresis and
reverse-phase HPLC.
Example 4
. CE Anpalvtical Technique

Q—Sepilarose fractions were analyzed by Capillary Electrophor.csis as follows. The
capillary, having a 50 um Interior Diameter and effective length of 37 cm, was conditioned
by rinsing with 1.0N NaOH for 10 minutes at 20psi pressure followed by a 20 minute rinse
with running buffer. The running buffer, 40 mM Phosphorie acid, 4mg/mL. O’0-Bis (2-
aminopropyl) polyethylene glycol, 0.1 mg/mL polyethylene oxide, pH 1.9-2.0, was prepared
from a 10X stock solution and filtered through a 0.22 pm filter in order to remove
particulates that can cause clogs in the capillary.

Samples were warmed to room temperature in order to prevent aggregate formation
when coming in contact with sample dilution buffer (40 mM Phosphoric acid, 4mg/mI_: 0’0-
Bis (Z—gminopropyl) polyethylene glycol, pH 1.9-2.2) or running buffer. Samples tha? were
<0.5 mg/mL were not analyzed. Samples > 0.5 mg/mL weré injected neat while samples with
a cnncentfaﬁon > 2.0 mg/mL were diluted to 2.0 mg/mL using sample dilution buffer.
Samples were injected into the capillary using 0.5 psi pressure for 10-60 seconds. Following
sample injection, run buffer was injected for 3 seconds at 0.5 psi in order to concentrate the
sample. Samples were separated for 25 minutes at 30 kV at a minimum of 30°C and detected

at 214nm. The capillary was rinsed prior to each subsequent sample injection with 0.1N



Ani on Exchange Fractions 100 80 "o m 60 1-RP-HPLC r~C

92007 89 10 11 12 13 14 15 16 17 18 Q@ %@@%NuAgj Ao
Fractions Figure 4 G aphic conparison of the

per cent ages of B-2036 PEG 6 species found wthin
Q Sepharose fractions 7 thygpugh 18 as determ ned by
capillary el ectrophoresis and reverse-phase 13PLC.
Exanpl e 4 CE Anal ytical Techni que Q Sepharose fractions
were anal yzed by Capillary El ectrophoresis as follows.
The capillary, having a 50 pmlInterior D aneter and
effective length of 37 cm was conditioned by rinsing
with 1-ON NaOH for 10 m nutes at 20psi Eress der t ove
f l2DBvfercet kst anexpinge A A0pst mdeming RREH f90R fﬂﬁ’atei)‘lﬂ‘ FEH Fhe
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poI y et Fiypi reking geefeopbegpgrapisgres lefegfeéa‘ngb?PgB“é‘Fré% pg%ks Bhyipg lovwest
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ilter_in r to renov rti at c
cl ogs V& ﬁ‘@ ag%lvﬁﬂ‘)fegrp?’cec%éantﬁg g? \‘?\%CLF dlscﬂg&ret gka%te QnﬂMHépl
t ep@plal Uneretults ahtadsd by OF rareezmerma@gsgmlj:aures %#hm | o n

n comgng in contact wwth sanple dilution buffer (40
_m@éﬁbgg@gworic acid, 4ng/nL O O Bis (2-am nopropyl) ,_
pdligse Ponting Beargblecol , pH 1.9-2.2) or running buffer.
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e et BoEh i e i BRE AL k8L 85 i
21ébRpillkhe capi I I ary was rinsed prior to each

b t ti o
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a concentration > 2.0 mg/mL were diluted to 2.0 mg/mL using sample dilution buffer.
Samples were injected into the capillary using 0.5 psi pressure for 10 — 60 seconds.
Following sample injection, running buffer was injected for 3 seconds at 0.5 psi in order to
concentrate the sample. Samples were separated for 25 minutes at 30 kV at a minimum of
30°C and detected at 21;1nm. The capillary was rinsed prior to each subsequent sample
injection with 0.1N NaOH for at least one minute at 20psi and running buffer for two minutes
in order to remove any retained sample from the capillary wall. Sample storage was held at
25-30°C.

The resulting electropherograms were integrated by splitting the peaks at the lowest
point between neighboring peaks and the corrected area percent was calculated.

Using the above-noted procedure together with disclosure of Step 4, flowchart 1,

" Example 1, the results obtained by CE are those indicated in Table 5a below, A. pool of

enriched pegylated isoforms was prepared by using the criterion of accepting as a pool

fractions, those fractions analyzed by CE with a composition of >74% PEGA+5+6 (first



poi nt between nei ghbori ng peaks and the corrected area
percent was cal cul ated. Using the above- note?ﬂpfpdéﬁqﬁgykggf KR
together with disclosure of.Step 4, flowchar

Exanple 1, the results obtained by CE are those

indicated in Figures 2-4 gwve. Exanple 5 First Pooling

Exanpl e Q Sepharose fractions were anal yzed by CE as

follows. The capillary, having a 50 m interior

di aneter and effective length of 37 cm was conditioned

by rinsing with I.ON NaOH for 10 m nutes at 2opsi

pressure followed by a 20 mnute rinse with running
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fractisons tg se|fracti ons apal yzﬁpl by,CE with a 133
canposi tion 04% PEGA+p+6 ?I rsiz3 79 sfraction) and gg
? %£EG4+5406;4(I st fracgionysandiz_ 0.5 ng/ niL. 94

Frjactazons 6 dtdor oygh 25 (13abl e8 5atdel ow) were sel ected

and conbl ned 1 nto a pool
UF1DF#3 starting materi al
fractions were subj

-using these criteria. The
Binde $the conbi ned pool ed
ected to CE anal ysis as _noted above.

Affer sel ectimnatiangd pooling of the fractions, the
anfal Fyastien i f tl¢en°poc PE@2nBEGY PEG4sREGS PEG-6 PEG7 PEGE PEG
mg/ml (4+5+6)
UF/DF#3 pool 5.86 5 21 33 30 9 1 84
Pooled 1.04 25 38 30 7 93
Fractions




enri chnent of the PEG 4, PEG 5 and PEG 6 isofo . e
Tabl e 5b indicating the sane below. Table Saﬁigioéj;WVUA
Fraction # Conc. ng/m PEG 2 PEG 3 PEG 4 PEG 5 PEG 6
PEG 7 PEG8 PEG (4+5+6) 1 0.23 2 0.65 0 3 0.91 2 18

40 32 9 60 4 1.06 3 .19 48031 6 63 5 1.15 4 22 43 27
569 6 1.21 - 4 26 44 23 . 3 74 7 1.27 3 28 49 20 80

8 1.28 3 25 55 17 83 9 1.28 3 25 60 12 88 10 1.27 4

30 58 8 92 It 1.25 4 47 43 6 94 12 1.23 4 52 39 5 95

13 1.20 3 62 31 4 96 14 1.15 5 70 23 3 98 15 1.11 6

69 24 1 99 16 1.06 10 76 15 101 17 1.02 23 70 7 100

18 0.98 31 63 6 100 19 0.94 44 50 5 99 20 0.90 54 41

" 5 Example$] 0.84 60 35 5 100 22 0.78 66 29 5 100 23 _
0.71 77 21 2 100 24 0.64 82 16 2 100 25 0.58 2 83 13

2 Seepnd FoolipeEixamnlg, 17 3 94 27 0.50 18 68 14 0 82

Tabl e 5b Protein
Q-Sepharose fracnons were analyzed by CE as follows. The caplllary, having a 50 pm

ta‘f A00F

interior diameter and effective length of 37 cm, was conditioned by rinsing with 1.0N NaOH
for 10 minutes at 20psi pressure followed by a 20 minute rinse with running buffer. The
running buffer, 40 mM Phosphoric acid, 4 mg/mL O’0-Bis (2-aminopropyl) polyethylene
glycol, 0.1 mg/mL polyethylene oxide, pH 1.9-2.0, was prepared from a 10X stock solution
and ﬁltert;,d through a 0.22 pm filter in order to remove particulates that can cause clogs in
the capillary. )

Samples were warmed to room temperature in order to prevent aggregate formation
when coming in contact with sample dilution buffer (40 mM Phosphoric acid, 4mg/mL O’O-
Bis (2-aminopropyl) polyethylene glycol, pH 1.9-2.2) or running buffer. Samples that were
<0.5 mg/mL were not analyzed. Samples > 0.5 mg/mL were injected neat while saméles with
a concentration > 2.0 mg/mL were diluted to 2.0 mg/mL using sample dilution buffer.
Samples were injected into the capillary using 0.5 psi pressure for 10 — 60 seconds.
Following sample injection, running buffer was injected for 3 seconds at 0.5 psi in order to
concentrate the sample. Samples were separated for 25 minutes at 30 kV at 2 minimum of
30°C and detected at 214nm. The capillary was rinsed prior to each subsequent sample
injection with 0.IN NaOH for at least one minute at 20psi and running buffer for two minutes
in order to remove any retained samplé frorﬁ the capillary wall. Sample storage was held at
25-30°C. . ) |

The resulting electropherograms were integrated by splitting the peaks at the lowest

point between neighboring peaks and the corrected area percent was calculated

Using the above-noted procedure together with disclosure of Step 4, flowchart 1,
Example 1, the results obtained by CE are those indicated in Table 6a below. A pool of
enriched pegylated isoforms was prepared by using the criterion of accepting as a pool
fractions, those fractions analyzed by CE with a composition of >75% PEG4+5+6 (first
fraction) and >94% PEGA+5+6 (last fraction) and =0.5 mg/mL Fractions 3 through 20 (Tz;ble
6a below) were selected and combined into a pool using these criteria.. The UF/DF#3 starting
material (measured as HIC pool) and the combined pooled fracti.ons were subjected to CE

analysis as noted above. After selection and pooling of the fractions, the analysis of the



Fraction # Conc. PEG 2 PEG 3 PEG 4 PEG 5 PEG 6 PEG _
PEG 8 PEG m/m (4+5+6) UF/ DF#3 pool 5.86 5_41B3 OAWUA—R“/ K007
1 84 Pooled 1.04 25 38 30 7 93 Fractions ru~atlaoo

sO Exanpl e Second Pooling Exanpl e Q Sepharose

fractions were analyzed by @ as follows. The

capillary, having a 50 pm interior dianmeter and

effective length of 37 cm was conditioned by rinsing

with 1. ON.NaOH for 10 m nutes at 20psi pressure

followed by a 20 m nute rinse with running buffer. .The

runni ng buffer, 40 nM Phosphoric acid, 4 nmg/nL O OBis
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(Tabl e
Protein .
Fraction # Conec. PEG-2 PEG-3 PEG-4 PEG-5 PEG-6 PEG-7 PEG-8 PEG
mgiml | (4-+5+6)
UF/DF#3 pool* 3.51 - 9 27 37 22 4 86
Pooled 1.08 22 45 28 5 96
Fracfions .

* measured at HIC pool

While the prior description is provided with respect to recombinant B-2036 and
recombinant B-2036 PEG, unless indicated otherwise, it is understood that the subject of the



6a bel ow) were sel ected and conbined into a pool using
these criteria. The UFIDF#3 starting nmateria

(measured as H C pool) and the conbi ned pool elt;‘\'ﬁ‘j— N\J‘*mf 07
fractions were subjected to CE analysis as noted
above. After selection and ggoling of the fractions,
the analysis of the 22 ~ttr rum2~/ aCo9 81 / pool ed
material shows enrichnent of the PEG4 , PEG5 and
PEG 6 i.sofornms. See Table 6b indicating the sane

bel ow. Table 6a Protein Fraction # Conc. PEG 2 PEG 3
PEG4 PEGS PEG 6 PEG7 PEG8 PEG miInm (4+5+6) 1
0.17 9be%64025569 30.885 29 45 19 378 4
1. ‘6&“8“2‘3” Rsefgnih agprecambinagigegylated growthihprage agenist, o4 5
30rebdnblidntli@fylated glovith Boimbnehdtapehis whélkhr it®e tharfimbliad $rovdh 5
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4 %%w%?9 o.slﬁgghﬁééTgng%bo 20 0.77 1 78 21 99 21

0.71 7 77 , 16 93 22 6.66 12 76 12 88 23 0.61 19 70

11 81 24 0.57 22 70 9 79



Tabl e 66 Protein Fraction Cone. PEG 2 PEG 3 PEG—4
PEG 5 PEG 6 PEG7 PEGB PEG m!m (4+5+6) DF':S—ANUAQ/ A007F
pool' 3.51 9 27 37 22 4 86 Pooled 1.08 22 46 28
Fractions * neasured at H1C pool Wile the prior
description is provided w tg3 respect to reconbi nant

B- 2036 and reconbi nant B-2036 PEG, unl ess indicated
otherwise, it is understood that the subject of the 82
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6. The process ‘of claim 2 wherein said _Step (b1) is conducted at an AEX load of
pegylated protein including any impurity or said aggregate thereof of less than or
equal to about 10 g protein/L of packed bed—'volume of AEX resin.

7. The process of claim 1 wherein said pegylated protein comprises one or more of said
pegylated protein isoforms PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, ~PEG-.'/',
PEG-8, and PEG-9 and any aggregate, trisulfide imp_u%ity and des-phe impurity
thereof and any unpegylated impurity of said protein and any free PEG molecules.

8. . The ‘process of claim 1 further comprising a pooling step (c) of pooling discrete
amounts of said pegylated protein isoforms to yield a pooled pegylated protein by a
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), ion
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anion exchange (AEX) chromatography, cation exchange (CEX) chromatography,
reverse-phase high pressure liquid chromatography (RPHPLC), size exclusion high
pressure liquid chromatography (SEHPLC), afﬁnity chromatography (AC) and

combinations thereof,
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impurity and any aggregate of pegylated growth hormone antagonist isoforms having

a total weight of said isoforms, said lmpuntles and said aggregate, said process
comprising the steps of:
(a)  providing said pegylated growth hormone antagonist isoforms; and
(b)  separating said pegylated growth hormone antagonist isoforms on an anion
exchange (AEX) resin by anion exchange chromatography under sufficient

conditions to decrease said total level of any said trisulfide impurity, any
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Level s of Pegylated Protein <130> 161765.00521 <150>
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<170> Fast SEQ for Wndows Version 4.0 <210> 1 <211

191

Ile Pro

5 10

15

Tyr Gn
du dn
Thr Ser

Arg

50

Len Leu
Ser. Trp
95 Phe
Val Tyr
Lys Ile
Asp Ay

r 130
<I %E ﬁ%%&%a

<160> 2

Leu
Al
du
Lys
Leu
55
Arg
Len
Al a
Asp
dn
Ser
135

Ser Arg Lau Phe Asp Asn Ala Met Len Arg 1
a Asp Arg Leu Asn @ n Lau Ala The Asp Thr

Phe Gu 20 25 g Gu Ala Tyr Ile Pro Lys
Tyr Ser The Leu G n Asn Pro 35 40 45 dn
Cys Phe Ser Qu Ser Ile Pro Thr Pro Ser Asn
60 AQu Gn Thr Gn dn Lys Ser Asn Len Gu
Ile Ser Leu 65 70 75 80 Len Len Ile @n

.G n Pro Val Gn The Len Arg Ser Val 85 90

Asn Ser Lau Val Tyr dy Ala Ser Asp Ser Asn
100 " 105 110 Leu Leu Lys Asp Leu u Gn
Thr Leu Met Gy Arg Leu 115 120 125 Gn
Pro Arg Thr SBUNCY RISTLEE Phe Lys @ n Thr Tyr
140 Lys Phe Asp Thr Asn Ser His Asn Asp

*Ié&l Lau Lys Asn Tyr 145 150 155 160 Gy Lau
<1284l phYdesCy®r Ther AShAhrbsRe VR 19662 AEg1MaL Beteilthr The
165 170 175 Leu Arg Thr Val Gdn Cys Arg Ser Val Gn
<130y 18815552 E y The 180 185 190 <210> 2 <211> 191

%2123 PRI,<243> Hono sapiens - TAl1Jt Y=~/ door
<151> 2002-09-20

<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 191
<212> PRT
<213> Homo sapiens

<400> 1

Phe Pro
1

Ala Asp

Glu Ala

Gln Thr
50

Glu Glu

65

Leu Leu

Phe Ala

Leu Leu

Glu Asp
130

Lys Phe

145

Gly Leu

Leu Arg

<210> 2

Thr
Arg

Tyr
35

Ser
Thr
Ile
Asn
Lys
115
Gly
Asp

Leu

Thr

<211> 191
<212> PRT
<213> Homo sapiens

Ile
Leu
20

Ile
Leu
Gln
Gln
Ser
100
Asp
Ser
Thr
Tyr

val
180

Pro Leu Ser Arg Leu Phe Asp Asn Ala Met Leu Arg
5 10 15
Asn Gln Leu Ala Phe Asp Thr Tyr Gln Glu Phe Glu
25 30
Pro Lys Glu Gln Lys Tyr Ser Phe Leu Gln Asn Pro
40 . 45
Cys Phe Ser Glu Ser Ile Pro Thr Pro Ser Asn Arg
55 60
Gln Lys Ser Asn Leu Glu Leu Leu Arg Ile Ser Leu
70 . 75 80
Ser Trp Leu Glu Pro Val Gln Phe Leu Arg Ser Val
85 20 95
Leu Val Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp
‘ 105 110
Leu Glu Glu Lys Ile Gln Thr Leu Met Gly Arg Leu
120 125
Pro Arg Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser
135 140
Asn Ser His Asn Asp Asp 'Ala Leu Leu Lys Asn Tyr
150 155 160
Cys Phe Asn Ala Asp Met Ser Arg Val Ser Thr Phe
165 170 175
Gln Cys Arg Ser Val Glu Gly Ser Cys Gly Phe
185 190

<212> PRT <213> Honp sapiens <400> 1 Phe_Prh MDA&L]' 007



Asn
Leu
Al a
Pro
Pro
Lys
80
Arg
Al a
Lys
115

<A
Phagio

Al a
Al a
Tyr

35
Thr
Ser
Lou
Ser
Ser
Asp
120

g

87 <400> 2 Phe Pro Thr Ile Pro Lea Ser Arg Leu Phﬁs
BroJ A

Met Lea Arg 1510 15 Aa Hs Arg Lep i

Phe Asp Thr Tyr G n Gn Phe Qu 2025 30 du
I[le Pro Lys GQu Gn Lys Tyr Ser Phe Leu G n Asn
40 45 A n Thr Sergtou Cys Phe Ser Qu Ser lle
Pro Ser Asn Arg 50 55 60 du du Thr An dn
Asn Leu Qu Lau Lea Arg Ile Ser Leu 65 70 75
Lou Ile Gn Ser Trp Lou Au Pro Val @ n Phe Lea
Val 85 90 95 Phe Ala Asn Ser Lou Val Tyr Qy
Asp Ser Asn Val Tyr Asp 100 105 110 Leu Lea
Leu Qu Gn Ay Ile An Thr Lau Met Ay Arg Leu
125 du Asp Ay Ser Pro Arg Thr Gly G’n e

A n_ Thr r Ser 130 135 140 _ L p Thr
HiesPRs ™ A%?f RDIR gL e® 1EMS Met L ﬁqr 145

Allsrgsllé'é ]:Je@oHlsGé]yl LﬁlaAll-aeﬁheTXJp %Tﬁh@lrﬁégl b-l’)(eS GASD Met
Asp Lys Mal Q@ u Thr Phez2d65 170 175 Leu Arg Ile Val

GlE xaCps AregriSerys\Valu @nnb:@ YvrSeer B}esz;@ ¢loPhen PA80 185

190
Gln Thr

50
Glu Glu
65
Let Leu

‘Phe Ala

Leu Leu

Glu Asp
130

Lys Phe

145

Gly Leu

Leu Arg

35
Ser

Thr
Ile
Asn
Lys
115
Gly
Asp

Leu

Ile

Leu Cys Phe Ser Glu Ser Ile Pro Thr Pro Ser Asn Arg
55 60
Gln Gln Lys Ser Asn Leu Glu Leu Leu Arg Ile Ser Leu
70 75 80
Gln Ser Trp Leu Glu Pro Val Gln Phe Leu Arg Ser Val
85 a0 85
Ser Leu Val Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp
100 105 110
Asp Leu Glu @lu Gly Ile Gln Thr Leu Met Gly Arg Leu
120 125
Ser Pro Arg Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser
135 . 140
Thr Asn Ser His Asn Asp Asp Ala Leu Leu Lys Asn TyT
150 155 160
Tyr Cys Phe Arg Lys Asp Met Asp Lys Val Glu Thr Phe
165 170 175
Val Gln Cys Arg Ser Val Glu Gly Ser Cys Gly Phe
180 185 190
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