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CROSS- REFERENCE TO RELATED APPLI CATI ON¢This application is a

non- provi si onal application claimng priority to its correspondi ng
provi si onal application no. 601412, 227, filed Septenber 20, 2002. This
application is a continuation-in-part of non-provisional U S. application
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invention are the msulﬁdc and des-phe isoform unpunnes of growth hormone and growth
hormone antagonist (or its intermediate), respectively. Also, the aggregate is the undesirable
aggregate of pegylated growth hormone, pegylated growth hormone antagonist, or a
pegylated protein, in general,

BACKGROUND OF THE INVENTION

Pegvisomant (Somavert®; Pharmacia Corp.) is a human growth hormone receptor
antégonist. It is an analog of human growth hormone (*hGH”) that has been structurally
altered. The amino acid sequence of the protein component/intermediate (B-2036) of
pegvisomant differs from the amino acid sequence of hGH at nine positions. The specific
amino acid substitutions are as follows: HI18D, H21N, G120K, R167N, K168A, D171S,
K172R, E1745, and I179T. As is well recognized in the art, the first letter (i.e., H18D)
represents the amino acid in the sequence of hGH at the numbered position (i.e., 18" amino
acid position as indicated by H18D) which is substituted with the amino acid designated by .
the second letter (i.e., H18D).‘ Therefore, HI8D designates a substitution of the amino acid
his by the amino acid asp at the 18" amino acid position of the wild-type hGH amino acid

sequence.



Fig. I A schematically shows the am no acid sequence structure of the
protein conponent/internediate (13-2036) of pegvi somant (PEG B-2036 or
B-2036 PEG with asterisks indicating the potential sites of polyethylene
gl ycol polyner ("PEG unit) attachment Additionally, the amino acid
sequence listing of the protein conpogent/internediate (B-2036 - without
PEG unirt attachnent) of pegvisomant is identified herein as SEQ ID. NO

1. For conparison, the am no acid sequence listing of human grow h hornone
is identified herein as SEQ ID. NO 2. Both sequence listings are provided
herewith. See al so Jorgensen et al., "Quantifying biosynthetic human growth
hornone in Escherichia coli wth el ectrophoresis under hydrophobic

conditions,” J. G onnt&%&ﬂmwhov%lzmw&n@%}d@é@ shrhurd o€ uRepdgpce of
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binding sites (site 1 and site 2) on the same hGH molecule. These hGH binding sites,
designated as site 1 and site 2, are numbered 1 and 2 to reflect the order of their binding to
two adjacent (and identical) hGH receptors which mediate hGH-dependent

homodimerization.

Further, without being bound by theory, it is believed that pegvisomant selectively
binds to human growth hormone receptors (“GH receptors™) on cell surfaces, where it blocks
the binding of endogenous human growth hormone, thereby interfering with human growth
hormone signal transduction. The structural modifications to the protein portion (also called
“component” or “intermediate”) of pegvisomant (relative to hGH) allow pegvisomant to
competitively block interaction between an hGH molecule and an hGH receptor.
Pegvisomant binds to the GH receptor, therefore, blocking GH binding since the receptor is
occupied. The structural modifications prevent, receptor dimerization, as a result signal

transduction does not occur. By so blocking the required close interaction between an hGH



3 nol ecul e and an hGH receptor, pegvisomant bl ocks the hGH nedi at ed

honodi neri zation of the hCGH receptors, giving pegvisonmant its antagoni st
activity. This antagonist is used to treat conditions, including, but not
limted to, ac ronmegaly in patients who do not adequately respond to
surgery, radiation therapy, and/or other conventional nedical therapies,
of who, cannot otherw se tolerate these therapies. In addition, the
structural nodifications to the protein portion (8-2036) of pegvi sonant
cause it to exhibit a binding affinity for the prolactin receptor which is
| ower than that of hGH, thereby mnimzing the undesirable :
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manufacturing and purification methods to make B-2036 PEG (i.e., pegylated B-2036 such as
pegvisomé.nt) from B-2036 is the formation of an undesirable “aggregate” of B-2036 PEG as
further discussed below.

The des-phe isoform impurity is one wherein the B-2036 molecule is missing its
amino-terminal phenylalanine. See Figure 1A depicting the subject amino-terminal
phenylalanine residue (i.e., indicated by the letter “F”’) adjacent the -NH; end of B-2036. The
trisulfide isoform impurity is one wherein the B-2036 molecule contains an extra sulfur atom
that forms a “trisulfide bridge” within the molecule. See box in Figure 1B. Also, see
Andersson et al,, “Isvlation and characterization of a trisulfide variant of recombinant human
growth hormone formed during expression in Escherichia coli,” Int. J. Peptide Protein Res.
47:311-321 (1996) and A. Jesperson et al., “Characterisation of a trisulphide derivative of
biosynthetic human growth hormone produced in FEscherichia coli,” Eur. J. Biochem.
219:365-373 (1994). Without being bound by theory, it is believed that these isoform



4 inmpurities typically are generated during cell growh (e.g.
fermentation) and expression (synthesis and secretion) of B-2036 in
genetically nodified host cells, and/or during extraction and-purification
of the B-2036 protein. Regarding the problemw th the "aggregate,"”
formation of such "aggregate" leads tg a decreased yield of the desired
proteln and to an increased cost of producing the sane. Also, if the
‘aggregate” level is too high, the final protein may be of such low purity
that it becones unsuitable for therapeutic use. Regarding certain
inmpurities, International Application WO 94/24157 (published October 27,
1994) discloses a hydrophobic derivative of hGH conprising an extra sulfur

atom as corrpa ﬁ& ttybieal ¢ !&wg%l du ce% %é 5?erﬁ&ntdﬁaﬂean3,exﬂ)rbdﬁﬁﬁ 3-10.
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"trisulfide bFVHEwEs A eF‘iﬁPH‘Q‘)a"R ’t“r?%‘ﬁﬂcfj YyBogisd 4 a?ﬁt ot 68‘9%55‘51&1324157
at page 7, I|a&ﬁcdohaﬁﬁpun'ﬁamoﬂ\&”ﬁélﬂzdib‘:b?otemeference further states that this

hGH trisul fide varﬂe%grghlngﬁggm%le&o&&t%et %g%pga rﬁgt%) %f(gzhgrr;‘)% %I&% 5q1 by

treatlngthe hGH trisu varlan ( suc
cysteine, gl decagabadorrtd ofthadesiced proteimandansi mmasw'l costiod piedusing e, Sa@éeM?@

04/ 24157 2t pas AgilcD ik Sl Wk PRIy 00 ol QLARDRERD kWDl | shed

February 1, 1996 sCri bes anot her nmethod for converting t
trisul fide vaPfames mautabledorithesapepie pffe f or m usi ng either sodiumsulfite,

pot ra].SSI um sul fi te, R@mglmlﬁmnfnlldues memmﬁlﬁlxm@mziagms@um&n te4 -
such as nagn cal,c at ge
s 7. 21 PRtoben 2y 1 Fisclinef 7 RPN A G0 BUBFras SR Py 20
2000) entitl edto’ ‘dyebinpaed mnhdquon@duswwo 98124153 b pige3alides Ppapt Theextwi t h a

| ow amount of glﬂfulf ilaé.lélfs &tdt‘ﬁé ¥1drc$h§&95§1%§uve%fggﬁr}9&sf mm&uiﬁ?ie%ﬁ&’%écgieﬂﬂag% the

anount of tr| roduction o reconbi nant

bot h proteins hﬁHdtﬂslﬂﬁ(Fel éqm?}e ged¥. 9424457 at\pega V.olinep s!l't!ésé@e det9|4/é41-ﬁovel
and ﬁg_ex petct e?efér%&g'ﬁﬂ'ﬂlei Biﬁf’f %&%@H@Hr&asugide ?%daﬁwég 'btg‘%@nvbﬁcfdtﬂa@c ﬂa{l@dm‘tel :?n of
r econbi nan i des coy e e addition of .a al sa
preferably i ngggé%%by WQ}& é‘i‘ﬁ? FiR? %W?Wﬁucgeﬁﬁcyﬁﬁm’ as
earlier suggegm&dnoxb,w-mmwe:mﬁloﬁ&ﬁxﬁdﬁ&enfobrmulawmﬂatmss odnd5growth
hormone into the : ew\éo RAGIE, E S 7. The
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discusses “a method for the reduction of the amount of trisulfides in the production of

recombinant peptides, e.g., both proteins and smaller peptides. The invention is based on the
novel and unexpected finding that the amount of trisulfides in the production of recombinant
peptides could be reduced by the addition of a metal salt, preferably in excess, already during
or after fermentation and not, as earlier suggested, by conversion of the formed trisulfides of
growth hormone into the native form.” See WO 00/02900 at page 2, lines 21-27. The WO
00/02900 reference further states “[t]he protein can be any recombinant protein but is
preferably recombinant growth hormone which can be both human and animal such as human
growth hormone (hGH), bovine growth hormone (bGH).and porcine growth hormone
(pGH).” See WO 00/02900 at page 3, lines 4-6. ,
International Application No. WO 02/057478 (published July 25, 2002) entitled
“Methods and Composition For Ex.tracting Proteins From Cells” is directed to a method of

releasing a protein from a host cell by contacting the host cell with a reducing agent and a



5 detergent. The reference states that the purpose of the reducing agent is
o "facilitate[] the recovery of proteins in their native conformations."”
See WD 02/057478 at page 2, lines 16- 18. Furthernore, WO 02/ 057478
describes that the "one or nore reducing agents are agents . - . that
reduce disul fide bonds and/or maintaingsul fhydryl residues in the[ir]
reduced form Any such reducing agent or agents nay be used. In a
preferred enbodi ment, the one or nore reducing agents used are sel ected
fromthe group consrsting of ; dithiothrietol (DTlI); dithioerythritol

(DTE); Cysteine (Cys) and Tris 2-carboxyet hyphosphine (TCEP)." See WO

02/ 057478 frompage 3, line 24 to page 4, line 4. For other references
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identified, 6 eliminate the formation of its isoform impurities (trisulfide and/or des-phe) and/or aggregate

formation of pegylaied protein. Likewise, these references also are silent as to the detection,
attenuation, minimization, reversal, reduction or elimination of the formation of the des-phe
isoform impurity of growth hormone and/or aggregate formation of pegylated protein, e.g.,
pegylated growth hormone or pegylated human growth hormone. Accordingly, there is a
need for improved methods of making growth hormone that decrease, attenuate, prevent,
minimize, reverse and/or eliminate the formation of its des-phe isoform impurity and/or
aggregate formation of pegylated protein, e.g., pegylated growth hormone or pegylated
human growth hormone. '

BRIEF DESCRIPTION OF THE DRAWINGS

, Fig. 1A depicts the amino acid sequence of B-2036 which corresponds to SEQ. ID,
NO. 1. The asterisks (¥) in Fig. 1A indicate nine (9) potential sites for covalent attachment of
PEG units to each molecule of B-2036. Note that while nine (9) possible sites are identified,



not'all 9 sites 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 isoforminpurity of B-2036 (designated "Trisulphide (+32
anu")) as conpared to its desirable form (designated "Native GHA"). Figure
2 is a graphic conparison of the percegtages of B-2036 PEG 4 species found
wi thin, Q Sepharose FF fractions 7 through 18 as determ ned by capillary

el ectrophore3| s and reversed-phase HPLC. Figure 3 is a graphic conparison
of the percentages of B-2036 PEG 5 species found wthin Q Sepharose FF
fractions 7 through 18 as determ ned by capillary el ectrophoresis and

rever sed- phase HPLC. % Figure 4 is a graphic conpari son of the percent ages
of B-2036 PEG ecies found w thin Q Sepharose_FF fractiagns t hrough 18
as determ ned“?i;?llrgéﬁ?s %Fr?b%fqé{&‘?‘rﬂdﬁﬂ‘&dé%?‘:s&émﬁ P‘"F@Vg"’s‘é °f5‘ﬁésﬁePEiqu"E§s
SUMVARY COF THEerIB\Mi'rBIIio@hlén view of the foregoing need to provi de an

| Tpr oved process ek 1Bk ruch SORHR BAlH, REAN Bl AP BUISOI:dEMY OVt §

hor none agoni st, ecomr nant  pegy hunma or none
agonist, ar ecﬁrﬁblphldﬂ(ﬂ%e!gw'l))a!s e@nmmﬂwep@welée @mﬁﬁeﬁgnaﬁérme(igﬁt’hgom st

and/or a reconbi ngjeicreg.g%ldﬁzﬁpe BRb¥ iR i Heldbth Qs&'rBQWBBPﬁ@M Efes found

antagoni st, with vel' s of undesirable aggregate and/or isoform
i mpurities th@ithisQ-SephareseF faetions 7 troueh 1808 drtemmeﬁ ét P@H‘W@‘W‘Fﬁ?h@f%ﬂ
processes for rqyeesdlihhdd pgipLeconbi nant pegylated pol ypeptide grow h hor rmne
(i ncluding, but n ted tp, human rowt h hor none % gr}ﬁ Jeco )
pegyl at ed pol ypept |‘%l‘ée IS AP SPTBAISORS I‘hﬁd’(‘ﬁ‘ffrgﬁges(? BEFHG > Befes ?ﬂ“ I|m ted
to, human gr ewthin hepharoe FRMiactipanT thitougvisial delamired b chpllletyelestraphortdiscind
aggregate, deg;p %Iﬁag ic trisulfide isoforminpurities. Wth regard to
reconbi nant gr ovf ornone (including, but not limted to hG1), formation
of its des-phe i sdfigiert isrpamphicycomparigencof dieperderiiaeess off B-2030 FRE Gagpettiasi formd of (1)
a chel ating QGeRIQ-Yphirése FRt HAB 0L 7 Bubh lgagag%ﬁﬂeH%%YapxllWytclec&ﬁﬂ%ﬂs 4o ‘
reconmbi nant gr owt h hor m)P ant agoni st (i ncluding, but not limted to,
human growt h FOFPRGHRI2SS &'gonr st), its trisulfide isoforminpurity is
decreased by suMMARYmFmEMNTMV\een the trisulfide isoforminpurity
and (1) a nmercapto compound, (2) a chelating agent, (3) a netal salt, (4)
a mer capt o conpourid view ef ke forpgoing snepd ta progid tan improfés) prcese ferameking eonpound
“after contacteckhbifan® ﬁ%&t b&lﬁ)eﬂtﬂﬁ”%mbrﬂt hdrorde SzoRBS @NfeSortfinahl PegyEliat i Ng

agent, respectivel th regard o reconbi nant growth hornone
ant agoni st (i ReRfEHideyumgn rofth hermage agqnijtoa recombinant pegylated polypeptide growth

hormone antagonist, and/or a recombinant pegylated polypeptide Auman growth hormone

antagonist, with decreased levels of undesirable aggregate and/or isoform impurities thereof,
the present invention is directed to improved processes for producing recombinant pegylated
polypeptide growth hormone (including, but not limited to, human growth hormone) and
recombinant pegylated polypeptide growth hormone antagonist (including, but not limited to,
human growth hormone antagonist) with decreased levels of their aggregate, des-phe and/or
trisulfide isoform impurities. : ;
With regard to recombinant growth hormone (including, but not limited to hGH),
formation of its des-phe isoform impurity is decreased by sufficient addition of (1) a
chelating agent or (2) a metal salt, respectively.
With regard to recombinant growth h0rmone antagonist (including, but not limited to,

human growth hormone antagonist), its trisulfide 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. |



human growt h hornone antagonist), formation of its des-ohe isoforminpurity
I s decreased by addition of (1) a chelating agent or (2) a netal salt,
respectively. Wth regard to a reconbi nant pegylated protein (including,
but not limted to, pegylated hornone, pegylated growth hornone

ant agoni st, pegyl ated human growth horpnmone ant agoni st, pegyl ated growth
hormone and/or pegyl ated human growth hornone), the level of aggregate is
rfai nt ai ned or decreased at or below a desirable | evel by anion exchange
chromat ogr aphy during separation of pegylated isofornms thereof. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The fol |l owi ng abbreviations are
used in this application. AC affinity chromatography AEX ani on exchange
APl active phar nacWith fegad toi rergmbitiare gtowBi hoBudnk antapbaistifipcluditg but BoARBEd (oo

pegyl ation) B 203 ﬁﬁ@o%ﬂé&@g@&t?’f%@m%’%nﬁ s.gz e,?*féof@ﬁwﬁ aﬁ&q C@ ﬁ%

capillary el ectrophores on excha

vol ume DEARY @ﬂdéfpﬁyf@h?%b@weqqﬂiﬁbwﬂflﬂﬁvme@wﬂt hyI ) pi perazine

N- (2- et hane) sul foWﬂf”ré}gaﬁCﬂoda rédbgbiﬂwr |15i'otbxﬂt?f cA@ihg,Obut GIf GERED &, aphy
| EX ion exchan‘gw‘l ki | oDal tons ters LPMliters per mnute L or
m o omilliliter Praviad RRTAORS PeeYisied sromit ermons Antasomipscpeg it ety %6t of f

pm mi cronet er antdgohist, pagllatey grothGornsone kindfor pdplylated dzend)slzgfav&ﬂsmﬂhuﬂ) e divedaf de NWP
nor mal i zed Wat er ggt%rlgen?‘a?x{ o tyor decreased at or below a desirable level by anion exchange
chromatography during separation of pegylated isoforrs thereof.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following abbreviations are used in this application.

AC affinity chromatography

AEX anion exchange

API active pharmaceutical ingredient

BI Bulk intermediate; B-2036 (no pegylation)

B-2036 PEG pegylated B-2036
PEG B-2036 pegylated B-2036

CE capillary electrophoresis

CEX cation exchange

cm centimeter

Ccv column volume | -

DEAE diethylaminoethyl

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

HIC hydrophoplc interaction chromatogmphy

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 Nommality

NaCl sodium chloride

NaOH sodium hydroxide

NwWPp 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



PEG pol yet hyl ene gl ycol nolecule or variant thereof PEG 1 one nol ecul e of
B- 2036 pegylated wth 1 nolecule of PEG or variant thereof PEG 2 one

nol ecul e of B-2036 pegylated with 2 nolecule of PEG or variant thereof
PEG 3 one nol ecul e of B-2036 pegylated with 3 nol ecule of PEG or variant
thereof 8 PEG 4 one nol ecul e of B-203@ pegylated with 4 nol ecul e of PEG or
vari ant thereof PEG 5 one nolecule of B-2036 pegylated with 5 nolecul e of
PEG or variant thereof PEG 6 one nolecule of B-2036 pegylated with 6

nol ecul e of PEG or wvariant thereof PEG 7 one nol ecul e of B-2036 pegyl ated
with 7 nolecule of PEG or variant thereof PEG 8 one nol ecul e of B-2036
pegyl ated with 8 nol ecule of PEG or variant thereof PEG 9 one nol ecul e of
13- 2036 pegyl at edpeé#h 9 nol @eudoaild of B=1836 pegylaftt ivith # mbleewleafPERHPL C
reversed phase hi gh perfor mavacientltiegof d chr omat ography SD st andard

devi ati on SDS- PAGEEGGdi um dochecylleciebffBa2036 pegylaid with & mokteulgeflPEG or

el ectrophoresis SEHPLC si zevagaglthgso®dn hi gh performance |iquid

chromat ogr aphy TREG#r ans nesismaienlpefiH-203fpenykted Rith6 molesul¢ G- FE@Gdr oxynet hyl )
anti nonmet hane UF/ DF ul traf i varipsttthenf di afi | tration UV ul traviol et W

wat er for injectiBEGThe ter nenepaippilaofidi2Q36 ptaylated with @ meltewe of G ors not
limted to, a hornone, grow Yeatakderrofie, hunman growt h hornone, growh

hor none ant agoni sPEGunman gr enstoipldade offi2036 gedylatsd wiith 8 molepulepfi ABGwdy ( or
fragnents thereof), and B- 20%&ampgreof Pegyl ated protein" also inchxles, but
is not linited toPEGAe or noene mulegwiepiBs2036 pegylated sdith 9 polpprlaeldEGor one or
nore sites. Unless indicat ed"%iﬁﬁéhewp%e_, the term "aggregate" refers to a
spaghetti-like cl BEEPI  onereyersedphase bghredprmancsrlianid plapmalegrapffiet her

egyl ated or un eggl at ed. Anstandgddesipiion” is a
pegy P S-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis

SEHPLC size exclusion high performance liquid chromatography
TMP trans membrane performance

TRIS tris-(2-hydroxymethyl) aminomethane

UF/DF ultrafiliration/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
inchudes, but is not limited to, one or more proteins of interest pegylated at one or more sites.

Unless indicated otherwise, 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 become 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 molecule 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 protein

of interest having one or more PEG moieties attached thereto, preferably by covalent



multiplicity of protein nolecules that have becone grouped through steric
interaction or otherwise with one another. Exanples of "aggregate"
i nclude, but are not limted to, entangling between (1) a multiplicity of
pegyl ated protein nolecules, (2) a multiplicity of unpegylated protein
nmol ecul es, and/or (3) at |east one pegylated protein nolecule and at |east
one unpegyl at ed prot ein nolecule. Unless indicated ot herw se, "unpegyl ated
protel n inpurity” includes, but is not limted to, unpegylated proteins
i.e., proteins wthout an attached PEG nol ecul e or variant thereof. Unless
i ndi cated ot herwi se, "stoichionetric weight ratio"” refers to the amount of
free PEG nolecules to the amount of unpegyl ated protein nol ecul es of
i nterest. Unl esshinextli Fat edmpkehibe wirs ¢PEG-Ie redfas m B303fyHasing dnp PBG enatecule
isoform(s)” r

ms): %ﬁa%h&l t&&et@‘ pwfé?éb?y‘ eP&L ofl E'.{gf 8:11{3%&41&%08%!&%&1%(‘ fhe EIEIQO

noi eties attac ereto, ent 9 attachment. For
exanpl'e, the temims.Agigwise, B %PEGt%P@-Q,G@@ h B5GgP RS, BEGS, ped REGHY sfer

attached ther gf @e niRhtRf 6f B Molddule@arRARH fo RO S KGN &ss 036y Sh3SPEUT Rfersx6i d
residue and/or the amno termnus. Likewise, PEG2 P GB PEG 4,  PEG 5,

PEG 6, PEG 7, °PES2836 havige BrecRe pelscales atached fhereiojand BEG-3 sferpachne maleqifess
attached to omePwht&ctheo&fenB{eaﬂé%&B-ﬂh@&ds5’Eﬁh2 refers to one B-2036
havi ng two PEG nol uI es hed t eretq a refer to thre

nol ecul es of PEG lg’fcl d“ﬁ% Oﬁ'Srrvlvése’rrLE? ecu?% E% é‘g'eaﬁegerég’ Barckc%. be‘f’JJnI ess
i ndi cat ed ot hepining eof 2 ipemv'darmeﬁlpa)@dke‘ﬁ abadiuxgotoumeﬂuface#@’rssswtad pRerktiad bed
vol une of a pay dxﬁdxtﬁ)&ié ar resin packed according to manufacturer’s suggested
operating conditions Unless indicated otherwi se, the term"isoform

i mpurity” refers t¥nlegse indicated othonwise, fiye dagp{ isefarm ‘F‘%‘i’%’r'ﬁ‘?f%ﬁtr’?aﬁvh" tgpulfidse

des- phe i sof 0r1§6Edrﬁnu|§auﬁty &aﬁ@ Bdsprel 1sbﬁfn€hﬁbunﬂ'l&s&rfbédfher&ﬁ0fn5 Merm Tkt Y MAY
al so include qther n&# ]ei recogni.zed in.the art. The term " CE pooling
conducti vity" P pretudegibet, ‘i""f CORMPEIPSREM of the collected CV
fracti.on being submcttmd“@E)p@Eng aam@cumymefézgmm leoridoctivity eeantemgo of g and
"growt h hormoney,leg Qxﬂjeé&i'toch”d ude (but are not limted to)

pegyl at ed pol ypept| ypeptides that inhibit or otherw se

ant agoni ze the bi nmeﬁgméf“g@wémonnmramﬁ?@sﬁ @nd {gsovgh Gormene BEIR @ntAgORIEHt or t 0

bl oclk t t ge bi Qﬁaaﬁb g&h 44 hecChirbitell 16 pegylﬁmt bol?;ﬁ:bﬁﬂéﬂ@nd B&ts@%egrd%b ltbat unm or
pegyl ated "gro orpone a on r e e

receptor ant aé’\éﬁ? °‘anfa§°nﬁf§é‘§flr%§'?‘§8 }Bg’%‘ﬁgg(’m’g”“ﬁgﬁg‘%wg‘rh"ﬁ“ t{lﬁ%cgg
"Vari ant s" i nabeubielogitalteffactis) nf)gm\lvthmotrmiet Preférabiy | the) pepylated p‘gnowthchdnamey
honol ogues Wi thy, cARSE; \ﬁﬁetﬂe n'é‘iQ:’iﬁtbrtahﬁakS}{k?ﬂ 1s?gé}laﬁe'd%39rB-

del eti ons relatlveto B-2 3 anao ues, fragnents, eudo des
anti bodi es, et2036, 19573 yamiant thereof “Varianfs” include, but are not hlmted to, homologues

(particularly homologues with conservative amino acid substitutions, additions or "deletions
relative to B-2036), analogues, fragments, pseudopeptides, antibodies, etc. thereof
(respectively) having growth hormone receptor antagonist activity.

The terms “growth hormone agonist” and “growth hormone receptor agonist™ include
(but are not limited to) pegylated polypeptides and polypeptides that bind to and activate its
growth hormone receptor. Preferably, the “growth hormone ago_nist” or the “growth hormone
receptor agonist” is pegylated human growth hormone, human growth hormone or a variant
thereof. “Variants” include, but are not limited to, homologues (particularly homologues
with conservative amino acid 'substitutions, additions or deletions relative to human growth
hormone), analogues, fragments, pseudopeptides, antibodies, etc. (respectively) having
growth hormone receptor agonist activity.

i3]

The term “and” may mean “and™ or “or” as appropriate or necessary to recite a
process to yield the desired decrease in the level of the relevant impurity (e.g., trisulfide or

des-phe isoform impurity and/or aggegate).



(respectively) having growth hornone receptor antagonist activity. The
ternms "grow h hornone agonist” and "growth hornone receptor agonist”
include (but are not Iimted to) pegyl ated pol ypepti des and pol ypepti des
that bind to and activate its growh hornone receptor. Preferably, the
"growt h hornmone agonist"” or the "growyly hornone receptor agonist" is

pegyl ated human growt h hornone, human growth hornone or a variant thereof.
“Variants", include, but are not limted to, honol ogues (particularly

honol ogues wi th conservative am no acid substitutions, additions or
deletions relative to human grow h hornone), anal ogues, fragnents,
pseudopepti des, antibodies, etc. (respectively) having growth hornone
receptor agoni st &b¢ fem Yoy’ mdshweean &undl Sriort as agpyoprisaor riceesgdly to reciteyz proggss
appropriate o 1fides) desdhedecr ease
in the |evel fo mﬁ?rﬁ%%({/&ae%tegsl@?rﬂpﬁglk%l of{hgq?q%tﬁlﬁgw&%e% ﬁeis phe i sof orm
impurity and/’é?fOlag’g@gWé‘)d/°fﬂ¥eH"ﬁRé term"or" may mean "and"or "oe' as
apprﬁpr: ateI orf neﬁ@sasecll VhedeR, rusresst RdiGatdd 0G&SSe, o ty::nfel“gbcfeb@”éteﬁlaﬁﬁﬂndecrfease
inthe level o tere vant rLty trisulfide or des-p i sof orm
i npurity and/GretRyySyse )mea‘}-‘\st" &‘r"é‘l“ﬂg e pé%\f‘gdmﬁet“f’feﬁ”&“s t he
term "decr easatem(amrthammedftme “dgdrégate’ ngd of the peephiled poehsoft ioterastiand/axi the

el i m nat e, p e anount
of the "aggr egkf'aen%qﬁogovel&ﬁﬁqh%heélgp'tlbaet ed pro 95}% mﬁ‘%'}lfggt%e d‘%pger t he
rel evant iso isefom imppufyi t y~ whether it be the trlsulflde isoforminpurity

or the des-phe | 3Rl iHdicdddRteivisk; mé&h@%st'caﬁ'(&%bﬁﬂen%ﬂﬁﬁ&{s ﬁl%neoi? Rferd €7 M
"host cell" (or apparent. variations thereof) refer t o_any cell in

whi ch reconbi Raty kesbeells inghicl cesambinanh B-3088, Wﬂbln%rbr%ﬁ may e f9rpgdngl vy,
t he host cel IAa&wuig@ fhe mmlxﬂagaem&ﬁmaiahhost&ll,Qmethotanﬁu,oeehﬁcrobﬁmhcat

m cr obi al host ells. IS | ort ant
to note that ?%15“ oagf"‘s%’gﬂr %?fgwdﬁ&t\sgnpogﬁ‘?fny“ t&tegf’ﬁ& o%of"ﬁ desired
reconbi nant BsuZixamt forapive tha dmntpmn@mnamB-ﬂwqmwmammtﬂlor rebraxrbdriant, h\GES such,

there is no 'th@ae&.atmq&ha&em mmmmeds ROFHat &@h& Weoe%x&smmnmtmét be
one capable of reconbinantly praoduci n%pt he 13-2036 protein nEonent or

reconbi nant heapellg of ’F‘P?P’é’lﬂé@b’ pgduoigg;the B §6P‘P‘F|’ér°@’6P°“F‘Hr°E FFéP‘ﬁ‘BP’é‘ GH ofjsed
herei n, unl esmeaetsfwr‘vmsms"ltmhogat ed the term"grow ng, (or apparent

vari at| ons thereo i nc ude but. of Ifiniied t0
fermenting and W‘ﬁ& V& Eer?% kY ri“’ﬁfj“f °a‘°§r %‘f i) Ig'(msvjm ocor :
proliferate saiphinti @nttiops tbsrepﬁ; Gducgaomléani@d& batrisunet Eimigkd tdléememmmant
B- 2036 protei St B\ hbrw 8¢ cASRPHE hoLR Bi(s) F brolfbtitt Qﬂﬁmer\ﬂg th Emh&l:@ dRred et

invention is described wth resgect to reconbl nant B-2
r econmbi nant , BABYRY oferecomhingatB-2034 proteinrgmpensahopfesgubinant b Céﬂ-underst ood t hat
t he subj ect Further, while the present invention is described with respect to recombinant B-2036,

and recombinant.B-?.036 PEG, unless indicated otherwise, it is understood that the subject

invention may be used with any recombinant growth hormone agonist, recombinant growth
hormone antagonist, whether it be mammalian growth hormone or its antagonist, human
growth hormone or its antagonist, or bovine growth hormone or its antagonist, etc.

P’egviéomant(referenced herein either as PEG B-2036 or B-2036 PEG) is the
pegylated form of recombinant protein (B-2036) produced in recombinant host cells (e.g.,
recombinant, genetically modified E. coli. host cells), The B-2036 protein is produced during
cell growth (e.g., by fermentation) and expression (synthesis and secretion). After its
production, B-2036 is isolated (e.g., by homogenization) followed by purificat! 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,
undesirable isoform impurities of B-2036 are formed, which are the trisulfide and the des-phe
isoform impurities of B-2036.



invention may be used with any reconbi nant growth hornone agoni st,

reconbi nant growt h hornone antagoni st, whether it be nmammalian growth
hormone or its antagonist, human growth hornone or its antagonist, or
bovi ne growt h hornone or its antagonist, etc. Pegvi somant(referenced
herein either as PEG 13-2036 or 13-203f PEG is the pegyiated form of
reconbi.nant protein (B-2036) produced I n reconbi nant host cells (e.g.,
reconbi nant, genetically nodified E. coft. host cells). The B-2036 protein
is produced during cell gromh (e.g., by fernentation) and expression
(synthesis and secretion). After its production, 13-2036 is isolated
(e.g., by .honogenization) followed by pinificatim(e.g., by. extraction,
centrifugation, reAersd, fpastA dlustras itterminoabia sgeenchofdira@30gyithdhgstandasdl buf f er
exchange) . HOYSYEL il %amqwrgpmchra%ﬁm N Bhact AR LR Ghatidie, 8 2036
protein, unde5|ra e Isoformimpuriti 036 are formed, which are
the trisul fidesferpnge see Trbls- hhelow iindidebinenite rpomespaniiense BetwEE g glettey Andnits 1ot e,
Figure | Aill ygbsiatEsmitdRigam no acid sequence of B-2036 with the standard
1-letter abbreviations indicating which am no acid is present at each

| ettered position. For reference, see | bel ow indicating the
correspondence between the am no acid. Table 1
Pol ypeptide Amino Acid Ala (A du ( °3.'pf§“°(Q) Asp (D) . Asn. (N) Leu
(L) dy (O Lys (K . Se = (T) Pro(P) lle
(1) et (M e

Additionally, the amino acid sequence of B-2036 is provided herein as SEQ. ID. NO. 1 and
the amino acid sequence hGH is provided herein as SEQ. ID. NO. 2.

1. Recombinant Growth Hormone Antagonist

and its Trisulfide Isoform 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. Decrease 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



Phe (F) Tyr (Y) Cys (O Trp (W H's (H Additionally, the amno acid
sequence of B-2036 is provided herein as SEQ ID. NO | and the amno acid
sequence hGH is provided herein as SEQ ID. NO 2. 1. Reconbinant G ow h

Hor nrone Antagonist and its Trisultide_IsoformInpurity Figure 1B
illustrates the am no acid sequence sfgucture of the trisulfide isoform

i ppurity of B-2036. In particular, the trisulfide isofominpurity contains
an extra sulfur atomin the bridge between the cysteines at positions 182
and 189 of the B-2036 protein conponent. a. Decrease of Trisulfide Isoform
I mpurity with Mercapto Conpound(s) Wthout being bound by theory, it is
beli eved that contact between selected nercapto conpound(s) and the
trisulfide i smhgmist B12039 tegnltoi chiverting the rikeirari-S-§cgstide dimtﬂdmbédg‘emacéa"tb agoni st
B- 2036 resul oYy y bri dge
back o 1ts SyLRuERts Saicnd i fort Aufkilnpust iRl Bl by hedtdfi 1 ot
bei ng bound B§ssibieetbatythe Pllesep@ of ShssmerpApte compeund(Rleprpyents drther @mqhhe offtecapt o
conpound(s) RiaMRAPbSdeEuEther formation of the trisulfide bridge itself.

Typically, the nercapto co und( [are added tQ the host cell (s)
synt hesi zi ng t he T@&a1% Efﬂﬁ?ril&‘ﬂ'fd% w8 theinast cFIS SHEIZE PP g or

after (or du I’dbsﬁlgd adadnmﬁatnEBazosgﬁrprmlh corﬁ[fonénlﬂ eurhgst afeee (dr @Bring ahdi ftdipgromahe, after

the growing a ont stes ayve been c red to
purify the B® gg’?é EHQ e 6egrgm‘fnll"}ézm COQf‘C%n%Igf}’Sh?VCbemcgn%re erably

pegyl at ed t 0 ityis eptedert@E® Bﬂ@&@ B wg\pr@@maﬂthreaﬁﬁothe peufjddaretein ipproferablyr es see
U'S. Pat. egy?at%g ﬁEPE@W 2?#6%%? gdmaml)\loFor%eg'Ya%or@gtgcedﬁ@y scﬁg{ Y i’ﬁ.t Ro.COMpoun d

may be used |n connectl on esént i nvention when cont act ed
(preferably, 3§96 il IT‘ﬁ §»i6??g§62vm th the B-2036 pr ot ein conponent
together with itsady msihptd denposed Maybe rﬁwdrmtdﬁnnebt&nomx {hb ghresén® iwghtionCi ent to

decr ease the L evel of th ul f.i de, formi rably w t hout
degr adi ng (o™ gbé'fhﬁ?ltcf’ﬁ‘f‘i%? Epd%ﬂ?ba‘(’dl it 'ﬁ‘gat‘illnél of“% %ﬁ%ﬁhg RPEF ed

mer capt o corrpmupmisntsmgetbabhdx itsarisulfgle isefdnh impusity, prc&sdxat isiswfficipttitodecrease| ude,
but are not lydNeledds R trish ':Joﬁ?m .ﬂ{mgﬁya‘ﬁ@fe% tﬁ”t @?%%ﬂé&%ﬁl’y

dithiothreitol, netcaptoet | oer 2- car boxyet hyl )
phospbi ne degrading) the yield of -2036 Prefen'ed mercapto compounds sultable for use with the

~ present invention include, but are not limited to, sulfites, glutathione, beta-mercaptoethanol,
dithiothreitol, mercaptoethylamine, dithioerythritol, tris(2-carboxyethyl) phosphine
hydrochloride, cysteine, and cysteine in combination with cystine.

Other suitable mercapto compounds for use with the present invention are noted in the
following references: (1) J. Houk and G.M. Whitesides, “Strucnlre-Rcaétivity Relations for
Thiol-Disulfide Iﬁtexchange,” J. M. Chem. Scl)c., 109:6825-6836 (1987); (2) Sigmund, M.,
The Chemistry & Biochemistry of the Sulfhydro Group in Amino Acids, Peptides and
Proteins, 1% Ed. Pergamon, New York (1973).. In particular, see Table II of Houk et al.
identified in item (1) above for a listing of exemplary mercapto compounds suitable for use
with the present invention.

Of suitable mercapto compounds, cysteine, or cysteine in combination with cystine
(dimerized cysteine), is most preferred. The amount of cysteine or combination of cysteine
and cystine (dimerized cysteine, if any) that is suitable for use with the present invention
should be that amount which is sufficient to decrease the trisulfide isoform impurity by at
least about 10% of its highest equilibrium concentration (or its highest average equilibrium
concentration, where multiple batches are averaged) formed. Preferably, the decrease in the
amount of the trisulfide 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 combined concentration of cysteine and'any cystine



hydrochl ori de, cysteine, and cysteine in conbination with cystine. O her

sui tabl e nmercapto conpounds for use with the present invention are noted in
the following references: (1) J. Houk and G M Witesides,
"Structure-Reactivity Relations for Thiol-Di sulfide Interchange,” J. M
Chem Soc., 109:6825-6836 (1987); (2) {4 gmund, M, The Chenmistry &

Bi ochem stry of the Sul fhydro Group in Am no Aci ds Peptides and Proteins,
1°" Ed. Perganon, New York (1973)., In particular, see Table Il of Houk et
al. identifiedinitem(1) above for a listing of exenpl ary nercapto
conpounds suitable for use wth the present invention. O suitable

nmer capt o conpounds, cysteine, or cysteine in conbination with cystine

(dineri zed cg&ﬁb@@ame @ﬂmy daresgﬁt%vsﬂt{oﬁgmmﬁ umboqio £ 484, GbA LA 0.1

conbi nati on of cysteine mer | cysteine, if any) that is
suitable for L’}s“ét%bPﬁlPﬂ’éd ﬁ?%?@“‘i‘n@l\ém@eﬁﬁé\ﬁmwub@that anount which is

sufficient to deCrl@ﬁ%@cféﬂ&@t&;ﬁévﬁé'tﬁdn%cabﬁ@&ﬁﬁoﬂﬁd muﬁﬁ&rymsmab thé- BBt is about
10% of its hi he@t .e oncentratian its

Ui rium, ave
oqut L1 br { o CBBEE RSP SRR G BYSD-orees S Brelon P SRITPYT req.
Preferably, tlie B2036gasen compohent ondagtidd it @hcetihid formed uBditablle buffas tor mseiimpurity

is least ab OUt 200/ on %r(i)ﬂ{% %%!gnt Bwfcnf??_l 0’i/?lcr_lude,,teb%p a?é: I'Eolt }{(%lté(i t?j(ﬁ'ls t??xésgﬂlltcgﬁgﬁés

equi | i brium concen ration average e
concentrat i on)cmﬁwmbmethvh@menwmeshdlmrr'ﬁwrmdemedr\)e@ﬁtw &ds. oFregfrefened tinifiahe and

any cystine J\%uﬁwcbﬁéahﬁu&ws ﬁlaﬁleabmttmms abbu® SR M Hu\&f%%éf&ﬁbl} ﬁormas‘Jue; ably at
| east about from about O. mM t o about “from about | nv

to about 5 rumMr“é%H?é'clfop\f‘é‘HPch‘f‘°lF§f°&’@erfF% Rﬁﬁ%\?l%@"ﬂ?\é‘%ﬁ%&ﬁi‘o
conmpound i n a pherdty frofir Hb&r MM totmurmﬁaivﬁrlcmxer@m&bremrfmmwetam e for

use with the S i nvention, S_not vent  t for i an of

the B 2036 pr STORF: SR mRRE 28 putiei tngefign B8 2 B BE PR S ETER o
buffers for usie reage frowbat# loghoutPfiom b 7Sitestont 8.5, nvfgom atout 7510 kbede8.0,but are
not limted tq:g%g%e” u?@&r@h}glﬁgpgéenmﬁ%e%fﬁleﬁgﬂtgmnlpfiﬁxﬁtaw & nigfer and

hi stidine. The preferred initial \~buffer
concentrationP e‘feFoﬁ’Fé?BB‘Hle 3s highya¢ ghotbimayerooleeted nghus, foF ep@plsf §12fee or n

about 5 MM tegeeaduTo¥stelfd@o BIYD3663 @81, Heh e pnamé BiHey mhy w2k &@mmab&tm to about

Sui Labl e buf fers iy el ARk * OPERARLly POl e cn PR T PaR . P ent (o
mai ntai n the p‘hhhﬁmmh.ethgummhofmbdmmmmpem@ mmhe hulffa shauigécwdmhaab:out 4 to

about 9, from&bﬁ%o%féemn@&%&caﬁmém Jmmméal&aaoé%ﬁr&eﬁ%%&na%o&

respectively. wher e hi gher concentratl ons of mercapto conpound are
used, hi gher pﬁ40| 3@9@ 15000¢ Jihlse‘iﬁ?l’ﬁ‘f“é‘y sggwhen dhe mercaptpotpmperd being uped is a

t ol gr at ﬁd TE MSmblfxﬂifbn eﬁ@mhﬁnd; Jph&mllﬁl’c%meﬁ%&ﬁﬂﬁnah 6idn Wl}&ﬁdy&lnBeAIt&ndBve?ﬂ§6 is
used, then t H.of t uf f.er e as hi as not.e
above, it is ghreg 2r e %?/sloé %ﬁ&ﬁ%’?pé’gn 8 HEIRe o%sungu%ﬁgm f’?aééb;e

Furt hernore, tiom Mhﬁo woult he00Epm abous lctynabeUrﬁQOJ or fidve abouf f do abdwbid.d be
such that the respectively.

Typically, after sufficient contact (to decrease the level of the trisulfide isoform
impurity) between the mercapto compound and the B-2036 protein component (within or
from the host cell(s) has been completed), the B-2036 protein component in the buffer has a
concentration from about 0.1 mg/ml to about 30 mg/ml, from about 0.5 mg/ml to about 20
mg/ml, or from about 1 mg/ml to about 10 m'glml, respectively.

Furthermore, the temperature range of the growth medium together with the buffer,
the mercapto compound(s) and its other contents including, but not limited to, B-2036, should
be maintained at a temperature preferably from about 0°C to about 25°C after the mercapto
compound has been added to the host cell(s) or lysate thereof containing the B-2036 protein
component. Also, preferably, the temperature of the host cell(s) and/or lysate therefrom
containing the B-2036 component is maintained from about 1°C to about 15°C, from about



nolar ratio of the noles of mercapto conpound to the noles of B-2036
protein is fromabout 0.5 to about 1,000. This is especially so when the
mer capt o conpound being used is a conbination of cysteine and, optionally,
cysteine in conbination with cystine. Alternatively, the nolar ratio of
the noles of nercapto conpound to the ggles of B-2036 protein may be from
about |.to about 1,000, from about | to about 500, or from about | to about
10, respectively. TypicaUy, after sufficient contact (to decrease the

| evel of the trisullide isoform inpurity) between the nercapto conpound
and die B-2036 protein conponent (within or fromthe host cell(s) has been
conpleted), the B-2036 protein conponent in the buffer has a concentration

fr ;)m about f 0. dea@/abdut 1CARAn 2BOut P8 Blabout ERMGROMelYD 1t3s #pont bbQodlaaut 20
ng/m, or fro

about | Aml to about 10 ng/ml, respectively. Furthernore,
the tenperatu @0?6?;?{@%‘”&?’9%@05;"%&3}?* ?PBB?i"’B%g?'oﬁ%i‘ﬁ]ér‘t ‘ﬁ/ﬁ"tsl‘i“b?%% "Bli‘faf’b‘g? t he
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B- 2036, shoul b | Ot g e t enper.at ur ref erabl y. -O0C to
Sbout 250C af P BB AR Ee Th Jen RS Rl o BbEaRntoh AR 1 ()
or |lysate theB&dB6.containing the B-2036 protein conponent. Al so,

preferably, the te(fagbalilyl GeUbnthdd GindORbweSs (B oRNHfbneht/ Sl Be LlRESAS r oM
contai ning the B-2036 coffponent Is naintal ned from about 10C to about 150C,

fi om about 14°wepop shpidibeforce tige spifigipatp denreasathe devghefuthe gisulfide Sppt  vel v,
It is inport aphputity. EEAplhh) SditablBceidabtirids For@ledteSR P @eUdvell of Gt tHRITE sodfm about

homogenat e (1 e BAUE R irg" s el Tl Bnvigh Supreenich T Cire 27 oHBREapt o
conpounds andfBm2B36} hatr ¢ dboutd baurs, eespretiwlyur e bel ow t he protein denaturation

temperature of ' B-2R30y, MALHAAR ket thORANRBELd loiBo By ER theld 036" 2036

conponent and the conpoun Ime sufficient to
decrease 't he Peupopenbithe budfer pqnipinine; thesame dpot Frlume Femp phaut 1 litex orabPy 5008 yj t abl e

contact tinesifeR! FHRACIRBANS 1010teksNB b6 00 Qfterd, 2 Aol 360 fileR Qo sb&H B0 HitdrdIPUr i t Y
shoul d be for at | east tﬁl 0 mgute(zs!, from_about 1 hOU{ to about 24
Vi llrﬁ

bout [
hours, or frBiREbsl dHstRbles™ & qpay be apythere o, | §) liters 19;aPont |y
after sufficiééliteent act between the nercapto conpound(s) and the B-2036

component., {he bufd e, LOMAROMEY B 37 ek Suind Shitie b A0 Uik | L €T

to about 5,000 Iliters, Trom about t o about iters, or from

100 liters tocproynd(R@ud the B2p36 compenspidpqhyde fings such puipixing rate; (fihe mixing e ar y
vol umes may bghcanybshiei &hich @eufelnd th FéHhSa HomhoAdnout mix@RNof th Bdsbcell(s), NfRkte

t t hat fint t ‘ tact bet th t
Compound( ) atrPhiBe rssbBsrpoRa b 0L bR HaL hRF o SRR b .

The m xi ng rabee g_rowth n_ledium) while minimizing the amount of foaming that may be formed. Those of

ordinary skill can readily determine what a sufficient mixing rate should be. Obviously, the
mixing rate should be such that the temperature is maintained in the above-noted ranges and
any degradation of the B-2036 protein component is minimized.
b. Decrease of Trisulfide Isoform
Impurity with Chelating Agent(s)

Without being bound by theory, it is believed that contact between selected chelating
agent(s) and (\1) the trisulfide isoform impurity, (2) the recombinant growth hormone
antagonist B-2036, (3) host cell cellular component(s) (for recombinant production of the
antagonist), and (4) all combinations of (1) — (3) results in converting the cysteine-S-S-S-
cysteine trisulfide bridge back to its cysteine-S-S-cysteine native form or decreasing levels of
the impurity. Additionally, also without being bound by theory, it is possible that the
presence of the chelating.agent(s) prevents further formation of the trisulfide bridge itself.

Typically, the chelating agent(s) is/are added to the host cell(s) synthesizing the

desired recombinant B-2036 protein component during or after (or during and after) growth



shoul d be that which is sufficient to forma honogenous m xture (of the
host cell(s), lysate thereof, buffer, nercapto conpound(s), the B-2036
conponent and any ot her conponents in one growh nedium while mnimzing
t he amount of foaming that may be forned. Those of ordinary skill can
readily determ ne what a sufficient mjygng rate should be. Qoviously, the
m xi ng rate should be such that the tenperature is naintained in the
above-noted ranges and any degradation of the B-2036 protein conponent is
m ni m zed. b. Decrease of Trisulfide Isoform Inpurity wth Chel ating

Agent (s) Wthout being bound by theory, it is believed that contact between
sel ected chelating agent(s) and Sl1) the trisulfide isoforminpurity, (2)

the reconbi namftw&mal(bopm&or@mem@@iosﬁ Bné’&??émng%psmﬁetbeae&ohd&@h,l ul ar
conponent (s) (for
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cysteine tri sulefylated toryielthREDBQR3E (Pegvisemany)s Fed pegdﬁoﬁpmpedn@smmmwsof orm or
decreasing | eve the inmpurity. Additionally, also wthout being bound
by theory, it Ts”poSsible that the presence of the chelating agent(s)

prevents_ further fdmynshelating egent ey be pssdfxf Goguectiomi wigfethe present invangion wdiichy, t he

chel at ng_agenie)chGhSl Gradiitf vil dibfind AkindOU B BYNANER! Qipbidf

desi red reconbi nant rot ei n conponent “duri nf% or durl ng and:
after) growth tﬂ!&"ﬂtﬂf‘"’tthés frigdtide Ef‘{’f(ﬂéﬁ“l’“%r‘%‘l’?ért%}sé“ &‘F"cté‘fd"tcﬁésc edsvehef and
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pr ot ein. Terea rified protein is era pegyl aed to yie
PEG B- 2036 (pef r?a#??? °8e3§’$“"&“5?~‘.‘ SR RES &F‘g“tﬁ. BaPvRion

5, 849, 535. Anymdh@l. uttlmgloa!yexmd tmdSPTlaeEG’s“edaner’ﬂ’an relditiomad emntplnrst dfhelaprrgasent
nvention whi Clyeys Y. SOPLEGLOMIR S AN bRloaResiALE Bk takiaf th the

vm u I sof om

B- 2036 prot ei n_conponent t oget her Its tris I npurity,
i s one that isDisedum,Edeiate Disgdigme EdeiptecSadiven, Edeals Tagodiugy Reniciljamine; Papstate sof or m

impurity, pref@dahh YiwdhoPdatede 8EiaHubnéOind TrbEha NdtedhhiEdeee Saghh @)nd he
yield of B-2036 Prefgﬁ?gd chel ating agents suitable for use with the

present invent® om0 but amnot limted to, EDTA, EGIA, and DTPA
Addi ti onal exenpl aD;hecklmlaue chegpting agegie fidrsuse with Wiebepresenttinvantdnraod ndtedninttied t o,

Dof er oxari ne.  {hbiige RfeRncRclly Fhe HEEE R, (35 Kbuidhls. BLOR o HRIR P Co,

Di sodi um Edetate um etate T1risodi um_Penicillam ne,” Pent et at e

Cal ci um Tri sodPemThepapitie Cpiegoncand Biotgical Agsyity Iades. prTHERP fwderN\GHELAFNG
Edet at e Sodi UNAGENT)EWhitehbise fSeuith, ofF (@%d%b@ﬁd%b&%@s@qﬁﬁt&ﬁﬁbﬁ RQdakgent s

(D) The Nbr ok HES D FaripemtnrsechSniabys 18] EiF s ORf Bl MgEC" e
I nc., Ther apembbstm(bg(ﬁastotaﬁmloh@gl%w anA@aqh\and yvct}fmb%quept. editiphiiRdate)
(under " CHELAT{,NGS: (3) The United States Pharmacopeia, 21* Revision (16® Edition), United States
Pharmacopeial Convention, Inc., Rockville, Maryland (1985) and each and every subsequent
edition to date thereof; (4) SIGMA, Biochemicals and Reagents for Life Science Research
Catalogue, St. Louis, Missouri (2002-2003); and (5) Aldrich, Handbook of Fine Chemicals
and I.aboratory Equipment, Milwankee, Wisconsin (2000-2001) and (2002-2003) edmons
thereof.
Of suitable chelating agents, EDTA is most preferred. The amount of chelating agent

that is suitable for use with the present invention should be that amount which is sufficient to
decrease the trisﬁlﬁdc isoform impurity by at least about 10%' of its highest equilibrium
concentration (or its highest average equilibrium concentration, where multiple batches are
averaged) formed. Preferably, the decrease in the amount of the trisulfide 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



AGENT' ), Whitehouse Station, NJ (1996) and each and every subsequent
edition to date thereof; (2) Rem ngton's Pharmaceutical Sciences, 16'h
Ed.; Arthur Gsol (Editor), Mack Publishing Co., Easton, Pennsylvania
(1980) and each and every subsequent edition to date thereof; (3) The
United States Pharmacopeia, 21' Revisiqgn (16'h Edition), United States
Phar macopei al Convention, Inc., Rockville, Mryland (1985) and each and
every subsequent edition to date thereof; (4) SIGWA, Biochen cals and
Reagents for Life Science Research Catalogue, St. Louis, Mssouri
(2002-2003); and (5) Aldrich, Handbook of Fine Chem cals and Laboratory
Equi pnrent, M | waukee, Wsconsin (2000-2001) and (2002-2003) editions
thereof . O s@Dt aM o abdue 1t mvIgiragshotis), 1 M Tdabont 2008M, fmmedbent ZeM T poutinount

of chel ating W°‘ﬁ{’ﬁm}ﬁ?&éﬁm§§i"ﬁﬁwéﬁ&ﬁ%ﬁ’e with the present invention
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mul tiple batc aver a or nme refer o ecrease in the
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i ghest average. e cQ at-hLon i
Concent rat 1 onci St Bb T SRAGERLS An@ bercr BRfr o0, b plehined il
preferably at buffsasenceiatian ns)ﬁ@m ahovtt 1 fmd iy 2ot 200 I@immpwfﬂatbly frggoefoutl DO MV
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about 2 to about respectively. is preferred:t rovi de t he
chel ati ng agePfFferahlyaﬁ%faP‘é’F 10 F’Fbéft%ragb‘*tfo B @F‘atil%b may, 2¢ used. '
suitable for Pgfrbiy meﬁemeff@msaﬂ;ﬁcldnﬂmmnwme pH eﬁthe@‘aaﬁnﬁmhmﬁﬁﬁhemnt he

formation of the B:20 ot ej onpen for med
Suitabl e buff ?“F%Wﬁ%“f)‘{f°a§°é'g%§8?‘ia§?%‘§§}f 9%2%?%0 o 2GS 0T, nol ude,
but are not |respettodlyt o, Tris, phosphate, HEPES, citric acid,

triethylam ne, angyhigti dhiie. ltTQe?ereﬁéde'EJ ‘Bfiwi%‘ m\frchélﬁmgrdgént Ehﬁ el er red

initial buf fer concentration is fTrom about nmore

preferably frBebatmom, s amenatof thatﬁbqhﬂn&e@nhmtheehrgﬁr hopld by puch é%%\? fokF om
about 8 nM t ora@befihe KﬁleﬁMchaﬂdlgﬁ@éiﬁ to i iRdl&ro Bl2934 prowinadii abokOl ©lxbdu® about

50 MM Ot her ! | e .buf ers e referab t hese rs are
suf fi ci ent tol’rsrgﬂl g tyeha '%Aﬂé’%’ ﬁfﬁo%ﬂamﬁaél cmo':sc’fl%uiégrange
from about 6 pl@tealbmytbegromhbwfatb@bmlt 50®, ﬁrmdbmﬂowabﬁut 250, of fremmpbpbtadtio 7. 2 t o
about 7.5, r%gpgblrgﬁg&w@s noted above, it is preferred to provide the
chelating agent in a buffer. Furthernore, the anmpunt of the chelating
agent in the buff &Pl per suficiearoptact (o frorenss) the levelfithe Bivlfific Sp9MRs  of
chel ati ng ageputiy) bdtweceiiBlie@ficlfting Beeafha6 te Bo2036 Profefh cotnpéRetiy@itiin br fiotn BHOUL

ghgofml Q'St g; ”%; E 6%}5 b el Rb et ! 12 BbodsNGiofdR! &RupBilent BELATduAE: BRI 1O
concentration from about 0.1 mg/ml to about 20 mg/ml, from about 0.5 mg/ml to about 5
mg/ml, or from about 1 mg/ml to about 5 mg/ml, respectively.

Furthermore, the temperaﬁm range of the growth medium together with the buffer,
the chelating agent(s) and its other contents including, but not limited to, B-2036, should be
maintained at a temperature preferably from about 0°C to about 35°C after the chelating
agent has been added to the host cell(s) or lysate thereof containing the B-2036 protein
component. Also, preferably, the femperature of the host cell(s) and/or lysate therefrom
containing the B-2036 component is maintained from a.bout 1°C to about 15°C, from about
2°C to about 10°C, or from about 2°C to about 15°C, respectively. Note that, preferably,
upon addition of the chelating agent (e.g., EDTA), the temperature of which is about 4°C, the
temperature of the homogenate containing the B-2036 rises to about 30°C wupon
homogenization. Itis important to note that B-2036 protein denaturation occurs at about 40+



protein may be from about 20 to about 1,000, from about 50 to about 250, or
fromabout 60 to about 110, respectively. Typically, after sufficient
contact (to decrease the level of the trisulfide isoform inpurity) between
the chel ating agent and the B-2036 protein conponent (within or fromthe
host cell(s) has been conpleted), the § 2036 protein conponent in the
buffer has a concentration fromabout 0.1 nghnl to about 20 ng/m, from
about 0.5 ng/m to about 5 ng/m, or fromabout I ng/mM to about 5 ng/m,
respectively. Furthernore, the tenperature range of the growth nedi um
together with the buffer, the chelating agent(s) and its other contents

i ncluding, but not limted to, 13-2036, should be nmnaintained at a
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time sufficieffed %ﬂﬁﬁoﬁﬁ@ lﬁegetol &Xﬁ' Soﬁfhtér@E‘ortﬁ‘fo!m'S '1'66 Ptgl% t‘osa%fnﬁrs‘ﬁb' HRYrity.

Exenpl ary sui table contact tines decreasing t evel of the trisulfide
i sof orm i npur |r%sgxecngq%u@f&e%%l@b&rmavplﬁagvm%iawtbeWﬁlﬁ%mﬂmﬁ%@m 1

hour to about sd@m&eurs or fromabout 5 hours to about 15 hours,
respectively. Typi r. suffi nt cont act chel i ng
agent (s) and the B&g %‘S'i%g“éh‘aﬁtb°°fﬂ°’°td‘f’%"° %%FEY%"P%& E‘?qsm 55ias a
vol unme from abudithe B-2036 epmponend bolude HingOMch hs mhizing raté. r'ﬂmxaiamgtatishotlldtbers to
about 500 |it @ whith J sru@ﬁ&elapf& folnt ?%&n&g&oﬁ?ﬁl ?oQtﬁé ﬁo@f&llﬁs), ﬁﬁ%%&o ely.

O her swtabl e exerrp aryvol unmes may be anywhere from-160 ters to about

500 liters: OPHER fhsletingeicent). theR-2 )F°’BE?“6‘F apch pnyrQshef coRORey 1a dh BB bet ween
the chel ati ngn&gﬁﬂy while mﬁi&ﬁzihﬁ@e&n&@ﬁ@ffﬁﬁﬁﬂ@ﬂ@ﬂhayl tecbrdide. Thisegfordiiah as

m xi ng rate. mX| te s t hat ffi t to forma
hompgenous ni Xture: t({fi% ‘E}hﬂgéf‘f‘%‘?’t mlmléga'?@ ﬁ%’grbé’bfsd{m(’ﬁsg’ff "X®Rel ating
agent (s), therde S@B’@ tvcsngmhsnhe amperaturg mmhetmnebmtlmdm@nqtqd ranges grd(mtrh

degradation of the B-2036 protein component is minimized.

C. Decrease of Trisulfide Isoform
Impurity with Metal Salt(s)

Without being bound by theory, it is believed that contact between selected metal
salt(s) and (1) the trisulfide isoform impurity, (2) the recombinant growth hormone antagonist .
B-2036, (3) host cell cellular component(s) (for recombinant production of the antagonist),
and (4) all combinations of (1) — (3) results in converting the cysteine-S-S-S-cysteine
trisulfide bridge back to its cysteine-S-S-cysteine native form or decreasing levels of the
impurity. Additionally, also without being bound by theory, it is possible that the presence of

the metal salt(s) pre;ents further formation of the trisulfide bridge itself.

Typically, the metal salt(s) is/are added to the host cell(s) synthesizing the desired
recombinant B-2036 protein component during or after (or during and after) growth of the
host cell(s). Furthermore, after the growing and contacting steps have been conducted, it is
preferred to purify the B-2036 protein. Thereafter, the purified protein is preferably



medi un) while mnimzing the anount of foam ng that may be fornmed. Those of
ordinary skill can readily determ ne what a sufficient mxing rate should
be. Qobviously, the mxing rate should be such that the tenperature is

mai ntai ned in the above-noted ranges and any degradation of the B-2036
protein component is mnimnmzed. c. Decfgase of Trisulfide Isoform

I mpurity with Metal Salt(s) Wthout being bound by theory, it is believed
that contact between selected netal salt(s) and (1) the trisulfide isoform
inmpurity, (2) the reconbi nant growt h hornone antagonist B-2036, (3) host
cell cellular conponent(s) (for reconbinant production of the antagonist),
and (4) all conbinations of (1) - (3) results in converting the

cyst e! ne- S-S Spe%&’l&t_&&io%ld PEG 8Lboké @@gvﬁl’)rhgﬁ)e Fb@ﬁégylﬁﬁbnipfo‘écdures see U.S. Pat. No.
cysteine-S- S cgﬁgel pe native formor decreasing |levels of the inpurity.
Addi tional ly, o3%i t hout bei ng bound by theory, it is possible that the
presence of the nmahglmeabkdit(8dy hor@ueintcondettioh wth theoprasedtiinventivh whidh, whensul f i de
bridge itself. Lcal tal sal.t(s).isS/al

cell (s) synt he%o;%ﬁ%‘g&tr%{éeﬁbc%g"ﬁ?e quirtee%(l))r%r'{%? rﬁ'g%ttk?eéz%gg%%gtcé‘?%&%gt on%rnt
during or aft ewity és tisuififie)ioferm impuries; fs epectiut fis offficient to faseepsecthy fepa)of the
Furthernore, aftffde 6ot Qﬂiﬂu%% L BRVidbht REraShE PR HRMALANG WBereRRy wed ed, it

i 36 protein. hereaf.ter,_thg‘vé)urifled

is preferred to purify the > .
protein is pr eﬁ@i’%ﬁ}?‘ﬁé& Mictal ga1t6y) enitable fop pse vith Hhe@rasens ipyegntion, mefdes Bt a_OPt  For

pegél ation pr omﬁwdrte,sauaee?]rm ietalRall(s), Meuline Mﬁ&mﬁ?ﬂﬁ),mimmw Sa(s) a!gﬁy be
used in connection wth, t sent_invent | ic cont.act ed:
(preferably wi ‘f"H'%H’Hg?fﬁ glge wfﬂ' Blirr%@ﬁcgvﬂ""t# s?‘%e“&%é us¢ &V{gi%% %ﬁ%o Epon

t oget her wi t hinclode, butiagndt ilichited ®OPagassivm ipjasphiatey potassiurp eetatd) addivins ploggfhateci ent -

to decrease th V. : g J ' minpurity, preferably
w t hout degradlggﬂaﬁl(ag%mg%ﬁ%?gﬁ#h Fg‘l"f'cyérﬂg%’%?‘%‘é’?[t he vyield of B-2036. Metal

salt(s) suitable f&thenisablp mptaksplts apynoted jny the fallesting tsferenges| (1)Ehe Mgsek Ingeg, not
|t imt _efl_ to, alt k’?l Editli%ta,r s.;Buaakal(E(ﬁtab,_t 1(48%1_: &K ahd.,MheRpdutid) CaBon) 338 @ictl&g]ic)al y
ransition netal. salt(s I.na re L2r rre al_salts
suitable for ug‘épw t%&f’hﬁ'%%'ggggﬂ%ewg d%‘?%}ﬁ%'? ?Hﬁeh&‘fs% Sg%fm’llquﬁ t ed
t 0o, potassi um (9B phsit eachpaidassérynsubeqicat editicrode udatep Hilesgplh a2, Rensioglonisn
acetate, zinc -ﬂm-?z{. ; opld pat A QNS Wi e al
salts are noted In c%‘%galf%%q%e\%ﬁ nlir(gﬂi ‘rggf er enC%EE(B?%T)’T%&?Q}%%?\%%X@%Z h
Edition, S. BuRbpagsyivenit 698Qsny ,W%@PQ:RVCH sapsequent gdition tprfiate thesrefi(3) Thetlged y and
\E/S\L]pl Oﬂi cal SACSc@ath Pnanﬁdasiﬁxf, 2918‘.1@861?(1359 Hﬂﬁ&g,eﬂni't'e@lsﬁkee\fW@vepﬁon,

i tehouse Statio ach and every subpseguent editi.on to
date thereof (2§ %ﬁ%&%ﬁ?&@? ceé‘g’talng ﬁYer’Ssé‘lE’éeé %eggfdﬁ%gg(’ éaff ) “ﬁ’tﬁt(ﬁhr Csol
(Editor), MackSId,i Bhimpicdls. and HRmgets, for Réfhrisichera Ressar¢ll G8@lpgusn &t derwis, and
every SUbsequemss_ﬁﬂli' t206222008); %& Qs) ARERR | Hanlitbok TR Eridd Chéflcals and Laboratory

Equipment, Milwaukee, Wisconsin (2000-2001) and (2002-2003) editions thereof. )
Of suitable metal salts for use with the present invention sodium phosphate, ZnCl,

and combinations thereof are also preferred. The amount of metal salt(s) suitable for use with
the present invention should be that amount which is sufficient to decrease the trisulfide
isoform impurity by at least about 10% of its highest concentration (or its highest average
concentration, where multiple batches are averaged) formed. Preferably, the decrease in the
amount of the frisulfide isoform impurity is least about 20%, 30%, 40%, or 50%,
respectively, of its highest concentration (or its highest average concentration) formed. The
initial concentration of metal salt (e.g., sodium phosphate) suitable for use with the present

. invention is preferably at least about 0.1 mM, from about | mM to about 500 mM, from
about 1 raM to about 200 mM, from about 5 mM to about 175 mM, from about 10 mM to
about 150 mM or from about 25 to about 100 mM, respectively.



St at es Pharmacopei a, 21u Revision (16th Edition), United States

Phar macopei al Convention, Inc" Rockville, Mryland (1985) and each and

every subsequent edition to date thereof (4) SIGVA Biochem cals and

Reagents for Life Science Research Catal ogue, St. Louis, M ssouri

(2002-2003); and (5) Aldrich, Handbook %f Fi ne Chem cals and Laboratory

Equi prent, M | waukee, W sconsin (2000-% 01) and (2002-2003) editions

thereof. O suitable netal salts for use with the present invention sodium

phosphate, ZnCl2 and conbi nations thereof are also preferred. The anount

of nmetal salt(s) suitable for use with the present invention should be

that anount which is sufficient to decrease the trisulfide isoform

inmpurity by at | east about 10% of its highest concentration- (or its

Pi ghezt gve][ age qomqmtngatd pa&mde/dsemﬁtmu{ ﬁliaﬂiuﬁ‘erbaio@bﬁ'ﬁ, sadxmnallve?pla@ed) f

or me referal ecrease.in nmount t he i of orm

impurity is I@&?P%ﬁﬁ E‘fffeﬁﬁ%as ‘“ﬂ‘é"ﬁf%; ?”e"oef)(?dgg 3‘5351(5%!“?@ ltgg f

hi ghest concelbt aditd ®rihe(sodium plposphiagivafftr. ammgemmmonawth{bhfm The

initial conce . I 0, S |Emg,;e for
Iulﬁlathé ?Hese?xt uﬁgntlgﬂ Sc:a Joes( ﬁ?tggreve ﬁl!: EPF.QEHB Wﬁk@ﬂﬁ@ T

use with the presen I nvention I's y at [ east about O. from
about 1 mM t o campanent Bpdegrade itfonemit isy Gﬂﬂd Spitzbie hubferstfer ise ToePrpaetion Vinabout 5

mM to about 1E§S&vatﬁtgm@émet bli]tQ.rétht mmteab@utrmlﬁﬁomdt@rnﬁmnh&howd 25 to
about 100 nM res ectl

\Y; referr dto OVId net salt in
S out for . ondrmiants o eidinee hepretr 5 somreliznan i o g
sui tabl e net alabmtma mMOHﬂ‘é@feferalad}dfrém @usbaismm foabbhwe 1002iM, e@aalmo&sgremmy be
added to the %i‘o q??o a%%uq 7Bén]\{lgnd mg) ?rcF{aglblf%m a‘agl.lg IS)W% b&u%S(p .t hat is

sui tabl e for use pres not. prévent the
formation of tQiker Bﬂ@@g Bufﬁnrm%n be usedp rfb@fneﬁr, thpse blé&rsadiasufﬁ‘:l@h@eﬂammﬂ tef or med

Sui tabl e buf f giSrlaRrer mmwum sxgmna@m @B rahkd font But Pl EERIND, fodVABEt4So
i nclude, but are not limt Tris, hosphate HEPES, citric acid,

ed
triethyl anine ab%’ﬁ@*ﬂ‘??‘?’&'i’%@“?@%?éﬂéﬁpWY nitial buffer concentration is
from about 1 nM t oAfieali@uhetd Q4 m\ﬂrovliﬂa&@ p betfe alth yhefda@mfamutrh&e tid/NaP about
100 MM even re RLe ab to 7 .apd. mst
preferably fromAapst B%as %mxfadbtg 'g“f )’W ougtoqlﬂl a%léa b%@fbb?ﬂ; may be
used. Pref er alfpryNaPtsplotinn abgﬁ@esssther buffer)fshiqulsi lsﬁuchtﬂ@t thamcrlaataﬁo efitke mol¢d obf t he

growt h nmedi umyany WS fe kidiet &q;-wa%télﬁ Qrﬂoﬂabagbﬂt 140%%@’@‘@96 &teniaﬁ@rp @bout 4.5
to about 7.5, or fromabout 5.5 to abou %aoectlve y. After the

metal salt |sﬂp%ﬁhﬂ@&t*'?ﬁw!ssmrl?@?tal(sa#ttq%més Q?é?s 36 profgpmay s fom et Nap
sol ution acts 300tdhat@st 10090, BinRlabalso0 andboiiths000L6f Fén abdulh S0GRGOAbGEt 2560,t he
netal salt. in gshe belllffer (or NaP solution also acting as the buffer)
shoul d be such™tH Y *he nolar ratio of the noles of netal salt to the

mol es of B-2036 prBwishlly, jaBerfsaffieieatoesntact] (to decadaeruthe deyeDofthe Afisuliidp dgofoge| y, t he

mol ar ratio Ofiy mﬁy)makveé] s mEthf'saﬂg #ld tﬁ@ialzowpr&t@.e cBRpdAsnt it SOREn @k Ot €i n

][r? g mb:bLL? m58 8%%2@5%})81; %582835 9}(123013-20560rppmtaé9n0%mp509g1t tucn) tk?ébg\ﬁer 000 or

concentration from about 0.1. mg/ml to about 20 mg/ml, from about 0.5 mg/ml to about 5
mg/ml, or from about 1 mg/ml to about 5 mg/ml, respectively. '
Furthermore, the temperature range of the growth medium together with the buffer,

the metal salt(s) and its other contents including, but not limited to, B-2036, przferably
should be maintainéd at a temperature from about 0°C to about 35°C after the metal salt has
been added to the host cell(s) or lysate thereof containing the B-2036 protein component.
Also, preferably, the temperature of the host cell(s) and/or lysate therefrom containing the B-
2036 component is maintained from about 1°C to about 15°C, from about 2°C to about 10°C,
or from about 2°C to about 15°C, respectively. Note that upon homogenization with the
metal salt (e.g., NaP), the temperature of the homogenate may rise. It is important to note
that B-2036 protein denaturation océurs at about 40+ °C. As such, it is desirable to maintain
the temperature of the homogenate (i.e., containing host cells, growth medium, buffer, metal



respectively. Typically, after sufficient contact (to decrease the |evel of
the trisulfide isoform inpurity) between the netal salt(s) and the 8-2036
protein component (within or fromthe host cell(s) has been conpleted),

t he B-2036 protein conponent in the buffer has a concentration from about
0.1. my/m to about 20 ng/m, fromaboyg 0.5 ng/nm to about 5 ng/nl, or
fromabout 1 ng/nl to about 5 nmg/ M, respectively. Furthernore, the

t emperature range of the growth medi umtogether with the buffer, the netal
salt(s) and rts other contents including, but not limted to, B- 2036,
preferably should be maintained at a tenperature from about O0C to about
35C after the netal salt has been added to the host cell(s) or |ysate

t hereof containing the B-2036 protein conmponent. Also, preferably, the

t enper at ur e ofalt 2086 nd eptjonylly) meergio spmpapndtets )tthért%!!‘ﬁe&ﬁ‘i“‘c BelevaitsipRER he 8-
2036 corrponenueﬂagnamahﬁh,gérﬂ@telofggm@bout 1C to about 15C, from about 2C to

about 10C, or from.abo C to abo t 15C respective t hat upon
honogeni zati on wi t tWEnyﬁs?%ﬂnmﬁtéﬂmte prregy the Bddp w‘P??é'e’lté‘?ﬂ)tgb%{?]ﬁ?'@ 267 yt he
honpgenat e nmayhduldske fokta tige suffiient antecteasenttd &veltdiahe BisIfids ispfoot dmpurity.
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etc.) to a tenpgtalyof 1PRuRWelR&ivAyOt ei n  denaturation tenperature of
B-2036, Additionally, the contact drre bet ween t he B-2036_conponent and the

chel ating agent shigisaly, after spthigient; spptact betyeen cthe TRetal geaftish 8¢ the, 8030 el of
the t7isulfi onm edg%abaﬂzpbtrntawng thd=36RHEMbAA Yolsihl £réHh biou€ O Mited €l abbbt 5080 f Or

| cast -aboat 35 Aapebeae U peimsBabet e o A ARt i Sbont

5 hours to almgecuﬂdiy hours respectively. Typi cal I y, after sufficient

cont act bet ween * NG5t bRt 2y B w8 Fiigl AacRTANBD e, ik T €1
e

contai ning the sa a vol une from about Iter to about b5, 0 Ilters
from about 10¢he B2@6compongeydealude gy spahiag ﬂ@cmgd?tef hprpoes wiershould hedhaibout

é 500 lite [ S twliti)&?@ﬁﬁtcﬁe:iﬁtb)fonn? l:itﬂfogelm&is&ﬁiﬁﬁlﬁ I(&E t%&'lhliﬂstadiﬂ(ﬁé), InRato thedebt &{fﬁﬁt | ud
uri ng contac a - nt..i ncl ude
Ch o2 S0 2 e Sl e e 208 Sy panel w50 o8 ool o 0% rafth TR i
sufficient t o ofioimigirg thompyatod deammgthay mey boformdde Thosstof ominhryskill chnywadily
thereof, buff %@ﬁmuﬁﬁtﬁ{ s?xﬁ'lcﬁeﬁlsax me pa@e sﬁm@&G dﬁﬁmﬂnﬁx@?‘mﬁﬂéjra@@%uﬁtda ch

corrponents int gro med! u mni m zin e anount of foam ng
that may be f &g lemmspae %m%@ﬂa’rtye ahey'e- vot@arﬁ'sﬁ%aﬂuawdemt&w e Brhat a
suf ficient m xopgpréteih Congotuik B niiimiANVi ously, the nixing rate should be such

that the terrperatuie |§ema| takegogvtﬂﬁot he in?gomQOt ed ranges and any

combinan’ rmone
degr adation of the”B- and its Des-Phe Isoform Impurity -

a, Decrease of Des-Phe Isoform

Impurity with Chelating Agent
Without being bound by theory, it is believed that addition of chelating agent(s) to the

recombinant growth hormone antagonist B-2036 results in a decrease in the level of the des-
phe isoform impurity either by an actual reduction in the level thereof and/or prevention of
further des-phe formation.

Typically, the chelating agent(s) is/are added to the host cell(s) synthesizing the
desired recombinant B-2036 protein component during or after (or during and afier) growth
of the host éell(s). Furthermore, after the growing and contacting steps have been conducted,
it is preferred to pﬁrify the B-2036 protein. Thereafter, the purified protein is ;')refera_bly‘
pegylated to yield PEG B-2036 (pegvisomant). For pegylation procedures see U.S. Pat. No.
5,849,535.



2036 protein conmponent is mnimzed. 2. Reconbi nant G owt h Hor none

Ant agonist and its Des-Phe IsoformInpurity a. Decrease of Des-Phe Isoform
I mpurity with Chelating Me Wthout being bound by theory, it is believed
that addition of chelating agent(s) to the reconbinant growth hornone

ant agoni st B-2036 results in a decreasq in the level of the des- phe

i soforminpurity either by an actual reduction in the |evel thereof and/or
prevention of finther des-phe formation. Typically, the chelating agent(s)
i s/are added to the host cell(s) synthesizing the desired reconbi nant

B- 2036 protein conmponent during ar after (or during and after) growh of
the host cell(s). Furthernore, after the growi ng and contacting steps have
been conducted, it is preferred to purify the B-2036 protein. Thereafter,
the purified protaynchelgtingragém mallby usqdeigygbrataidn tvith YhecpreseRE@/eBiqR08IHch,

(pegVt SomaNt ned QhuERYbReA) M GRIMCRBER vih e B0 o cidfinad®. 21

Any chel ati ng agent onnect ron Wt e present vention
whi ch, when tqgetmraz@ﬂ'eta dfsmhefsefp@zbingvuwvhonaél@qe sufcient tedagjsesatbe leveliofthe. 2036
protei n conpaaemt isoford Ehfisity m&ﬁblyw&e&gahﬁ (o2 QfbeartailyTgFadiny) thé ﬁa@ne t hat
is sufficient_to decrease fhe |evel of tg the | sof orm ) ﬁy {)

pref erabl y wPf Rali6- Jagerdichriptipgpsenss el f‘éfFW‘ﬁ SPSH ’r‘f&ﬁnuf’%‘@‘gg %P

B- 2036. Pref afer @ afiel as,i EOTAQ ROTA aadiUTRAl e Alditiondls exemphty thehtify egeatst
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Addi tional eX€& are not™ ed to,
Def er oxam ne Edéate |D)sn§mtn Sé@latm ﬁpduEnleEm 'E&b@mrﬁ@csl@dman?emefa@dézlam

Di sodi um Edef ﬁmS@dAtamAcﬁ%a&gp SO %@@5&@%&& 300046 is afesak fnAt © -
Cal ci um Trlso |um Pentetic Acid  Su.ccinmer, and Trientine. Note that

Edet at g Sodi gfEPTAt he salt form of EDTA. Other suitable chel ati ng agents
for use wi.th the QhesRiibld dvialHg BErtafo ukOhiaOtht PretdnCinvéndbs reind@dietter ences:

Ter apeut | ¢ RSy o P Herckiodiin 2y Bion Robisep mhBiliotic iy, "

" CHELATI NG A@Emer);peuwmw eeBiSbgtal dntivitkIndéx QgﬂiEeriumc HCHEINTBNGT v
subsequent e tORRANE: shiler ;
Sci ences, g.dﬁ[gﬁ"), ‘Xh Fl ﬁggt%%%%' 8%&‘ &JE Pub |b£)ea?Jrl]]lirg&?lHl toiBe

”IUI’ ., Easton,

Pennsyl vani aﬁ{el@gdy) Reginglath Pbﬁﬁ'@“é‘&‘@#'y ciqnprse M) efifh» é’&‘?"!lQiﬁl (BditerhtMackt her eof :
(3) The Unit edbiShias €5., BistsnPaagRhma (1240) alRBy4ECIS hridlevéry G8bsednehtleiiifon to daldi t ed
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Reagents for Pharfnecoﬁgmlél’p@eenﬁ(m@a; Rérkville, Maryland (1985) and each and every subsequent

edition to date thereof, (4) SIGMA, Biochemicals and Reag_ents for Life Science Research

Catalogue, St. Louis, Missouri (2002-2003); and (5) Aldrich, Handbook of Fine Chemicals

and Laboratory Equipment; Milwaukee, Wisconsin (2000-2001) and (2002-2003) editions

thereof.

Of suitable chelating agents, BDTA is most preferred. The amount of chelating agent

"l

—

that is suitable for use with the present invention should be that amount which is sufficient to
decrease the des-phe isoform impurity by at least about 10% of its highest equilibrium
concentration (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 about 100 mM, from about 0.1 mM to about 20 mM, from about 2 mM to about -
10 mM or from about 2 to about 5 mM, respectively. )

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

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



Cat al ogue, St. Louis, Mssouri (2002-2003); and (5) Al drich, Handbook of
Fine Chem cals and Laboratory Equi pnent M| waukee, W sconsin (2000-2001)
and (2002-2003) editions thereof. O suitable chelating agents, EDTA is
nost preferred. The anmount of chelating agent that is suitable for use
with the present invention should be ant amount which is sufficient to
decrease the des-phe isoforminpurity by at |east about 10% of its highest
equi librium concentration (or its highest average equilibrium
concentration, where nultiple batches are averaged) forned. Preferably,

t he decrease in t he amount of the des-phe isoforminpurity is |east about
20% 30% 40% or 50% respectively, of its highest equilibrium

concentration g 86 jrtsin %ﬂp&éﬁt RRERAS %gee b iDokh csqr%enwfﬁrsl f@f‘}xsefﬁ?r med-
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for .use with bJJ %Een
i nvention is [FeBfeeHoRRYith th&tprqseéerenawm'u% oyt arp gt lisjtest 0.l Hidh t o
about 100 nmM ditrio Bid eedyldhide, Bl Histidiad) OThe ﬁ&err’émbuﬁmﬁnrabome ;zetmddt:ﬂuaabout

provi de. ¢ he. cHEREAGmEaRE T Bl pbfS3hit phfmi ol sl Fap ob 51
that is suitabhM té avoutiti® mMj ¢ven tnbe ppfeshinfom ahoend mdhto aibous 79 mMyeed most
prevent the | Qimldip %ol ool 17 aPiP B30 B BME Pk IRABE tuattls di§Afles 1 1 Once

it is forned fers use In - connection wt he "present

i nvention i ncIR!@fB‘ablbdlEesﬁlP@eﬁGte spiffipipt igmaiggain thepH of i groptimediummprisreing t rj ¢
acid, triethylgdife froab8oltis 3 AbBktBeHoml {HButdI5ah SEhEDS, BEidneibousy 2Mb hbout 714)€
preferred initial . buffer concentration is fromabout 1 mMto -about 200 mv
nor e preferablrﬁspfcrt‘&ﬂ?'about 5 nmMto about 100 mM even nore preferably from
about 8 mMto abouas 7xﬁtea1\4bomdt D pteferpd &b egrantidey ther chiglatidpO Wgenfl Gn raVbifeer.about

50 MM O her Lfaple b H’Eﬁ.y us t hes uf S are
sufficient tosr‘lil'rrlr'an %ﬁeh F—F ‘fhll%lgtmé gvﬁtm&gguﬁ%%g)ﬁﬁ su‘gltlgar%l?h rﬁrg‘{rr ange
from about 6 tretwesﬁ@mm@esﬁrmi#lmmﬂme')mbs@ﬂﬁ)%ﬂ%w(@mlelfmmr&mtémm? 2 to

about 7.5, T qsomcmt&aiuweryﬁﬁe aamoamreemxestof b&naaﬁgeige,rtr&@le RIePbOYbehg t he
chel ating agent i.n a buf chel ati ng

e
agent in the Hiﬁ?t?‘%F‘a%PFofEﬂ“a%etzQLﬂzar‘?°"ctH§80 #ﬂ’@aﬁ?i’fgﬂt“\’“&f?s(? ?52‘“{"}‘?@%9‘83 of
chel ati ng agenboite1d, kepestleys of B- 203 6 prot einis from about 1 to about

1,000. Alternative I S t to
t he nol es of B- 203@% hdt el nm%mgng %Qﬁ%’ e% Pg‘gd
about 50 to abmmntﬂ%twemﬂw rhghhmem m@dhetléﬂoﬁtmnqm qmonqne@\p@etor ﬁrem;he

Typi cal l'y, af tigg &Hg; insd 88h & Ie%@)t el g.zd@a:reo@e%ﬁo& i €| th butkd @uagl@S - phe
isoform inpurit

n the chelatin e a e B-2 ei_n
conponent (wi AP tﬁ‘f‘m? 81 “eé‘Pr%rg?"r%%'E A '%67%?’ g? 8 B-2036
pr ot ei n conponeghil, mrfrd:mﬂ)ohufxﬂmlthd&ues mg/ml) espdci@ty. on from about 0.1 ng/m
to about 20 ng/m ’FlIr{hQrmo?é,)ﬁllétten%blsau@Aﬁge otf%ea&&qﬁ m%dium together with the buffer,

the chelating agent(s) and its other contents including, but not limited to, B-2036, should be

maintained at a temperature preferably from about 0°C to about 35°C after the chelating
agent has been added to the bost cell(s) or lysate thereof containing the B-2036 protein
component, Also, preferably, the temperature of the host ceﬂ(s) and/or lysate therefrom
containing the B-2036 component is maintained from about 1°C to about 15°C, from about
2°C to about 10°C, or from about 2°C to about 15°C, respectively. Note that, preferably,
upon addition of the chelating agent (e.g., EDTA), the temperature of which is about 4°C, the
temperature of the bomogenate containing the B-2036 rises to about 30°C upon
homogenization. It is important to note that B-2036 protein denaturation occurs at about 40+
°C. As such, it is desirable to maintain the temperature of the homogenate (i.e., containing
host cells, growth medium, buffer, chelating agents, and B-2036, etc.) to a temperature below
the protein denaturation temperature of B-2036.



ng/m, or fromabout 1 ng/m to about 5 ng/m, respectively. Furthernore,
the tenperature range of the growth nmediumtogether with the buffer, the
chel ating agent(s) and its other contents including, but not limted to,

B- 2036, should be maintained at a tenperature preferably from about 0C to
about 35C after the chelating agent hgps been added to the host cell(s) or

| ysate thereof containing the B-2036 protein conponent. Al so, preferably,
the tenperature of the host cell(s) and/or lysate therefrom containing the
B- 2036 conponent is naintained fromabout 1C to about 15C, from about 2C
to about 10C, or from about 2C to about 15C, respectively. Note that, '
preferably, upon addition of the chelating agent (e.g., EDTA), the

tenperature of which s abqut 4C the te r re of the h enat
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about 300 liters, Ofhskpremietersdhay mayfeifintesast dusips eonagtdriyestie helptingegentely be
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f int t dyring. t act. bet t he chel at t d t - 2036
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ot her conponents.in the grow 11 "'e mnimzing the amunt "o
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Impurity with Metal Sal¢

Without being bound by theory, it is believed that addition of metal sali(s) to the
recombinant growth hormone antagonist B-2036 results in a decrease in the level of the des-
phe isoform 1mpunty either by an actual reduction it he level thereof and/or prevention of
further des-phe formation.

Typically, the metal salt(s) is/are added to the host cell(s) synthesizing the desired
recombinant B-2036 protein compohent during or after (or during and after) growth of the
host cell(s). Furthermore, after the growing and contacting steps have been conducted, it is
preferred to purify the B-2036 protein. Thereafier, the purified protein is preferably
pegylated to yield PEG B-2036 (pegvisomant), For pegylation procedures see U.S. Pat. No.
5,849,535. '

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-



W t hout being bound by theory, it is believed that addition of netal
salt(s) to the reconbinant growth hornone antagoni st B-2036 results in a
decrease in the level of the des- phe isoforminpurity either by an actual
reduction it he | evel thereof and/or prevention of further des-phe
formation. Typically, the netal salt(g) is/are added to the host cell(s)
synt hesi zing the desired reconbinant B-2036 protein conponent during or
after (or during and after) growh of the host cell(s). Furthernore, after
the grow ng and contacting steps have been conducted, it is preferred to
purify the B-2036 protein Thereafter, the purified protein is preferably
pegyl at ed to yield PEG B-2036 (pegvisonmant). For pegylation procedures see
U S. Pat. 5,849,535, Any netal salt may. be use connecti.o vviththe
present i nventsz(?n Ml 1) e fop w5 twifh the gregey ’éY"é‘P%{b‘Pa 4&%%“588 ©ni xi ng)
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isoform impurity by at least about 10% of its highest concentration (or its highest average

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 concentration (or its highest average concentration) formed. The initial
concentration of metal salt (e.g., sodium phosphate) suitable for use with the present
invention is preferably at least about 0.1 mM, from about 1 mM to about 500 mM, from
about ! mM to about 200 mM, from about 5 mM to about 175 mM, from about 10 mM to
about 150 mM or from about 25 to about 100 mM, respectively.

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 foruse
with the present invention, ie., 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



isofom inpurity by at |east about 10% of its highest concentration (or its
hi ghest average concentration, where nultiple batches are averaged)
formed. Preferably, the decrease in the anount of the des-phe isoform
inmpurity is | east about 20% 30% 40% or 50% respectively, of its

hi ghest concentration (or its highest ogverage concentration) formed. The
initial concentration of netal salt (e.g., sodium phosphate) suitable for
use with the present inventionis preferably at |east about 0.1 mM from
about 1 mMMto about 500 MM from about 1 mMto about 200 mM from about 5
mMto about 175 mM from about 10 mMto about 150 mM or from about 25 to
about 100 mM respectively, It is preferred to provide the netal salt in a
buffer. However hat e ..can bot b, as, a, bhiif f.ar |table
netal salt. Ho%(‘i‘é?ddmﬁg]dﬁ B?roc clen'?ﬂ?“[ ‘38?’8 %ﬁ%‘f Qr"k%‘ara?‘t“s rr]'félh(;i ’ mﬁggm% ged to the
sodi um phosphafren bhgiuf £mM PrizheldinM, evinherdpréfrably frem ebryt § mbkto prpus i mMbl e f or
use  with the piucReiiertdd(sBb Abu: lodfio ARRS) ARL CIRHLAMEC bitriRlBBLLAN Of

t he B-2036 protein “conponent ers use i n_connection with

the present i ntefsrablynthespbrifpasare yfficiepltemaipigin thejpk thél‘& groyvth mppdiven anyWhaH Rat e,
HEPES, citric @gkalge frdmk fofidd 18 Mboki £ frod Bsbubv. $toa6iub 5, of 6m oufs. BloabsuTs) Ni ti al
buf fer concentration is fromabout | nMto about 200 mM nore preferably
from about 5 ni#REVEBout 100 mVv even nore preferably fromabout 8 mMto
about 70 MM and nadler the edeeal sdi iy piovided ialacitTerl©r iM\thé cas@bONAP, SQerarithel NaB her
suitabl e buff esh?utrfm g(che O%SE\CAIE%m Irteaﬂxﬁ‘ge% mﬁ@‘%@ EmE’.H,E fthem@hi al Mftﬁéb%rtﬁim to

mai ntain the e range romaoout 4 to
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respectively. A&&emt I B oS glbémr;maﬂl ek 10 aeoubmdo@r A(té?ﬁatﬂvél#tﬁ'ée case

of NaP, where t sol ution ac t he net al

buffer), the aﬂﬁla'rf?“‘b?ftf‘%’émﬁ%%fétfe ‘%"éﬁlf“l‘itﬁ“’f"ﬁl?lebﬂﬁé?36 P(?S?‘“Néépb"s%?“&rﬁl?"% al so
acting as the iuof b eaboutSl00Vd, drobLatBikCs00tth @bout 5,000 Rl Bomr bt G00to hbvat pspbes of
netal salt to the m)J es of B-2036 protein is fromabout 1 to about 10, 000.
Alternatively, “TH&"°Nbl ar ratio of the noles of the metal salt to the moles
of B-2036 protein Fopictlly, hiteyrsniiloientt con@@(ta deceehsgutbe 1¥¢i00Dthe fdessphealseform 500 t o
about 5, 000, oy pt,ﬁamabeutmeiﬁaalts&@mme %5&96 pmfeﬂﬁ&ﬁn%&deﬂte({wﬁhm-gy Romahd V.

after sufficient contact (to decrease | evel des phe i sof orm
i npurity) bet wkRsh °gli(8 Wétbgrn sorrigted), %rﬁcP%%é REoteip FmpengHteinthe. SH ka2
(wi thin or fr ogentdaeationGmin ﬂﬁhtl((shg/hm&) iveat2oanghal, &omdibout tlfemBmP B34bojitr 0t ei n

conmponent in th ffe a about 0.1 ng/m to about
20 ng/ m from B’E’& E’B r‘rlg} oufng%Ih re’rr"ﬁ}cngq}or fromabout I mg/m to

about.5 ng/nl, resHochermae,ythe %PM@SF mogeof thgrowidmpdiuay tagethey Wity the phfferhe

growth medi um ﬁx@gfetalf'%ﬂt(w dnfl nE Qa]epwntcers,mcmd , BRUB! uﬁﬁéd%smm prelfstabBf her

contents incl Ushould be maltnta.lr}lgé at altenr}lge?amre t?om about gto rot?t 335¢ aAthhv. metal salt has

been added to the host cell(s) or lysate thereof containing the B-2036 protein component.

Also preferably; the temperature of the host cell(s) and/or lysate therefrom containing the B-
2036 component is maintained from about 1°C to about 15°C, from about 2°C to about 10°C,
or from about 2°C to about 15°C, respectively. Note that upon homogenization with the
metal salt (e.g., NaP), the temperature of the homogenate may rise. It is important to note
that B-2036 protein denaturation occurs at about 40+ °C. As such, it is desirable to maintain
the temperature of the homogenate (i.e., containing host cells, growth medium, buffer, metal
salt, B-2036, and optionally mercapto compound, etc.) to a temperature below the protein
denaturation temperature of B-2036.

Additionally, the contact time between the B-2036 component and the metal salt
should be for a time sufficient to decrease the level of the des-pbe isoform impurity.

Exemplary suitable contact times for decreasing the level of the des-phe isoform impurity



shoul d be maintained at a tenperature from about O0C to about 35C after the
netal salt has been added to the host cell(s) or |ysate thereof containing
the B-2036 protein conponent. Also preferably; the tenperature of the host
cell(s) and/or lysate therefromcontaining the B- 2036 conponent is

mai nt ai ned from about 1C to about 15Cpgfrom about 2C to about 10C, or from
about 2C to about 15C, respectively. l%ote t hat upon honobgeni zation wth the
metal salt (e.g., NaP), the tenperature of the-honogenate may rise. It is
inportant to note that B-2036 protein denaturation occurs at about 40+ C.
As such, it is desirable to miintain the tenperature of the honbgenate
(i.e., containing host cells, growh nedium buffer, netal salt, 8-2036,
and optionally nmercapto conpound, etc.) to a tenperature below the protein
denat ur ati on tshepébeforidtdeanhbodt WdiAutesAi6th blioatToliouiyto abdue4Ximntsawr trotniabmut et ween

t he B-2036 co metal salt should be for a time sufficient to
decrease the I'Hé\&/réﬁo tbf’&qghéudsé tlvel|ysof orminpurity Exenpl a sui tabl e
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hours, or from about hours to about 15 hours, respecti veIP/ Typi cal |y,
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Reconbi nant Gro ('S Des-Phe IsoformInpuri ty a. Decrease
of Des-Phe | sof ornd. Irrﬂiﬁﬂ?m'zn%mﬁno‘@h@ow{mg Agent Wt hout being bound by
theory, it is believed andisDeshedsoformdmosrfy ating agent(s) to the

reconbi nant growth horm)ne lJ;esults p . decrease in the | evel of the
des-phe i soform ecrease of Des-Phe Isoform

Impurity with Chelating Agent
Without being bound by theory, it is believed that addition of chelating agent(s) to the

recombinant growth hormone results.in a decrease in the level of the des-phe isoform

impurity either by an actual reduction in the level thereof and/or prevention of further des-phe
formation.

Typically, the chelating agent(s) is/are added to the host cell(s) synthesizing the
desired recombinant growth hormone protem during or after (or dunng and after) growth of
the host cell(s). Furthenmore, after the growing and contacting steps have been conducted, it
is preferred to purify the growth hormone protein.

Any chelating agent may be used in connection with the present invention which,
when contacted (preferably with adequate mixing) with the growth hormone protein 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 the
growth hormone. Preferred chelating agents suitable for use with the present invention
include, but are not limited to, EDTA, EGTA, and DTPA. Additional exemplary chelating
agents include, but are not limited to, Deferoxamine, Ditiocarb Sodium, Edetate Calcium
Disodium, Edetate Disodium, Edetate Sodium, Edetate Trisodium, Penicillamine, Pentetate



inmpurity either by an actual reduction in the |evel thereof and/or
prevention of further des-phe formation. Typically, the chel ating agent(s)
is/are added to the host cell(s) synthesizing the desired reconbi nant
growt h hornone protein during or after (or during and after) growh of the
host cell(s). Furthernore, after the gyowi ng and contacting steps have been
conducted, it is preferred to purify the growh hornone protein. Any

chel ating agent may be used in connection with the present invention which,
when contacted (preferably with adequate m xing) with the growth hornone
protein together wth its des-phe isoforminpurity, is one that is
sufficient to decrease the |level of the des-phe isoforminpurity,

preferably w , -adi of .. J i . de i VA of the
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present i nvensilbiam offfMde, but are not limited to, EDTA, EGTA, and DTPA.
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respectively, ;0f gl alth 30 Sgtiiiiy dohcRlittaill) GOMEE Mt Pt cohhtration of EDTA
suitable for use with the present invention is preferably at least about 0.01 mM, from about
0.01 mM to about 100 mM, from about 0.1 mM to about 20 mM, from about 2 mM to about
10 mM or from about 2 to about 5 mM, respectively.

It is preferred to provide the chelating agent in a buffer. Preferably, the buffer is one
that is suitable for use with the present invention, i.e., does not prevent the formation of the
B-2036 protein component or degrade it once it is formed. 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 preferred buffer is Tris. The preferred initial
buffer concentration i~ from about 1 mM to about 200 mM, more preferably from about 5
mM to about 100 mM, even more preferably from about § mM to about 70 mM, and most
preferably from about 10 mM to about 50 mM. Other suitable buffers may be used.
Preferably, these buffers are sufficient to maintain the pH of the growth medium anywhere in



its highest average equilibriumconcentration) formed. The initial
concentration of EDTA suitable for use with the present invention is
preferably at |east about 0.01 mM fromabout 0.01 mMto about 100 nV
fromabout 0.1 nmMMto about 20 mMM from about 2 mMMto about 10 nMor from
about 2 to about 5 mM respectively. I4gis preferred to provide the

chel ati,ng agent in a buffer. Preferably the buffer is one that is
suitable for use with the present invention, i.e., does not prevent the
formati on of the B-2036 protein conponent or degrade it once it is formned.
Sui tabl e buffers for use in connection with the present invention include,
but are not limted to, Tris, phosphate, HEPES, citric acid,
triethylamne, and histidine. The preferred buffer is Tris. The preferred
initial buff degasantboaté BRI 9,/foMibaipel to sboutlils) @ fialdabdut 206 athit 7For e
preferably frgép ouf 5 mMto about 100 nmM even nore preferably from
about 8 MM to about y70 and nost preferably from about 10 mMto about
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chel ating agent t fc@lﬁ; @g%es%ﬂ%ﬁ&eng&%%ﬁ(@%é etherQJeF' gg%edeg?he Wi, MRy be
out

fromabout 20 to a rom from about 60

to about 110, lmwpéé?twmt&echqi&tprgem apd theferoxyth anmqe@rom (e@o hEHL Ewithingr

decr ;eas edt Pﬁ eMathe ﬁésﬁ tdmes) d&\%eahteoﬂpwds) I grbmmaﬂnioxé plR&IVRE! hl}h? upitnﬁl aL l nlg
agen an e (6] or none rotein e 0Ss
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buffer has a alsmcs:mgmﬂ,tdrﬁnmfalmm b/l to aBout 5 Mg/nit] redpectiadiput 20 ng/m from

about 0.5 mg/m gy Ahodt. A fgg{pzﬁam ggo%ggnge %?Lu;gﬁglm&%ﬁ%yﬁu r,mg/m

respectively. Furtherm)re ¥ he tenperature rowth nme
t oget her wi t hthelshelating peent(s) andits otfisedontentpincludjes: byt 9yt ligitgd tOt e EPW@rhOE%m? ent S

i ncl udi ng, bupronf, piereeablmom&be thddRaifEd QY Bmpa &ﬁf@ﬁ&femﬁfyfﬁoﬁi dBout D€ loabale! ¥
shoul d be nai gé? ed at errperatureﬁﬁa(g Iy ]h aboyt OfC t 0. about
35C after the ’thﬁﬁh"?@%i‘ge?fﬁs bren 8“? ‘t‘te ePERIENE | v sat e
t her eof -cont akhei grgwththosnaye Euwtein. hersucquezﬂﬂmttm fempokitgro, of;ﬂreelfostr@b(syandlohe
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that, pref er ablow, thiineeferablglivpbroaidibn bivge abRfing debi (AUEBTA)EthE tempBERA)of t he
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which is about 4°C, the temperature of the homogenate containing the growth hormone rises
to about 30°C upon homogenization. It is important to note that growth hormone protein
denaturation occurs at about 40+ °C. As such, it is desirable to mamtam the temperature of
the homogenate (i.e., containing host cells, grdwth_ medium, buffer, chelating agents, and
growth hormone protein, etc.) to a temperature below the protein denz;m;aﬁon temperature of
growth hormone protein.

Additionally, tﬁe contact time between the growth hormone protein and the chelating
agent should be for a time sufficient to decrease the level of the des-phe isoform impurity.
Exemplary suitable contact times for decreasing the level of the des-phe isoform impurity
should be for at least about 30 minutes, from about 1 hour to about 48 hours, or from about 5
hours to about 15 hours, respectively. |
Typically, after sufficient contact between the chelating agent(s) and the growth

hormone protein, the buffer containing the same has a volume from about 1 liter to about



which is about 4C, the tenperature of the honbgenate containing the growh
hornone rises to about 30C upon honobgeni zation. It is inportant to note
that' growt h hornone protein denaturation occurs at about 40+ C. As such,
it is desirable to maintain the tenperature of the honpbgenate (i.e.,
containing host cells, growth nedi umpgbuffer, chelating agents, and growth
horm)ne protein, etc.) to a tenperature below the protein denaturation
tenperature of growth hornone protein. Additionally, the contact tine

bet ween the grow h hornone protein and the chelating agent should be for a
time sufficient to decrease the | evel of the des-phe isoforminpurity.
Exenpl ary suitable contact tinmes for decreasing the |evel of the des-phe
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what a sufficient mxing rate VI OUS m xing rate should
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any degradation of the growplelnksPH&-PRE Rbeil conponent is minimzed. b.
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hor mone pr ot ei recombinant growth hormone protein component during or after (or during and after) growth

of the host cell(s). Furthermore, after the growing and contactmg steps have been conducted,

it is preferred to purify the growth hormone protein.

Any metal salt may be used in connection with the present invention which, when
contacted (preferably with adequate mixing) with the growth hormoné 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 degfading) the yield
of growth hormone. Metal salt(s) suitable for use with the present invention include, but are
not limited to, alkali earth metal salt(s), alkaline earth metal salt(s), transition meta! salt(s)-
and combinations thereof. Preferred metal salts suitable for use with the present invention
include, but are not limited to, potassium phosphate, potassium acetate, sodium phosphate,
sodium acetate, zinc chloride, and combinations thereof. °

Other suitable metal salts for use with the present invention are noted in the following
references: (1) The Merck Index, 12 Edition, S. Budavari (Editor), Merck & Co., Inc,
Therapeutic Category and Biological Activity Index, p. THER-19 (under “CHELATING
AGENT”), Whitehouse Station, NJ (1996) and each and every subsequent edition to date



Any nmetal salt may be used in connection with the present invention which,
when contacted (preferably with adequate m xing) wth the growh hornone
protei n conponent together with its des-phe isoforminpurity, is one that
is sufficient to decrease the level of the des-phe isoforminpurity,
preferably w thout degrading (or substagntially degrading) the yield of
growt h;hornone. Metal salt(s) suitable for use with the present invention
include, but are not limted to, alkali earth netal salt(s), alkaline
earth nmetal salt(s), transition netal salt(s) and conbinations thereof.
Preferred nmetal salts suitable for use with the present invention include,
but are not limted to, potassiun1phosphate pot assi um acetate, sodium

phosphat e, sodi u etate, zinc chlaor and | nat i he Q her
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Edition), Uni taad [2bcites EqpabtpruRaiked, Wisdasi (2700032000 Nnd, (2602c003)| dditions

Mar yl and (1985# r}d each and every subsequent edition to date thereof; (4)
SI GVA, Bi ochem'@&'s and Reagents for Life  Science Research Catal ogue, St.
Loui s, M ssouri (2002(»@61@3)3@1 saitsl for Sipe Wit thie presenHamahb oo kodoin phiosphat€hén@ilcal s
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initial ) Cﬁncemehaad @rpm@érauyeitaéastszibbat (ﬂ?m&l, ﬁoﬁmbmm xamsabaitemo &V, tili ]ge for
use wt t he pL e ve (0] e S rom
use W LN Che PSSk HE Il BRRELES ARk Shui T8k 3003 i, 1O
mM t o about lwouﬂwommnﬁam@mutz_ﬂtomwtDOmM,bcﬂpectliﬂf) mM.or from about 25 to
about 100 mM fespﬁ%ﬁrxﬁréﬁtob{?vidémgfn%ia?&dimamfe?rﬁw% EJ?lﬁuﬁﬁfo%Jhaé%H in a

buffer. However, sodi umgp ate can act both as a a sui tabl e
metal salt. HARERAMEas ady Pft%wm@awabaalé Heyeps adldjtiopad juittbly metal sal(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 prevent the formation of the B-2036 protein
component or degrade it once it is formed 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 preferred initial buffer concentration is from about 1 mM to
about 200 mM, more preferably from about 5 mM to about 100 mM, even more preferably
from about 8 mM to about 70 mM and most preferably from about 10 mM to about 50 mM.
Other suitable buffers may be used. Preferably, these buffers are sufficient to maintain the
pH of the growth medium anywhere in the range from about 4 to about 9, from about 4.5 to
about 7.5, or from about 5.5 to about 7.5, respectively.

After the metal salt is provided in a buffer (or in the case of NaP, where the NaP
solution acts both as the metal salt and the buffer), the amount of the metal salt in the buffer

(or NaP solution also acting as the buffer) should be such that the molar ratio of the moles of



be added to the sodi um phosphate buffer. Preferably, the buffer is one that
is suitable for use wth the present invention, i.e., does not prevent the
formati on of the B-2036 protein conponent or degrade it once it is forned
Sui tabl e buffers for use in connection with the present invention include,
but are not limted to, Tris, phospha £, BEPES, citric acid,

triethylamne, and histidine. The preferred initial buffer concentration is
fromabout 1 mMMto about 200 mV] nore preferably fromabout 5 nMto about
100 MM even nore preferably fromabout 8 mMMto about 70 mM and nost
preferably fromabout 10 nMto about 50 M O her suitable buffers may be
used. Preferably, these buffers are sufficient to maintain the pH of the
growt h medi um anywhere in the range from about 4 to about 9, from about 4.5
to about 7.5 mes shit @thaleuibs o8 whph@ﬁadétpﬂte,ﬁ (egeﬁcﬁ@cf&iﬂdei about/A¥ toetbodthe.
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Additionally, the contact tlme between the growth hormone protein and the metal salt
should be for a time sufficient to decrease the level of the des-phe isoform impurity.
Exemplary suitable contact times for decreasing the level of the des-phe isoform impurity
should be for at least about 30 minutes, from about 1 hour to about 48 hours, or from about 5
hours to about 15 hours, respectively.

Typically, after sufficient contact between the metal salt(s) and the growth hormone
protein, the buffer containing the same has a volume from about 1 liter to about 5,000 liters,
from about 100 liters to about 2,000 liters, or from 200 liters to about 1,500 liters,
respectively. '

' Other parameters that may be of interest during contact between the metal salt(s) and
the growth hormone protein include things such as mixing rate. The mixing rate should be

that which is sufficient to form a homogenous mixture (of the host cell(s), lysate thereof,



hor none protein. Additionally, the contact tine between the growth hornone
protein and the netal salt should be for a tine sufficient to decrease the
| evel of the des-phe isoforminpurity. Exenplary suitable contact tines
for decreasing the | evel of the des-phe isoforminpurity should be for at

| east about 30 m nutes, from about 1 @?ur to about 48 hours, or from about
5. hours to about 15 hours, respectively. Typically, after sufficient
contact between the nmetal salt(s) and the growth hornone protein, the
buffer containing the same has a volune fromabout | liter to about 5,000
liters, fromabout 100 liters to about 2,000 liters, or from200 liters to
about 1,500 liters, respectively. OQther paraneters that may be of interest
during contact between the netal salt(s) and the growh hornone protein
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Exchange Chronmat ogr aph$- | n Degnieese afAgeresate Wity puri fyi ng B-2036 PEG the bul k
intermedi ate or B-2036 nDIAMARIEChRCHEWOMAWATAPIAY not ed above. Thereafter,
the B-2036 nol ecule is processed according to the following six steps to
yield final APl which is the B-2036 PEG protein of interest These six
steps are as fol | awsmanufacipepy bt peifyiig0 ByI08¢ PEGE ahel tillle htd8malis or B-2086 C

chr omat ogr aph ant I, I e t ield C.hogl .

ultraflltrati g”r?j"& 3](1%){}?& P %{ﬁ Sﬁ)nf%%ta?{og%al T%?e é‘g%" tth(% Qizoe%gmglecdlll ki r'??egste? on
pool , 4. AEXaesardingete thgrielismnetsogesphtoryie final 2dd whiely istthe BREJ6PEPIMER opool |

S. diafrltrat el THeR i hebarPRIble: Yi el d a diafiltration pool, and 6. API
filtration (for sterilization %rgosl%%, pre%erabl y, through a 0.22 mcron
filter into collecti onPHyRdeyieldpesplaed B-2088. (o yield a final API. The
above- not ed steps 21- 6 HI@cheoneatygtagliyy(optivdal diep)td gisldeln HIC pdobwchart | and

Exanpl e 1.  Referrj ng |f.fk&RuhnmklbnRGablRliSR HEPaaGERIRIENES the first

step of the clai rre4d

AEX chromatography together with pooling to yield an AEX pool,

5. diafiltration of the AEX pool to yield a diafiltration pool, and .

6.  API filtration (for sterilization purposes, preferably, through 4 0.22 micron

filter into collection bottles for freezing) to yield a final APL

The above-noted steps 1-6 are exemplary and disclosed in flowchart 1 and Example 1.

Referring to step 1, the pegylation step accomplishes the first step of the claimed
invention of providing pegylated protein isoforms of interest. Thereafter, the HICstep 2 and
the subsequent diafiltration step 3, both of which are considered optional, are preferably
conducted to remove any unpegylated protein, free PEG molecules, or any other impurities
that may be removed during step 2. After step 3, the diafiltration pool of step 3 is then
subjected to anion exchange chromatography of step 4 to separate the PEG-1, PEG-2, PEG-3,
PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and PEG-9 isoforms which are then subsequently
pooled to preferably enrich the level of PEG-4, PEG-5 and PEG-6 isofoﬁns into a final
product for further processing in step 5 of the diafiltration to be followed by the sterilization
filtration of step 6 to yield a final API product.

Referring now back to the pegylation step 1, the B-2036 molecule is subjected to
conditions sufficient for pegylating the B-2036 inolecule itself into B-2036 PEG including



i nvention of providing pegylated protein isofornms of interest. Thereafter,
the HHC step 2 and the subsequent diafiltration step 3, both of which are
consi dered optional, are preferably conducted to renove any unpegyl at ed
protein, free PEG nol ecules, or any other inpurities that may be renoved
during step 2. After step 3, the diafgbtration pool of step 3 is then

subj ected to ani on exchange chromat ography of step 4 to separate the PEG I,
PEG 2, PEG 3, PEG 4, PEG5, PEG 6, PEG 7, PEG 8 and PEG 9 isofornms which
are then subsequently pooled to preferably enrich the |evel of PEG 4,
PEG 5 and PEG 6 isofornms into a final product for further processing in
step 5 of the diafiltration to be foll owed by the sterilization filtration
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about 40C, prabbar4ftC,prefarabig fadmalx)utjlowtbabcalbmc 430 @oreprederablyr feonpabetdBEDL| y from
about 18C toy,ahQlbs-@>C. Now referring to the optional MC step 2, the
preferred parameters for conducti n? this step are provided in Exarrpl e |

and in flowhart Nowmferringtotheortpral Bitatteridtbe Riekred RgamstsiRyfor copdupting this 1o

pegyl at ed prOstt@idﬂe;&ﬂddeaijtﬂP@Eg)Hndlhﬁ%wBﬂiﬁtlelmnh@th&Wﬁﬂmuﬁmﬁd&gﬂpﬁﬁ resin
at an HClo

f. 5 ahqu Q roteln fer ({ ch} ed. vol ume of
MC resin, pré r%ﬁlfefe@% gtfmg“ gram: p%?%c{%mge A [of edergr?to cpa@keﬁl aged vol ume
of HI C resi n, Hi} load ofabahoetit ). g]ptgclp pertligér of peked bed volume of HIC resin, preferably <
about 5 gram protein per liter of packed bed volume of HIC resin, or < about 4.1 g protein per
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liter of packed volume of HIC resin. Also, the HIC loading conductivity is from about 30 to
about 60 mS/cm, preferably from about 40 to about 52 mS/cm, or more preferably from about
45 to about 51 mS/cm. Furthermore, the HIC step is conducted at an HIC temperature from
about 10 to about 40°C, preferably from about 15 to about 30°C and most preferably from
about 18 to about 25°C. The optional HIC step 2 removes at least some free PEG,
unpegylated protein and aggregate, respectively, present on HIC loading.

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.



titer of packed volume of H Cresin. Al so, the H C I|oading conductivity is
fromabout 30 to about 60 nS/cm preferably fromabout 40 to about 52
nS/cm or nore preferably fromabout 45 to about 51 nS/cm Furt hernore,
the HHC step is conducted at an H C tenperature from about 10 to about
40C, preferably from about 15 to abougy30C and nost preferably from about
18 to about 25C. The optional H C step 2 renoves at | east sone free PEG
unpegyl ated protein and aggregate, respectively, present on H C | oadi ng.
Following H C step 2, an HI C pool is obtained. The H C pool is then
subjected to an wultrafiltration/diafiltration step 3 which is optional in
the sense that if the MC step 2 is conducted then the
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i npuri ty)- and RERVREARPEmEeaykir geptein, Pﬁ‘%ﬁ“@i’%\%’%?d P{°FFé“ F'é‘s‘i“ﬁ%‘&ﬁ' fuch 8%, ani on
exchange ( AEX)th¢ eBilfide ildpéite 6 thekdedpRE ifnp&ity) and dni 6dgeudere tHetebf. are not |im ted

to, ANX4, DEAE, Q 0se€, Sephar gse FF aro
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Addi tionally, t he g«?x resin conprises functional groups sel ect ed fromthe

group consi sting BYERBt KiF1 ARKTERR Kgmeriseh RERipral SMBH IR, Fom the group
di et hyl et hancloasisting ,of tprima®] ketbndatyjreeitiatiquatemary amines and combinations thereof.

Additionally, the AEX resin comprises functional groups selected from the group consisting

E

of diethylaminoethyl, diethylaminopropyl, dimethylethanolamine, trimethyl-ammonium-
ethyl, trimethylbenzyl émmonium, dimethyleihanol benzyl and polyamine functional groups.
Furthermore, the AEX resin preferably comprises a support material selected from the group
consisting hydrobhilic polyether, crosslinked divinyl benzene polystyrene, crosslinked
agarose, polypropylene, hydrophilic acrylamidovinyl, methacrylic, polymerized hydrogel
with a ceramic bead base, composite silica-dextran material, polymer grafted silica, divinyl
benzene styrene, divinyl benzene polyacrylic, crosslinked cellulose, co-polymer
methacrylate, polystyrene, acrylic, G5000 hydrophilic gel, and cellulose. Also, it is preferred
to use an AEX resin which comprises a macroporous resin or a gel resin. Typically, the

suppert material has a diameter from about 10 to about 500 pm, and preferably about 30 pm.



ethyl, trinmethyl benzyl amoni um di nethyl et hanol benzyl and pol yam ne
functional groups. Furthernore, the AEX resin preferably conprises a
support material selected fromthe group consisting hydrophilic polyether,
crosslinked divinyl benzene pol ystyrene, drosslinked agarose,

pol ypropyl ene, hydrophilic acrylam doygnyl, nethacrylic, polynerized
hydrogel wth a ceram c bead base, conposite silica-dextran materi al

pol ymer grafted silica, divinyl benzene styrene, divinyl benzene

pol yacrylic, crosslinked cellul ose, co-polynmer nmetbacrylate, polystyrene,
acrylic, Gb000 hydrophilic gel, and cellulose. Also, it is preferred to
use an AEX resin which conprises a macroporous resin or a gel resin.
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re or S
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pegylated protein isoforms, PEG-2, PEG-3, PEG4, PEG-5, PEG-6, PEG-7, PEG-8 and any
aggregate, trisulfide impurity and des-l:)he impurity thereof and any unpegylated impurity of
the pegylated protein and any free PEG molecules.

According to another embodiment, the pegylated protein that is loaded onto the AEX
resin or that is provided in the first step of providing a pegylated protein includes one or more
pegylated protein isoforms, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8 and any
aggregate, trisulfide impurity and des—phe impurity thereof and any unpegylated impurity of
the pegylated protein ¢.1d any free PEG molecules.

According to another embodiment, the pegylated protein that is loaded onto the AEX
resin or that is provided in the first step of providing a pegylated protein includes one or more
pegylated protein isoforms, PEG4, PEG-5, PEG-6, PEG-7, PEG-8 and any aggregate,



resin or that is provided in the first step of providing a pegyl ated
protein includes one or nore pegylated protein isofornms, PEG 3, PEG 4,
PEG 5, PEG 6, PEG 7, PEG 8 and any aggregate, trisulfide inpurity and
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pegyl ated protein that is |oaded onto the AEX resin or that is provided in
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pegyl ated protein isofornms, PEG 4, PEG5, PEG 6, PEG 7, PEG 8 and any
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unpegyl ated inpurity of the pegylated protein and any free PEG nol ecul es.
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According to another embodiment, the pegylated protein that is loaded onto the AEX

resin or that is provided in the first step of providing a pegylated protein includes one or more
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, trisulfide impurity thereof.

According to another embodiment, the pegylated protein that is loaded onto the AEX
resin or that is provided in the first step of providing a pegylated protein includes one or more
pegylated protein isoforms, PEG-1, PEG-2, PEG-3, PEGH4, PEG—S, PEG—G, PEG-7, PEG-8
and PEG-9 and any aggregate théreof.

The pegylated protein together with any aggregate, trisulfide, and/or des-phe impurity
thereof, any unpegylated or partially pegylated protein and any free PEG is, after loading
onto the AEX resin, subjected to being eluted with an eluting solution during an eluting step
followed by collection of the eluent in multiple fractions. The fractions are volume fractions
of column volume. The eluting step may be conducted either by a pH gradient or an ionic
strength gradient. If the eluting is conducted with an jonic strength gradient, the eluting is



and PEG 9 and any aggregate thereof. The pegyl ated protein together with
any aggregate, trisulfide, and/or des-phe inpurity thereof, any

unpegyl ated or partially pegylated protein and any free PEGis, after

| oading onto the AEX resin, subjected to being eluted with an eluting
solution during an eluting step follgwed by.collection of the eluent in
mul tipl’e fractions. The fractions are volune factions of colum vol une.
The eluting step nmay be conducted either by a pH gradient or an ionic
strength gradient. If the eluting is conducted with an ionic strength
gradient, the eluting is 37 done with a salt solution in an eluting buffer
containing an ionic salt at a salt concentration sufficient to elute the
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sui tabl e i oni I n d f Aordaesd

i ncor por at ed g%ﬁ’f mgl\ng 3“‘13 ﬁg L%‘r)eha%ﬁg 81%% eor}'l1 onic rgdgl On% %‘ﬁgtg

chl oride proviaebnium grosphité, &l armdi(?lng)ﬂ@k mmwglomctswtsalr%mqgmsm fisrtuagrvﬂﬁbr ovi ded
in an eluting spehdRk and B ui%é;ot geq%qmts@& had @Ee?éﬂzlbg‘/tthe(i%mg -salt §0bodigh NaCl

salt solution) |s from_ about ahout referably from
about 5 to abdiHoridspiyiisdain achpffer nBuging clntigs @?@Pa%‘tﬁol?qoérﬂm"%éﬁﬁ am Bjuling apout

20 nM per CV aughedIhs Ealt%xﬁ:fuﬁfaﬁ(kﬂ dierno @ bR it N sdisoRbeH) is fod abouthddbut CV.

The el iding buff ol has_ a from
about 5 to abg{WEM ‘%Ar}é&é‘?bi‘bggf“ t?g?ﬂ'ggmgf? gcgb?)‘@rmﬁe Prﬁtﬁ'ﬁb%
preferably fr cntrmabom ab6ut 20 M pOTN axiixﬂost préferablip éomebent 10 leabedtUu2iSmgM perep i S

conduct ed at 2, okyldig bABPELARE 2 SRR 5 3RiecPiSh SRy % SRR 35C

nor e preferabl froma to ab en nore era rom about

15 to about 30'@ ﬁﬁ@%ﬁoﬂm"eﬁéf@ma@'ﬁ POcnd sesi Rrefargbly Gomsbent 6?5€ab°l’hélel uting

buf fer contai NiyRBertabie, BAdiktin _ggﬂeb'ﬁs'cgﬂhubtéddtgﬁEl&ﬂxﬁ%daﬁ}@sibbﬁsﬁ@(pfeﬁﬁdbl}
colum and fl owed threu h--t ol umm at*a1inear velocity of 5 300 cm hr.

preferably frontboRAStf mPC? rreferaltlp fom 2byt 2 feyahput 30°psven memmEfartiy e hert30 t o
about 100 cm hlrSto?lfb\l@O‘l’Gmfd, f%os@’rg&gﬂﬁg&yaﬁoﬁgmt@mw?g@ to about 100 cnl hr.
yet even nore prefgra ram about, t out ef.even
further more pref e?é“o??‘x’ﬁr%%eraﬁ%’?ﬂ““@ogfﬁgﬁﬁog °n6%“5' tﬂiﬁ% @gfesm
preferably at mbmntanﬁﬂovmﬁtltrbugh\ﬂfﬂemmlatemdan@loeimﬁmmbrcmmﬂ, refeblX frogsi n, it

S hreferred {piollShonk 150 BRAEN ol erfl) £Bh 308 SbIR 15 8L 000 GRRDT N0

from about 0.1 to abo urm vo prefera ut 0.1
to about | CV Hreferakly &pmg, ab?nerQ te) peopte FQPsmyhr§, oS v erbBere p@fqabﬂmﬁ%ewt 5§to5 v,
and nost pref %&hlw B Yetdvon furter InokdhrefR Bl fréln 2bdudboMe hoiEssiche] Avdfost Thus,
for exanple, ﬂa%/ ollect 100 separate fractions which nunber may be
| ess or nore t@"“&ﬂo M-t ot al anmount of salt solution and the
el uting buffer senthxhccdhging teluent/fe¥a the AEX resin, it is preferred to collect the eluent in

multiple volume fractions ranging from about 0.1 to about 5 column volumes (CV),

preferably from about 0.1 to about 1 CV fractions, more preferably from about 0.1 to about
0.5 CV, and most preferably from about 0.1 to about 0.2 CV volume fractions. Thus, for
exaniple, one may collect 100 separate fractions which number may be less or more
depending on the total amount of salt solution and the eluting buffer sent through the AEX
resin to collect the various CV fractions. It is to be understood that the CV' fractions are .
collected serially as eluent is collected at the outlet (typxcally at the bottom of the AEX
column) of the AEX column.

Each of the collected CV fractions will 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



resin to collect the various CV fractions. It is to be understood that the
CV fractions are . collected serially ass eluent is collected at the
outlet (typically at the bottom of the AEX colum) of the AEX colum. Each
of the collected CV fractions will preferably contain a given pegyl ated
protein isofont such as PEGI, PEG 23gPEG 3, PEG 4, PEG S5, PEG 6, PEG7,
PEG 8 and PEG 9. The collected CV fractions are then subjected to pooling
to determi ne which fraction contains 38 which pegyl ated protein isoformand
then to permt one to selectively conbine the desired pegylated protein
isoforms so collected. b. Pooling Thus, the CV fractions collected fromthe
AEX resin are then subjected to a pooling step to select discrete anpunts

of the pegyl atﬁﬂh%ﬁﬁﬁéd&r&&?h@foﬂﬁ s tith BedtfiGnd to LBEEvly coffbie the defiied 4,
PEG 5, PEG 6, PE G 9. Various analytical techniques nmay

be used to sel ﬁt‘??é’lr‘&"’“bﬁ‘?ﬁ’m’tsﬁ‘écﬂécé?dr ed pegyl ated protein |sof orms. These
t echni ques incl ude but arpeolst |imted to CE SDS- PAGE,

chr omat ogr aphy, 0, Iy

chr omat ogr aphy, ﬁﬁggﬁ gﬁhﬁ’%&“pmy‘?mﬁ% r oma ogr ap‘%‘ysubjci%)m azgo%\mg
conbi nations st rte@tﬂect Histrite Rm@Etsoof ﬂRPMEﬂ@Cd profsincifafprme duabas IPESHS-PBACE.
Further, w th d‘}é%&gt PﬁéBdPéh/ Gtﬁ,@?f YEG.S, athPlﬂ?b' Q}‘éﬁ&bstabéi}nchh@chﬁx ggent

(e.qg., sodi um do cyI sul fate) used with’ obscure’the rreasurerrent
of any aggr egdta¥ bedbeelg selectirgly pogl tbsépﬁlr@@ewtawstmt%ls%famsu rﬁ"’ﬁ’i&‘d@‘@?‘ﬂ“"éul fate

(5DS) used i n idiRle SCarPASTEMAESBYCH] sssmmm)&hro&&%ﬁg@t HIG tiedindtdpadphyd

reasur ed.  FowdVa SR ABSERt: R, FARRebtts ST HLELE g T RGSPAPPRY (e .
determining  t(AE), REGObIREGtherREC- BthePER>-of, RPEELE S5 pEGe6 ovilRDSEAGEG 8 and
PEG 9 qual | tatﬂu&ﬁex%ﬂ%ou%ﬁiﬂ?fz&ﬁ:é‘k&% QﬁP%%ﬁe%{uP at‘?Je r@ag%gl( £5b& fd&%ﬁ%' on)

t he i ndi vi dual ot el ns ana 1'S conduct for
pool i ng, the éh‘ﬁﬂ‘ QIF%“V@ PAGE e@%ﬁﬂ&@sm@fe?ﬂnPW%rﬁma@)outﬁ 5 to

about 50C, pretmivadingt the wmmecyﬁsum 1K) tusdiSife the SSEP AUTE b R4yl oy fz@m about
20 to about 40C, - and- r%:E)iaeferabl from about” 30 t o about . 32C.

when CE is usdBE=gfst frd Gy OLABEIREARS BESHS ﬁr"(‘,’&ﬁ‘aﬂ‘gt"f%ﬁgfeﬁa“(’isefers
to the conducieasurddy HﬂWevdn,eSDSaw;ﬂiEac@rl&suacemﬁnlli nsedrtcefingerpri@ (¢., ddteomining0 NS/ cm

and nore pref efAHAY, phh%h@@@LﬂEGSAtP G%b%—(séi%dggpﬁﬁ‘g aIIEFBé@ ifacld @@t i on

havi ng a conductivity wthinthe ové not uctivity
ranges is t hemumwwmsquf a qotectsd fragtinn) therigdiyi P"@é’gﬁ?ﬂ arotsipsprheai n -

Ilh ggre re IO re i/ gtn lt n%\n/alﬂlﬂ)yfllﬂz @bf@hd&doﬂ;bggdg@heldxﬁg&@tﬂoﬁﬁub@de)itgr@ tf:inpa:&ﬁ:@ Fomt Of
dent i Ty the AEPYP R Soise g PRGSO BIRS 1o08 b Eh RPacinI Bt ARt Banpi .

The area per centboptR0SC, andryposepreferablly fibinabaxt e toaboupddk. i s proportional to the
wei ght % of Also, when CE is used, the CE is conducted at a CE pooling conductivity (refers to

the conductivity of the sample fraction) from about 0 to about 60 mS/cm and more preferably
from about 5 to about 10 mS/cm. The sample fraction having a conductivity within the

above-noted CE pooling conductivity ranges is then introduced into the CE capillary for
pegylated protein fingerprinting. The so-obtained pegylated protein isoform fingerprint of
the relevant CV fraction is compared against a reference standard to identify the particular
pegylated protein isoform present in that sample.

The area percent obtain by each of fingerprint peak is proportional to the weight % of
the isoform corresponding to that peak in that fraction. Then the fraction so identified by CE
to contain the desired pegylated protein isoform in tl;e desired weight % of the isoform is
then optionally mixed with other fractions similarly selected to yield the desired isoform

mixture. This processing yields API composition.



the i soformcorresponding to that peak in that fraction. Then the fraction
so identified by CE to contain the desired pegylated protein isoformin
the desired weight % of the isoformis then optionally m xed with other
fractions simlarly selected to yield the desired isoform mxture. This
processing yields APl conposition. 393&ee, for exanple, Swapan K Chowdhury
et-at.,""Fingerprinting Proteins Cbup?ed with Polyners by Mass
Spectronetry: Investigation of Polyethylene G ycol-Conjugated Superoxide
D smut ase, " Anerican Society for Mass Spectronetry, Vol. 6, pp. 478-487,
1995. For conducting CE analysis on the CV fraction collected, the

pegyl ated protein concentration in buffer is at |east about 0.2 ng(m, at

| east about 0.5 ny/sed, forfaxaple BuapanOK 1Chowkiira BO4] “Hifidrpi@iting Profeine Qosiaut 0. 5
to about 10 ny

L] [ m,about t o about .3 .ngy [es tivel i ng
CE, or any of The P@E‘Sé{%%o@%ﬁ gger?a?n;’/es' Sbl?’?éeétl‘ﬁﬁ’?i‘uge@o?yc‘;’glyggég??yﬁgf&\l%ﬁtégas
pegyl at ed pr ot SiperokidoPigmptase;Telyretiem Sogidyi faekdass Spegir @ttty V defs py- éB-430199%5f  t he
pegyl ated protein. gel tuﬁauctirgtnem}gm Bn gt 80 HaEbnROAYKAL B RS Broll Y
1 to PEG 9, G

conprise one or nore of PEG. one or nore ol P to PEG 9, one
or nore of PEGe3cengation tyfferyp at legst 3bpyt & 2gne/ e lepst apept BSapgiml, fgw about fbro of

PEG 3 t0 PEG 7 68 100 mBlEE Bonk @bdRE§5 G abRRe100he/ITBY Sor abdiESté abott 3 gl 6, one
or nore of PEG 4 and PEG 5, one or Eggre of PEG 5.anqd PEG 6, and PEG 5,

respectively. KRSHY VISR EFeo Y afithp gBvenotdanaiistegigres gy Pogingy Yanowy
protei ns are ppeghleted pdteinf@formenaytz combintd th yield ajdesired pwl of thomigylatd frét&nd ,

Compri c6s at 1 e TR aRbolbyetseqpniten mal Minachd oic e BARH Pudd GB6G. "o
total weight o9, onher prsggl BRGoREGHS ione drgestoefREG itoPRGLY, pre ariennd of PEFo| .

Preferably, tRepRog e fideRE PEGE R PHES [dhO8k FEG-FEPEA-6, bife@r Rore®B PRGN 6 1S
at - | east about_75% by d. on a total weight of the pegél at ed

wei ght __base

protein isof orﬁ%G'B’r‘é@é’ﬁPm'l%r?ftP FE-47868 [PEGn pre of g1oprefi FEG-3adPEl-Grand BEP: at
| east about 80fisgestivelpi ght, at | east about 85% by wei ght, at |east about
90% by wei ght and- gt | t.abo 49 by. wei gh .. abo 95%
wei ght, at | east ag%lﬁ’fl g g'gé%v%}&gd oﬁﬁt‘fayl?ilfs pf)(gsaéqpcéttl)%égfp?%%%aagﬁlblr\%\f/eefr%hip?yat
feast about 98expiplesigifhgprpect tata Hoelef PEGHoRRG-5 aBWREYS, theipgtitof PEE-4| Ii¥sY, arthout
99. F% by \t/vﬁl ghm?_@@ﬂouﬁibel cﬁl@giat @ngﬁbgs a91§as9%°/m!{ Wtéiglgfw pﬁ?r@w_@g; ?n‘d@’lEE-G For
pool i ng, e pooljng is conducted on the pegyl ated protein isofo
collected in '?aﬁ%‘i‘t‘l\?tf’tlala‘&et‘g‘bﬂéiwlé“é H@wg‘é%”&f B‘dh%i’ﬁf“é‘il”r‘ip?@o? '8ﬁeg’glyar e
provi ded i n a thebégylated proidin foactidresf PEGAH, RRGSharkl PEGEay yi ledseaboptr 15VectiyrweighOf or s
are provided : 3 e r f t 6.6
o apout 0. aperosntlobl BHFREHL oty FREML isdpe pRSGL B B0kl AIARR
that buffer i smew@refarbicatdestiabei8tdy gicighh aidenstabent 83¢p byf weipht.at leashakayhat e,
HEPES,  ci tri Co@gbyweifht bt 40)4hs? 88004928y velipht hi 16Hst38out 95% by weight, at least about

96% by weight, at least about 97% by weight, at least about 98% by weight, at least about

99% by weight, at least about 99.5% by weight, and at least at;out 99.9% by weight,

respectively.

For pooling, the pooling is conducted on the pegylated protein isoforms collected in
the CV fractions where the pegylated protein isoforms are provided in a buffer. That buffer
in which the pegylated protein isoforms are provided has a pH from about 5 to about 10,
preferably from about 6.6 to about 9, and more preferably from about 6.9 to about 7.1.
Further, that buffer is one selected from the group consisting of Tris, phosphate, HEPES,
citric acid, triethylamine, and histidine.

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



At this point the pool ed pegylated protein isofornms processed according to
t he above- noted nethodol ogy (al so discussed in Exanples 1, 3 and 4

di scussed bel ow) shoul d be such that the aggregate |evel of the pool ed
product is <_about 10% by wei ght based on a total 40 weight of the

pegyl ated protein isoforms and any aggbegate t hereof that were subject ed to
steps 1-5 noted above with steps 2 and 3 being optional. Preferably, the

| evel of the aggregate is !5 about 9% 8% 7% 6%5% 4% 3% 2% 1.5% 1%
0.9% 0.8%0.7%0.60/N 0.5% 0.4% 0.3% 0.2% 0.1% 0.05% and 0.01% by
wei ght based on the above-noted total weight, respectively. The so-pool ed
pegyl ated protein preferably consists essentially of one or nore of PEG 1,
PEG 2, PEG 3, EG 7, PEG 8 ool ed
pegyl ated pr ofgﬁggteggb%‘gm ggghnsfls%fp%nsears'qs%nr){talggﬁatcatggmégfﬁéa(%’rerergggg&égftgPEG2
PEG 3, 'PEG 4, steREGSSNotPRG0®:; WilEQeR, 2 REG &emennhonEG Breferphly. 918-1¢y5bpletie

pegyl ated prof, en@t%oawww@ﬁ%%%& @ﬁ%ﬁ%ﬂ&%aim 19, 09920.8%, mme;@i PEG- 3,
PEG 4, PEG 5, PEG-S, PEG s0- pool e yl at.ed
protein prefefdbh 9%‘@:9@%59%‘%&5/@&‘1541 4”90(911%(9711@’3{&”@?&‘1@“6‘\“’ abF’E(‘}Pg dtqtgtG, 4,
PEG 5, PEG 6, wRfgfa, fesptidlyPEG 8, . The so pool ed pegyl ated protein
preferably consi st&ﬁﬁssent al I%'&gf one Oé pore PEG @ PEG 4, PEC75;
PEG 6, and PEG 7 o SEURR Rpterbly 8?Sé*fsn¢‘bfP8?‘ r RS, oL B &t s
essenti al | y ofPEGrig PEG-RBEG-30PEGRERES:-5, PPEG; BEG-PERE®S, aat #EGEG The soFpm@led :
so- pool ed peg | a e Y, or nore
of PEG 4, prorudiid fRih Bty KGR RN S B Cor AR B bituoVomchl 1B DY
consi sts esseREGH, IRECH, BEee7, FEGrpaed BEGPEGhe Semeblm}gﬂatﬂ Reeteinoprelswbld

pegyl at ed pr otcgisits aageﬂmvy%bhae &Qﬁb’ié S FERS F90L4, fpk«:bys @ﬁecmgerv pBGS8, i PEG 5,
and PEG 6. The_so- pool e gyl at ed roteln pre er ab &@fg@lsm essentlally

of one or mor &EGFS- Pﬁ%%"p°?lﬁ‘gpe§ﬂ6\9% PR eferg YF‘H’@‘S‘ﬁﬁfSﬁ‘H Qe PR oFeof
utilized for PEGI, REREIBEGS,cRE(P6,0PEG-N, andSKE®S, B Thensheppelkd @ogyladd pbeinher
such i sof ornms have.been t0 anlo h _ f r‘aﬁ{&/ VWher e
t he pegyl.at ed pr%?%e{ gmsms ess‘!n%@log? s morevﬁ ﬁﬁﬁ r?r%@n'g %@%&%‘g?" i ’|7's ’
preferred thdhe tsmoqleh@kylmd Kg'gmegef@rebly sonsists @sgerialiy\ef efigtor prseef REG-3 t ot al

wei ght of the ppegy lpakey mwm@:c@ THRQG FRSIE [REH14 béirn pke?&iﬂ?fé@sxﬁ‘é&s&ﬂmy
aggregate ther eof in the g,&% or the col'l ect e fraction.

preferably t hef PRRmYF of, F0>-i2ad BEGfio Jhe gx;goomlgcgyga% Pﬁ%i“ B‘?’?ff""f% by
wei ght based (&anﬁsb&:s&bﬁﬂﬂ@-oﬂ&te&dm‘o&tﬁIPEm giit BEG-® STieCbipdéled/pegylated protettior e,
where the t.ed e a .pe ed K h la t wi-th
vari ous i sof o%ﬁ% GI\ercgns‘ s és%lﬁua%tocgtoé‘ eve QPENaﬁsu%ﬁganéﬂ? Euﬁl?sdl de
impurity, anypdeéalqsiﬂeotmpwferablycemdtsassynﬁal@gﬂfemrequq{@ﬁ@cﬁ is pr ef erably at
a level to 5 aboutrﬂéh%ﬁyno%lpm’hg H@&@&l@? Ry B@ﬁtﬁized/\ﬁk ﬁlmmﬁiegmed plReay| at ed

rowt h hor non ntaqgoni st i s r rist ri des- phe
|grrpur ity e;so onms Qndgpendent ofo wgctlgE such isoforms have Leen subjz’.@e% Qll'uon exchange P

chromatography.

‘Where the pegylated protein is a pegylated growth hormone antagonist, it is preferred
that the level of aggregate is < 6% by weight based on a total weight of the pegylated growth
hormone antagonist isoforms and any aggregate thereof in the pool or the collected CV
fraction. More preferably the level of aggregate is < about 5%, 4%, 3%, 2%, and 1% by
weight based on the above-noted total weight, respectively. Furthermore, where the
pegylated protein is a pegylated growth hormone antagonist with various isoforms thereof,
the “total level” of a sum of any trisulfide impurity, any_des;phe impurity and any aggregate
thereof is preferably at a level to < about 15% by weight based on a total weight of tllxe
pegylated growth hormone antagonist isoforms, any trisulfide impurity, any des-phe impurity
and any aggregate thereof in the pool or the collected CV fraction. Preferably, the above-
noted total level (of a sum of any trisulfide impurity, any des-phe impurity and any aggregate



and any aggregate thereof in the pool or the collected CV fraction.
Preferably, the above- noted total level (of a sumof any trisulfide
inmpurity, any des-phe inpurity and any aggregate 41 thereof) is:~ about
12% 10% 9% 9% 7% 6% 5% 4% 3% 2% and 1% by wei ght based on the total

wei ght ~ respectively Also preferably, gphere the pegylated protein growh
hor mone antagonist is B-2,036 PEG its pol ypeptide backbone is B-2036 of
SEQ iii) NO 1. Likewi se, also preferably, where the pegylatod protein is
growt h hornone agoni st, of its polypeptide backbone is a polypeptide of
SEQ ID NO 2. After step 4 of AEX ' chromatography and pooling, a
followup wultra filtrationidiaflitration step 5 is conducted. Preferred
paranmeters for conducting this UFIDF step 5 are provided in le | and
flowchart 1. Atheepfdissirporl2%; K%, 8%, §od]%i6%: OeatPoite 2 S /%byc%q‘&ng . This
diafiltration &o@kmmwhgmr}e@gbma,ct ed to step 6 which is to take die active
phar maceuti cal i ng d| e t he. above- not ed i af.i l.t n pool
and to sterilize it Hf 8‘?@3( d'g\"?%wg?'lf“ﬂ P‘Qfef"ﬁ“ftﬁP Oﬂﬁ 8l E%#({)I ter.

, Preferred paPE@reitsepchpf:mlde bohitne tis Bg03thef SEQPID NQ.tlx amccmses elep pBferbly,
provided in Exg I i

preferred proce re fo?ﬂgﬁ“ﬁ}ggpﬁé‘éwﬁfnt\l/{rﬁr}??o wt & E@?%%pgd%te%ﬁoﬁﬁvbsf he
details of eacpelufeptideepSEQIBNRoZed above, usi ng an ani on exchange resin

chr omat ogr aphy step\ﬁeForstegormaE,pt IAYR PUkBRSESaph? GMIP ot € 2 EXBIaN-6p 2 1S
provi ded wherein the on .exchange chromatography step I's replaced with a
cation exchang¥traflifpty tiggrerst Bpcandigtedn e WﬁdI‘Pafaﬁ’éteé?p%f Gdncting % t er
exchange step upsFGteptsac: ;trdsmreewmchmple Thasd ficdshirt1s Adthe lehdofRtep G el idtratibn
Example 2 are rwdﬂ |nTa wherei.n the aggr vel. han
anywhere from gs" ﬁlca roted- T s ?%9}‘%00 R ‘?Bs“b““?gé%ggf‘"%a’ég‘;sﬁ%g‘&é? C?)i Wei ght .
Exanpl e 3 descphabe@elalwonﬁmdwg saebthioetbin dpyabeieingtad disfilapivn ipecllshdtosietifizent, t 0 t he
Exanpl e 1, and, refeba@léfb,aﬁrméonnﬁes@%@z R e, (PIerefRsRNBeR @m&nadewmért 2

procedure where_ RPH isused ~as the anal ytical technique which s
conpared to a CE B3y sier & e pravir i fieamaly 'gﬁﬁ‘fjggw‘?mk and 4 show that RPBPLC
i s equival ent to CHinaliafiHx&nple pr&wwaSpr&Exed‘de;rréadu@maﬁddaﬁfédfum’enttohes CE

anal yti cal "t echil e FMERDAENTS, O, T, FANENTLQH |8 pratess, bar

decreasing a | BVE el n or ne saFedres process
conpri si ng t hechroragiesraphy snep( &pr pqmmdvmgzrscam apvegydrmvecﬁxgmm@ @i im proysltdr ns;
and (b) separajh&enshl %B@Q)(Jhﬁig@%ﬂﬁﬁ%o@faﬂﬁ Sgf & fEEla&M \i#EH QealorC BRRAE.

chr omat ogr aphy usi ng an ani on _exchange resin under sufficient conditions
to decrease s a?tHorfug%qp 6ft°%t3§°&°’é.w tg@%&pg)pnate buffer exchange step associated therewith.

The results of the procedure of Example 2 are provided in Table 2 wherein the aggregate

level ranges anywhere from as high as about 60% down to about 6% of aggregate by weight.
Example 3 describes a pooling methodology which is applicable either to the Example 1, and
flowchart 1 procedure or to the Example 2 and flowchart 2 procedure where RPHPLC is used
as the analytical technique which is compared to a CE analytical technique. Figures 2, 3 and
4 show that RPHPLC is equivalent to CE. Example 4 provides preferred procedures for the
CE analytical technique.

EMBODIMENTS OF THE INVENTION

L. A process for decreasing a level of aggregate of pegylated protein isoforms, said
process comprising the steps of:
(a)  providing said pegylated protein isoforms; and
(b)  separating said pegylated protein isoforms by anion exchange
chromatography using an anion exchange resin under sufficient conditions

to decrease said level of said aggregate.



42 2. The process of embodinment | wherein said step (a) conprises the step
of (al) pegylating an unpegylated or a partially pegylated formof said
protein, or pegylating both. 3. The process of enbodi ment 2 wherein said
step (al) conprises pegylating with free PEG selected fromthe group

consi sting of PEG N-hydroxysuccini m dg»5K, PEG succinim dyl carbonate- 5K,
PEG sucaci ni m dyl propi onat e-5K, PEQ&-nmal em de-40K (2 x 20K),

PEG2- N- hydr oxysucci m de- 40K (2 x 20K), and PE&X-al dehyde-40K (2 x 20K). 4.
‘The process of enbodi ment 3 wherein a stoichionetric weight ratio of said
free PEG to said unpegylated protein is fromabout 0.5 to about 100. S.
The process of enbodi nent 4 wherein said stoi chi onetric wei ght rati ois
fromabout 1.5 to out 2.5, The pProcess. o odi ment [ sai d
st oi chi onet ri & wei 6%[ PlogEsp 8? °§‘§?%‘?ﬁ Apgen sai St"p na‘g G5 thte S p d {}h
process of enbodi npepylatingduempigplasdomnh mttiollyGivizglret foing ofmeidgrvtein, at pﬂxylraimgf rom
about 1.95 to abo 2.05. 8. The process of enbodi nent 2 wherein sal d
pegyl ating step (aﬁtl s conducted at a pegylating pH from about to about

10. 9. The pr ctessTas pregesoeficmbpdiment divberein 5aid seri(2peginpEics Apyl3ting ‘glthf%'m about

7.2 to about 7.8. Pé@ sentasu B6R GRSSo fcoﬁiﬂﬁﬂ@bﬂ?ﬂ@l\ﬁh sﬁédihuﬁﬂb—dKPmd ating
pH is from about 7

wherein said pegyl &’FF‘H’@“‘%H ré"“f‘ﬁcé%l 5%%%1‘;‘%‘4 Orgglg‘?f’fﬁi{ﬁ%%g aﬁr"’%&e‘#&e

process of enbodi ment 2@K)WWPEGEN-hydsadyshc@iagiy 4ok (220)dnd PEG)-aldehydosoil@ixed at a
pegyl ati ng t enper ayr.e is fromabout O to about 40 'C. 13. The process of
enbodi rrent 12 wher &i r? sai d pegylating tenperature is fromabout 10 to
about 30 'C. 4. THke presseefsmbédimenbd whereime stoi@hiphetrieveighy adtid opeaid frestHERD

tenperature is frogghoy Leg%lgmdﬁﬂmﬁ%%&na%&t%t&gbou{%@ process of enbodi ment
| further conprisi %gq an optional HC step (a2). of selecting said pe%yl at ed

protein by hydtoph H°Fﬁ%‘é?°§’é?4“8?¥%ﬁﬂ‘8ﬁ‘ﬁ%ﬁf‘9!ﬁ‘fﬁ?}nm wgight P igfroph alg

resin. 43 ~ L5toabout2.5.
6. The process of embodlment 5 whercm said stoichiometric weight ratio is ﬁnm  about ...
i 1.9 to about 2.
7. The process of embodiment 6 wherein said stoichiometric weight ratio is from about

1.95 to about 2.05.

8. The process of embodimént 2 wherein said pegylaﬁng step (al) is conducted at a
pegylating pH from about 3 to about 10.

9. The process of embodiment 8 wherein said pegylating pH is from about 7.2 to about

7.8

10. The process of embodiment 9 wherein said pegylating pH is from about 7.4 to about
7.8. '

11.  The process of embodiment 10 wherein said pegylating pH is from about 7.40 to
about 7.80.

12. The process of embodiment 2 wherein said pegylating step (al) is conducted at a
pegylating temperature is from about 0 to about 40 °C.

13.  The process of embodiment 12 wherein said pegylating temperature is from about 10
to about 30 °C.

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,



16. The process of enbodinment 2 further conprising an optional H C step
(a2) of selecting said pegylated protein by hydrophobic interaction
chromat ography (1UC) wusing an EEC resin. 17. The process of enbodi nent 16
wherein said H C step (a2) conprises |oading said pegylated protein and
any unpegyl ated protein on said HCrggin at an HC load of Iess than or
equal t'o about 10 g protein/Lof packed bed-volune of HCresin. 18. The
process of enbodi nent 17 wherein said HC load is |l ess than or equal to
about 5 g protein/l, of packed bed-volunme of H C resin. 19. The process of
enbodi nent 18 wherein said HHC load is | ess than or equal to about 4.1 g
protein/l, of packed bed-volunme of H C resin. 20. The process of enbodi nent

17 wherein in _said H C ste sai oadl 1.5 conducte t a | oadi ng
conductivity flgomg’ﬁdlwe?ogft%"%&ﬁ‘&’ﬁ’ft g@’ “‘Z‘?Lg aﬁ'ﬁ%“"ﬁ?‘o%@éte%gazgcr?ﬁodi ment
20 wherein said H sélcd:tmgdald@eg}dnmﬂwmtemIbly)hydrb]ﬂm&c @urradiauthromatoghfphy @HEhout 52
nS/cm 22. The procr%l?glb odi nrent 21 wherein said H C | oading

out

conductivity is fro 5 to about.51 nS/cm 23. The process of
enmbodi ment 17 lherBierprosegsf pnbddimenp 16 whorein said Hiffel ster d) enmpzises pading said

tenperature from tedLftotei a0 fated fbtein! SYEsaRf PESSsin A an@HLQGHaBENT 23
wherein said MC t?r%%g%ature IS %ﬁé%out %15eu%o saabout 30 an 25. The .

process of embodi rigsthadar efpad faAbput 49, g grofaing-efpacked badiyplume of I‘F[FdFﬁmabout 18 to

about 25 ,C. 38. The ppias esantelimeftngainereinsaid B¢ 1okd 18 @&ks AR eipdl RAbGt §F/ DF#3
step (a3) of uI traf| I teri n%gddbafl Ilt eri %UF/ DF#3) of an eluent fromsaid
H C step (a2). m)S‘ Sf'v‘éﬁ‘ﬂ% ™26 wherein said UF/ DF#3 step
(a3) is condud®. ed ’Dhetph‘pcess owwmnmmemesaidalﬁcrigadas lefs/ thEsB equiriorabong

mol ecul ar wei ght cyf s &%ﬂ‘em\% ﬁeﬁ%ﬁ@?ﬂh@hﬁpﬁ to about 20 kDa. 28. The
ere

process of enbodi rren I'n-sai d U/ DF#3 nenbrane MACO i s from about

8 kDa to <bou0-15 Wpepross offprabadimsatd wherewnigowidnHK sios (49 sridi lgading &
UF/ DF#3 nenbr ane NAE&icics af b GIT 1@&1@&6@&&“«@@;0&@1)&1@9@1{0 aﬂo&t ébas/cd0. The

Do, 44 31, THE. pr OEEESS AL BN P T 1R A SR b 0t Py
conprises a step (40|t9 atpht 52 mS/cm

22.  The process of embodiment 21 wherein said HIC loading conductivity is from about
45 to about 51 mS/cm. o

23.  The process of embodiment 17 wherein said HIC step (a2) is conducted at an HIC
temperature from about 10 to about 40 °C.

24, The process of embodiment 23 wherein said HIC temperature is from about 15 to
about 30 °C. '

25. - The process of embodiment 24 wherein said HIC temperature is from about 18 to
about 25 °C. ‘ .

26. The process of embodiment 16 further comprising a UF/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 :
-(MW CO) from about 3 kDa to about 20 kDa.

28.  The process of embodiment 27 wherein said UF/DF#3 membrane MWCO is from
about 8 kDa to =bout 15 kDa.

29.  The process of embodiment 28 wherein said UF/DF#3 membrane MWCO is from
about lb kDa to about 12 kDa.

30.  The process of embodiment 29 wherein said UF/DF#3 membrane MWCO is about 10
kDa,




| oadi ng said pegylated protein including any inpurity and any aggregate
thereof on said anion exchange (AEX) resin to provide | oaded pegyl ated
protein. 32. The process of enbodi ment 31 wherein said AEX resin is
selected fromthe group consisting of ANX4, DEAE, Q Sepharose, Q Sepharose
FF, Q Sepharose HP, and Q Sepharose }4. 33. The process of enbodi ment 32
wherein said AEX resin is Q Sepharose FF. 34. The process of enbodi nent 31
wherein said step (bl) is conducted at an AEX | oading conductivity of |ess
than or equal to about 10 nS/cm 35. The process of enbodi ment 34 wherein
said AEX | oading conductivity is less than or equal to about 5 nS/cm 36.
The process of enbodi ment 35 wherein said AEX | oadi ng conductivity is |less

than or equal,to . gbout 2.4 nb/cm 37. The process of enbodi ment 31 wherein
said step (b P} i sﬂEBF?aiféP%ﬁ“rgf‘mﬁﬁ‘ IngBerain,saig; S5 @p@r“fef SARISB frste8 (‘E‘g°%bout

10. 38. The procedsadog sadipegylatedniot3r inladifigany isipuirity AddXany apgltégag tigktof en f r om’
about 6.6 to about.;9.: } . i NE erein said AEX
HmmngpHisfrJ#g%ﬁ%@%gﬁgQﬁﬁ%@%@@%&ﬂ%&ﬁ%ﬁ%sofeMmmnEm
31 wherein saP# stlép prasesp of embadivepnt lewhesmin spid AEX resinid selected feogy the &wHP pr ot ei n

including any i NPWohsistin®éf ABt4] DRAS! @ 8afhSrodeDO! 024 P, @SSeplaRREHBand @qual to
about 10 g pntein/L of gacked bed- vol ume of "AEX resin.” 41. The process of
enbodi ment 40 wher¥PRSEH AEX 1 0ad is | ess than or equal to about 5.5 g

protein/L of Packerhe b@desyofiethbbdifiént A¥hdredbdald AR resil b®)-pépasress FFOf enbodi nent

40 wherein sal,gd AEX load is less than or. e | £.Q.about .1 rotein/L of
packed bed-voF%‘rreE%ngfR ?*Z"é‘%"ﬁ. ﬁ?ﬁﬁ%e%%%éseeggb lgfscgrr’fg%ta? %ea?]‘f“g‘%(?({/ﬁg ein
sai d pegyl at ed pr coeduptivityeplesssies coweal ¢y abpis1@mSkin. sai d pegyl at ed protein
i sof orms PEG 35 Phfge %gocgé&%boﬁﬁ%t% whrcin gaid KE1fiding Elnifiichivin/i5{essdnandpd PEG 9

and any aggregate, trisulfide inpurity and des-phe "inpurity thereof and
any unpegyl ated i A9 IX3PoBP IS4 protein and any free PEG noiecul es. 44.

The process of6enbpngiprest oflembo@iment3s Sirtin BEYXER 1Rdin EAdaILRLGO KR thM8 One or
nore of said pegyl aé?d rtgt‘lei i soforms PEG 2, PEG 3, PEG 4, PEG 5, PEG 6,
PEG 7, 45 PEG 8, Afft °|3|’§8¥ ' iny aggregate, trisulfide inpurity and
des- phe i npur 37y The process of embodiment 31 wherein said step (b1} is conducted at an AEX loading

pH from about 5 to about 10.

38.  The process of embodiment 37 wherein said AEX loading pH is from about 6.6 to
about 9.

33.  The process of embodiment 38 wherein said AEX loading pi—I is from about 6.9 to
about 7.1.

40.  The process of embodiment 31 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.

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 aggregate, 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, PEG-4, PEG-5, PEG-6, PEG-7,



t hereof and any unpegylated inpurity of said protein and any free PEG

nol ecul es. 45. The process of enbodinent | wherein said pegylated protein
conprises one or nore of said pegylated protein isofornms PEG 2, PEG 3,
PEG 4, PEG 5, PEG 6, PEG 7, PEG 8, and any aggregate, trisulfide inmpurity
and des-phe inpurity thereof and any gegnpegylated inpurity of said protein
and any free PEG nol ecul es. 746. The process of enbodi nent | wherein said
pegyl ated protein conprises one or nore of said pegylated protein isoforns
PEG 3, PEG 4, PEG 5, PEG 6, PEG 7, PEG 8, and any aggregate, trisulfide
inmpurity and des-phe inpurity thereof and any unpegylated inpurity of said
protein and any free PEG nol ecul es. 47. The process of enbodi nent 1 wherein
sai d pegyl ated protein conprises one or nore_ of said peqgyl Ated protein

i sof orms PEG 4, PEXEGS. m@DE@@ PREAT, agREetE, U&H‘&%W““&’gﬁ‘%é’@&?‘& gy
trisulfide and desthgbsf ahd@ituhgebfified RBEAPHS s Groteityant BBy PBG adlebyi@Uri ty  of

said protein d free PE | ec s.. 48, The process of enbodi nent 1
wher ei n sai d %ggyfv%é’a"cﬁ?sgf 8‘?%&8‘6%?7" &gn fi’ﬁ{epeﬁjpa TRISIN SPMETLSeS Png QLIPS+ ed
protein isoforns P&Gaid, pepfBbproinGedformPEEs2, BEG-3aPYG-AgRE@®6aRES-6, REG-Bul f i de

impurity and des- . i o ﬂ an j I f said
protein and any f%%uq{t?f %ggté%é%qs&gﬂg e %raggggsg%%@@%(;%h%&%&Merei n
sai d pegyl at ed pr owppgylatasimpyriseaf sgid progin apdeny frep PEG pplgculsgy | at ed protein

i sof or ns- PEG_Qt: PHe pRoceRECeAbcltbnA N Wh&R s ated profedlbbhiprles dnBBEHmbkY and
des-phe inmpurity thereof and any unpegyl ate |rrpur|q§l of said rot_gl n and

any free PEG nol ectfi®8d Pegﬂ“.‘tedTPFBPéiﬁriEﬁfgg‘é PEE-3e REGh REGY> HEGReTThr

pegyl ated protei n sadny Sggegtse tri3nlfid®d idpuri®f asdiideks-ghe ginlpaiitg dth@eddt anidnanys of or s
PEG 4, PEG 5, PEG 6 an ny_aqgr te, . trisulfi i ity and des-phe
impurity thereof a‘rllncﬁg ga§%d%%le1%8?f§%§amfeﬁlpmuéw;%e% Q(‘s?g?g&%ﬁ‘r otein. 51. The
process of ent#ddi nEietprocessiné rmbadineat Y wherejy ad padylped prefein coupiines @e ST mae or
more of said peoyahatheifhehteh I RRRLIPREE PG RS-, PR HRG R uff
PEG 5, PEG 6, PEG 7, PEG 8, and PEG 9 and any aggregate, trisulfide
inpurity and des- pPRETeERARRS Fiufide qud degphe uppuritich theisofand any ugpesylated, IRmENt |
wherei n sai d pegyl afiseid ppiteid #ad BnyCRRPEGH®eciise Or nore of said pegyl at ed
protein isofor PEG 1, PEG 2 EG PEG- 4, P EG 6. . PEG 7. PEG 8,
B PEG- 0 and Sy T oahefr Lubrr et pestiect prolRapBaios J8 o5 8o% e
process of enbodi nefsaidipegyiptadeprotein ispidrmpdRia-4 PEG-5p PEE-6i FEGe bangrany egeragates or

more of sai d PegyLBUAG: AP hY dosplealicf BdtanE i uipes i pufiF G EC 5.

protein and any free PEG molecules.

49.  The process of embodiment 1 wherein said pegylated protein comprises one or more
of said pegylated protein isoforms- PEG4, PEG-5, PEG-6 and any aggregate,
trisulfide impurity and des-phe impurity thereof and any unpegylated impurity of said
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 PEG-4, 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 aggregate, 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, PEG4, PEG-5, I;EG-G,
PEG-7, PEG-8, and PEG-9 and any aggregate and trisulfide impurity thereof.



PEG 7, PEG 8, and PEG 9 and any aggregate thereof. 54. The process of
enbodi nent | further conprising a pooling step (c) of pooling discrete
anounts of said pegylated protein isoforns to yield a pool ed pegyl at ed
protein by a technique selected fromthe group consisting of capillary

el ectrophoresis (CE), sodium dodecyl gl fate-polyacrylanm de gel
el-ectrophoresis (SDS-PAGE), ion exchange (JEX) chromat ography, hydrophobic
i nteraction chromatography (H C), anion-exchange (AEX) chromatography,
cation exchange (CEX) chromatography, reverse-phase high pressure |iquid
chr omat ogr aphy (RPHPLC), size exclusion high pressure liquid

chromat ography (SEHPLC), affinity chromatography (AC) and conbi nations

t hereof . 55. The process of enbodi ment 42 further conprising a pooling step
(c) of pooling3. dithepmesafountisenf! waicth 6 pyydtedprowein taxiprisds oo mmse of sai d

pegyl ated protein L " l t il e
sel ected fromthe ‘fé:ﬁﬁ%’%ﬁegﬁ’s&?{% S%%ngegyaé? %5 el ec?ﬁ?ﬁhgfg?fgﬁ?g) ,

sodi um dodecyl sul "éfﬁgrgy%m‘rf’ﬁﬁagrﬁ"één)fg"ésfega@lt@&ofophoreS| s (SDS-PAGE), ion
exchange (| EXp4.chroepioeds afimbodidd i R{kettbEprisingh @baiak ke (c rdTpoding aigiaphy

(MO, anion exchange (A chr raph cat|

chr omat ogr aphy, . ﬁ@l‘é‘é%’%ﬁ%ﬁ% %F‘Bésg F‘%“PW&&P%W?%?SE%%&“&&’%@"Y?HPLC)
si ze excl usi on hi gechpiges sedecesd| frayuite gbﬁmmxagfgaqifhgapmﬁiﬂd&h@hpreamdca)‘ finity
ch ot 001 aphy, (AQhic SRR N AN5eHASHR o Aok 658Ra , SpO o
tenperature from @mg%(lﬁié) Momhx; hYthOWhenfpmd@esﬁéIOGﬁtom&m%ht 55
wherei n sai d pool i J@,SdkEfan Cé@ %m,@ c&gglgtggl;ﬁg gyw,g@*cgmgg(c@b @n&gtobggmerat ure

fromabout 5 to about 50 procesSs of 56 .wher el sai d
CE tenperature is ‘F‘feEf’mPHﬁBB{gh?“’F%“"alﬂﬂﬂﬂ chropastographyo RPHREC)y pige gxclusigy high

enbodi ment 58 whergésius aigid ChrdrRitfpRpRt (SIBIFLE),! ifffityd bitbinatdRaphp @LPUINd40 C.
60. The process of e[inodl nent f59 wherein said CE tenperature is from about
30 to-about 32 C°BITHRY process of enbodi ment 56 wherein said pooling
step (c) is céhduchhedrppsssef] anbGlimentt42afudier poroprising acpreting stépy () pf pedimg about 0

to about 60 nB/ cmmsz&l?eteﬁgnouﬁl{pgf s%gg@ﬁﬁd(},iot&{@&gxh{ilgﬁal@ﬂcg%ﬁ@& t&n%ﬂdCE

pool i ng conductivity is from about process of
embodi ment 54 wherdPapledmegylaighpriin Bt & fphuque;seleqiedfior theqerayp goaflﬂmg of

capillary electrophoresis (CE), sodium dodecyl sulfate-polyacrylamide gel
electrophorésis (SDS-PAGE), ion exchange (IEX) chromatography, hydrophobic
interaction chromatography (HIC), anion exchange (AEX) chromatography, cation
exchange (CEX) chromatography, reverse-phase hi gh'pressure liquid chromatography
(HPLC), size exclusion high pressure liquid chromatography (SEHPLC), and affinity
chromatography (AC) and combinations thereof.

56.  The process of embodiment 54 wherein said pooling step (c) is conducted by said CE
at a CE temperature from about 5 to about 50 °C.

57.  The process of embodiment 55 wherein'sa.id pooling step 9¢) is conducted by said CE
ata CE temperature from about 5 to about 50 °C.

58.  The process of embodiment 56 wherein said CE temperature is from 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 59 wherein said CE .temperature is from about 30 to about
32 °C.

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



pegyl ated protein isofornms provided in a buffer at a protein concentration
of at least about 0.2ng/m . 64. The process of enbodi nent 56 wherein said
pooling step (c) is conducted on said pegylated protein isofornms provided
in a buffer at a protein concentration of at |east about 0.5 ng/m . 65.
The process of enbodi ment 54 wherein s@id pooling step (c) is conducted on
said pegylated protein isofornms provided in a buffer at a protein
concentration fromabout 0.1 to about 100 ng/m . 66.. The process of
enbodi ment 65 wherein said protein concentration is fromabout 0.5 to
about 10 ng/nL 67. The process of enbodi ment 66 wherein said protein
concentration is fromabout 2 to about 3 ng/m . 68. The process of

enbodi nent 56 ergin said ol,in t c)..l.s canduct.ed. on. sai d gyl at ed
protein isofor pﬁ‘f\}’lr%fgﬁ °f%“obé’d15rt?g‘f6§r“ﬁ§rt°‘ é‘)“Bth%ﬁﬁ‘gg%nr?g%rﬂ lasﬁ%nab?“ggm about
0.1 to about 100 nty/ahdut 16@S/cikthe process of enbodi nent 67 wherein said
protei n coNCerysy at fffprctsd drtu ek s wheh saift BBbting Lo @/ilTbonaddha ofigiaPT OCESS
of enbodi nent 68 wherein said protein concentration 1s fromabout 2 to
about 3nmg/ni. .  7ResYWWpistemdenfayms proxidpbidiahafier abs PRIFHY RFeIEaticR of dfad d
pegyl ated protei n g6V IngAa™. one or nore of PEG 1, PEG 2, PEG 3, PEG 4,
PEG 5, PEG 6, PEG [, PEG g, and, . PEG_9. 72. The @rocezﬁ.of nbodinegt 63
wherei n sai d ol elPRBRIFSN SHORIBEN;Sh e spid @eolipgster §p) | uciyd gapsgdy
PEG 3, PEG 4, PEG fegylREfCooteinREdforhs pRkddedin adifferREGpMtein/@ncehttiop bDat deag Of
enbodi nent 63 mher%jggﬁﬂh%@?ooled pegyl ated protein conprises one or nore
of PEG 3, PEG 4, P & N ‘6, PEG 7, PEG 8, and PEG 9. 74. The process of
enbodi ment 63 &her Ehenpracssdof sodpdinierd &4 yihaneindhaid rpoelinig step dedgs cenductedram saidr  nor e
of PEG 3, PEG 4, PRGyfied ReetnsofiSpibvidaH a BERr 8t a fidtein ERef¥@5:85c% but
enbodi mrent 63 wherein sald pool ed pegyl ated protein conprises one or nore
of PEG 3, PEG 4, PR&tepboysd®me/ml, g pEG 7. 48 76. The process of enbodi ment
63 wher ei n saiéb. poTheiiocp @Y émtodichept 63 twihierdin CAid Profe M@ SncoitAtionis frtf bouod.5 BEG 3,
PEG 4, PEG 5, and 5)%6“(3 EZ?t The process of enbodi nent 63 wherein said’

P m

pool ed pegyl ated protei i ohprises one or nore of PEG 4, PEG 5, and PEG 6.
67.  The process of embodiment 66 wherein said protein concentration is from about 2 to

about 3 mg/ml.
68.  The process of embodiment 56 wherein said pooling step (c) is conducted on said

pegylated protein isoforms provided in a buffer at a protein concentration from about
- {

0.1 to about 100 mg/ml.

69.  The process of embodiment 67 wherein said protein concentration is from about 0.5 to
about 10 mg/ml.

70.  The process of embodiment 68 wherein said protein concentration is from about 2 to
about 3mg/ml.

71.  The process of embodiment 63 wherein said pooled pegylated protein comprises one
or more of PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-
9.

72.  The process of embodiment 63 wherein said pooled pégylated protein comprises one
or more of PEG-2, PEG-3, PEG4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9.

73.  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, PEG-8, and PEG-9. '

74.  The process of embodiment 63 wherein said pooled pegylated protein comprises one
or rﬂore of PEG-3, PEG-4, PEG-3, PEG-6, PEG—?, and PEG-8.

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.



78. The process of enbodi nent 63 wherein said pool ed pegyl ated protein
conprises one ' or nore of PEG4 and PEG 5. 79. The process of enbodi nent
63 wherein said pool ed pegyl ated protein conprises one or nore of PEGS5,
and PEG 6. 80. The process of enbodi nent 63 wherein said pool ed pegyl ated
protein conprises PEGS5. 81. The prog gss of enbodi ment 71 wherein a pool ed
pegyl ated protein fraction of PEG 4, EG 5 and PEG 6 conprises at |east
about 70/a 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 isofonns and
any aggregate thereof. 82. The process of enbodi nent 71 wherein said pool ed
pegyl ated protein fraction of  PEG 4, PEG5 and PEG 6 conprises at | east
about 75% by wgi ghthelipsied of atErotéin chiprisés onPEG 3,
PEG 4, PEG 5, PEG 6, PEG 7 le%&%& B%Wh\émngg%pg%‘éf/%?ed or ot e o und
any aggregat e ther%d‘f“e%fé)m‘la‘mBE% FoddsS 2 PEShodi nent 71 wherein sai d pool ed
pggyl at ed Er ot7e] nh’f‘rregmcb@mfaﬁbodﬂ’é&? w!BE(frsﬁndq:B«;iedDﬁ@('jlﬁed:prmpmlcSﬂmsedoub east
about 80% by wei ght bas t ight of said PEG 1, PEG 2, PEG 3,
PEG 4, PEG 5, PEG 5™ %@?&@3 dgE&'\%EGQ pegyl ated protein isof or Ims and
any aggr egate718her”B@fp:0038$ of FiledjmreotEswhersin seidipoelediprpaylatzd profimrceinprisssind 'pool ed
pegyl ated protein fr, ngo ?EGQJandPE@S‘l PEG 5 and PEG 6 conprises at | east
about 90% by wei ght base total weight of said PEG 1, PEG 2, PEG 3,
PEG 4, PEG 5, 7PEG Bhe nressof epipdingngiidvherpincay poeled pegylaigd Hpﬁwwpﬁ!%ffner nms and
any aggregate ther&q,ﬁore&&m]'ﬁg,dp:g@r:@ss of enbodi ment 71 wherein said pool ed
pegyl at ed protelnfractlon of and PEG 6 conprises at. | east
about 94% by WRi ghfiepRragss %“ﬁbw&tl 3 V(E“l‘@‘?‘ltsa‘%f”@ EF@E‘EEE’M‘IBE@"}"HS?-"EG 3,
PEG 4, PEG 5, PEG—EF,G—PEG? PEG 8 and PEG 9 pegylated protein isof otns and

any aggr egat e g her g d&&ofTrts%dﬂ{egtCﬁm@néggag@ewaéw%emg el buffer

in which said pegy ern s rovi rom a 5 t'o about
10. 87. The. proces%E(éJﬁ 59@1*&“38@ IgpseabentyO0%diyoveight ased orwa@otal ys#8ht efom
about 6.6 to aboutg® pH§- 18$EG§h@E@r30@@@54 QEGW@LWEG -Bhpthensi prgai d
buffer has a pH from abg 9’ to ahout : The process of enbodi ment
64 wherein said buPgEgpte “"t?f?“g%ﬁ“&a'ﬂ'eﬁ?le@feetﬁ“iﬂfot einis provided is

sel ected from8&he TieoprpcessOORSéntboditgntafl Whiekedn saich psobdd glegylatédEhibtSin fdctioni ¢f aci d,
PEG-4, PEG-5 and PEG-6 comprises at least about 75% by weight based on a total
weight of said PEG-1, PEG-2, PEG-3, PEG-4, PEG—S, PEG-6, PEG-7, PEG-8 and
PEG-9 pegylated protein isoforms and any aggregate thereof.

83.  The process of embodiment 71 wherein said pooled pegylated protein fraction of
PEG-4, PEG-5 and PEG-6 comprises at least about 80% by weight based on 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, PEG4, 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.



triethylam ne, and histidine. 90. The process of enbodi nent | wherein said
| evel of said aggregate is |less than or equal to about 10% by wei ght based
on a total weight of said isoforns and said aggregate. 91. The process of
enbodi ment 90 wherein said | evel of said aggregate is |less than or equal
to about 9% by wei ght based on said tggal weight 92. The process of

enbodi nent 91 wherein said | evel of sald aggregate is |less than or equal
to about 8% by wei ght based on said total weight. 93. The process of
enbodi ment 92 wherein said | evel of said aggregate is |less than or equal
to about 7% by wei ght based on said total weight. 94. The process of
enbodi nent 93 wherein said | evel of said aggregate is |less than or equal
to about 6% bygyei Gt plaSEt efBodilt 8 Fhdidin Wl Khitfer had R pH R BEAEHTS atdtht
enbodi ment 94 wherein said level of said aggregate is I ess than or equal
to about 5% by wei dHt based on said total weight. 96. The process of
enbogi- ment 9§ gher Hirt:élpﬁedsdoﬂeﬁﬁﬁim@i @aﬁaﬂelﬁ@grtﬁgatle whish kﬁﬁ]&gj&lh’t&ﬂpr@tﬁm 1£qual
to about 4% by weights t ot al

embodi nent 96 wher f°r‘{“‘§§.55° g%f’madf B pcfmms qlf‘e’p? kf%;ng aﬁl l%lequal
t o about 3% by wei dgiethylrminedand hisgdiied t ot al wei ght 98. The process of

embodi ment 97 yf1er ahh pRaldl of GNiRkinRht FWhckeiF0E GHAIS o g%%tetlms Bn ofqual
to about 2% by wei ght based on said total weig rocess. of

enbodi ment 98 wher ERYRl Larhet Wreby FrighidhagrdRhar @&ét”é‘ﬁ“s“l Sé’ésm‘fmﬁa%sm‘bqual
to about 1.5% by wej Egatebased on sal d total weight. 100. The process of
enbodi nent 99 ere.n said al d ag e is less th equal
Co about 196 by Vel ghe PRacet Sibewmey Povirrt SRR To sersts 58y Ben o
enbodi nent 100 mhereqnahtostamw%bywélglnbmaomlsa@ggalquhe is I'ess than or - equal
to about O.9% by WeihgBioRAGELRRLRAIS Tl alPlibe diPuep e RIACH or Of

enbodi nent 101 V\/nerel sal of 'sal d aggregate 1s s than or egual
to about 0.8% by wenghto sbet#d byeightbased en wid toflivsiabt 103. The process of

enbodi ment  10293\hergi ﬁ@k&éﬂ%eﬁfmsﬂe%@ﬁﬁfl@@ﬁﬁﬁsa&ﬁag'g&ﬁe ish&s tah or equal

to about 0.7% by wei ” Elga}:b éot al gﬁ_‘ 50 104. The process of

enmbodi ment 103 wher"d 8\’/3?‘ g P‘Usaﬁ'd‘@t?@% ® is less than or equal

to about 0. 6% &4 m@hghtoc@asemmm%wmmm@hbf said0dgeregateiseso tias or of

enbodi nent 104 wher is less than or .equal
aﬂto%% gsedf &y &ngﬂ aé@b&aﬁﬂ%%%?

to about 0.5% b el
The process of embodiment 94 wherein said level of said aggregate is less than of

equal to about 5% by weight based on said total weight. .

96.  The process of embodiment 95 wherein said level of said aggregate is less than or
equal to about 4% by weight based on said-total weight.

97.  The process of embodiment 96 wherein said level of said aggregate is less than or
equal to about 3% by weight based on said total weight.

98.  The process of embodiment 97 wherein said level of said aggregate is less than or
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 total weight.

102. The process .of embodiment 101 wherein 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.



106. The process of enbodi nent 105 wherein said | evel of said aggregate is
| ess than or equal to about 0.4% by wei ght based on said total weight.
107. The process of enbodi nent 106 wherein said | evel of said aggregate is
| ess than or equal to about 0.3% by wei ght based on said total weight.
108. The process of enbodi nent 107 widrein said | evel of said aggregate is
| ess than or equal to about 0.2% by wei ght based on said total weight.
109. The process of enbodi nent 108 wherein said | evel of said aggregate is
| ess than or equal to about 0.1% by wei ght based on said total weight.
110. The process of enbodi ment 109 wherein said |evel of said aggregate is
| ess than or equal to about 0.05% by wei ght based on said total weight.
111. The procé@s Jhe prasessi phemhodines 19 whesin said layel|of vaid aggreedg isdesadiypepat e i s

|l ess than or equaluad & BRRVE%GDy Qbiatiis-1Bh i tolf@gle.Oon said total weight
112. The process of enbodi rein sai

nt 31 whe . said step.(b) further conprises a
step (b2) of l%stﬁhﬁ@%%f?Bp‘ferﬁﬁﬂ‘é’ﬁmpl%wgflédmﬁlkdfléﬁ?ﬁmé Gggf"é%'é&fqﬁsﬁ ﬁg‘ng’P ep (b3)
of eluting W th arequatloabout§.5%Hyweightbasea oflsaidxadeekighegyl at ed protein by a pH
gradient or an.ionic strengt radient and.a.step (.b4) of cqgllecting an
Sl bent i " 1997 o gitehE SPibopisRCtoS o8 R 10ER st g Bre i HBR LTS,
wherein sai d step el tofaheut A4%% by omight teed omsaid teppl Wdighy- of washi ng sai d | oaded

pegyl ated projg) n 0 pldedr (ool 106 ke s 108 sf18 adthdihet W hafl o | 00

pegyl at ed protei alt solution 1n an eluting er contalning an

ionic salt at a <aratoabert BAtabyteisht hgted an aid togWeighti ent to el ute said

| oaded pegyl aiggl PMepRics of értbUBRNMN 0ARX ek $hil levdildt said Agrdhte 6185 thh or
s a,chloride salt. 115. The

CToo ot 1L e Bl S EBLRAT R0 115 1 ccoss
of embodi ment 1095 Thiaprogess of etsbdindentpl 08 Iwherein said nelelodfaald gpragate ¢d lessrthanivavi ng a
oL, oL e gl S gl GRG0 5720 L1 TS o
sai d salt condtht rBeipesesy ehembodiments100 whaseinspid develofisgid aggmpate iSlessivhaser Cv.
118. The process Qiudt Bkt 008% by Wéightbase® bilsafitbial v&@éﬁg concentration gradient
is from about éo t 0 about ZO@HM 0 e51 ?1]319 T 8,process of nt:)(r)dl ment
113 wherein sdll efEProrgs shee “’ngts 3% 10, sgif leygloof saig ageregatsisless thag or 5
The process of eniequhl meibbut0.01% bydveightibased an chidabtaltweiphyt. buf f er has a pH from
about 6.6 to lﬁ?oulthc %rocess of embodiment 31 wherein said step (b) further comprises a step (b2) of
washing said loaded pegylated protein followed by a step (b3) of eluting with an
eluting soluﬁo;x said loaded pegylated protein by a pH gradient or an ionic strength
gradient and a step (b4) of collecting an efuent in multiple volume fractions .
113. The process of embodiment 31 wherein said step (b) further comprises a step (b2) of
washing said loaded pegylated protein followed by an eluting step (b3) of eluting 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,



121. The process of enbodi nent 120 wherein said eluting buffer has a pH
fromabout 6.9 to about 7.1. 122. The process of enbodi nent 113 wherein
said eluting step (b3) is conducted at an eluting tenperature of |ess than
or equal to 50 'C. 123. The process of enbodi nent 122 wherein said eluting
tenperature is less than or equal togbout 35 'C. 124. The process of
enbodi nent 123 wherein said eluting tenperature is fromabout 2 to about
30" C. 125. The process of enbodi nent 123 wherein said eluting tenperature
is fromabout 15 to about 30 'C. 126. The process of enbodi nent 123
wherein said eluting tenperature is fromabout 18 to about 25 'C. 127. The
process of enbodi nent 113 wherein said step (b) is conducted in a colum
and wherein saixd dfheplotss dehbedimdnt 5] 3awteteaaid ela@hOibiffeyhat b pB EYR abalit d tcol umMm
of less than or e 1§ 0 about 300 cmihr. 128. The process of enbodi nent
127 wherein said linear velocity is fromabout 10 to about 150 cnf hr_ 129.
The process of 12bdde piopass afzmbodiment il 1P whereih daidrebing buffep bistaypH fonf aboph Gfbout 30
to about 150 cnl higapout9l30. The process of enbodi ment 127 wherein said

| i near vel oci t){ is _fromabout 50 to about 100 cmihr., 131. The process of
embodi nent 127 1%dneri&f Arogess of smbpdiment J2Q wherein sajdeluting hnfien Base mofempabepfit 70
cnl hr. 132. The prasa®sat of, enbodi nent. 127 wherein said |linear velocity is
from about 60 ahout 65 cnmhr,. 133, The.prpocess of odi ment ,127
wher e, n sai o | 1eart aregt of Tibdnsit s sl i o Sen ) g pueied 5f o
enbodi ment 1 wher eieltiggicaipgrasgy bitse thapoal tv S0SC.sel ected fromthe group
consi sting of r , 0

hor mone. ant agots st IEBroet S RhGHE D R S Lol e ey Bl olbe
B-2036 PEG 52 13%03abpyadSpk-ocess of enbodi ment 1 wherein said anion

exchange (AEX) 1345Si1he pRORE biS@ibodilbiiqbd @héiin HiddlRmgI&hRRMAs HoATbsRE tgr oup
consi sting of pri rra&F,X, é,econdary, tertiary, quaternary am nes, and

combi nati ons t her eGPOPt3%8E- The process of enbodi nent | wherein said anion
exchange ((AEX) 12%siThe pobgst ofeftbodiment 123 wherein said eluting temperature is from about 15 to

about 30 °C.

126.  The process of embodiment 123 wherein said eluting temperature is from about 18 to
about 25 °C. ,

127. The process of embodiment 113 wherein said step (b) is conducted in a column and

wherein said eluting buffer has a linear velocity through said column of less than or

equal to about 300 cm/hr,

128. The process of embodiment 127 wherein said linear velocity is from about 10 to abo;lt
150 cm/hr.

129.  The process of embodiment 127 wherein said linear velocity is from about 30 to about
150 cm/hr. .

130.  The process of embodiment 127 wherein said linear velocity is from about 50 to about
100 cm/hr.

131.  The process of embodiment 127 wherein said linear velocity is from about 50 to about
70 cm/hr.

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 bormone, growth
hormone antagonist, human growth hormone antagonist, an antibody, and B-2036
PEG.



fractional groups selected fromthe group consisting of diethylam noethyl,
di et hyl ar ni nopropyl, di net hyl et hanol am ne, trinmethyl-ammoni um et hyl,
trimet hyl benzyl anmoni um di net hyl et hanol benzyl and ' pol yam ne finttional
groups. 137. The process of enbodinent | wherein said ani on exchange (AE7s)
resin conprises a support material sgpected fromthe group consisting of
hydr ophi I i ¢ pol yether, crosslinked divinyl benzene pol ystyrene,
crosslinked. agarose, polypropyl ene, hydrophilic acrylam dovinyl,

met hacrylic, polymerized hydrogel with a ceram c bead base, conposite
silica-dextran material, polymer grafted silica, divinyl benzene styrene,
di vi nyl benzene polyacrylic, crosslinked cellul ose, co-polyner

met hacryl ate, pol ystyrene, acrylic, G5000 hydrophilic gel, and cellul ose.
138. The procéds dJhe pivpwelphemhodimepinoykersin saif apionrexehangex( i grein AEN)SeY esi n
conprises a NACI GRRAGMBzbDS sdlectelIBm Hd @)l BffESe Off priziibQ dicomiady, thrtddyer i n
sai d ani on exchange %égégﬁéesi conpr.ises a_ gel resin.” 140. The process of
enbodi ment 63 wherd&" “ﬁ@&qM?ﬁﬁﬁﬁﬂﬁFﬂﬁ protein consists ‘essentially

of one or nor &6f TRERrotess PEEmbddinteG- BherdtEéaidlgnidibeitefangeRABXY resiafcGmprises PEG 8,

and PEG 9. 141, The praofess of i ment 63 wherein sajd,. gl‘ﬁg?gylated
protein consists r}‘é“é’g%n.i %Ip§/ S g%{r)]géog‘r Qhr‘r’o e bt cqgg‘&n.f, gt’Edé?% g‘j PEG 5,
PEG 6, PEG 7, PEGdgthylamingpiopyt- 9. IldhRethylittanglamionss oftrirestiddinmenivm-68ylwher ei n

sai d pool ed pegyl %ﬁ&hﬁaﬂ%@iéhﬁ&ﬂﬂ,s&&e@m&t B@E@/mﬁ' 2 £ fiRGnaff
PEG 3, PEG 4, PEG 5, PEG 6, PEG 7, PEG 8, and PEG.9. f4. The process of
enbodi nent 63 wher®"RS-sai d pool ed pegyl ated protein consists essentially

of one orfnoﬁrgsﬂf TIREQOBwGBsmaEﬁbéd_mBEM_ dcreBE?dgniorP&&aﬁl ge QEX)PEE Bmpdsda The
process of enbodi ment r e i ool ed pegyl at g otein copsists
essentially of ond"BP B, fsg'ﬁ%iﬂsg?mp@t;ga?%%éé}“gpﬁé‘%ﬁa W@é‘]’?’ 145.
The process of entvodslinkslt d8Sylhhenzna whystgreno otresilinded)yigatose priyprapylenegonsi st s
essentially of on ﬁ?'ﬂ&"- 3 EFEBE‘?M %!‘gi‘ . The
process of enbodi %g%%p%@‘ / eré‘?ﬁgzlé?l ) 6T’£3ﬁgegy g@%ﬁﬁgﬁﬁeﬁ%%é?sts
essential ly of ondagy cpmpasitofilipEieximn pitetial, pohpner eraBed silpa7diviprebegrefe ess of
enbodi ment 63 whersgidie Sivis)1 PR PolpRGNit, cdélinRidUeilshe (B lyTefmetRBS R, | al | y

of one or for e of pEFys 4116?'2(:%11]2,';(%0%0 hydrophilic gel, and cellulose.

138. The process of embodiment 1 wherein said anion exchange (AEX) resin comprises a

INacroporous resin.

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
essentially of one or more of PEG-1, PEG-Z, PEG-3, PEGH4, 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-S, 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-8.

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.



148. The process of enbodi nent 63 wherein said pool ed pegyl ated protein

consists essentially of one or nore of PEG 5, and PEG 6. \149. The process

of enbodi mrent 63 wherein said pool ed pegylated protein consists

essentially of PEG 5. 150. The process of enbodi mnent 31 wherein said step

(b) is conducted in a colum having gacolum volunme (CV) and wherein said

sttep (B) further conprises a step (b2) of washing said | oaded pegyl at ed

protein followed by a step (b3) of eluting with an eluting solution said

| oaded pegyl ated protein by a pH gradient or an ionic strength gradient

and a step (b4) of collecting an eluent in nultiple volune fractions from

about 0.1 to about 5 of said colum volune (CV). 151. The process of

enbodi nent 31 er ej ' C [ uct ' vV a

col i vol ums () "B ae LBk o e“%*%%%ﬁ“ﬁﬁ%f’ﬁ% Rreflled Bt Xhilie 7 1)

of washing said | esdElREeYA oamer ofPRF-4i BEGF b RdRBES by a step (b3) of

eluting with aay, e pRgess QF Yinb&incheics \L&@d\e&idoswéda%@?am PkdRdif chyise pH

gradient or an ionic st{}!gorggth grag{,ﬁ?t and. a_step (b4) of collecting an

el uent in multipl e*SBFH PeLEPPERE HG-B AT 5ut 0.1 to about | of said

col um vol une 1@EV) Thel pidcesd b€ embatieat 60f wiertho eiidrpodled3fegyiaed erateis abwisst ep ( b)

is conducted in a i L ume (CV) and wherein said step
 EQL M, 3N o? g%e%(f) fﬁ’é g\h@%i‘é’é J

(b) further conprises a‘step shi'ng said | oaded pegylated protein
fol | owed by a\l$PepTidBipcess of |eobodimenhi6B whgrein edidippalesl pesilatedt roteimjconsissaded
pegyl ated protein byerBaBférgE@%i ent or an ionic strength gradient and a
step (64) of collecting an eluent in multiple volune fractions from about
0.1 to about 058 ofheprpegssbrmbadimeat ) hereimgyid stemeh) isPprdusipdia aselumn havigodi nent
f’év)“herﬁi \rllmsai d st gRol{ul} vblﬁm@(lﬂ?‘-’&nﬁﬁﬁeﬂem saidcs_febtqwrumvicmpﬁga 4:@?;&1(51&; éﬁr)]| une
an erein said ste urther co i s a ste - of .washing
sai d | oaded pegyl at'& r%f?éigaﬁldf B‘Tgy%‘gamgex’?“ng’“%‘fézby(aoﬁp @‘?f 852%]%”#59“&? an
el uting sol ution seltihgl somtievsapidgadedipagglated ptotsinrbylrypth gradiergoaen @nic swengtn i oni ¢
strength gradient LeR of I ' | [ Rl e
ARt ApT s Sip (8 be CU1cEp of Skl Flicle Eline Shcks oot

vol une fractions f out ] sal ol um vol une' (CV).
54 154. The procesbost0-kiegbert Heffeid salomppdyes (GV3aid ionic salt is selected

fr f) ][n the groupsicomsd ;f‘radeghg)feﬁabmgﬁ 31 &Heﬁir#ﬂiﬂ@t_l@ﬂ) @) isdendudiad ﬁﬁ%ﬁﬁxﬁhﬁdng'\la
KGO . 155, “The. pr ochaua “eias APERY “HHsn e (O SRR B PPRet on
gradient is from whding sii@ loaedibegyipted Profeimfulllpesd W@\a stdb®3) A gintigewith nor
pooling pegylated ph@lshRubeAldAbadBF pegyiodl pRE-RCHSSpiE BEREA D BYidhfiSudlefP Of :
gradient and a step (b4) of collecting an eluent in multiple volume fractions from
about 0.1 to about 1 of said column volume (CV).
152. The process of embodiment 31 wherein said step (b) is conducted in a column having

a column volume (CV) and wherein said step (b) further comprises a step (b2) of '
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 strength
gradient and a step (b4) of mllecﬁng 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 a column having
a column volume (CV) and wherein said step (b) further comprises a step (b2) of
washing said loaded pegylated ;;rotein followed by a step (b3) of eluting with an
eluting solution 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).



(a) separating and collecting said pegylated protein isofoms by a
technique selected fromthe group consisting of capillary electrophoresis
(CE), sodium dodecyl sulfate-polyacrylam de gel electrophoresis

(SDS- PAGE), ion exchange (IEX) chronat ography, hydrophobic interaction
chromat ography' (HI C), ani on exchange §4EX) chronmat ography, cation exchange
(CEX) chronmat ography, reverse-phase high pressure liquid chromatography
(RPHPLC), size exclusion high pressure liquid chronmatography (SEHPLC),
affinity chromatography and conbi nations thereof. 157. The process of
enbodi nent 140 when said technique is RPHPLC or CE. 158. A process for
decreasing a | evel of aggregate of pegylate.d growth hornone antagoni st

i sofornms. having a total weight of said isoforns and said aggregate, said
process conprissi nghd precest efpmbodimer(t )3 phavein diid pnivcaait ispelgstedafien thyreowp h

hor mone Nt 290N St SR RACE kiR Vs Phisilic R RO ALSH, it

hor mone ant agoni st 1sof 8rns OA an ani on y anion
exchange chronat ograpeRuny pifete, aioniugi pherphate; Ehard Kelns t o decrease said |evel

of said aggreggse frRe p@sess biabdaimeBUR! wileRin SROMI Blechiyativeicalintiages on
said total weight 159. The praocess of enbodi nent 158 wherein the conditions

are sufficient to Ei‘é’Btr]é’é%@ 2 M@V of said aggregate to |l ess than er
equal to about158% hwraueusghtpodmgpegynfed ﬁﬁiedx isofirms, sax&\ﬂb@bﬁtcomﬁﬁdﬁag theseppfocess

of enbodi nment 158 whg gl tng}gh dﬂcotllec a@({gﬁg)sll {elen Eoﬁyg%%grtg sal d

| evel of said aggreg an ore out wel g based
on said total weight: 1659lectﬂ'¢1ér°prdiempmm&fmﬂaMSECWMbe@iSn(QE%e

conditions are sufficientgkifnIReA3aRutS 1a6E loelec Bbte GO@DRFAIGE) L O - | €SS
than or equal to about B%Oby vve&&ﬁ aslgd (c)r% sal getoetcaéb|h \?vel ght 55 162 The

process of enbodi nent 158‘°‘b\hé?‘@1“‘i*$°t h@@onﬁ‘?‘?‘l‘%‘fﬁapélfe bydrophobice ninterstiqhecr ease
said level of said aggregm‘ﬁto\‘gﬁpﬂyegﬁcj, lagién @ichﬁqanExPclﬁ&ﬂmgr@%,bzyu&ﬂ ght

based on said total weight oces nt 158 in the
conditions are suffici entgex h&“ﬁei?@ gb“g'éﬁ ﬁye\f%‘fm&f’gag :%gha Tegal® Yo | ess
than or equal to about 1%hipmatugragit (BﬁHBbC)onswaledclumnalhlghv\mrgmre Hgpid A
process for decreasi ng a éhfbhﬁiogiaﬁx\sﬁtSEﬂi’Lé) %.H’(Bt?@hﬁﬁ%oéﬁdh?%ﬁ IcGkRbihdEBAY 1 LY,

any des-phe thereof.

157.  The process of embodiment 140 when said technique is RPHPLC or CE.

158. A process for decreasing e; level of aggregate of pegylated growth hormone antagonist
isoforms having a total weight of said isoforms 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 chromatogtaph-y under sufficient
conditions to decrease said level of said aggregate to less than or equal to
about 6% by weight based on said total weight. .

159.  The process of embodiment 158 wherein the conditions 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 to decrease said
level of said aggregate to less than or equél to about 4% by weight based on said tota]
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.



inmpurity and any aggregate of pegyl ated growth hornone antagoni st isofornms
having a total weight of said isofornms, said inpurities and said
aggregate, said process conprising the steps of. (a) providing said

pegyl ated growt h hornone antagoni st isoforns; and (b) separating said
pegyl ated growth hornone antagoni st isgof orms on an ani on exchange (AEX)
resi n by ani on exchange chromat ography under sufficient conditions to
decrease said total level of any said trisulfide inpurity, any of said
des-phe inmpurity and any of said aggregate to less than or equal to about
15% by wei ght based on said total weight. 165. The process of enbodi nent
164 wherein the conditions are sufficient to decrease said total |evel of
any said trisulfide inpurity, any of said des-phe inpurity and any of said
aggregate to I&%s Thegrroess olgibadimens I dwhprein tiosagditopsiitit IHEYAUIGIERY ¢ ot al
wei ght. 166. The pewReersaid afprepit @essBiah oldadal 4 uBbR12% BylwetighOasidton G418 todal ©
sufficient to decrea said total level of any said trisulfide inpurity,
any of said des- ph‘% é‘ﬁpurlty and any of said aggregate to.less than or
equal to aboutl63l09%%He\prosess gfsmbbdimend 1 Shwissdindthe ainditionsereghificiedtdy dectehss spd ocess
of enbodi nent 164 fib r said
total |evel of any%g{;ﬁhltgr%é?%rtgﬁ)gggsma%ls l?ogbu'gtlc{?dy?%?ggt%é%eo%r%a?bﬁﬂpurlty
and any of said aW¥ightgate to |less than or equal to about 9% by wei ght

based on sai d 50t aA pieisgieh debR&ing BStalNEvRLEISuR bf raempu&@%%&rﬁbn t he
conditions are suffl cient to decrease said total |evel an sai d

trisul fide i npuri tiPPUGfKgndmy asgregatgapegyiaed Wﬁ\ﬁ‘#l@?‘%ﬁﬂ‘%ﬁ?“@ °§5§l&mg
aggregate to |ess d ke »&tgheqmaid iscforaldpbdid Efpukifies\id ghid dpardate, Qiid padcekst ot al
wei ght. 169. The PLasess, ol o rrbfodl ment 164 wherein the conditions are
sufficient to decréase sai asepfotal |l evel of any said trisulfide inpurity,
any of said des-phe (@rpupiovidingsrid peaylated grewithdommggantagertist isoformsearwl t han or

equal to about 7% bygyei ghl.fased %la%ﬁ%v&tpﬂo%on\é@htg&hséz&omlbﬁm%gﬁesS of
enbodi nent 164 whereln the condi t| ons.are sufficient to decrease said

total level of any said €rehags (ARKA resindyepipy exchypee ehyromatospplyawdsssefficiens  j ¢ y
and any of said aggregab&xditﬁndteﬂ&réamdabtaﬂq&babfdr@ sﬂb&uﬁlﬁﬁx%niwnm&lnght
based on said total wei gh{. o de he 2% rd%%e(s) %a agqo e rumor 0 erein
the conditions are suffiClent 1o dee Bt o Ay 2ai d
trisulfide inpurity, anyabiutgié@hymtm@qnmdtdﬂﬂylemd any of sal d
aggregate to hess FHagRcek oftadimbR 169 Ghtieim He B¥haitBh IR subRBRM, BRra&isdiat Ot al

wei ght. 172. The process of epbadi nent 164 wherein the conditions are .
sufficient to decrteta'slewéaﬁaavsatdd{*sglﬁdF HORYFitYp Y of piddes-ghe impurty gnd gmy 9% 53 i ¢y
any of said des- pr@gnemmmndswanﬂe@woaﬁousm/dbyv@@tmgmoasixd)tokaewslgnthan or

equal  t0-about oA% fy YELONte ARG 981 ikt b bl Shuemchirlo s gCeSS Of

enbodi nent 16 ereln ons are sufficlen ecrease sal d
' total level of any sald trisulfide impurity, any of said des-phe impurity and any of said -

aggregate to less than or equal to about 10% by weight based on said total weight.

167.  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 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)out 6% by weight based on said total weight.




total level of any said trisulfide inmpurity, any of said des-phe inpurity
and any of said aggregate to less than orr equal to about 3% by wei ght
based on said total weight. 174. The process of enbodi mnent 164 wherein the
conditions are sufficient to decrease said total |evel of any said
trisulfide inpurity, any of said des-gghe inpurity and any of said
aggregate to |l ess than or equal to about 2% by weight based on said total
wei ght. 175. The process of enbodi nent 164 wherein the conditions are
sufficient to decrease said total level of any said trisulfide inpurity,
any of said des-phe inpurity and any of said aggregate to |less than or
equal to about 1% by wei ght based on said tot aI wei ght 176. The process of
enbodi nent 134 rein sai none agoni s 0

wherei n said B—Ag‘g él%ﬁ’gacess?dﬁ) °“éli|§ BRI P Wﬁ grtﬁts{é%g% g‘id%g% Pt i de
backbone of B- ZOSGtWIfQE@my@dN@ulﬁﬂ&mpiﬁt? mﬂ'bfsatpldcﬂdélssmmmtymmm 134
wherein sai d_grownt ioBesiRRsd tandc AREX BbR%Yy §WEA vasd ROk BEPLIER OF [ SEQ

ID NO. 2], 178. The process 0 i ment erein sad @gort mat eri al
has a di anet er 1% orfhhe 21968 ofrmbpdiment A¢k wisrsin thegonditians arpguffigiens todegreqsp said

enbodi rre][lt 178 Ymert&hlﬂe@fﬂéfdn)ﬁﬂaﬂlrﬁ%?ﬂi’de imﬁﬁm?rbn@uﬁaiages-me Bty d adhSP said .
rocess for poolin rotein iso rocess ca risin e
gt eps of: (al)O sepagﬁgrf ée o‘h’%‘ gsAvalitegpopA %rlgl"f?‘qiglﬁfegp ﬁ?% gﬁect edg
i sofornms; and (18 Ciheripronésinof ehbdimen [l @okieain thodoaditians b syfificibnt tadecesse saded
ool of said select, f, " . I ] .wher ei n
gal d sel ec!t ed i sof o(r%grrlslmjzg?g %@fgkgé&“%nﬁz%é&g’%@ﬁ%\f@@@%ﬁ%@?gﬂ{mr at: o]
of ((a first wei ghtagestgapRcless thanprequal taabp@3Y%chy/Weight basadondaidiotayweightf any
PEG 1 + PEG 2 174 EG!‘h@ Fo'f'ocg Eﬁdem'bogggﬂt 564?"wllD gtﬂ' tﬁe é'omP Féits fre sﬁfﬁE’E@t@deﬁmﬁE@i@

present in.said enric 2 ch tg%@ratlo i S, greater Rman or
equal to about 7000te8! %lﬁﬁ?y a?f‘sfgife““ﬂ‘lﬁtypﬂ“éﬁe dst-Phe BPOAYA A0Y1% Riher ei n
sai d pool weight ragg:egaaogﬁs&mx@nqubla@aboﬁtz'yaqw&hght&sﬁbﬁuixd wkleveiyhtwei ght .

183. The process of errbodl 81 reln aid ooI velg [

greater than 0?7% equaf™t ess fm]i@%\i\gf Wei ght Copgglions fige prlglget?s&m?sesa’d

enbodi ment 181 y\/nertetﬂlde‘shwfdn)pamllmméidgh@um!mnmfssldghemeempmdewOfe@qttlal to

about 85% by wei ght, g?lé@to%&r& Efsifio Hou PR a%mas&%sxx@ewwagﬁald pool
er

weight ratio is rea t hap or ual to about 90% by wei ght
176. The process of embodlmen 134 wherein said growth hormone a.ntagomst is B-2036

PEG wherein said B-2036 PEG comprises a growth hormone antagonist polypeptide
backbone of B-2036 of [SEQ. ID NO. 1].

177. The process of embodiment 134 wherein said growth hormone is 2 pegylated form of
a polypeptide of [SEQ. ID NO. 2},

178. The process of embodiment 137 wherein said support material has a diameter from
about 10 to about 500 pm,

179. The process of embodiment 178 wherein said diameter has an average of 90 pm. -

180. A process for pooling pegylated protein isoforms, said process comprising the steps
of: .

(a)  separating said pegylated protein isoforms into selected isoforms; and
(b)  combining said selected isoforms to yield an enriched 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 PEG4 + 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.



186. The process of enbodi nent 181 wherein said pool weight ratio is
greater than or equal to about 94% by weight. 187. The process of

enbodi ment 181 wherein said pool weight ratio is greater than or equal to
about 95% by weight. 188. The process of enbodi nent 181 wherein said pool
weight ratio is greater than or equalg7to about 96% by weight. 189. The
process of enbodi nent 181 wherein said pool weight ratio is greater than or
equal to about 97% by wei ght. 190. The process of enbodi nent 181 wherein
said pool weight ratio is greater than or equal to about 98% by wei ght.
191. The process of enbodi nent 181 wherein said pool weight ratio is
greater than or equal to about 99% by wei ght 192 The process of

enbodi nment 18}8é/mefhﬁtpp(f§%logfﬁgg%?%€ié wl%)e?e%;“sr?g |s fg‘i %%gergtep{hmggual to

about 99. 5% by Wei eln sald pool
wei ght ratio i s greaual trabpdsPedy weightal t o about 99 9% by weight 194. The

brocess of  erpgrl niatyrd 89 omﬁsmnﬁqtldw&?élﬁ%@gmu% 3% BlgRa@R@ialor NOT € Of
PEG 1, PEGZ PEG 3, , 8, and PEG-9. 195. The

process .of errbodl rF@Pﬁlt%a@B“t\ﬁPléPéWﬁ‘g%‘al d selected isoforns are one or nore of

PEG 2, PEG 3, 18EGFhe priictss of elbédifent M¥IGuiferei’ia Sool #8ightHatis 1. grek26 thad e
process of enbodl ne at] 0 %géel n said selected isoforns are one or nore of
PEG 3, PEG 4,' PEGH" ﬁ%%‘ GVPEYPEG- 8, and PEG 9. 197. The process of
enbodi nment 18m85AhéFhe|pmcsa|qﬂ esbddiradne A8l windradu said pood weight ratio sreteo than BEG 4,
PEGS, PEG 6, PEG 7 “JE w@%% PEGD- 198. The process of enbodi ment 180
wherein said sel ecte |so‘1% or e ar one or nore of PEG 4, PEG5, PEG 6,
PEG 7, and PEG®. BB pi@oss ofn@b?ﬁﬂm:éégl whereinbairt| ponb Heighigtia\iscareaten thenjog

sel ected i sofornms ea{,ﬁtmemgn%mpwi PEG 4, PEG 5, PEG 6 and PEG 7. 200.

The process of _enhqodi nent erei ids ed. | sof orns are one or
more of PEG 487 pREeroogsipf spbe V@“‘e“?dﬁ W%ﬁ%“ %E‘é’i g °l§*‘ t B SRR (123
wherei n sai d sel eciged ta abodtOs¥by aeightone or nore of PEG 4 and-PEG S 202.
ﬂ;?ep;?ceéé Gogsse ”blgl‘é ﬂ@% ot EodAGLE &) &ﬁ‘erem 384 564 SlighS R0 s Feath raRBF . O
equal to about 96% by weight.
189. The process of embodiment 181 wherein said pool weight ratio is greater than or
equal to about 97% by weight.
190. The process of embodiment 181 wherein said pool weight ratio is greater than or
equal to about 98% by weight.
191. The process of embodiment 181 wherein said pool welght ratio is gteater than or
equal to about 99% by weight.
192. The process of embodiment 181- wherein said pool weight ratio is greater than or
equal to about 99.5% by weight. )
193. The process of embodiment 181 wherein said pool welght ratio is greater than or
equal to about 99.9% by weight.
194. The process of embodiment 180 wherein eaid selected isoforms are one or more of
' PEG-1, PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9.
195. The process of embodiment 180 wherein said selected isoforms are one or more of
PEG-2, PEG-3, PEG-4, PEG-5, PEG-6, PEG-7, PEG—S,. and PEG-9.
196. The process of embodiment 180 wherein said selected isoforms are one or more of
 PEG-3, PEG4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9.
197. The process of embodiment 180 wherein said selected isoforms are one or more of
PEG4, 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.



203. The process of enbodi mrent 180 wherein said selected isoforns are one
or nore of PEG 4 and PEG 6. 204. A process for obtaining a selected

pegyl ated protein isoformfroma mxture of at |east two pegylated protein
i sofornms, said process conprising the step of. (a) separating said sel ected
pegyl ated protein isoformfromsaid nggture. 205. A process for preparing
an enri.ched conposition froma starting conposition, wherein said starting
conposition conprises unpegyl ated B-2036 and one or nore pegyl ated

i sofornms of B-2036 selected fromthe group consisting of PEG 1, PEG 2,
PEG 3, PEG 4, PEG5, PEG 6, PEG7, PEG 8, and PEG 9, and' wherein said
process conprises the steps of: (a) separating said starting conposition
into a plurality of fractions, wherein a first fraction weight ratio of
PEG 4, PEG 5, WRd Phpracesseffembadimens 180 whdrein sapeipyled iselrBs- 2O B o AP gy| at ed
B- 2036 i sof orns i npga&4l pa;zg PROSs fnagglon differs froma second fraction
wei ght ratio of PEG 4, PEG5, and PEG 6 isoforns to total unpegyl ated
B-2036 and pegiat &be By crbedippd 89 whesgin saidselected, jfefopRs AL QL B1OFYS (b)
determ ning a wei ghEGmamcasaﬁdfﬁﬁM PEG 5, and PEG 6 isoforns to total

unpegyl at ed 6 apd pe d..B- so or. of .,a remai nder of ch
fraction or &% sgpr%ﬁg?fgyoﬂ ?%f‘%gégw Y Sa(’{melegtg? 58{°n\]/seﬁ°"e Tatoimeal ‘ﬁg | ess
than all of sal d f PEG4iaohBEG-H. y| el d said enriched conposition, wherein an

enri ched fractjgn ‘gﬁé g@&es IP'%% &/herg?ggidsselec@ (Lo e b0l Aot O

total unpegyl ated egy ated B-20 |so onns 1s greater in said
enri ched conpositi BﬁGt5hﬁ‘ﬁPﬁﬁ'62al d starting conposition. Al nunerical
val ues and i depsi f iTREplERbLE DS dinBnt 180 Vh@fiR kdid 2dcRl isdfofnLare 6l foreérd  ar e
not intended to be 58%&5#@3 as claimlimting. The followng is presented
by way of 59 exarer fot to be ‘construed as a linitation to the

scope of the i204entA pecessAbriob@iningtiselerted pbgylaed photein 1M@mz&ammxxyumnfataéast
I , d hi
articles, patents, t\QJ%egﬂytecﬂ;r&gE isOR éﬁ#"&r&é wrgé,“%méfhé’?%%&e inthis

application are expressiy 1ncorpora cé intheir
entirety for all purﬁ@se§@m@emlﬁe®PWwpﬁmﬁwS@é@%e Level of

Aggregate of Pagyl ﬁﬁ&e@f&\&ebadf@mﬂﬁhed/&%ﬁﬂﬁm ﬁémﬁm%m%n,%eéﬂﬂ on

Exchange Chromato Mai nt enance elow a desired | eve 6% b
wei ght gof t ot al gﬁj«ﬁf composxt?‘on comgrtgses unpegylated B-2036 and one oI more ;% lat o0y

isoforms of B-2036 selected from the group consisting of PEG-1, PEG-2, PEG-3,
PEGH4, PEG-5, PEG-6, PEG-7, PEG-8, and PEG-9, and’ wherem said process
comprises the steps of:

(@ separating said starting composition into a plurality of fractions, wherein a
first fraction weight ratio of PEG4, PEG-5, 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 PEG4, PEG-5, and PEG-6
isoforms to total unpegylated B-2036 and pegylated B-2036 isoforms in at
least one other fraction,

()  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

(© select'ive]y combining less than all of said fractions to yield said enriched
composition, wherein an enriched fraction weight ratio of PEG4, 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




decrease of aggregate |evels of B-2036 PEG was acconplished by using Bl
(the Bulk Internediate B-2036) as the starting material prepared as

i ndicated in non-provisional 'US. patent application interimserial no.

P- 107,891 entitled Method for the Production O G owh Hornmone And

Ant agoni st Thereof Having Lower LevelggOf |IsoformInpurities Thereof, filed
August - 25, 2003 before the U S. Patent and Trademark O fice. Fernentation'
(to yield B- 2036) in a reconbinant E. coli expression systemwas carried
out as described by Cunninghamet al. in U S. Patent No. 5, 849, 535.
Purification of B-2036 Bl was perfornmed as described by the
above-identified non-provisional U S. patent application no. (P-107, 891).
This naterial mt-hptelaﬁﬂhs R6tA6 BS@adruedds Agindithen itd1hé scape qfdgydvanuoonAamnhtxons

hydr ophobic in on. chro At o ph ste bel ow
to produce B- 2{9}8% galz—st ngmf%L pa m?:ir°6g??'oqi§eég'|%trlﬁ?%%%e{c RUGH bs'

chr omat ogr aphyappli¢atipn 42§ CXPteW @@wdlﬁﬁﬂnm:sef@ﬁlb@ﬁ theis pfirgsyfop all paEposed] TRl S
buffer (instead of pH 4 sodi um acet at gxhnffi§is as in the process of Exanple
2, step 3, flowchart 2). The retentaf® was then subjected to Q Sepharose
FF col um strong ani on exchange chromatography. This step separates
differentiall y—iﬂ@}&éted species into fractions for pooling to achieve the
PEGyl at ed specj es dl stf)l but | onr ﬂUI red f Qr API el e . Th| s colum
enriches for tap@intason JecEasse 2vy LSO PEGHted Bl (B- 2036
PEG . The prooli@sess romatography o ¢ fromO 250 M
NaCl in 25 nMTris foIo ilibratio wash
with 25 mM Tris, Ma?mﬁl nae[lo‘lél S(Y&,FQ lg‘ggct |g()’né;ltﬁl/spyag?:l %elghﬂ

i nst ead of SDdeEME dsagg!@gaedlems Bk Bra0Be PBG Wds ;esimphished By USee %r(ﬂ,ﬂvl

di xussi on egam@exaanai@@osdggm %alrmg}na&&ﬁ BRYEEd 4o hicaR 3 RBEhNsidit1 8] | ect ed

fromthe chromatogra fromfractions anal yzed by CE

with a pool i nBpieat ?Rpg?ai“&n ’613“‘2??%‘ F‘Eéd%&gd eptitied Method £ the Srpduction O Greygth
PEG4_+5(-Ij-6 g | ast II:]Ifnﬁrﬁﬁé AfdAntapoflst ﬂ&e&f}mgﬁxgtowemev;rse&mdofohﬂgn@heemmwmed hen
carried through the i.n 0 e i cation process as
described in f18%h |’ 6@&%‘3%‘ EJséelrﬁ E‘El%l (g ﬂ?ﬁ““ﬁbSﬁu BFeTHen & % ?deétlons,
t he anal ysi s 02036hén poskaubinmt & icolf eapressibn wa#tetu\mutp}nﬁEH@L@ssiqmm b0

det ect abl e agéﬁ:ﬁnﬂi}ﬁﬁn et§13‘fn J§tﬂa§:nJNd BdiLAs ] Agirkdion SASB0IR I W pePtbmicdas -~~~ -

i ,d . alo . a9_.ao ~ 0 aror
described by the above-ldcnuﬁed non-provisional U.S. patent application no. (P-107, 891).

This material was then processed using the initial pegylation and hydrophobic interaction
chromatography steps as noted in flowchart 1 below to produce B-2036 PEG. Following the
hydrophobic interaction chromatography (step 2), the B-2036 PEG was UF/DF into pH 7, 25
mM TRIS buffer (instead of pH 4 sodium acetate buffer as in the process of Example 2, step
3, flowchart 2). The retentate was then subjected to Q Sepharose FF column strong anion
exchange chromatography. This step separates differentially PEGylated species into fractions
for pooling to achieve the PEGylated species distribution requjred 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 >75% PEG4+5+6 (first fraction) and >94% PEG4+5+6 (last fraction) and

20.5 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
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fractions, the analysis of the pooled material and final API by SEHPLC showed no detectable
aggregate. See Table 1 indicating the same below.
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Example 2

Small Scale Procedure for Evaluation of the
Effect of Additives on S-Sepharose FF Aggregation

{Cation Exchange Chrematography Resin) of B-2036 PEG
To a 15 ml centrifuge 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 ml of 1% solution of the additive to be evaluated in 25 mM Sedium acetate, pH 4
was added and a quantity of UF/DF re'tentate 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
was 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 acgﬁte, pH 4 and 0.25 m] of 2.5M sodium
chloride. The resin in the resulting solution was re-suspended and incubated with gentle
mixing for 20 minutes. Afier incubation, the supernatant is retained by centrifuging, and
decanted for anmalysis 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
progedure, the results of Table 2 below were obtained. As reflected in Table 2, no additive
tested using a cationic resin was as successful as was switching to anionic resin to decrease

the level of aggregate formed.
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Exanple 2 Small Scal e Procedure for Evaluation of the Effect of Additives
on S-Sepharose FF Aggregation (Cation Exchange Chromatography Resin) of
B-2036 PEG To a 15 m centrifuge tube, 1.5 m of S-Sepharose FF resin
(settled bed volune) was added. The ggsin was prepared for protein binding
by rinsing twwce with 10 mMl of a 1% solution of the additive to be

eval uated in 25 nM Sodi um acetate, pH 4. After each rinse, the supernatant
was col lected (by centrifuging) and decanted and di scarded. To.the rinsed
resin pellet, 2.5 mM of 1%solution of the additive to be evaluated in 25
nmv Sodi um acetate, pH 4 was added and a quantity of UF/ DF retentate was
added contai ning approximately 5 ng of B- 2036 PEG from step 3 (prepared by
the nethod of flowchart 2, steps 1 through 3). The resin was then
re-suspended in the solution and incubated wth gentle mxing for 2 to 24
hrs. After incupation, the soluti on"was centrifuged, andthe supernat ant
decant ed and dlgaarded The B- i2036: PEG was t hen eIu@ed froh1the resin by
adding to the rqgln pellet 2.5 in of #821% solution @& the hdditive to be
eval uated in 25;mM Sodi um acet at e, pH°zg- anql: 0.25 m &f 2.3M sodi um
chloride. The re§|n in the resultlng 5dlutmon was revs&sﬁ&nded and
incubated witH ggntle m xing flor 2D minutes. After incubation, the

super nat ant |§ retai ned by centrlfuglng, and - = :
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Table 2

(Results Obtained Using Cation Exchange Resin)
Small-Scale Procedure of Example 2

Method Resin loaded at 3.3 g/t

1.5 ml resin per trial

Bquilibrate resin with additive prior to protein load

Elute by addition of 2.5 M NaCl/ acetate pH 4, 1:10 v/v

24 hr incubation all 1% except as noted
Additive/Condition ’ % Aggregate
Control ’ 215
6M urea 6 0
CHAPS 18' 7
Sarcosyl 9 3 '
PEG 3350 ¢

- 203

Isopropanol " lo3
n propanol 2 4'7
n butanol 27'1
pH 7.7 50 mM TRIS 30'3
control S
7.5 M urea 32.2 overnight hold
6 M urea 180 '17'
3 M urea 32' 3
1.5 M urea 3 5'0
tween 20 19'3
metharol 3 3'7
ethanol 3 3' 5
5% sucrose 31 ‘ 5
mannitol 3 0-8
1% polyphosphate 61 '2
0.1% polyphosphate 42' s
0.01% polyphosphate 3 3' 6
25 mm phosphate pH 2.2 ] 9'7
25 mm phosphate pH 3 22'3
25 mm phosphate pH 5.5 63.1
25'mm phosphate pH 6.5 42'9
25 mm formate pH 4 29"0
control 1 3 1.8
control 2 311
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Example 3
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) fraction
(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% trifluoroacetic 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.



Wu N~.qyt oOm4mO 0O MNN =0 e 72 Table 2 (Results Obtai ned Using
Cation Exchange Resin) Small-Scale Procedure of Exanple 2 Method Resin

| oaded at 3.3 g/l 1.5 m resin per trial Equilibrate resin with additive
prior to protein |load Elute by addition of 2.5 M NaCU acetate pH 4, 1:10
viv 24 hr incubation all 1% except as mpted Additive/ Condition% Aeereeate
Control21.5 6Murea6 0 CHAPS. 18.7 Sarcosyl 9.3 PEG 335020. 3 | sopropanol -
19.3 n propanol 24 7 n butanol 27 1 pH 7.7 50 MM TRI S30 3 control. 32.2
overni ght hold

Table 3

Analysis of Q-Sepharose Fractions of Pegvisomant by Capillary Electrophoresis for Purposes
of Determining the Percentages of Each PEGylated Species
(fractions 7 through 18 were also analyzed by RPHPLC - see Table 4)

starting
fraction | concentration (% PEG-2| % PEG-3 |% PEG-4{% PEG-5{ % PEG-6 |% PEG-7|% PEG-8
(mg/mt)
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 4.8 | 188 3.2
4 1.04 0.0 0.0 5.8 28.1 48.6 15.9 1.7
5 1.16 0.0 0.0 6.2 283 | 498 144 | 186
6 1.23 0.0 _00 5.4 29.9 54.5 10.2 0.0
2N, 3 = t@ :
620 3 .\ 9 o & b
5]
0
1] 'ﬁ' »
9 G S0r7
4 RO 2t o] 3 %
8 : 325 z €
19 0.84 0.0 0.0 80.8 19.2 0.0 0.0 0.0
20 0.77 0.0 1.2 78.2 20.7 0.0 0.0 0.0
21 0.71 0.0 6.8 77.3 15.9 0.0 0.0. 0.0
22 0.65 0.0 12.3 75.9 11.9 0.0 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 21.5 69.5 9.0 0.0 0.0 0.0

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




7.5 MurealO.7 6Mirea8.1 3 Murea32 3 . 1.5 Murea35 0 tween 20. 19.3

nmet hanol 33 7 . ethanol 33 5 . 5% sucrose8 31 6 mannitol. . 1% pol yphosphat e
0. 1% pol yphosphat e61.5 4 0. 01% pol yphosphat e42. 5 25 mm phosphate pH 2.233.6
25 mm phosphate pH 319.7 25 nmm phosphate pH 5.522.3 25mm phosphat e
p116.542. 25 mmformate pH 40 42.9 congrol 129.0 control 231.8 31.1 73
Exanpl-e 3

Table 4-

Distribution of Different PEGylated Forms of Pegvisomant Across
Q-Sepharose Fractions As Determined
By CE and RPHPLC

% PEG+4 % PEG-S % PEG-6 % PEG-7

Qo |~

Wit

NN
(4, ]

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. ‘
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Q Sepharose columm fractions from ani on exchange purification of

pegvi somant 25 uL of each Q Sepharose (ani on exchange step, see Exanple 1
above) fraction (protein concentratieggs ranging from0.5 to 1.3 nghnL) are
applied to a Zorbax 300SB-CN colum (4.6 mm x 150 nun; 3.5 m Part Nunber
863973-905; serial nunber USMI001205). Mobile phase Ais 0.1%
trifluoroacetic acid while nobile phase B consists of 0.085%
trifluoroacetic acid in acetonitrile. Alinear gradient from40 to 50
percent Buffer B over 20 mnutes at a flowrate of 1.0 mMJmn at anbi ent
tenperature is used for separation of the different Pegylated forns of
Pegvi somant Absorbance is nonitored at 214 nm The results obt ai ned by
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Percentage of PEG 4 Species in Anion Exchange Fractions

rden g%

U

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 electmphoresis
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
-u—CE

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.
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Figure 3 Graphic conparison of the percentages of B-2036 PEG 5 species
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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 Analytical Technique
Q-Sepharose fractions were analyzed by Capillary Electrophoresis 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’O-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/m1; 0’0-
Bis (2-aminopropyl) polyethylene glycol, pH 1.9-2.2) or running buffer. Samples that were
<0.5 mg/mL were not analyzed. Saraples > 0.5 mg/mL were injected neat while samples with
a concentréﬁon > 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
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-t-RP-HPLC --*--CE Figure 4 Gaphic conparison of the percentages of

B- 2036 PEG species found within Q Sepharose fractions 7 through 18 as
determ ned by capillary el ectrophoresis and reverse-phase HPLC. Exanple 4
CE Anal ytical Technique Q Sepbarose fragtions were analyzed by Capillary
El'ectrdphoresis as follows. The capillary, having a 50 pminterior

D ameter and effective length of 37 cm was conditioned by rinsing with
LON NaOH for 10 m nutes at 20psi pressure followed by a 20 mnute rinse

wi th conning buffer. The running buffer, 40 mM Phosphoric acid, 4ng/nL

O OBis (2- am nopropyl) polyethylene glycol, 0.1 ng/niL pol yet hyl ene oxi de,
pH 1.9-2.0, was prepared froma | OX stock solution and filtered t hrough a
0.22 mfilter NaQHofopwleatone minytpat 20psi erd wapingtbatfer fpriyvo minptes iy REder (9 gHYLYej n t he
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sanple injection, run buffer was injected for

for 10-60 secopdspe! | oW ng
3 seconds at Oém . I n order to concentrate the sanple. Sanples were
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nei ghbori ng’ pea ¢ Y e "Corree area |ng t he
above- not ed pralxseld er ang/mly e@lmshylw phd%i PHJI %5 wes pepasedfrma 194 eoal,crsamtmm

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/mL O’0-
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 samples with
a concentration > 2.0 mg/mlL 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;lnm. 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 274% PEG4+5+6 (first
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Table 5b

Protein

Fraction # - Conc.
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Tabl e Sa Protei n PEG 2PEG 3PEG 4PEG 5PEG 6PEG- 7PEG- 11PEG Fracti on # Conc.
ngl mM4+45+6 1 0.23 2 0.650 3 0.912184032960 4 1.063.194131663 5
1.154224327569 6 1.21-4264423. 374 7 1.27328492080 8 1.28325551783 9
1.28325601288 10 1.2743058892 11 1.2544743694 12 12345239595 13 12036231496
14 1.1557023398 15 1.11669241.99 16 1.gp107615101 17 1.0223707100 18 ,

0. 9831636100 19 0.944450599 20 0.9054415100 21 0.8460355100 22 0. 7866295100
23 . 0.7177212100 24 0.6482162100 25 0.5828313298 26 0.5497417394 27

0. 50186814082 Table 5b Protein Fraction #Conc. PEG 2 PEG 3 PEG 4 PEG 5 PEG 6
PEG 7 PEG 8 PEG My/ M (4+5+6)

Example 6

Second Pooling Example

Q-Sepharose fractions were analyzed by CE as follows. The c;.pillary, having a 50 pm
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 ﬁlten;,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 samﬁles 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 a minimum of
30°C and detected at 214nm. 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 samplé 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 i)rocedure together with disclosure of Step 4, flowchart 1,
Example 1, the results obtained by CE are those indicated in Table 62 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 275% PEG4+5+6 (first
fraction) and 294% PEG4+5+6 (last fraction) and >0.5 mg/m]L Fractions 3 through 20 (Table
6a below) were selected and combined into 2 pool using these criteria.' The UF/DF#3 starting
material (measured as HIC pool) and the combined pooled fracti;ms were subjected to CE
analysis as poted above. After selection and pooling of the fractions, the analysis of the



UFI DF#3 pool 5. 865 21 33 30 9 1 84 Pool edl1. 0425 38 30 7 93 Fractions 80
Exanpl e 6 Second Pool i ng Exanpl e Q Sepharose fractions were anal yzed by CE
as follows. The capillary, having a 50 pm interior diameter and effective
| ength of 37 cm was conditioned by rinsing with I.ONNaCH for 10 m nutes
at 20psi pressure followed by a 20 mnuge rinse with running buffer. The
nam ng buffer, 40 nM Phosphoric acid, 4 ng/nmL. O O Bi s (2-am nopropyl)

pol yet hyl ene glycol, 0.1 ng/nL polyethylene oxi de, pH 1.9-2.0, was
prepared froma | OX stock solution and filtered through a 0.22 mfilter in
order to renove particulates that can cause clogs in the capillary.
Sanpl es were warned to roomtenperature in order to prevent aggregate
formation when conming in contact with sanple dilution buffer

mM Phosphor i ®oeled aateua?rg;me@cenerep@he(@% PRSP A psA BEGH% Ity 1585 b&lﬁsl?col pH
1.9-2.2) or nndiinOmdskde®tlowSanpl es that were <0.5 ng/nL were not

anal yzed. Sanples z 0.5 ng/nL were injected neat while sanples with a
concentration > 2.0 ng/nL were dil uted tigble 63 ng/ mL using sanple dilution
buffer. Sanples were injected into the caplllary using 0.5 psi pressure

fOI’ 10 - 60 f IV amlc t |1J chru‘ll, ] lulllll 'y Uul IUI S
i nj ected for| 3S86RR0S Qond). q RSl bhc8TdRL bhs.s CRREEBEEA Aeddie @] e.
Sanpl es were} separ at ed fa@#mi23 m nutes at 30 kV at a m ni rum ofg-»S}QC and

detected at Pl4nm The cam [lary was rinsed prior to.each subsequeni sanple
injection wifh 021N NaO-H$%r at | east oné m Atite 4/ 2 and r #@ni pg
buffer for tho ni*hutes P#f order to renpie aﬁ re %l n% Ie flPom{ t he
capillary wall a‘;rrple stﬂ)ﬁ}\ge was held a res tlni
el ectropheroprang were ipbegrated by spl |5tt| Qg th% pe@ks at theool owest

poi nt betweeh neirghbori ngepeaks and the eorragt edsar eas percent was

cal cul ated Uki ng & he abov.er noted proceduse t dget het wi $h di scl oserelof Step
4, flowchart}1, SExanpl e1~i7 the results &bt aiShed CE*are t hosd% ngi cat ed
in Tabl e 6a el O\M A poo[| f enriched pgyl &ed 5of of ms was prj a ed by
using the criterion of aq pting as a pogl  fjactipns, those fr ns

anal yzed by BE wygh a cogppsition of > 750 PReA+5+H (f| rst fraaqsd o ) and
?94% PEAA+5+p (| ast fractbon) and ?0.5 nm/ nlL 7kr actsi ons 3 t hrougho®0{( Tabl e

6a bel ow) wefe sdbected a8 conbined int®¥ a Pdol Fsing these cri®erifa. The
UF/ DF#3 starfing¥materi P],(rreasur ed as M C q ol ) %and the conbi ool ed
fracti ons wejfe sq ] ect edoﬁp CE analé/5| S zas Iy t ed 4above After ed¢tion
and pooling pf the fractpens, the angl ysks ofygt he 100
20 0.77 1 78 21 99
21 0.7 7 7. 16 93
22 0.66 12 76 12 ) 88
23 0.61 19 70 1 81
24 0.57 22 70 9 79
Table 6b
Protein .
Fraction # Conc. |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 46 28 5 96
Fractions )

* 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



81 pool ed material shows enrichnment of the PEG4 , PEG5 and PEG 6
isoforrns. See Table 6b indicating the sane bel ow. Table 6a Fraction
#Protein PEG 2 PEG 3PEG 4PEG 5PEG 6PEG 7PEG BPEG Conc. ng(m (4+5+6) 10.17
20. 593264025569 30. 885294519378 41. 04628 4916283 51. 16628501498

61. 245305510100. 71.27533548100 81. 275 15100 91. 27550424100

101. 24560332100 111.21666253100 121.1787/418100 131.13157312100 :
141. 0921718100 151. 0537575100 161.0148475100 170. 9756404100 180.91 26232498
190. 84. 08119100 200. 77 1782199 210.71 i77.1693 220.66 12761288 230.61
19701181 240.57 2270979 Table 6b Protein Fraction #Conc. PEG 2 PEG 3 PEG 4
PEG 5 PEG 6 PEG 7 PEG 8 PEG

invention may be used with any recombinant pegylated growth hormone agonist,
recombinant pegylated growth hormone antagonist, whether it be mammalian growth
hormone or its antagonist, pegylated human growth hormone or its antagonist, or pegylated
bovine growth hormone or its antagonist, any pegylated protein, any pegylated hormone, any
pegylated antibody (or fragmeni(s)), etc.




nmg/ m 4+5+6 OF/ DF#3 pool -3. 519 27 37 22 4 86 Pool ed1. 0822 46 26 5 96
Fractions neasured at HI C pool Wiile the prior description is provided with
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 invention may be
used with any reconbi nant pegyl ated gr h hornone agoni st, reconbi nant
pegyl at ed growt h hornone ant agoni st ether it be manmal i an growt h

hormone or its antagonist, pegylated human growth hornone or its

ant agoni st, or pegylated bovine growh hornone or its antagonist, any
pegyl ated protein, any pegyl ated hornone, any pegylated antibody (or
fragnent(s)), etc. 83 What is clainmed is: 1. A process for decreasing a

| evel of aggr RfePgoyl ated protein isoforns, said process conprising
the steps of 5 ; 1%?% d?ng sai d pegyl at ed prot ein isoforns; and (b)

separating sajd p%}ﬁ'o@és??orﬂfc@l%a%&'a 1R O {PorebMe @f‘bé&ﬂat@?(?meﬂgﬁofonns, said

chr omat ogr aphy using an ani on _exchange resin under sufficient conditions
to decrease sai d IPEGES crprsiae the siegpsiofgat e. 2. The process of claim | wherein

said step (b) furthes) copmilitihgsidpesfiffl prdtbir isoorhspadi Ng  sai d pegyl at ed
protein including any inpurity and any aggregate thereof on said anion
exchange (AEX) resinb)lo mpmnin@e shid agegiafed g prorde disgforaise ibp. adion Tb&hqmge)cess of

claim 31 wherein said AE re b select d fro e ou

ANX4, DEAF, Q Sepharose, % r%%seng %’ gbaﬁgérrg‘rs]nema%sugicg %—g@gp arose
XL. 4. The process of clmdwrﬁasmeirledelmfsadegg@g%p (bl) is conducted at an AEX
| oadi ng condyct i iyt Yroedss Lﬁaﬁmtl%@reﬂrsalﬁgﬂéﬁkb)tﬁﬁth@&gﬂfnsl@a ﬁ&((fafﬁ'of%adx}fé‘e

process of claim 2 erein said step (bl) 1§ conducted at "an 'AEX | oadi ng pH
from about 5 to abtitpeeyiriedgroteimipohylivgaay spvgly spd gy regpeaptidiceiohogidgngt ep (bl )

i s conducted at a@xﬁagel(naﬂ)@gmto@ﬁgub@a@dppgymeﬂlp&w;mcl uding any inpurity or
sai d aggregat?_th eof of gz 3{ ﬁa ldp@g ?duéo @ roteln/L of
packed bed- votume 18f PRERS pleip 31 wheref s é"é‘g alm UG g
pegyl at ed pr ot ei nof aMg4| EBAE,Qfécpbmm-éephhrosﬁﬁRj Q Sepharose HP, and Q-Sepharose

. XL_ K

4. The process of claim 2 wherein said step (bl) is conducted at an AEX loading
conductivity of less than or equal to about 10 mS/cm.

5. The process of claim 2 wherein said step (bl) is conducted at an AEX loading pH
from about 5 to about 10. :

6. The process ‘of claim 2 wherein said stép (b1) is conducted at an AEX load of
pegylated protein including any impurity or said aggregate thereof ot" 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-7,
PEG-8, and PEG-9 and any aggregate, trisulfide impu.fity 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
technique selected from the group consisting of capillary electrophoresis (CE),
sodium dodecyl sulfate-polyacrylamide gel -electrophoresis (SDS-PAGE), ion
exchange (I2X) chromatography, hydrophobic interaction chromatography (HIC),
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,



pegyl ated protein isoforns PEG, PEG 2, PEG 3, PEG 4, PEGS5, PEG 6, PEG 7,
PEG 8, and PEG 9 and any aggregate, trisulfide inpurity and des-phe
impurity thereof and any unpegylated inpurity of said protein and any free
PEG nol ecul es. 8. The process of claim1l further conprising a pooling step
(c) of pooling discrete amounts of saigh pegylated protein isofornms to

yi el d ‘a pool ed pegyl ated protein by a echni que selected fromthe group
consisting of capillary el ectrophoresis (CE), sodium dodecyl

sul f at e- pol yacryl am de gel el ectrophoresis (SDS-PAGE), ion exchange (1t3JQ
chr omat ogr aphy, hydrophobic interaction chromatography (HC, anion
exchange (AEX) chromat ography, cation exchange (CEX) chromatography,

L_eVﬁr se- phase sh: ghmﬁﬁéwachhﬂwiﬂdaﬁﬁlﬁﬁ?b dpephid poRidRlofa) hnseSb?&,rthSI(ZQ:)
igh pressure liq cnr grapny
and conbi nations ?ﬁ%@(@@ﬁ%&%ﬁ%&@%% e+ q%da{'#é %dj

re|n sai d pool ed
pegyl at ed prot¥i n Thapricssad cloined whereima Qooldfpeﬁﬁ@d Protdrifmac@on SHRBG3, PEEES- 4,

PEGS, PEG 6, PEG fnd P Hom a&ﬂ& A &ngy Iggagﬂt%&ﬁﬁrx%fm& @éléﬂt dryherein a

pool ed pegyl ated protein tion o onprises at

| east about 70% by PRGilgREG BRHGH FRCA, PEES) PEESFRO-HPESH aad Pﬁﬁépfgy!%

PEG 3, PEG 4, PEG BrotdibSeréms Ridany ageReéee Bettd PEG 9 pegyl ated proteln
i sof onns and any agg%@r ate thereof 1. The progcess of c% wherein said

| evel of said Hggr cesssof| cldm 1ivhereingiiddeygbef spid 2eeRteaitis r\)% My based
on a total weight alsousmdby\wgwmmomdotﬂale@hag@mgmm a.ﬂLQsaldAg@égiféESS for .
pool i ng pegyl aj.ed protei or e cess.. risin tep of (a)
separating angltzcol Fl J “583"?& gB%%’f g‘“‘ﬁ?@ et ﬁall r8 e(sjsr%“p e %?S% d?n que
sel ected fromthe grdap copmitag mrgcowctl@apﬂld peayigted brototnr @?ihmwséaylastet(b@ié)le '

sodi um dodecyl sul f at e- pol.kaed )ﬁloglnhge%a% cofilifting opgmﬂﬁl&c&@wﬁ@)hy ion

exchange (1 EX) chronat ography c Interaction  chromatogra
(NC), ani on exchange (AEXPdiuR Fﬁ&t"o"@ﬁ‘%iﬁ?ﬁlyac’é’!&f"fdﬁﬁel clesirprifes (S >§A B)

chr omat ography, reverse- pfe@seéx&m@a pmpuemoﬁlat@updy clliydguﬁmmgrmuon
11 ni Ly chr omat ogr aphy. HPRRSHBPAIChm S sehae () SHoBREtuRE o
affinity chromatography a a y
decreasing a | evel of aggﬁrxelgazee(@iﬁx)pdgwwmh)grromh-ph@pMPMQW@

i soforms having a total VMQ{OFQBIIYSS({RQHPEQf OLiRS Rbikichdl e 4RESLaT Bquibai d

process conprising the steps
chromatography (SEHPLC), affinity chromatography and combinations

thereof.
13. A process for decreasing a level of aggregate of pegylated growth hormone antagonist

]

isoforms having a total weight of said isoforms and said aggregate, said process
comprising the steps of: .
(8)  providing said pegylated growth honmone 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 level of said aggregate to less than or equal to
about 6% by weight based on said total weight.
14. A process for decreasing a total level of a sum of any trisulfide impurity, any des-phe
impurity and any aggregate of pegylated growth hormone antagonist isoforms having
a total weight of said isoforms, said unpuntles and said aggregate, said process
comprising the steps of:
(a)  providing said pegylated growth hormone antagonist isoforms; and
(b)  scparating 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



(a) providing said pegylated growt h hornone antagoni st isoforns; and (b)
separating said pegyl ated growth hornone antagoni st isoforts on an anion
exchange (AEX) resin by anion exchange chromat ography under sufficient
conditions to decrease said |level of said aggregate to | ess than or equal
to about 6% by weight based on said tggal weight. 14. A process for
«decreéasing a total level of a sumof any trisulfide inpurity, any des-phe
inmpurity and any aggregate of pegylated growth hornone antagoni st isoforns
having a total weight of said isoforns, said inpurities and said
aggregate, said process conprising the steps of providing said pegyl ated
growt h hornone antagoni st isoforns; and separating said pegylated growh
hor none ant agoni st i sof difi§td ées-phnimphiigyand ey ohseifpesrem) tp lessbanPriggualiiol on
exchange chromat ogr aphy dspdesysyivbizRiveed on GRNStHWeRAS t0 decrease said total
| evel of any said,trisulfide.inpurity, any 85 of .said des-phe jnpurity and
any of said a%gr eéé’tr%cefsofg‘i %’ggngtr%@ﬁalfgpr%t&'ﬂéﬁﬁ%s' s %Bﬁﬂfesﬁ@é}’r}’g?ﬂ%\g’?gﬁw based

on said total weight. 15. A process for 'pooling pegyl ated protein isoforns,

sai d process conpri gjyng L . i i gyl.at ed
protein isoforns i nt%g se%%%ué%&?d}%{w&é&%%91?%&%16%%?13&0%% %stel ect ed

i soforms to yield afPenrdomhinihgsribselegted setbmséeyielé@re@ﬁcheémcgpﬁaﬂd selectYEQUENCE
LI STI NG <110> Boyl e et &loformi20> Process for Decreasing Aggregate Levels of
Pegyl ated Protein <130>161765. 00521 <150>US 60/ 412, 227 <151>2002-09- 20
<160>2 <170> Fast SEQ for Wndows Version 4.0 <210> 1 <211> 191 <212> PRT
<213> Hono sapi ens <400> 1



Phe Pro Thr Ile Pro Leu Ser Arg Leu Phe Asp Asn Ala Met Leu Arg 1 5 10 15
Ala Asp Arg Leu Asn G n Leu Ala Phe Asp Thr Tyr Gn G Il Phe Gu 20 25 30
Gu Ala Tyr Ile Pro Lys Gu A@n Lys Tyr Ser The Leu Gn Asn Pro 35 40 45
A n Thr Ser Leu Cys Phe Ser GQu Ser Ile Pro Thr Pro Ser Asn Arg 50 55 60
GQu @u Thr Gn Gn Lys Ser Asn Leu Ggg Lea Leu Arg Ile Ser Leu 65 70 75
80 Léu Leu lle An Ser Trp Leu Qu Pro Val Gn Phe Leu Arg Ser Val 85 90
95 Phe Ala Asn Ser Leu Val Tyr Ay Ala Ser Asp Ser Asn Val Tyr Asp 100
105 110 Leu Leu Lys Asp Leu Gu GQu Lys Ile Gn Thr Leu Met Ay Arg Leu
115 120 125 Qdu Asp Gy Ser Pro Arg Thr Gy Gn Ile Phe Lys Gn Thr Tyr
Ser 130 135 140 Lys Phe Asp Thr Asn Ser His Asn Asp Asp' Ala .Leu Leu Lys
Asn Tyr 145 150 155 160 dvy Leu Leu Tyr Cys Phe Asn Ala Asp Met Ser Arg
Val Ser Thr Phe 165 170 175 Leu Arg Thr Val Gn Cys Arg Ser Val Qu Gy
Ser Cys Gy Phe 180 185 190 <210> 2 <211> 191 <212> PRT <213> Hono

sapi ens 87 <400> 2 Phe Pro Thr |l|e PRINELFISENCArg Leu Phe Asp Asn Al a Met
Leu Arg 1 5,40 gﬁ Alg Hs Arg Leu Hs Gn Leu Ala Phe Asp Thr Tyr Gn Gu
Phe G u 20 25 38 AU ANa Tyr Ile Pro Lys Gu A n Lys Tyr Ser Phe Leu G n
Asn Pro <120> Process for Decreasing Aggregate Levels of Pegylated Protein

<130> 161765.00521

<150> US 60/412,227
<151> 2002-038-20

<160> 2
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 191

<212> PRT

<213> Homo sapiens

<400> 1 .
Phe Pro Thr Ile Pro Leu Ser Arg Leu Phe Asp Asn Ala Met Leu Arg
1 5 10 15

Ala Asp Arg Leu Asn Gln Leu Ala Phe Asp Thr Tyr Gln Glu Phe Glu
20 25 30

Glu Ala Tyr Ile Pro Lys Glu Gln Lys Tyr Ser Phe Leu Gln Asn Pro

35 40 . 45
Gln Thr Ser Leu Cys Phe Ser Glu Ser Ile Pro Thr Pro Ser Asn Arg
50 55 60

Glu Glu Thr Gln Gln Lys Ser Asn Leu Glu Leu Leu Arg Ile Ser Leu

65 70 . 75 80

Leu Leu Ile Gln Ser Trp Leu Glu Pro Val Gln Phe Leu Arg Ser Val

. 85 90 95

Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp
100 - 105 110

Leu Leu Lys Asp Leu Glu Glu Lys Ile Gln Thr Leu Met Gly Arg Leu

115 120 125
Glu Asp Gly Ser Pro Arg Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser
130 135 140

Lys Phe Asp Thr Asn Ser His Asn Asp Asp 'Ala Leu Leu Lys Asn Tvr

145 150 155 160

Gly Leu Leu Tyr Cys Phe Asn Ala Asp Met Ser Arg Val Ser Thr Phe

165 170 175

Leu Arg Thr val Gln Cys Arg Ser Val Glu Gly Ser Cys Gly Phe

180 185 180

<210> 2

<211> 191

<212> PRT

<213> Homo sapiens




35 40 45 G n Thy Ser Leu Cys Phe Ser u Ser Ile Pro Thr Pro Ser Asn Arg
50 55 60 Gu Au Thr G@n Gn Lys Ser Asa Leu Gu Leu Leu Arg Ile Ser Leu
65 70 75 80 Lau Leu Ile A n Ser Trp Leu u Pro Val Gn Phe Leu Arg Ser
Val 85 90 95 Phe Ala Asa Ser Leu Val Tyr Gy Ala Ser Asp Ser Asn Val Tyr
Asp 100 105 110 Leu Leu Lys Asp Leugdu Gil Ay Ile dn Thr Leu Met Ay
Arg Leu 115 120 125 Qu Asp Ay Ser Pro Arg Thr Ay An Ile Phe Lys An
Thr Tyr Ser 130 135 140 Lye Phe Asp Thr Asa Ser H's Asn Asp ‘Asp Ala Leu
Leu Lys Asn Tyr 145 150 155 160 dy Leu Leu Tyr Cys Phe Arg Lys Asp Met
Asp Lys Val du Thr Phe 165 170 175 Leu Arg Ile Val @n Cys Arg Ser Va
GQu @y Ser Cys Ay Phe 180 185 190 '

<400> 2
Phe Pro Thr Ile Pro Leu Ser Arg Leu Phe Asp Asn Ala Met Leu Arg
1 5 10 15

Ala His Arg Leu His Gln Leu Ala Phe Asp Thr Tyr Gln Glu Phe Glu
20 25 30

Glu Ala Tyr Ile Pro Lys Glu Gln Lys Tyr Ser Phe Leu Gln Asn Pro

35 40 45
Gln Thr Ser Leu Cys Phe Ser Glu Ser Ile Pro Thr Pro Ser Asn Arg
50 55 60

Glu Glu Thr Gln Gln Lys Ser Asn Leu Glu Leu Leu Arg Ile Ser Leu

65 70 75 80

Leu Leu Ile Gln Ser Trp Leu Glu Pro Val Gln Phe Leu Arg Ser Val

85 90 95

Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp
100 105 110

Leu Leu Lys Asp Leu Glu Glu Gly Ile Gln Thr Leu Met Gly Arg Leu

115 120 125
Glu Asp Gly Ser Pro Arg Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser
130 135 . 140

Lys Phe Asp Thr Asn Ser His Asn Asp Asp Ala Leu Leu Lys Asn Tyr

145 150 155 160

Gly Leu Leu Tyr Cys Phe Arg Lys Asp Met Asp Lys Val Glu Thr Phe

165 170 175

Leu Arg Ile Val Gln Cys Arg Ser Val Glu Gly Ser Cys Gly Phe

180 185 190



