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(57) ABSTRACT 

The present invention provides processes for the manufactur 
ing of polypeptide conjugates. In particular, the invention 
provides methods for the puri?cation of polypeptide conju 
gates, Which include at least one polymeric modifying 
groups, such as a poly(alkylene oxide) moiety. Exemplary 
poly(alkylene oxide) moieties include poly(ethylene glycol) 
(PEG) and poly(propylene glycol). In an exemplary process, 
hydrophobic interaction chromatography (HIC) is used to 
resolve different glycoforms of glycoPEGylated polypep 
tides. 
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FIGURE 2A 
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FIGURE 25 
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FIGURE 3B 
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FIGURE 4A 
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FIGURE 4B 
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FIGURE 5A 
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FIGURE 55 
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METHODS FOR THE PURIFICATION OF 
POLYPEPTIDE CONJUGATES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a US. National Phase of 
PCT Application No. PCT/US2007/ 080353 ?led Oct. 3, 2007 
and claims priority under 35 USC ll9(e) to US. Provisional 
PatentApplicationNo. 60/848,969, ?led on Oct. 3, 2006, US. 
Provisional Patent Application No. 60/864, 1 l7, ?led on Nov. 
2, 2006; US. Provisional PatentApplication No. 60/868,057, 
?led on Nov. 30, 2006; US. Provisional Patent Application 
No. 60/887,5 l7, ?led on Jan. 31, 2007; US. Provisional 
Patent Application No. 60/95l,l59, ?led on Jul. 20, 2007; 
US. Provisional Patent Application No. 60/ 955,001 , ?led on 
Aug. 9, 2007; and US. Provisional Patent Application No. 
60/956,468, ?led Aug. 17, 2007, each of Which is incorpo 
rated herein by reference in their entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The invention pertains to the ?eld of polypeptide 
manufacturing. In particular, the invention relates to pro 
cesses for the puri?cation of polypeptide conjugates, espe 
cially those conjugates including poly(alkylene oxide)-based 
modi?cation groups. 

BACKGROUND OF THE INVENTION 

[0003] The current literature contains a Wealth of informa 
tion directed to polypeptide puri?cation methodologies, 
Which primarily involve chromatographic approaches as Well 
as membrane ?ltration techniques. HoWever, effective meth 
ods for the puri?cation of modi?ed polypeptides (e. g., PEGy 
lated polypeptides) are not Well knoWn. The modi?cation of 
polypeptides With polymeric moieties causes a signi?cant 
shift in the chemical and physical properties of those 
polypeptides. Methods, Which are useful for the puri?cation 
of non-modi?ed polypeptides are not necessarily effective in 
capturing their modi?ed versions. 
[0004] When a glycosylated or non-glycosylated polypep 
tide is subjected to a chemical modi?cation reaction, side 
products may be formed in addition to the desired modi?ed 
polypeptide. In order to isolate a desired product from a 
reaction mixture, the process must not only be suitable to 
remove chemical reagents, but must also be capable of 
removing unWanted side-products. This is especially impor 
tant When the polypeptide is to be used as a therapeutic agent. 
Polypeptide modi?cation technologies, Which rely on the 
speci?city of enZymes, may result in a reaction product that is 
characterized by improved homogeneity When compared to 
other chemical methods. HoWever, expression of a recombi 
nant polypeptide in a cell (e.g., bacterial, insect, yeast or 
mammalian cell) typically results in a polypeptide population 
that, at leas to some extend, is characterized by a variety of 
glycan structures. Subsequent modi?cation of the polypep 
tide, e. g., via those glycans, results in a heterogenous product. 
Although remodeling glycan structures prior to chemical or 
enZymatic modi?cation of the polypeptide can signi?cantly 
improve the quality of the product, a certain degree of het 
erogeneity remains. Hence, a need exists for production pro 
cesses designed to isolate a desired polypeptide conjugate 
from a reaction mixture that may not only contain chemical 
reagents (e.g., those derived from unreacted modifying 
groups) and/or catalytic enZymes, but may also include 
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polypeptide conjugate by-products. The present invention 
addresses these and other needs. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides processes for the 
isolation (e. g., large-scale puri?cation) of polypeptide conju 
gates. The polypeptide conjugates of the present invention 
include a polypeptide that is modi?ed With a modifying 
group, such as a polymer. Exemplary polymers include Water 
soluble polymers. The methods of the invention are particu 
larly useful for the isolation of polypeptide conjugates that 
include poly(alkylene oxide)-based polymers, such as poly 
(ethylene glycol) and poly(propylene glycol). While reverse 
phase (RP) chromatography can be used to purify polypep 
tides that are derivatiZed With such highly polar, Water 
soluble polymers, the technique is not desirable because it 
requires the use of Water-soluble organic solvents, such as 
acetonitrile. Organic solvents, especially in large-scale pro 
cesses are not only associated With environmental concerns, 
but can also effect the chemical stability of the puri?ed 
polypeptide conjugate. Therefore, process steps that rely on 
aqueous solutions are generally preferred. Hence, in one 
embodiment, the current invention provides methods that 
alloW for the isolation of polypeptide conjugates essentially 
Without the use of organic solvents. 

[0006] An exemplary method of the invention involves at 
least one chromatographic procedure that is effective in sepa 
rating polypeptide conjugates having at least one poly(alky 
lene oxide) moiety from other components of a mixture. The 
methods of the invention can be used to isolate such polypep 
tide conjugate from any mixture. In one example, the mixture 
is a reaction mixture (e.g., the product of a chemical PEGy 
lation reaction or an eZymatically catalyZed PEGylation reac 
tion, e.g., glycoPEGylation reaction) and may optionally 
include other polypeptide conjugates. Preferred methods of 
the invention utiliZe hydrophobic interaction chromatogra 
phy (HIC) media. In one embodiment, HIC is used in con 
junction With at least one additional chromatography step 
selected from anion exchange chromatography, mixed-mode 
chromatography, cation exchange chromatography and 
hydroxyapatite or ?uoroapatite chromatography. In another 
embodiment, HIC is used in conjunction With at least one of 
anion exchange chromatography, mixed-mode chromatogra 
phy and cation exchange chromatography. The inventors have 
discovered that HIC in conjunction With cation chromatog 
raphy represents an ef?cient method for the resolution of 
polypeptide conjugates that include at least one poly(alkylene 
oxide moiety). In particular, it Was discovered that HIC, fol 
loWed by cation exchange can resolve EPO-PEG3 species 
from EPO-PEG2 species. In one example, HIC in conjunction 
With cation exchange provided a composition of puri?ed 
EPO-[PEG(10 l<Da)]3 having a very loW residual concentra 
tion of EPO-[PEG(10 kDa)]2. 
[0007] An exemplary method of the invention that includes 
anion exchange and cation exchange chromatography in 
addition to HIC is outlined in FIG. 1. In one embodiment, the 
methods of the invention are useful for the separation of 
different glycoforms of a polypeptide conjugate, especially 
those glycoforms distinguished by the number of poly(alky 
lene oxide) moieties that are linked to the polypeptide. 
UnWanted glycoforms may be formed as by-products under 
the reaction conditions used to form the desired polypeptide 
conjugate. 
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[0008] Hence, in a ?rst aspect, the invention provides a 
method of making a composition that includes a ?rst polypep 
tide conjugate, the ?rst polypeptide conjugate having a ?rst 
number of poly(alkylene oxide) moieties covalently linked to 
the ?rst polypeptide. The method includes: (a) contacting a 
mixture containing the ?rst polypeptide conjugate With a 
hydrophobic interaction chromatography (HIC) medium; 
and (b) eluting the ?rst polypeptide conjugate from the HIC 
medium. In one example according to this aspect, the mixture 
includes a second polypeptide conjugate, Wherein the second 
polypeptide conjugate has a second number of poly(alkylene 
oxide) moieties covalently linked to the second polypeptide, 
Wherein the ?rst number and the second number are different. 
For example, the ?rst polypeptide conjugate includes 3 poly 
(alkylene oxide) moieties, While the second polypeptide con 
jugate includes either 0, l, 2 or 4 poly(alkylene oxide) moi 
eties. In one example, the poly(alkylene oxide) is poly 
(ethylene glycol) (PEG). 
[0009] In a second aspect, the invention provides a method 
of isolating a ?rst polypeptide conjugate including a ?rst 
number of poly(alkylene oxide) moieties covalently linked to 
a ?rst polypeptide, from a second polypeptide conjugate that 
includes a second number of poly(alkylene oxide) moieties 
covalently linked to a second polypeptide, Wherein the ?rst 
number is selected from 1 to 20 and the second number is 
selected from 0-20, the ?rst number and the second number 
being different. The method includes: (a) contacting a mix 
ture containing the ?rst polypeptide conjugate and the second 
polypeptide conjugate With a hydrophobic interaction chro 
matography (HIC) medium; and (b) eluting the ?rst polypep 
tide conjugate from said hydrophobic interaction chromatog 
raphy medium. In one example according to this aspect, the 
?rst polypeptide conjugate includes 3 poly(alkylene oxide) 
moieties, While the second polypeptide conjugate includes 0, 
l, 2, 4, 5, 6 or 7 poly(alkylene oxide) moieties. 
[0010] In one example according to any of the above 
embodiments, the ?rst polypeptide and the second polypep 
tide have the same amino acid sequence. In another example 
according to any of the above embodiments, both the ?rst and 
the second polypeptide are EPO. 

[0011] In a third aspect, the invention provides a method of 
forming a composition that contains a ?rst erythropoietin 
(EPO) conjugate, Wherein the ?rst EPO conjugate includes a 
?rst number of poly(alkylene oxide) moieties covalently 
linked to an EPO polypeptide. The method includes: (a) con 
tacting a mixture containing the ?rst EPO conjugate With an 
anion exchange medium; (b) eluting the ?rst EPO conjugate 
from the anion exchange medium, forming a ?rst eluate 
including the ?rst EPO conjugate; (c) contacting the ?rst 
eluate With a hydrophobic interaction chromatography (HIC) 
medium; and (d) eluting the ?rst EPO conjugate from the 
hydrophobic interaction chromatography medium. The 
method may further include (e. g., after step d): (e) eluting the 
?rst EPO conjugate from a cation exchange chromatography 
medium. 

[0012] In one embodiment, the method further includes 
forming the polypeptide conjugate either chemically or 
through enZymatically catalyZed glycomodi?cation (e.g., 
glycoPEGylation using a glycosyltransferase and an appro 
priate glycosyl donor molecule, such as a modi?ed sugar 
nucleotide). GlycoPEGylation methods are art-recognized; 
see for example, WO 03/031464 to DeFrees et al. or W0 
04/ 9923 l, the disclosures of Which are incorporated herein by 
reference in their entirety. 
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[0013] The invention further provides compositions, Which 
are made by the methods of the invention as Well as pharma 
ceutical formulations including the composition of the inven 
tion. In addition, the invention provides methods of treatment 
utiliZing the compositions of the invention. 
[0014] Other objects and advantages of the invention Will 
be apparent to those of skill in the art from the detailed 
description that folloWs. 

DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an overall vieW of an exemplary polypep 
tide conjugate puri?cation process according to a method of 
the invention. The dia?ltration/ultra?ltration step folloWing 
hydrophobic interaction chromatography (HIC) is optional. 
[0016] FIG. 2A is an exemplary chromatogram shoWing 
the resolution of tri-PEGylated EPO from mono-, di-, tri- and 
tetra-PEGylated EPO glycoforms using hydrophobic interac 
tion chromatography With Phenyl 6508 as the separation 
medium. 

[0017] FIG. 2B is an expanded vieW of the EPO-(SA-PEG 
l0 kDa)2, EPO-(SA-PEG-l0 kDa)3 and EPO-(SA-PEG-l0 
kDa)4 elution peaks of the chromatogram in FIG. 2A. The 
letters (E), (F) and (G) indicate fractions that Were pooled, 
Wherein (F) indicates the elution of EPO-(SA-PEG- l 0 kDa)3. 
[0018] FIG. 3A is a scheme of an exemplary EPO polypep 
tide conjugate of the invention having an insect-speci?c gly 
cosylation pattern that includes three N-linked, monoanten 
nary glycan residues covalently linked to amino acid residues 
N24, N38 and N83. Each glycan residue is covalently linked 
to a 10 kDa PEG moiety via a terminal galactose (Gal) moiety. 
FIG. 3A also includes an exemplary reaction scheme, Which 
can be used to synthesiZe the EPO conjugate. The substrate 
for the enZymatically catalyZed conversions is an EPO 
polypeptide, Which includes at least one glycan residue hav 
ing a trimannosyl moiety. In a ?rst step, an N-acetyl glu 
cosamine transferase (GnT-l) is used, Which adds a GlcNAc 
moiety to only one of the terminal mannose moieties. In the 
second step, a Gal moiety is linked to the neWly added 
GlcNAc moiety using a galactosyl transferase (GalT-l) form 
ing a terminal -GlcNAc-Gal moiety. The ?rst and the second 
step maybe performed in the same reaction vessel. In the third 
step, a sialic acid moiety that is modi?ed With a PEG moiety 
is linked to the terminal Gal moiety using a sialyl transferase 
(ST3Gal3). 
[0019] FIG. 3B is a representation of an exemplary com 
position of the invention that includes various glycoforms of 
an exemplary polypeptide conjugate (e.g., EPO conjugate). 
Each glycoform is distinguished from other glycoforms by 
the number of PEG moieties that are covalently linked to the 
polypeptide, or by the structure of the glycans through Which 
the PEG moieties are linked to the polypeptide. ShoWn per 
centage values are exemplary. 

[0020] FIG. 4A is a reverse phase (RP) HPLC chromato 
gram of an exemplary glycoPEGylation reaction mixture 
containing EPO-(SA-PEG-l0 kDa)l_4 performed at a 25 mg 
scale. A Zorbax 300SB-C3 (l50><2.l mm, 5 micron) column 
Was used in the analysis. The folloWing eluants Were used: 
0.1% TFA in Water (Buffer A) and 0.09% TFA in CAN 
(Buffer B). The gradient Was 42-55% B in 14 min folloWed by 
55-95% B in 2 min. The How rate Was 0.6 mL/min. Absorp 
tion Was measured at 214 nm. The numbered peaks represent: 

(1) Mono-PEG-EPOIEPO-(SA-PEG-l0 kDa)l; (2) di-PEG 
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EPOIEPO-(SA-PEG-IO kDa)2; (3) tri-PEG-EPOIEPO 
(SA-PEG-lO kDa)3 and (4) tetra-PEG-EPOIEPO-(SA-PEG 
10 kDa)4. 
[0021] FIG. 4B is a reverse phase (RP) HPLC chromato 
gram of an exemplary composition of the invention contain 
ing puri?ed EPO-(SA-PEG-lO kDa)3 as the major compo 
nent, the composition obtained using a method of the 
invention. The numbered peaks represent: (1) tri-PEG 
EPOIEPO-(SA-PEG-IO kDa)3 and (2) di-PEG-EPOIEPO 
(SA-PEG-lO kDa)2. 
[0022] FIG. 5 is a schematic representation of exemplary 
glycopegylated EPO isoforms isolated from Chinese Ham 
ster Ovary cells. A. An exemplary 40 kilodaton O-linked 
pegylated glycofor'm. B: One of several 30 kilodatton 
N-linked pegylated glycoforms. The modi?ed sialic acid 
moiety comprising the PEG molecule may occur on any one 
or more of any of the branches of the N-linked glycosyl 
residue. Furthermore the illustration is exemplary in that any 
glycosylated EPO molecule may comprise any mixture of 
mono-, bi- tri-, or tetra-antennary N-linked glycosyl residues 
and any one or more of the branches may further comprise a 
modi?ed sialic acid moiety. 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations 

[0023] PEG, poly(ethyleneglycol); PPG, poly(propyleneg 
lycol); Ara, arabinosyl; Fru, fructosyl; Fuc, fucosyl; Gal, 
galactosyl; GalNAc, N-acetylgalactosaminyl; Glc, glucosyl; 
GlcNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, 
mannosaminyl acetate; Xyl, xylosyl; and NeuAc, sialyl 
(N-acetylneuraminyl); M6P, mannose-6-phosphate; BEVS, 
baculovirus expression vector system; CV, column volume; 
NTU, nominal turbidity units; vvm, volume/volume/min. 

DEFINITIONS 

[0024] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein generally have the same meaning as 
commonly understood by one of ordinary skill in the art to 
Which this invention belongs. Generally, the nomenclature 
used herein and the laboratory procedures in cell culture, 
molecular genetics, organic chemistry and nucleic acid chem 
istry and hybridiZation are those Well knoWn and commonly 
employed in the art. Standard techniques are used for nucleic 
acid and peptide synthesis. The techniques and procedures 
are generally performed according to conventional methods 
in the art and various general references (see generally, Sam 
brook et a1. MOLECULAR CLONING: A LABORATORY MANUAL, 
2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., Which is incorporated herein by refer 
ence), Which are provided throughout this document. The 
nomenclature used herein and the laboratory procedures in 
analytical chemistry, and organic synthetic described beloW 
are those Well knoWn and commonly employed in the art. 
Standard techniques, or modi?cations thereof, are used for 
chemical syntheses and chemical analyses. 
[0025] All oligosaccharides described herein are described 
With the name or abbreviation for the non-reducing saccha 
ride (i.e., Gal), folloWed by the con?guration of the glycosidic 
bond (0. or [3), the ring bond (1 or 2), the ring position of the 
reducing saccharide involved in the bond (2, 3, 4, 6 or 8), and 
then the name or abbreviation of the reducing saccharide (i.e., 
GlcNAc). Each saccharide is preferably a pyranose. For a 
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revieW of standard glycobiology nomenclature see, Essen 
rials ofGlycobiology Varki et al. eds. CSHL Press (1999). 
[0026] Oligosaccharides are considered to have a reducing 
end and a non-reducing end, Whether or not the saccharide at 
the reducing end is in fact a reducing sugar. In accordance 
With accepted nomenclature, oligosaccharides are depicted 
herein With the non-reducing end on the left and the reducing 
end on the right. 
[0027] Where substituent groups are speci?ed by their con 
ventional chemical formulae, Written from left to right, they 
equally encompass the chemically identical substituents, 
Which Would result from Writing the structure from right to 
left, e.g., iCHZOi is intended to also recite iOCH2i. 
[0028] The term “alkyl” by itself or as part of another 
substituent, means, unless otherWise stated, a straight or 
branched chain, or cyclic (i.e., cycloalkyl)hydrocarbon radi 
cal, or combination thereof, Which may be fully saturated, 
mono- or polyunsaturated and can include di-(e.g., alkylene) 
and multivalent radicals, having the number of carbon atoms 
designated (i.e. C l-C 10 means one to ten carbons). Examples 
of saturated hydrocarbon radicals include, but are not limited 
to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
t-butyl, isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, 
cyclopropylmethyl, homologs and isomers of, for example, 
n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsatur 
ated alkyl group is one having one or more double bonds or 
triple bonds. Examples of unsaturated alkyl groups include, 
but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 
2-(butadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl), ethy 
nyl, l- and 3-propynyl, 3-butynyl, and the higher homologs 
and isomers. The term “alkyl,” unless otherWise noted, is also 
meant to include those derivatives of alkyl de?ned in more 
detail beloW, such as “heteroalkyl.” Alkyl groups that are 
limited to hydrocarbon groups are termed “homoalkyl”. 
[0029] The term “alkylene” by itself or as part of another 
substituent means a divalent radical derived from an alkane, 

as exempli?ed, but not limited, by 4CH2CH2CH2CH2i, 
and further includes those groups described beloW as “het 
eroalkylene.” Typically, an alkyl (or alkylene) group Will have 
from 1 to 24 carbon atoms, With those groups having 10 or 
feWer carbon atoms being preferred in the present invention. 
A “loWer alkyl” or “loWer alkylene” is a shorter chain alkyl or 
alkylene group, generally having eight or feWer carbon 
atoms. 

[0030] The terms “alkoxy,” “alkylamino” and “alkylthio” 
(or thioalkoxy) are used in their conventional sense, and refer 
to those alkyl groups attached to the remainder of the mol 
ecule via an oxygen atom, an amino group, or a sulfur atom, 
respectively. 
[0031] The term “heteroalkyl,” by itself or in combination 
With another term, means, unless otherWise stated, a stable 
straight or branched chain, or cyclic hydrocarbon radical, or 
combinations thereof, consisting of the stated number of car 
bon atoms and at least one heteroatom selected from the 
group consisting of O, N, Si and S, and Wherein the nitrogen 
and sulfur atoms may optionally be oxidiZed and the nitrogen 
heteroatom may optionally be quatemiZed. The heteroatom 
(s) O, N and S and Si may be placed at any interior position of 
the heteroalkyl group or at the position at Which the alkyl 
group is attached to the remainder of the molecule. Examples 
include, but are not limited to, iCH2iCH2iO4CH3, 
4CH24CH2iNHiCH3, 4CH24CH2iN(CH3)4CH3, 
4CH2iSiCH24CH3, iCH2iCH2, iS(O)4CH3, 
4CH24CH2iS(O)24CH3, iCH:CHiO4CH3, iSi 
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(CH3)3, %H2%H:NA)CH3, and CH:CHiN 
(CH3)4CH3. Up to tWo heteroatoms may be consecutive, 
such as, for example, 4CH2iNHiOCH3 and CHZiOi 
Si(CH3)3. Similarly, the term “heteroalkylene” by itself or as 
part of another substituent means a divalent radical derived 
from heteroalkyl, as exempli?ed, but not limited by, 4CH2i 
CH2iS%H2%H2i and CH2iSiCH2iCH2iNHi 
CHzi. For heteroalkylene groups, heteroatoms can also 
occupy either or both of the chain termini (e.g., alkyleneoxy, 
alkylenedioxy, alkyleneamino, alkylenediamino, and the 
like). Still further, for alkylene and heteroalkylene linking 
groups, no orientation of the linking group is implied by the 
direction in Which the formula of the linking group is Written. 
For example, the formula 4CO2R'i represents both 4C(O) 
OR' and A)C(O)R'. 
[0032] The terms “cycloalkyl” and “heterocycloalkyl”, by 
themselves or in combination With other terms, represent, 
unless otherWise stated, cyclic versions of “alkyl” and “het 
eroalkyl”, respectively. Additionally, for heterocycloalkyl, a 
heteroatom can occupy the position at Which the heterocycle 
is attached to the remainder of the molecule. Examples of 
cycloalkyl include, but are not limited to, cyclopentyl, cyclo 
hexyl, l-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the 
like. Examples of heterocycloalkyl include, but are not lim 
ited to, l-(l,2,5,6-tetrahydropyridyl), l-piperidinyl, 2-pip 
eridinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tet 
rahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2 
yl, tetrahydrothien-3 -yl, l -piperaZinyl, 2-piperaZinyl, and the 
like. 

[0033] The terms “halo” or “halogen,” by themselves or as 
part of another substituent, mean, unless otherWise stated, a 
?uorine, chlorine, bromine, or iodine atom. Additionally, 
terms such as “haloalkyl,” are meant to include monoha 
loalkyl and polyhaloalkyl. For example, the term “halo(Cl 
C4)alkyl” is mean to include, but not be limited to, tri?uo 
romethyl, 2,2,2-tri?uoroethyl, 4-chlorobutyl, 
3-bromopropyl, and the like. 
[0034] The term “aryl” means, unless otherWise stated, a 
polyunsaturated, aromatic, substituent that can be a single 
ring or multiple rings (preferably from 1 to 3 rings), Which are 
fused together or linked covalently. The term “heteroaryl” 
refers to aryl groups (or rings) that contain from one to four 
heteroatoms selected from N, O, S, Si and B, Wherein the 
nitrogen and sulfur atoms are optionally oxidiZed, and the 
nitrogen atom(s) are optionally quaterniZed. A heteroaryl 
group can be attached to the remainder of the molecule 
through a heteroatom. Non-limiting examples of aryl and 
heteroaryl groups include phenyl, l-naphthyl, 2-naphthyl, 
4-biphenyl, l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyraZolyl, 
2-imidaZolyl, 4-imidaZolyl, pyraZinyl, 2-oxaZolyl, 4-ox 
aZolyl, 2-phenyl-4-oxaZolyl, 5-oxaZolyl, 3-isoxaZolyl, 
4-isoxaZolyl, 5-isoxaZolyl, 2-thiaZolyl, 4-thiaZolyl, 5-thiaZ 
olyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-py 
ridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benZothiaZolyl, 
purinyl, Z-benZimidaZolyl, 5-indolyl, l-isoquinolyl, 5-iso 
quinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 
6-quinolyl. Substituents for each of the above noted aryl and 
heteroaryl ring systems are selected from the group of accept 
able substituents described beloW. 
[0035] For brevity, the term “aryl” When used in combina 
tion With other terms (e.g., aryloxy, arylthioxy, arylalkyl) 
includes both aryl and heteroaryl rings as de?ned above. 
Thus, the term “arylalkyl” is meant to include those radicals 
in Which an aryl group is attached to an alkyl group (e.g., 
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benZyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in Which a carbon atom (e.g., a methylene 
group) has been replaced by, for example, an oxygen atom 
(e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1 -naphthy 
loxy)propyl, and the like). 
[0036] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” 
“aryl” and “heteroaryl”) are meant to include both substituted 
and unsubstituted forms of the indicated radical. Preferred 
substituents for each type of radical are provided beloW. 

[0037] Substituents for the alkyl and heteroalkyl radicals 
(including those groups often referred to as alkylene, alkenyl, 
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, cycloalkenyl, and heterocycloalkenyl) are generi 
cally referred to as “alkyl group substituents,” and they can be 
one or more of a variety of groups selected from, but not 
limited to: substituted or unsubstituted aryl, substituted or 
unsubstituted heteroaryl, substituted or unsubstituted hetero 
cycloalkyl, 40R‘, :0, :NR', :NiOR', iNR'R", iSR', 
-halogen, iSiR'R"R'", iOC(O)R', iC(O)R', iCOzR', 
4CONR'R", 4OC(O)NR'R", iNR"C(O)R', iNR'4C(O) 
NRIIRIII’ iNRIIC(O)2RI’ iNR4C(NRIRIIRHI):NRIHI’ 
iNRiC(NR'R"):NR'", iS(O)R', iS(O)2R', iS(O) 
2NR'R", iNRSOZR', 4CN and NO2 in a number ranging 
from Zero to (2 m'+l), Where m’ is the total number of carbon 
atoms in such radical. R', R", R'" and R'"' each preferably 
independently refer to hydrogen, substituted or unsubstituted 
heteroalkyl, substituted or unsubstituted aryl, e.g., aryl sub 
stituted With 1-3 halogens, substituted or unsubstituted alkyl, 
alkoxy or thioalkoxy groups, or arylalkyl groups. When a 
compound of the invention includes more than one R group, 
for example, each of the R groups is independently selected as 
are each R', R", R'" and R'"' groups When more than one of 
these groups is present. When R' and R" are attached to the 
same nitrogen atom, they can be combined With the nitrogen 
atom to form a 5-, 6-, or 7-membered ring. For example, 
iNR'R" is meant to include, but not be limited to, l-pyrro 
lidinyl and 4-morpholinyl. From the above discussion of sub 
stituents, one of skill in the art Will understand that the term 
“alkyl” is meant to include groups including carbon atoms 
bound to groups other than hydrogen groups, such as 
haloalkyl (e.g., ‘C133 and 4CH2CF3) and acyl (e.g., 4C(O) 
CH3, iC(O)CF3, 4C(O)CH2OCH3, and the like). 
[0038] Similar to the substituents described for the alkyl 
radical, substituents for the aryl and heteroaryl groups are 
generically referred to as “aryl group substituents.” The sub 
stituents are selected from, for example: substituted or unsub 
stituted alkyl, substituted or unsubstituted heteroalkyl, sub 
stituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, substituted or unsubstituted heterocycloalkyl, 
40R‘, :0, :NR', :NiOR', iNR'R", iSR', -halogen, 

iNRiC(NR'R"):NR'", iS(O)R', iS(O)2R', iS(O) 
2NR'R", iNRSOzR', iCN and N02, iR', iN3, iCH(Ph) 
2, ?uoro(Cl-C4)alkoxy, and ?uoro(Cl-C4)alkyl, in a number 
ranging from Zero to the total number of open valences on the 
aromatic ring system; and Where R', R", R'" and R'"' are 
preferably independently selected from hydrogen, substi 
tuted or unsubstituted alkyl, substituted or unsubstituted het 
eroalkyl, substituted or unsubstituted aryl and substituted or 
unsubstituted heteroaryl. When a compound of the invention 
includes more than one R group, for example, each of the R 
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groups is independently selected as are each R', R", R"' and 
R""' groups When more than one of these groups is present. 
[0039] TWo of the substituents on adjacent atoms of the aryl 
or heteroaryl ring may optionally be replaced With a substitu 
ent of the formula -T-C(O)i(CRR')qiUi, Wherein T and 
U are independently iNRi, iOi, iCRR'i or a single 
bond, and q is an integer of from 0 to 3. Alternatively, tWo of 
the substituents on adjacent atoms of the aryl or heteroaryl 
ring may optionally be replaced With a substituent of the 
formula -A-(CH2),iBi, Wherein A and B are indepen 
dently 4CRR'i, iOi, iNRi, iSi, iS(O)i, 
iS(O)2i, iS(O)2NR'i or a single bond, and r is an inte 
ger of from 1 to 4. One of the single bonds of the neW ring so 
formed may optionally be replaced With a double bond. Alter 
natively, tWo of the substituents on adjacent atoms of the aryl 
or heteroaryl ring may optionally be replaced With a substitu 
ent of the formula i(CRR' SiXi(CR"R"')F, Where s and 
d are independently integers of from 0 to 3, and X is 40*, 
iNR'i, iSi, iS(O)i, iS(O)2i, or S(O)2NR'i. The 
substituents R, R', R" and R"' are preferably independently 
selected from hydrogen or substituted or unsubstituted (C1 
C6)alkyl. 
[0040] As used herein, the term “acyl” describes a substitu 
ent containing a carbonyl residue, C(O)R. Exemplary species 
for R include H, halogen, alkoxy, substituted or unsubstituted 
alkyl, substituted or unsubstituted aryl, substituted or unsub 
stituted heteroaryl, and substituted or unsubstituted hetero 
cycloalkyl. 
[0041] As used herein, the term “fused ring system” means 
at least tWo rings, Wherein each ring has at least 2 atoms in 
common With another ring. “Fused ring systems may include 
aromatic as Well as non aromatic rings. Examples of “fused 
ring systems” are naphthalenes, indoles, quinolines, 
chromenes and the like. 
[0042] As used herein, the term “heteroatom” includes 
oxygen (0), nitrogen (N), sulfur (S), silicon (Si) and boron 
(B) 
[0043] The symbol “R” is a general abbreviation that rep 
resents a substituent group. Exemplary substituent groups 
include substituted or unsubstituted alkyl, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryl, and substituted or 
unsubstituted heterocycloalkyl groups. 
[0044] The term “pharmaceutically acceptable salts” 
includes salts of the active compounds Which are prepared 
With relatively nontoxic acids or bases, depending on the 
particular substituents found on the compounds described 
herein. When compounds of the present invention contain 
relatively acidic functionalities, base addition salts can be 
obtained by contacting the neutral form of such compounds 
With a su?icient amount of the desired base, either neat or in 
a suitable inert solvent. Examples of pharmaceutically 
acceptable base addition salts include sodium, potassium, 
calcium, ammonium, organic amino, or magnesium salt, or a 
similar salt. When compounds of the present invention con 
tain relatively basic functionalities, acid addition salts can be 
obtained by contacting the neutral form of such compounds 
With a su?icient amount of the desired acid, either neat or in 
a suitable inert solvent. Examples of pharmaceutically 
acceptable acid addition salts include those derived from 
inorganic acids like hydrochloric, hydrobromic, nitric, car 
bonic, monohydrogencarbonic, phosphoric, monohydrogen 
phosphoric, dihydrogenphosphoric, sulfuric, monohydro 
gensulfuric, hydriodic, or phosphorous acids and the like, as 
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Well as the salts derived from relatively nontoxic organic 
acids like acetic, propionic, isobutyric, maleic, malonic, ben 
Zoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, 
benZenesulfonic, p-tolylsulfonic, citric, tartaric, methane 
sulfonic, and the like. Also included are salts of amino acids 
such as arginate and the like, and salts of organic acids like 
glucuronic or galactunoric acids and the like (see, for 
example, Berge et al., Journal ofPharmaceulical Science, 66: 
1-19 (1977)). Certain speci?c compounds of the present 
invention contain both basic and acidic functionalities that 
alloW the compounds to be converted into either base or acid 
addition salts. 
[0045] The neutral forms of the compounds are preferably 
regenerated by contacting the salt With a base or acid and 
isolating the parent compound in the conventional manner. 
The parent form of the compound differs from the various salt 
forms in certain physical properties, such as solubility in 
polar solvents, but otherWise the salts are equivalent to the 
parent form of the compound for the purposes of the present 
invention. 
[0046] In addition to salt forms, the present invention pro 
vides compounds, Which are in a prodrug form. Prodrugs of 
the compounds described herein are those compounds that 
readily undergo chemical changes under physiological con 
ditions to provide the compounds of the present invention. 
Additionally, prodrugs can be converted to the compounds of 
the present invention by chemical or biochemical methods in 
an ex vivo environment. For example, prodrugs can be sloWly 
converted to the compounds of the present invention When 
placed in a transdermal patch reservoir With a suitable 
enZyme or chemical reagent. 
[0047] Certain compounds of the present invention can 
exist in unsolvated forms as Well as solvated forms, including 
hydrated forms. In general, the solvated forms are equivalent 
to unsolvated forms and are encompassed Within the scope of 
the present invention. Certain compounds of the present 
invention may exist in multiple crystalline or amorphous 
forms. In general, all physical forms are equivalent for the 
uses contemplated by the present invention and are intended 
to be Within the scope of the present invention. 

[0048] Certain compounds of the present invention possess 
asymmetric carbon atoms (optical centers) or double bonds; 
the racemates, diastereomers, geometric isomers and indi 
vidual isomers are encompassed Within the scope of the 
present invention. 
[0049] The compounds of the invention may be prepared as 
a single isomer (e.g., enantiomer, cis-trans, positional, dias 
tereomer) or as a mixture of isomers. In a preferred embodi 
ment, the compounds are prepared as substantially a single 
isomer. Methods of preparing substantially isomerically pure 
compounds are knoWn in the art. For example, enantiomeri 
cally enriched mixtures and pure enantiomeric compounds 
can be prepared by using synthetic intermediates that are 
enantiomerically pure in combination With reactions that 
either leave the stereochemistry at a chiral center unchanged 
or result in its complete inversion. Alternatively, the ?nal 
product or intermediates along the synthetic route can be 
resolved into a single stereoisomer. Techniques for inverting 
or leaving unchanged a particular stereocenter, and those for 
resolving mixtures of stereoisomers are Well knoWn in the art 
and it is Well Within the ability of one of skill in the art to 
choose and appropriate method for a particular situation. See, 
generally, Fumiss et al. (eds.), VOGEL’S ENCYCLOPEDIA OF 
PRACTICAL ORGANIC CHEMISTRY 5TH ED., Longman Scien 
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ti?c and Technical Ltd., Essex, 1991, pp. 809-816; and Heller, 
Acc. Chem. Res. 23: 128 (1990). 
[0050] The graphic representations of racemic, ambiscale 
mic and scalemic or enantiomerically pure compounds used 
herein are taken from Maehr, J. Chem. Ed., 62: 114-120 
(1985): solid and broken Wedges are used to denote the abso 
lute con?guration of a chiral element; Wavy lines indicate 
disavoWal of any stereochemical implication Which the bond 
it represents could generate; solid and broken bold lines are 
geometric descriptors indicating the relative con?guration 
shoWn but not implying any absolute stereochemistry; and 
Wedge outlines and dotted or broken lines denote enantio 
merically pure compounds of indeterminate absolute con 
?guration. 
[0051] The terms “enantiomeric excess” and diastereo 
meric excess” are used interchangeably herein. Compounds 
With a single stereocenter are referred to as being present in 
“enantiomeric excess,” those With at least tWo stereocenters 
are referred to as being present in “diastereomeric excess.” 

[0052] The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute such compounds. For 
example, the compounds may be radiolabeled With radioac 
tive isotopes, such as for example tritium (3H), iodine-125 
(1251) or carbon-14 (14C). All isotopic variations of the com 
pounds of the present invention, Whether radioactive or not, 
are intended to be encompassed Within the scope of the 
present invention. 
[0053] “Reactive functional group,” as used herein refers to 
groups including, but not limited to, ole?ns, acetylenes, alco 
hols, phenols, ethers, oxides, halides, aldehydes, ketones, 
carboxylic acids, esters, amides, cyanates, isocyanates, thio 
cyanates, isothiocyanates, amines, hydraZines, hydraZones, 
hydraZides, diaZo, diaZonium, nitro, nitriles, mercaptans, sul 
?des, disul?des, sulfoxides, sulfones, sulfonic acids, sul?nic 
acids, acetals, ketals, anhydrides, sulfates, sulfenic acids 
isonitriles, amidines, imides, imidates, nitrones, hydroxy 
lamines, oximes, hydroxamic acids thiohydroxamic acids, 
allenes, ortho esters, sul?tes, enamines, ynamines, ureas, 
pseudoureas, semicarbaZides, carbodiimides, carbamates, 
imines, aZides, aZo compounds, aZoxy compounds, and 
nitroso compounds. Reactive functional groups also include 
those used to prepare bioconjugates, e.g., N-hydroxysuccin 
imide esters, maleimides and the like. Methods to prepare 
each of these functional groups are Well knoWn in the art and 
their application or modi?cation for a particular purpose is 
Within the ability of one of skill in the art (see, for example, 
Sandler and Karo, eds. ORGANIC FUNCTIONAL GROUP PREPA 
RATIONS, Academic Press, San Diego, 1989). 
[0054] As used herein, “pharmaceutically acceptable car 
rier” includes any material, Which When combined With the 
conjugate retains the conjugates’ activity and is non-reactive 
With the subject’s immune systems. “Pharmaceutically 
acceptable carrier” includes solids and liquids, such as 
vehicles, diluents and solvents. Examples include, but are not 
limited to, any of the standard pharmaceutical carriers such as 
a phosphate buffered saline solution, Water, emulsions such as 
oil/Water emulsion, and various types of Wetting agents. 
Other carriers may also include sterile solutions, tablets 
including coated tablets and capsules. Typically such carriers 
contain excipients such as starch, milk, sugar, certain types of 
clay, gelatin, stearic acid or salts thereof, magnesium or cal 
cium stearate, talc, vegetable fats or oils, gums, glycols, or 
other knoWn excipients. Such carriers may also include ?avor 
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and color additives or other ingredients. Compositions com 
prising such carriers are formulated by Well knoWn conven 
tional methods. 
[0055] As used herein, “administering” means oral admin 
istration, administration as a suppository, topical contact, 
intravenous, intraperitoneal, intramuscular, intralesional, or 
subcutaneous administration, administration by inhalation, 
or the implantation of a sloW-release device, e.g., a mini 
osmotic pump, to the subject. Adminsitration is by any route 
including parenteral and transmucosal (e.g., oral, nasal, vagi 
nal, rectal, or transdermal), particularly by inhalation. 
Parenteral administration includes, e.g., intravenous, intra 
muscular, intra-arteriole, intraderrnal, subcutaneous, intrap 
eritoneal, intraventricular, and intracranial. Moreover, Where 
injection is to treat a tumor, e.g., induce apoptosis, adminis 
tration may be directly to the tumor and/or into tissues sur 
rounding the tumor. Other modes of delivery include, but are 
not limited to, the use ofliposomal formulations, intravenous 
infusion, transdermal patches, etc. 
[0056] The term “ameliorating” or “ameliorate” refers to 
any indicia of success in the treatment of a pathology or 
condition, including any objective or subjective parameter 
such as abatement, remission or diminishing of symptoms or 
an improvement in a patient’s physical or mental Well-being. 
Amelioration of symptoms can be based on objective or sub 
jective parameters; including the results of a physical exami 
nation and/or a psychiatric evaluation. 
[0057] The term “therapy” refers to “treating” or “treat 
ment” of a disease or condition including preventing the 
disease or condition from occurring in a subject (e. g., human) 
that may be predisposed to the disease but does not yet expe 
rience or exhibit symptoms of the disease (prophylactic treat 
ment), inhibiting the disease (sloWing or arresting its devel 
opment), providing relief from the symptoms or side-effects 
of the disease (including palliative treatment), and relieving 
the disease (causing regression of the disease). 
[0058] The term “effective amount” or “an amount effec 
tive to” or a “therapeutically effective amount” or any gra 
matically equivalent term means the amount that, When 
administered to an animal or human for treating a disease, is 
suf?cient to effect treatment for that disease. 

[0059] The term “insect cell culture” refers to the in vitro 
groWth and culturing of cell derived from organisms of the 
Class lnsecta. “Insect cell culture” also refers to a cell culture 
comprising cells of the Class Insecta Which have been groWn 
and cultured in vitro. 
[0060] “Peptide” refers to a polymer in Which the mono 
mers are amino acids and are joined together through amide 
bonds, alternatively referred to as a polypeptide. Addition 
ally, unnatural amino acids, for example, [3-alanine, phenylg 
lycine and homoarginine are also included. Amino acids that 
are not gene-encoded may also be used in the present inven 
tion. Furthermore, amino acids that have been modi?ed to 
include reactive groups, glycosylation sites, polymers, thera 
peutic moieties, biomolecules and the like may also be used in 
the invention. All of the amino acids used in the present 
invention may be either the D- or L-isomer. The L-isomer is 
generally preferred. In addition, other peptidomimetics are 
also useful in the present invention. As used herein, “peptide” 
refers to both glycosylated and unglycosylated peptides.Also 
included are petides that are incompletely glycosylated by a 
system that expresses the peptide. For a general revieW, see, 
Spatola, A. F., in CHEMISTRY AND BIOCHEMISTRY OF AMINO 
ACIDS, PEPTIDES AND PROTEINS, B. Weinstein, eds., Marcel 
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Dekker, New York, p. 267 (1983). The term peptide includes 
molecules that are commonly referred to as proteins or 
polypeptides. 
[0061] A “glycopeptide” as the term is used herein refers to 
a peptide having at least one carbohydrate moiety covalently 
linked thereto. It is understood that a glycopeptide may be a 
“therapeutic glycopeptide”. The term “glycopeptide” is used 
interchangeably herein With the terms “glycopolypeptide” 
and “glycoprotein.” 
[0062] The term “peptide conjugate” refers to species of the 
invention in Which a peptide is conjugated With a modi?ed 
sugar as set forth herein. 

[0063] As used herein, the term “modi?ed sugar” refers to 
a naturally- or non-naturally-occurring carbohydrate that is 
enZymatically added onto an amino acid or a glycosyl residue 
of a peptide in a process of the invention. The modi?ed sugar 
is selected from a number of enZyme substrates including, but 
not limited to sugar nucleotides (mono-, di-, and tri-phos 
phates), activated sugars (e.g., glycosyl halides, glycosyl 
mesylates) and sugars that are neither activated nor nucle 
otides. The “modi?ed sugar” is covalently functionaliZed 
With a “modifying group.” Useful modifying groups include, 
but are not limited to, PEG moieties, therapeutic moieties, 
diagnostic moieties, biomolecules and the like. The modify 
ing group is preferably not a naturally occurring, or an 
unmodi?ed carbohydrate. The locus of functionaliZation With 
the modifying group is selected such that it does not prevent 
the “modi?ed sugar” from being added enZymatically to a 
peptide. 
[0064] The term “glycoconjugation” as used herein, refers 
to the enZymatically mediated conjugation of a modi?ed 
sugar species to an amino acid or glycosyl residue of a 
polypeptide, e.g., an erythropoietin peptide prepared by the 
method of the present invention. A subgenus of “glycoconju 
gation” is “glyco-PEGylation,” in Which the modifying group 
of the modi?ed sugar is poly(ethylene glycol), an alkyl 
derivative (e.g., m-PEG) or reactive derivative (e.g., HZN 
PEG, HOOC-PEG) thereof. 
[0065] The terms “large-scale” and “industrial-scale” are 
used interchangeably and refer to a reaction cycle or process 
that produces at least about 250 mg, preferably at least about 
500 mg, and more preferably at least about 1 gram of peptide 
at the completion of a single cycle. 
[0066] The term, “glycosyl linking group,” as used herein 
refers to a glycosyl residue to Which a modifying group (e. g., 
PEG moiety, therapeutic moiety, biomolecule) is covalently 
attached; the glycosyl linking group joins the modifying 
group to the remainder of the conjugate. In the methods of the 
invention, the “glycosyl linking group” becomes covalently 
attached to a glycosylated or unglycosylated polypeptide, 
thereby linking the modifying group to an amino acid and/ or 
glycosyl residue of the polypeptide. A “glycosyl linking 
group” is generally derived from a “modi?ed sugar” by the 
enZymatic attachment of the “modi?ed sugar” to an amino 
acid and/or glycosyl residue of the polypeptide. The glycosyl 
linking group can be a saccharide-derived structure that is 
degraded during formation of modifying group-modi?ed 
sugar cassette (e.g., oxidation—>Schiff base 
formation—>reduction), or the glycosyl linking group may be 
intact. An “intact glycosyl linking group” refers to a linking 
group that is derived from a glycosyl moiety in Which the 
saccharide monomer that links the modifying group and to 
the remainder of the conjugate is not degraded, e.g., oxidized, 
e.g., by sodium metaperiodate. “Intact glycosyl linking 
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groups” of the invention may be derived from a naturally 
occurring oligosaccharide by addition of glycosyl unit(s) or 
removal of one or more glycosyl unit from a parent saccharide 
structure. A “glycosyl linking group” may include a glycosyl 
mimetic moiety. For example, the glycosyl transferase (e.g., 
sialyl transferase), Which is used to add the modi?ed sugar to 
a glycosylated polypeptide, exhibits tolerance for a glycosyl 
mimetic substrate (e.g., a modi?ed sugar in Which the sugar 
moiety is a glycosyl-mimetic moietyie.g., sialyl-mimetic 
moiety). The transfer of the modi?ed glycosyl-mimetic sugar 
results in a conjugate having a glycosyl linking group that is 
a glycosyl-mimetic moiety. 
[0067] The term “glycosyl-mimetic moiety,” as used herein 
refers to a moiety, Which structurally resembles a glycosyl 
moiety (e.g., a hexose or a pentose). Examples of “glycosyl 
mimetic moiety” include those moieties, Wherein the glyco 
sidic oxygen or the ring oxygen of a glycosyl moiety, or both, 
has been replaced With a bond or another atom (e. g., sulfur), 
or another moiety, such as a carbon- (e. g., CH2), or nitrogen 
containing group (e.g., NH). Examples include substituted or 
unsubstituted cyclohexyl derivatives, cyclic thioethers, cyclic 
secondary amines, moieties including a thioglycosidic bond, 
and the like. In one example, the “glycosyl-mimetic moiety” 
is transferred in an enZymatically catalyZed reaction onto an 
amino acid residue of a polypeptide or a glycosyl moiety of a 
glycopeptide. This can, for instance, be accomplished by 
activating the “glycosyl-mimetic moiety” With a leaving 
group, such as a halogen. 

[0068] The term, “polypeptide glycoform” or “glycoform” 
as used herein refers to tWo polypeptide conjugates having the 
same amino acid sequence, but having a different glycosyla 
tion pattern With respect to the glycan residues to Which the 
modifying group(s), e.g., poly(alkylene oxide) moieties, are 
covalently linked. TWo polypeptide conjugates having a dif 
ferent number of modifying groups (e.g., poly(alkylene 
oxide) moieties) also referred to as glycoforms. FIG. 3B 
shoWs exemplary glycoforms of an EPO polypeptide conju 
gate. Illustrated are tri-PEGylated, di-PEGylated and tetra 
PEGylated glycoforms of an EPO-PEG conjugate, Wherein 
the EPO includes an insect-speci?c glycosylation pattern. 
Other exemplary EPO-PEG glycoforms may be derived from 
EPO expressed in CHO cells, as depicted in FIG. 5. Addi 
tional EPO-PEG glycoforms, Which may be isolated accord 
ing to the methods of the invention are disclosed in Us. 
patent application Ser. No. 10/997,405 ?led Nov. 24, 2004 
and Us. patent application Ser. No. 11/144,223 ?led Jun. 2, 
2005, the disclosures of Which are disclosed herein in their 
entirety. EPO-PEG conjugates discussed in the Examples, 
beloW, are alternatively referred to as EPO-PEG “species”, 
“forms” or “states”. 

[0069] The term “isolated” refers to a material that is essen 
tially free from components, Which are used to produce the 
material. For peptide conjugates of the invention, the term 
“isolated” refers to a material that is essentially free from 
components Which normally accompany the material in the 
mixture used to prepare the peptide conjugate. The terms 
“isolated” and “pure” are used interchangeably. Typically, 
isolated peptide conjugates of the invention have a level of 
purity expressed as a range. For example, the loWer end of the 
range is about 50%, about 55%, about 60%, about 65%, about 
70%, about 75% or about 80% and the upper end of the range 
is about 55%, about 60%, about 65%, about 70%, about 75%, 
about 80%, about 85%, about 90%, about 95% or more than 
about 95%. 
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[0070] When the peptide conjugates are more than about 
90% pure, their purities are preferably expressed as a range. 
For example, the loWer end of the range being about 90%, 
about 92%, about 94%, about 96% or about 98% and the 
upper end of the range being about 92%, about 94%, about 
96%, about 98% or about 100%. 
[0071] Methods for the determination of purity are knoWn 
to those of skill in the art. Purity of a polypeptide conjugate 
may be determined by any suitable, art-recognized method of 
analysis (e. g., band intensity on a silver stained gel, polyacry 
lamide gel electrophoresis, ELISA, HPLC and the like). An 
exemplary method is siZe-exclusion chromatography (SEC) 
HPLC, described herein beloW. Purity may be determined 
using relative “area under the curve” (AUC) values, Which 
can typically be obtained for peaks in a chromatogram, such 
as an HPLC chromatogram. Optionally, purities are deter 
mined by chromatographic or other means using a standard 
curve generated using a reference material of knoWn purity. 
Purity may also be determined on a Weight-by-Weight basis. 
[0072] Methods that are useful for the determination of 
“purity” (e.g., those described above) are also useful for the 
determination of the “concentration” of a particular compo 
nent in a mixture (e.g., a composition of the invention) or 
relative concentration of one component With respect to one 
or more other components. For example, SEC HPLC may be 
used to determine the ratio betWeen different glycoforms or to 
determine the concentration of a speci?c glycoform in a com 
position of the invention. 
[0073] “Essentially each member of the population” as 
used herein, speaks to the “homogeneity” of the sites on the 
peptide and to a population of peptide that share a common 
structure, e.g., a common glycosylation pattern glycosyl 
structure. 

[0074] “Homogeneity” refers to the structural consistency 
across a population of polypeptides. Thus, in a glycopeptide 
of the invention, in Which each glycan residue has the same 
structure, the glycopeptide is said to be about 100% homo 
geneous. Similarly, When a in a population of glycopeptides, 
each glycopeptide has glycan residues of the same structure, 
such that each peptide of the population is essentially of the 
same molecular species, the population is said to be about 
100% homogeneous. Homogeneity is typically expressed as 
a range. The loWer end of the range of homogeneity for the 
peptide conjugates is about 60%, about 70% or about 80% 
and the upper end of the range of purity is about 70%, about 
80%, about 90% or more than about 90%. 

[0075] When the peptide conjugates are more than or equal 
to about 90% homogeneous, their homogeneity is also pref 
erably expressed as a range. The loWer end of the range of 
homogeneity is about 90%, about 92%, about 94%, about 
96% or about 98%. The upper end of the range of purity is 
about 92%, about 94%, about 96%, about 98% or about 
100%. The homogeneity of the peptide conjugates is typically 
determined by one or more methods knoWn to those of skill in 
the art, e. g., gel electrophoresis, liquid chromatography-mass 
spectrometry (LC-MS), matrix assisted laser desorption mass 
time of ?ight spectrometry (MALDI-TOF), capillary electro 
phoresis, and the like. 
[0076] “Substantially uniform glycosylation pattern,” 
When referring to a glycopeptide species of the invention, 
refers to the percentage of glycosylation sites on the polypep 
tide that have a glycan residue of the same structure. For 
example a polypeptide that includes multiple N-linked or 
O-linked glycosylation sites may have a glycosyl residue of 
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the same structure present at all comparable glycosylation 
sites, at about 90% of all comparable sites, about 80% or 
about 75% of all comparable glycosylation sites. In these 
instances the polypeptide Would be said to have a “substan 
tially uniform glycosylation pattern”. Alternatively, When a 
population of glycopeptides share a common glycosylation 
pattern, the population may be said to have a “substantially 
uniform glycosylation pattern” When a majority of the pep 
tides in the population represent essentially a single molecu 
lar species. 
[0077] For instance, When a population of glycosylated 
polypeptides are isolated from a cell, Without further modi? 
cation, the members of the population may include a range of 
variations in the precise structure of their glycan residues. 
HoWever, in an exemplary embodiment, peptides isolated 
from insect cells have a substantially uniform insect-speci?c 
glycosylation pattern. This refers to the fact that the majority 
of polypeptides, or substantially all of the polypeptides, in the 
preparation represent one distinct molecular species. 
[0078] The term “substantially” in the above de?nitions of 
“substantially uniform” generally means at least about 40%, 
at least about 45%, at least about 50%, at least about 55%, at 
least about 60%, at least about 65%, at least about 70%, 71%, 
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, at least about 
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, at 
least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, or even 100% of the acceptor moieties are glyco 
sylated With the expected insect cell speci?c glycosylation 
pattern. 
[0079] The term “insect speci?c glycosylation pattern” 
refers to the glycosylation pattern found on mature glycopep 
tides produced by insect cells. Typically, insect cells generate 
simple N-linked oligosaccharides terminating in mannose 
(for revieW, see e. g., Essentials ofGlycobiology A. Varki et al. 
eds, CSHL Press (1999) pgs: 32-33). Typically, N-linked 
glycans produced by insect cell lines produce glycoproteins 
that (at maturity) include a Man3GlcNAc2 structure. Fucose 
units may also be found on the GlcNAc residue that is directly 
linked to the peptide. A mature peptide emerging from a cell 
With an “insect speci?c glycosylation pattern” thus includes 
one or more glycans having a trimannosyl (Man3) or 
Man3GlcNAc2 structure. “Insect speci?c glycosylation pat 
tern” also refers to polypeptide populations, in Which essen 
tially all of the polypeptides have glycan structures terminat 
ing With a common motive (e.g., the Man3 or Man3GlcNAc2 
motive) and are not degraded, e.g., to expose one of the tWo 
GlcNAc residues directly bound to the polypeptide. 
[0080] The term “loading buffer” refers to the buffer, in 
Which the polypeptide conjugate being puri?ed is applied to a 
puri?cation device, e. g. a chromatography column or a ?lter 
cartridge. Typically, the loading buffer is selected so that 
separation of the peptide conjugate of interest from unWanted 
impurities can be accomplished. For instance, When purifying 
the polypeptide conjugate on a hydroxyapatite (HA) or ?uo 
roapatite column the pH of the loading buffer and the salt 
concentration in the loading buffer may be selected so that the 
polypeptide conjugate is initially retained on the column 
While certain impurities are found in the How through. In 
other example, the loading buffer is selected to retain impu 
rities While the desired polypeptide conjugate is found in the 
?oW-through. 
[0081] The term “elution buffer” refers to the buffer, Which 
is typically used to remove (elute) the polypeptide conjugate 
from the puri?cation device (eg a chromatographic column 
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or ?lter cartridge) to Which it Was applied earlier. Typically, 
the elution buffer is selected so that separation of the polypep 
tide conjugate of interest from unwanted impurities can be 
accomplished. Often, the concentration of a particular ingre 
dient, such as a particular salt (e. g. NaCl) in the elution buffer 
is varied during the elution procedure (gradient). The gradient 
may be continuous or stepWise (interrupted by hold periods). 
[0082] The term “controlled room temperature” refers to a 
temperature of at least about 10° C., at least about 15° C., at 
least about 20° C. or at least about 25° C. Typically, controlled 
room temperature is betWeen about 20° C. and about 25° C. 

I. The Methods 

[0083] The present invention provides processes for the 
isolation (e.g., large-scale isolation) of polypeptide conju 
gates from a mixture. The polypeptide conjugates isolated by 
the methods of the invention include at least one modifying 
group. Exemplary modifying groups include polymers, such 
as poly(alkylene oxide) moieties (e.g., poly(ethylene glycol) 
or poly(propylene glycol)). Exemplary modifying groups are 
described herein, beloW. 
[0084] In one embodiment, the polypeptide conjugate is 
isolated from a reaction mixture. In one example, the reaction 
mixture is the product of a chemical reaction, such as a 
chemical PEGylation reaction. In one example according to 
this embodiment, the reaction mixture may contain chemi 
cals, such as unreacted polymeric reagents and/or hydrolysis 
products thereof. In another example, the reaction mixture is 
the product of an enZymatically catalyzed reaction, such as an 
enZymatically catalyZed glycoPEGylation reaction. In this 
instance, the reaction mixture may include enZymes, and may 
further include reagents, such as unreacted enzyme substrates 
(e.g., nucleotide sugars and the like). In one example, the 
methods of the invention are suitable for the isolation of a 
polypeptide conjugate from the above listed reaction mixture 
components. 
[0085] In another embodiment, the methods of the inven 
tion are useful to isolate a desired polypeptide conjugate from 
a mixture that includes other polypeptide conjugates, Which 
are sought to be separated from the desired polypeptide con 
jugate. Such “unWanted” polypeptide conjugates or side 
products may be generated during the same reaction that 
leads to the formation of the desired polypeptide conjugate. 
For example, a recombinant polypeptide is subjected to a 
chemical PEGylation reaction. The reaction product includes 
different polypeptide conjugates, in Which each type of 
polypeptide conjugate includes a different number of PEG 
moieties, e.g., the majority of the polypeptide conjugates 
includes three PEG moieties, While a small percentage of the 
polypeptide conjugates in the reaction mixture is covalently 
linked to only one or tWo PEG moieties. In another example, 
a recombinantly produced polypeptide is subjected to an 
enZymatically catalyZed glycoPEGylation reaction. Due to a 
heterogenous glycosylation pattern of the polypeptide popu 
lation used in the reaction, the reaction mixture includes 
different polypeptide conjugates, in Which each type of 
polypeptide conjugate has a different structure With respect to 
the number of PEG moieties covalently linked to the polypep 
tide and/ or the structure of the glycan residues, to Which each 
PEG moiety is attached to the polypeptide. The mixture may 
also contain unreacted polypeptide. 
[0086] The inventors have discovered that hydrophobic 
interaction chromatography (HIC) resins, such as butyl and 
phenyl resins (e.g., Phenyl 6508) are particularly useful for 
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the isolation of polypeptides modi?ed With at least one poly 
(alkylene oxide) moiety. In particular, it has become apparent 
that HIC is superior in separating different glycoforms of a 
polypeptide conjugate, especially glycoforms that are distin 
guished by the number of poly(alkylene oxide) moieties that 
are linked to the polypeptide. 

[0087] For example, HIC is e?icient in separating an eryth 
ropoietin (EPO) conjugate that includes three poly(ethylene 
glycol) (PEG) moieties from other EPO conjugates that 
include 0, 1, 2, 4, 5, 6 or 7 PEG moieties. In addition, HIC can 
be used to separate polypeptide conjugates that include the 
same number of poly(alkylene oxide) moieties, but Wherein 
the polypeptide conjugates have a different glycosylation 
pattern. 
[0088] In addition to hydrophobic interaction chromatog 
raphy, the methods of the invention may further employ addi 
tional chromatographic steps. In one embodiment, the 
method includes anion exchange or mixed-mode chromatog 
raphy in addition to HIC. In another embodiment, the method 
includes cation exchange chromatography in addition to HIC. 
In yet another embodiment, the method includes both, anion 
exchange or mixed-mode chromatography and cation 
exchange chromatography in addition to HIC. In a further 
embodiment, the method includes hydroxyapatite or ?uoroa 
patite chromatography in addition to HIC. The chromato 
graphic steps employed in the methods of the invention can be 
performed in any desired order. In one embodiment, anion 
exchange or mixed-mode chromatography is performed prior 
to hydrophobic interaction chromatography. In another 
embodiment, anion exchange or mixed-mode chromatogra 
phy is performed after hydrophobic interaction chromatogra 
phy. In yet another embodiment, cation exchange chromatog 
raphy is performed prior to hydrophobic interaction 
chromatography. In a further embodiment, cation exchange 
chromatography is performed after hydrophobic interaction 
chromatography. In one embodiment, hydroxyapatite or ?uo 
roapatite chromatography is performed prior to HIC. In 
another embodiment, hydroxyapatite or ?uoroapatite chro 
matography is performed after HIC. 
[0089] Hence, in a ?rst aspect, the invention provides a 
method of making a composition that includes a ?rst polypep 
tide conjugate, Wherein the ?rst polypeptide conjugate 
includes a ?rst number of poly(alkylene oxide) moieties 
covalently linked to a ?rst polypeptide. The method includes: 
(a) contacting a mixture containing the ?rst polypeptide con 
jugate With a hydrophobic interaction chromatography (HIC) 
medium; and (b) eluting the ?rst polypeptide conjugate from 
the HIC medium. The method may further include: (c) eluting 
the ?rst polypeptide conjugate from an anion exchange or 
mixed-mode chromatography medium. In one embodiment, 
step (c) is performed prior to step (a). In another embodiment, 
step (c) is performed after step (b). The method may further 
include: (d) eluting the ?rst polypeptide conjugate from a 
cation exchange chromatography medium. In one embodi 
ment, step (d) is performed prior to step (a). In another 
embodiment, step (d) is performed after step (b). 
[0090] In one embodiment according to this aspect, the 
mixture includes additional polypeptide conjugates, from 
Which the ?rst polypeptide conjugate is isolated. In an exem 
plary embodiment, the mixture includes a secondpolypeptide 
conjugate, Wherein the second polypeptide conjugate has a 
second number of poly(alkylene oxide) moieties covalently 
linked to a second polypeptide. In one example, the ?rst 
polypeptide and the second polypeptide have the same amino 
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acid sequence. In another example, the ?rst polypeptide and 
the second polypeptide have a different amino acid sequence. 
In one example, the ?rst number and the second number are 
different, Which means that the ?rst polypeptide conjugate 
and the second polypeptide conjugate are distinguished by 
the number of poly(alkylene oxide) moieties that are linked to 
each polypeptide. For example, the ?rst polypeptide conju 
gate includes 3 poly(alkylene oxide) moieties, While the sec 
ond polypeptide conjugate includes either 0, 1, 2 or 4 poly 
(alkylene oxide) moieties. In one particular example, the ?rst 
polypeptide and the second polypeptide have the same amino 
acid sequence and the ?rst polypeptide conjugate and the 
second polypeptide conjugate are distinguished by a different 
number of poly(alkylene oxide) moieties (?rst number and 
second number are different). 

[0091] In one example, according to any of the above 
embodiments, the method of the invention is useful to provide 
a composition including a ?rst polypeptide conjugate, 
Wherein the concentration of the second polypeptide conju 
gate in this composition is less than about 30%, less than 
about 25%, less than about 20%, less than about 15% and 
preferably less than about 10%, less than about 9%, less than 
about 8%, less than about 7%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1%. In another embodiment, the 
mixture includes more than one glycoform of the ?rst 
polypeptide conjugate and the method provides a composi 
tion, in Which the combined concentration of all glycoforms 
having a structure distinct from the ?rst polypeptide conju 
gate is less than about 30%, less than about 25%, less than 
about 20%, less than about 15% and preferably less than 
about 10%, less than about 9%, less than about 8%, less than 
about 7%, less than about 6%, less than about 5%, less than 
about 4%, less than about 3%, less than about 2% or less than 
about 1%. 

[0092] In one example according to any of the above 
embodiments, the ?rst polypeptide is a glycopeptide and 
comprises a ?rst glycosylation pattern that includes at least 
one glycan residue covalently linked to the ?rst polypeptide. 
Each glycan residue can be linked to at least one polymeric 
modifying group, such as a poly(alkylene oxide) moiety. In 
another example according to the above embodiments, the 
?rst polypeptide includes a ?rst number of poly(alkylene 
oxide) moieties, each of Which is covalently linked to the ?rst 
polypeptide via an N-linked or O-linked glycan. 

[0093] In yet another embodiment, the method of the inven 
tion is useful to separate tWo polypeptide glycoforms that 
may include the same number of modifying groups, but that 
have different glycosylation patterns. Hence, in one example, 
the mixture from Which the ?rst polypeptide is isolated, 
includes a third polypeptide conjugate that includes a third 
number of poly(alkylene oxide) moieties. In one example, the 
third polypeptide conjugate and the ?rst polypeptide conju 
gate include the same number of poly(alkylene oxide) moi 
eties, but the third polypeptide has a glycosylation pattern that 
differs from the glycosylation pattern of the ?rst polypeptide 
conjugate by at least one glycosyl moiety. For example, the 
third polypeptide conjugate includes a glycan residue that is 
not present in the ?rst polypeptide conjugate. In an exemplary 
embodiment, the third polypeptide includes an O-linked gly 
can, While the ?rst polypeptide includes only N-linked gly 
cans (see, e.g., FIG. 3B, tri-PEGylated EPO structures). In 
another exemplary embodiment, the third polypeptide 
includes a truncated glycan residue, While the corresponding 
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glycan residue of the ?rst polypeptide conjugate is intact (i.e., 
includes a larger number of glycosyl moieties). 
[0094] In a second aspect, the invention provides a method 
of isolating a ?rst polypeptide conjugate including a ?rst 
number of poly(alkylene oxide) moieties covalently linked to 
a ?rst polypeptide, from a second polypeptide conjugate that 
includes a second number of poly(alkylene oxide) moieties 
covalently linked to a second polypeptide. The method 
includes: (a) contacting a mixture containing the ?rst 
polypeptide conjugate and the second polypeptide conjugate 
With a hydrophobic interaction chromatography (HIC) 
medium; and (b) eluting the ?rst polypeptide conjugate from 
said hydrophobic interaction chromatography medium. The 
method may further include: (c) eluting the ?rst polypeptide 
conjugate from an anion exchange chromatography medium. 
In one embodiment step (c) is performed prior to step (a). In 
another embodiment, step (c) is performed after step (b). The 
method may further include: (d) eluting the ?rst polypeptide 
conjugate from a cation exchange chromatography medium. 
In one embodiment, step (d) is performed prior to step (a). In 
another embodiment, step (d) is performed after step (b). 
[0095] In one example according to any of the above 
embodiments, the ?rst number of poly(alkylene oxide) moi 
eties that are linked to the ?rst polypeptide is selected from 1 
to about 40. In another example, the ?rst number is selected 
from 1 to about 30. In yet another example, the ?rst number is 
selected from 1 to about 20. In a further example, the ?rst 
number is selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and about 10. 
In another example, the ?rst polypeptide conjugate includes 
exactly three poly(alkylene oxide) moieties. 
[0096] In one example according to any of the above 
embodiments, the second number of poly(alkylene oxide) 
moieties that are linked to the second polypeptide is selected 
from 0 to about 40. In another example, the second number is 
selected from 0 to about 30. In yet another example, the 
second number is selected from 0 to about 20. In a further 
example, the second number is selected from 0, 1, 2, 3, 4, 5, 
6, 7, 8, 9 and about 10. In another example, the ?rst number 
and the second number are different. For example, the ?rst 
polypeptide conjugate includes 3 poly(alkylene oxide) moi 
eties, While the second polypeptide conjugate includes either 
0, 1, 2 or 4 poly(alkylene oxide) moieties. One of skill Will 
understand that a polypeptide that is not linked to a poly 
(alkylene oxide) moiety (second number:0), represents unre 
acted polypeptide and is not technically a conjugate unless it 
contains other modifying groups. 
[0097] In one example according to any of the above 
embodiments, the ?rst polypeptide and the second polypep 
tide have the same amino acid sequence. In another example 
according to any of the above embodiments, the ?rst polypep 
tide is a therapeutic polypeptide. Exemplary therapeutic 
polypeptides are described herein, beloW. In yet another 
example according to any of the above embodiments, the ?rst 
polypeptide is EPO. In another example according to any of 
the above embodiments, both the ?rst polypeptide and the 
second polypeptide are EPO. In yet another example, both the 
?rst polypeptide and the third polypeptide are EPO. 
[0098] In one embodiment of the invention, the ?rst 
polypeptide conjugate is formed by an enZymatically cata 
lyZed glycomodi?cation reaction, during Which a modi?ed 
glycosyl moiety [e.g., a glycosyl moiety modi?ed With at 
least one poly(alkylene oxide) moiety] is covalently linked to 
the ?rst polypeptide. Hence, in one example according to any 
of the above embodiments, the method of the invention may 




































































