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GLYCOSYLATION OF PEPTIDES VIA 
O-LINKED GLYCOSYLATION SEQUENCES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to Us. Pro 
visional Patent Application No. 60/832,461 ?led Jul. 21, 
2006, Us. Provisional Patent Application No. 60/886,616 
?led Jan. 25, 2007, Us. Provisional Patent Application No. 
60/941,920 ?led Jun. 4, 2007 and Us. Provisional Patent 
Application No. 60/881,130 ?led Jan. 18, 2007, each of 
Which is incorporated herein by reference in their entirety for 
all purposes. 

FIELD OF THE INVENTION 

[0002] The invention pertains to the ?eld of polypeptide 
modi?cation by glycosylation. In particular, the invention 
relates to a method of preparing glycosylated polypeptides 
using short enzyme-recognized O-linked or S-linked glyco 
sylation sequences. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to glycosylation and 
modi?cation of polypeptides, preferably polypeptides of 
therapeutic value. The administration of glycosylated and 
non-glycosylated polypeptides for engendering a particular 
physiological response is Well knoWn in the medicinal arts. 
For example, both puri?ed and recombinant hGH are used for 
treating conditions and diseases associated With hGH de? 
ciency, e.g., dWar?sm in children. Other examples involve 
interferon, Which has knoWn antiviral activity as Well as 
granulocyte colony stimulating factor (G-CSF), Which stimu 
lates the production of White blood cells. 
[0004] The lack of expression systems that can be used to 
manufacture polypeptides With Wild-type glycosylation pat 
terns has limited the use of such polypeptides as therapeutic 
agents. It is knoWn in the art that improperly or incompletely 
glycosylated polypeptides can be immunogenic, leading to 
rapid neutralization of the peptide and/ or the development of 
an allergic response. Other de?ciencies of recombinantly pro 
duced glycopeptides include suboptimal potency and rapid 
clearance from the bloodstream. 
[0005] One approach to solving the problems inherent in 
the production of glycosylated polypeptide therapeutics has 
been to modify the polypeptides in vitro after their expres 
sion. Post-expression in vitro modi?cation of polypeptides 
has been used for both the modi?cation of existing glycan 
structures and the attachment of glycosyl moieties to non 
glycosylated amino acid residues.A comprehensive selection 
of recombinant eukaryotic glycosyltransferases has become 
available, making in vitro enZymatic synthesis of mammalian 
glycoconjugates With custom designed glycosylation pat 
terns and glycosyl structures possible. See, for example, U.S. 
Pat. Nos. 5,876,980; 6,030,815; 5,728,554; 5,922,577; as 
Well as WO/9831826; US2003180835; and WO 03/031464. 
[0006] In addition, glycopeptides have been derivatiZed 
With one or more non-saccharide modifying groups, such as 
Water soluble polymers. An exemplary polymer that has been 
conjugated to peptides is poly(ethylene glycol) (“PEG”). 
PEG-conjugation, Which increases the molecular siZe of the 
polypeptide, has been used to reduce immunogenicity and to 
prolong the clearance time of PEG-conjugated polypeptides 
in circulation. For example, U.S. Pat. No. 4,179,337 to Davis 
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et al. discloses non-immunogenic polypeptides such as 
enZymes and polypeptide-hormones coupled to polyethylene 
glycol (PEG) or polypropylene glycol (PPG). 
[0007] The principal method for the attachment of PEG and 
its derivatives to polypeptides involves non-speci?c bonding 
through an amino acid residue (see e.g., U.S. Pat. No. 4,088, 
538 U.S. Pat. No. 4,496,689, U.S. Pat. No. 4,414,147, U.S. 
Pat. No. 4,055,635, and PCT WO 87/00056).Another method 
of PEG-conjugation involves the non-speci?c oxidation of 
glycosyl residues of a glycopeptide (see e. g., W0 94/ 05332). 
[0008] In these non-speci?c methods, PEG is added in a 
random, non-speci?c manner to reactive residues on a 
polypeptide backbone. This approach has signi?cant draW 
backs, including a lack of homogeneity of the ?nal product, 
and the possibility of reduced biological or enZymatic activity 
of the modi?ed polypeptide. Therefore, a derivatiZation 
method for therapeutic polypeptides that results in the forma 
tion of a speci?cally labeled, readily characteriZable and 
essentially homogeneous product is highly desirable. 
[0009] Speci?cally modi?ed, homogeneous polypeptide 
therapeutics can be produced in vitro through the use of 
enZymes. Unlike non-speci?c methods for attaching a modi 
fying group, such as a synthetic polymer, to a polypeptide, 
enZyme-based syntheses have the advantages of regioselec 
tivity and stereoselectivity. TWo principal classes of enZymes 
for use in the synthesis of labeled polypeptides are glycosyl 
transferases (e.g., sialyltransferases, oligosaccharyltrans 
ferases, N-acetylglucosaminyltransferases), and glycosi 
dases. These enzymes can be used for the speci?c attachment 
of sugars Which can subsequently be altered to comprise a 
modifying group. Alternatively, glycosyltransferases and 
modi?ed glycosidases can be used to directly transfer modi 
?ed sugars to a polypeptide backbone (see e. g., U.S. Pat. No. 
6,399,336, and Us. Patent Application Publications 
20030040037, 20040132640, 20040137557, 20040126838, 
and 20040142856, each of Which are incorporated by refer 
ence herein). Methods combining both chemical and enZy 
matic approaches are also knoWn (see e.g., Yamamoto et al., 
Carbohydr Res. 305: 415-422 (1998) and Us. Patent Appli 
cation Publication 20040137557, Which is incorporated 
herein by reference). 
[0010] Carbohydrates are attached to glycopeptides in sev 
eral Ways of Which N-linked to asparagine and O-linked to 
serine and threonine are the most relevant for recombinant 
glycoprotein therapeutics. O-linked glycosylation is found on 
secreted and cell surface associated glycoproteins of all 
eukaryotic cells. There is great diversity in the structures 
created by O-linked glycosylation. Such glycans are pro 
duced by the catalytic activity of hundreds of enZymes (gly 
cosyltransferases) that are resident in the Golgi complex. 
Diversity exists at the level of the glycan structure and in 
positions of attachment of O-glycans to the protein back 
bones. Despite the high degree of potential diversity, it is clear 
that O-linked glycosylation is a highly regulated process that 
shoWs a high degree of conservation among multicellular 
organisms. 
[0011] Antibodies are glycosylated at conserved positions 
in their constant regions (Jefferis and Lund (1997) Chem. 
Immunol. 65:111-128; Wright and Morrison (1997) 
TibTECH 15:26-32). The oligosaccharide side chains of anti 
bodies in?uence their function (WittWer & HoWard. (1990) 
Biochem. 29:4175; Boyd et al., (1996) Mol. Immunol. 
32:1311) as Well as inter- and intra-molecular interactions 
(Goochee, et al., (1991) Bio/Technology, 9:1347; Parckh, 



US 2008/0242607 A1 

(1991) Curr. Opin. Struct. Biol., 1:750; Hart, (1992) Curr. 
Opin. Cell Biol., 4: 1017; Jefferis & Lund supra; Wyss & 
Wagner (1996) Curr. Opin. Biotech. 7:409). 
[0012] For human IgG, the core oligosaccharide usually 
consists of GlcNAcZMan3 GlcNAc, With slight differences in 
the numbers of outer residues. For example, variation among 
individual IgG occurs via attachment of galactose and/or 
galactose-sialic acid at the tWo terminal GlcNAc or via 
attachment of a third GlcNAc arm (bisecting GlcNAc). 
Removal of the carbohydrate moiety, either by glycosidase 
cleavage or mutagenesis, has been found to affect binding to 
C1q and FcyR and the doWnstream responses such as comple 
ment activation and ADCC. (LeatherbarroW et al. Molec. 
Immunol. 22:407-415 (1985); Duncan et al. Nature 332:738 
740 (1988); Walker et al. Biochem. J. 259:347-353 (1989)). 
When the carbohydrate is present, the nature of the sugar 
residues can in?uence the IgG effector functions (Wright et 
al. J. Immunol. 160:3393-3402 (1998)). 
[0013] Not all polypeptides comprise a glycosylation 
sequence as part of their amino acid sequence. In addition, 
existing glycosylation sequences may not be suitable for the 
attachment of a modifying group. Such modi?cation may, for 
example, cause an undesirable decrease in biological activity 
of the modi?edpolypeptide. Thus, there is a need in the art for 
methods that permit both the precise creation of glycosylation 
sequences Within the amino acid sequence of a polypeptide 
and the ability to precisely direct the modi?cation to those 
sites. The current invention addresses these and other needs. 

SUMMARY OF THE INVENTION 

[0014] The present invention describes the discovery that 
enZymatic glycoconjugation reactions can be speci?cally tar 
geted to certain O-linked or S-linked glycosylation sequences 
Within a polypeptide. Additional glycosyl residues that 
optionally contain a modifying group can then be added to the 
resulting glycoconjugate, either enZymatically or chemically. 
In one example, the targeted glycosylation sequence is intro 
duced into a parent polypeptide (e.g., Wild-type polypeptide) 
by mutation creating a mutant polypeptide that includes a 
glycosylation sequence, Wherein this glycosylation sequence 
is not present, or not present at the same position, in the 
corresponding parent polypeptide (exogenous glycosylation 
sequence). Such mutant polypeptides are termed herein 
“sequon polypeptides”. Accordingly, the present invention 
provides sequon polypeptides that include one or more 
O-linked or S-linked glycosylation sequence. In one embodi 
ment, each glycosylation sequence is a substrate for an 
enZyme, such as a glycosyltransferase, such as a GalNAc 

transferase (e. g., GalNAc-T2). In addition, the present inven 
tion provides conjugates betWeen a sequon polypeptide and a 
modifying group (e.g., a Water-soluble polymeric modifying 
group). The invention further provides methods of making a 
sequon polypeptide as Well as methods of making and using 
the polypeptide conjugates. The invention further provides 
pharmaceutical compositions including the polypeptide con 
jugates of the invention. The invention also provides libraries 
of sequon polypeptides, Wherein each member of such library 
includes at least one O-linked glycosylation sequence of the 
invention. Also provided are methods of making and using 
such libraries. 
[0015] In a ?rst aspect, the invention provides a covalent 
conjugate betWeen a glycosylated or non-glycosylated 
sequon polypeptide and a polymeric modifying group. The 
sequon polypeptide comprises an exogenous O-linked glyco 
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sylation sequence of the invention. The polymeric modifying 
group is conjugated to the sequon polypeptide at the O-linked 
glycosylation sequence via a glycosyl linking group, Wherein 
said glycosyl linking group is interposed betWeen and 
covalently linked to both the sequon polypeptide and the 
polymeric modifying group. In one embodiment, the parent 
polypeptide is not human groWth hormone (hGH). In another 
embodiment, the parent polypeptide is not granulocyte 
colony stimulating factor (G-CSF). In yet another embodi 
ment, the parent polypeptide is not interferon-alpha (INF 
alpha). In a further embodiment, the parent polypeptide is not 
glucagon-like peptide-1 (GLP-l). In another embodiment, 
the parent polypeptide is not a ?broblast groWth factor (FGF). 
[0016] In a second aspect, the invention provides a 
polypeptide conjugate including a sequon polypeptide, 
Wherein the sequon polypeptide includes an exogenous 
O-linked glycosylation sequence. The polypeptide conjugate 
includes a moiety according to Formula (V), Wherein q can be 
0 or 1: 

(V) 

[0017] In Formula (V), W is an integer selected from 0 and 
1. AA-Oi is a moiety derived from an amino acid having a 
side chain, Which is substituted With a hydroxyl group (e.g., 
serine or threonine). This amino acid is found Within the 
O-linked glycosylation sequence. When q is 1, then the amino 
acid is an internal amino acid, and When q is 0, then the amino 
acid is an N-terminal or C-terminal amino acid. In one 

embodiment, Z* is a glycosyl moiety. In another embodi 
ment, Z* is a glycosyl linking group. In one embodiment, X* 
is a polymeric modifying group. In another embodiment, X* 
is a glycosyl linking group that is covalently linked to a 
polymeric modifying group. In one embodiment, the parent 
polypeptide is not human groWth hormone (hGH). In another 
embodiment, the parent polypeptide is not granulocyte 
colony stimulating factor (G-CSF). In yet another embodi 
ment, the parent polypeptide is not interferon-alpha (INF 
alpha). In a further embodiment, the parent polypeptide is not 
glucagon-like peptide-1 (GLP-l). In another embodiment, 
the parent polypeptide is not a ?broblast groWth factor (FGF). 
[0018] The invention also provides pharmaceutical compo 
sitions including a polypeptide conjugate of the invention and 
a pharmaceutically acceptable carrier. 
[0019] In a third aspect, the invention provides a sequon 
polypeptide that includes an exogenous O-linked glycosyla 
tion sequence. In one embodiment, the O-linked glycosyla 
tion sequence has an amino acid sequence according to For 
mula (I). In another embodiment, the O-linked glycosylation 
sequence has an amino acid sequence according to Formula 

(II): 

(SEQ ID NO: 1) 
(x) mP 0* U (B) p (Z) r (J) S (O) t (P) n (I) ; 
and 

(SEQ ID NO: 2) 

P 
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[0020] In one embodiment, In Formula (I) and Formula (II), 
the integer m is 0. In another embodiment, m is 1. In one 
embodiment, the integer n is 0. In another embodiment, n is l . 
In one embodiment, the integer p is 0. In another embodi 
ment, p is 1. In one embodiment, the integer r is 0. In another 
embodiment, r is 1. In one embodiment, the integer s is 0. In 
another embodiment, s is 1. In one embodiment, the integer t 
is 0. In another embodiment, t is l. 

[0021] In Formula (I) and Formula (II), P is proline. In one 
embodiment, O* is serine (S). In another embodiment, O* is 
threonine (T). In one embodiment, U is proline (P). In another 
embodiment, U is glutamic acid (E). In yet another embodi 
ment, U is glutamine (Q). In a further embodiment, U is 
aspartic acid (D). In a related embodiment, U is asparagine 
(N). In another embodiment, U is threonine (T). In yet another 
embodiment, U is serine (S). In a further embodiment, U is an 
uncharged amino acid, such as glycine (G) or alanine (A). X, 
B and B1 are members independently selected from glutamic 
acid (E), glutamine (Q), aspartic acid (D), asparagine (N), 
threonine (T), serine (S) and uncharged amino acids. Z, J and 
O are members independently selected from glutamic acid 
(E), glutamine (Q), aspartic acid (D), asparagine (N), threo 
nine (T), serine (S), tyrosine (Y), methionine (M) and 
uncharged amino acids. In one embodiment, the parent 
polypeptide is not human groWth hormone (hGH). In another 
embodiment, the parent polypeptide is not granulocyte 
colony stimulating factor (G-CSF). In yet another embodi 
ment, the parent polypeptide is not interferon-alpha (INF 
alpha). In a further embodiment, the parent polypeptide is not 
glucagon-like peptide-l (GLP-l). In another embodiment, 
the parent polypeptide is not a ?broblast groWth factor (FGF). 
[0022] In one embodiment, the O-linked glycosylation 
sequence is XPO’X‘P. In another embodiment, the O-linked 
glycosylation sequence is XPO*EI(P)n. In yet another 
embodiment, the O-linked glycosylation sequence is 
(X)mPO*EI. In a further embodiment, the O-linked glycosy 
lation sequence is XPO*QA(P)n. In one embodiment, the 
O-linked glycosylation sequence is XPO’X‘TVS. In another 
embodiment, the O-linked glycosylation sequence is 
(X)MPO*TVSP. In yet another embodiment, the O-linked 
glycosylation sequence is XPO’X‘QGA. In a further embodi 
ment, the O-linked glycosylation sequence is 
(X)MPO*QGAP. In one embodiment, the O-linked glycosy 
lation sequence is XPO*QGAM(P)n. In another embodi 
ment, the O-linked glycosylation sequence is XTEO’X‘P. In yet 
another embodiment, the O-linked glycosylation sequence is 
(X)MPO*VL. In a further embodiment, the O-linked glyco 
sylation sequence is XPO*VL(P)n. In one embodiment, the 
O-linked glycosylation sequence is XPO*TVL. In another 
embodiment, the O-linked glycosylation sequence is 
(X)MPO*TVLP. In yet another embodiment, the O-linked 
glycosylation sequence is Q()MPO*TLYVP. In a further 
embodiment, the O-linked glycosylation sequence is 
XPO*TLYV(P)n. In one embodiment, the O-linked glycosy 
lation sequence is Q()mPO*LS(P)n. In another embodiment, 
the O-linked glycosylation sequence is Q()mPO*DA(P)n. In 
yet another embodiment, the O-linked glycosylation 
sequence is Q()mPO*EN(P)n. In a further embodiment, the 
O-linked glycosylation sequence is (X)mPO*QD(P)n. In one 
embodiment, the O-linked glycosylation sequence is 
(X)mPO*AS(P)n. In another embodiment, the O-linked gly 
cosylation sequence is XPO’X‘SAV. In yet another embodi 
ment, the O-linked glycosylation sequence is Q()MPO*SAVP. 
In a further embodiment, the O-linked glycosylation 

Oct. 2, 2008 

sequence is Q()mPO*SG(P)n. In one embodiment, the 
O-linked glycosylation sequence is XTEO’X‘P. In another 
embodiment, the O-linked glycosylation sequence is 
Q()mPO*DG(P)n. 
[0023] In the above sequences, m, n, O* and X are de?ned 
as above. 

[0024] In another aspect, the invention provides a library of 
sequon polypeptides including a plurality of members, 
Wherein each member of the library corresponds to a common 
parent polypeptide and Wherein each member of the library 
includes an exogenous O-linked glycosylation sequence. In 
one embodiment, the O-linked glycosylation sequence has an 
amino acid sequence according to Formula (I) (SEQ ID NO: 
1). In another embodiment, the O-linked glycosylation 
sequence has an amino acid sequence according to Formula 
(II) (SEQ ID NO: 2). Formula (I) and Formula (II) are 
described herein above. In one embodiment, the parent 
polypeptide is not human groWth hormone (hGH). In another 
embodiment, the parent polypeptide is not granulocyte 
colony stimulating factor (G-CSF). In yet another embodi 
ment, the parent polypeptide is not interferon-alpha (INF 
alpha). In a further embodiment, the parent polypeptide is not 
glucagon-like peptide-l (GLP-l). In another embodiment, 
the parent polypeptide is not a ?broblast groWth factor (FGF). 
[0025] In a further aspect, the invention provides a method 
that includes: expressing a sequon polypeptide in a host cell, 
Wherein the sequon polypeptide includes an exogenous 
O-linked glycosylation sequence of the invention. In one 
embodiment, the O-linked glycosylation sequence has an 
amino acid sequence according to Formula (I) (SEQ ID NO: 
1). In another embodiment, the O-linked glycosylation 
sequence has an amino acid sequence according to Formula 
(II) (SEQ ID NO: 2). Formula (I) and Formula (II) are 
described herein above. In one embodiment, the parent 
polypeptide is not human groWth hormone (hGH). In another 
embodiment, the parent polypeptide is not granulocyte 
colony stimulating factor (G-CSF). In yet another embodi 
ment, the parent polypeptide is not interferon-alpha (INF 
alpha). In a further embodiment, the parent polypeptide is not 
glucagon-like peptide-l (GLP-l). In another embodiment, 
the parent polypeptide is not a ?broblast groWth factor (FGF). 
[0026] In yet another aspect, the invention provides a 
method for making a polypeptide conjugate of the invention. 
The method includes: (i) recombinantly producing the 
sequon polypeptide; and (ii) enZymatically glycosylating the 
sequon polypeptide at the exogenous O-linked glycosylation 
sequence. The method may further include: glycoPEGylating 
the glycosylated polypeptide of step (ii). 
[0027] The invention also provides a method for making a 
library of sequon polypeptides, Wherein each sequon 
polypeptide corresponds to a common parent polypeptide. 
The method includes: (i) recombinantly producing a ?rst 
sequon polypeptide by introducing an O-linked glycosylation 
sequence at a ?rst amino acid position Within the parent 
polypeptide; and (ii) recombinantly producing at least one 
additional sequon polypeptide by introducing the same 
O-linked glycosylation sequence at an additional amino acid 
position Within the parent polypeptide. 
[0028] In addition, the invention provides a method for 
identifying a lead polypeptide. The method includes: (i) gen 
erating a library of sequon polypeptides of the invention: and 
(ii) subjecting at least one member of the library to an enZy 
matic glycosylation reaction, transferring a glycosyl moiety 
from a glycosyl donor molecule onto at least one of the 
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O-linked glycosylation sequence, Wherein said glycosyl moi 
ety is optionally derivatized With a modifying group. 
[0029] Additional aspects, advantages and objects of the 
present invention Will be apparent from the detailed descrip 
tion that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 shoWs MALFI-TOF mass spectra of an 
exemplary non-glycosylated and an exemplary glycosylated 
mutant NT-3 polypeptide (A2 in Table 16) (SEQ ID NO: 
343). FIG. 1A shoWs a MALFI-TOF mass spectrum of non 
glycosylated NT-3 The polypeptide Was expressed as inclu 
sion bodies in W31 10 E. coli, refolded and puri?ed. FIG. 1B 
shoWs a MALFI-TOF mass spectrum of glycosylated NT-3 
The puri?ed NT-3 mutant Was incubated With the glycosyl 
transferase GalNAc-T2 and UDP-GalNAc as described in 
Example 2. The reaction product is characterized by an 
expected mass increase of about 203 Da (expected: +2032), 
Which corresponds to the addition of a single GalNAc residue 
When compared to unglycosylated polypeptide. 
[0031] FIG. 2 shoWs MALFI-TOF mass spectra of an 
exemplary non-glycosylated and an exemplary glycosylated 
mutant FGF-2l polypeptide (B.20 in Table 18) (SEQ ID NO: 
381). FIG. 2A shoWs a MALFI-TOF mass spectrum of non 
glycosylated FGF-2l. The polypeptide Was expressed as a 
soluble protein in a trxB, gor, supp E. coli strain, refolded and 
puri?ed. FIG. 2B shoWs a MALFI-TOF mass spectrum of 
glycosylated FGF-2l. The puri?ed FGF-2l mutant Was incu 
bated With the glycosyltransferase GalNAc-T2 and UDP 
GalNAc as described in Example 4. The reaction product is 
characterized by an expected mass increase of about 203 Da 
(expected: +2032, observed: 209), Which corresponds to the 
addition of a single GalNAc residue When compared to ung 
lycosylated polypeptide. 
[0032] FIG. 3 shoWs the result of SDS PAGE gel electro 
phoresis for various non-PEGylated and glycoPEGylated 
human NT-3 mutant polypeptides. NT-3 variants Were puri 
?ed and glycoPEGylated as described in Example 2. The 
reactions Were analyzed by SDS-PAGE and stained With Sim 
plyBlue safestain. GelA: NT-3 variant Al in Table 16 (SEQ 
ID NO: 342) treated With GalNAc-T2 (lane 1), NT-3 variant 
Al in Table 16 (SEQ ID NO: 342) treated With GalNAc-T2/ 
ST6GalNAcl (lane 2); molecular Weight marker (lane 3); 
NT-3 variant A2 in Table 16 (SEQ ID NO: 343) treated With 
GalNAc-T2 (lane 4), NT-3 variant A2 in Table 16 (SEQ ID 
NO: 343) treated With GalNAc-T2/ST6GalNAcl (lane 5), 
NT-3 variant A4 in Table 16 (SEQ ID NO: 346) treated With 
GalNAc-T2 (lane 6), NT-3 variant A4 in Table 16 (SEQ ID 
NO: 346) treated With GalNAc-T2/ST6GalNAcl (lane 7); 
NT-3 variant A5 in Table 16 (SEQ ID NO: 347) treated With 
GalNAc-T2 (lane 8), NT-3 variant A5 in Table 16 (SEQ ID 
NO: 347) treated With GalNAc-T2/ST6GalNAcl (lane 9); 
NT-3 variant A7 in Table 16 (SEQ ID NO: 350) treated With 
GalNAc-T2 (lane 10); NT-3 variant A7 in Table 16 (SEQ ID 
NO: 350) treated With GalNAc-T2/ST6GalNAcl (lane 11); 
NT-3 variant Al in Table 16 (SEQ ID NO: 342) treated With 
GalNAc-T2/Core-l (lane 12); NT-3 variant Al in Table 16 
(SEQ ID NO: 342) treated With GalNAc-T2/Core-l/ST3Gall 
(lane 13); NT-3 variant A2 in Table 16 (SEQ ID NO: 343) 
treated With GalNAc-T2/Core-l (lane 14); NT-3 variant A2 
in Table 16 (SEQ ID NO: 343) treated With GalNAc-T2/Core 
l/ST3Gall (lane 15), NT-3 variant A4 in Table 16 (SEQ ID 
NO: 346) treated With GalNAc-T2/Core-l (lane 16), NT-3 
variant A4 in Table 16 (SEQ ID NO: 346) treated With Gal 
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NAc-T2/Core-l/ST3Gall (lane 17), NT-3 variant A5 in 
Table 16 (SEQ ID NO: 347) treated With GalNAc-T2/Core-l 
(lane 18), molecular Weight marker (lane 19); NT-3 variant 
A5 in Table 16 (SEQ ID NO: 347) treated With GalNAc-T2/ 
Core-l/ST3Gall (lane 20), NT-3 variant A7 in Table 16 
(SEQ ID NO: 350) treated With GalNAc-T2/Core-l (lane 21), 
NT-3 variant A7 in Table 16 (SEQ ID NO: 350) treated With 
GalNAc-T2/Core-l/ST3Gall (lane 22). Bands in the loWer 
boxed area With a molecular Weight of approximately 14 kD, 
correspond to the non-PEGylated NT-3 mutants. Bands in the 
upper boxed area With a molecular Weight of approximately 
49-62kD correspond to the glycoPEGylated NT-3 variants. 
[0033] FIG. 4 shoWs an exemplary amino acid sequence for 
Factor VIII (SEQ ID NO: 254). 
[0034] FIG. 5 shoWs an exemplary amino acid sequence for 
B-domain deleted (BDD) Factor VIII (SEQ ID NO: 255). 
[0035] FIG. 6 is a summary of exemplary parent polypep 
tide/O-linked glycosylation sequence combinations. Each 
roW represents one embodiment of the invention, in Which the 
indicated O-linked glycosylation sequence (e. g., PTP) is 
introduced into the indicated parent polypeptide (e. g., BMP 
7) resulting in a sequon polypeptide of the invention. The 
O-linked glycosylation sequence may be introduced into the 
parent polypeptide at different amino acid positions (e.g., at 
the N-terminus, at the C-terminus or at an internal amino acid 
position). The O-linked glycosylation sequence may be intro 
duced into the parent polypeptide With or Without replacing 
existing amino acids. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Abbreviations 

[0036] PEG, poly(ethyleneglycol); m-PEG, methoxy-poly 
(ethylene glycol); PPG, poly(propyleneglycol); m-PPG, 
methoxy-poly(propylene glycol); Fuc, fucose or fucosyl; 
Gal, galactose or galactosyl; GalNAc, N-acetylgalac 
tosamine or N-acetylgalactosaminyl; Glc, glucose or gluco 
syl; GlcNAc, N-acetylglucosamine or N-acetylglucosami 
nyl; Man, mannose or mannosyl; ManAc, mannosamine 
acetate or mannosaminyl acetate; Sia, sialic acid or sialyl; and 
NeuAc, N-acetylneuramine or N-acetylneuraminyl. 

II. De?nitions 

[0037] 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 of 
analytical and synthetic organic chemistry 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. 
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[0038] 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 
revieW of standard glycobiology nomenclature see, for 
example, Essentials of Glycobiology Varki et al. eds. CSHL 
Press (1999). Oligosaccharides may include a glycosyl 
mimetic moiety as one of the sugar components. Oligosac 
charides 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. 
[0039] The term “glycosyl moiety” means any radical 
derived from a sugar residue. “Glycosyl moiety” includes 
mono- and oligosaccharides and encompasses “glycosyl-mi 
metic moiety.” 
[0040] 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. 

[0041] The term “nucleic acid” or “polynucleotide” refers 
to deoxyribonucleic acids (DNA) or ribonucleic acids (RNA) 
and polymers thereof in either single- or double-stranded 
form. Unless speci?cally limited, the term encompasses 
nucleic acids containing knoWn analogues of natural nucle 
otides that have similar binding properties as the reference 
nucleic acid and are metaboliZed in a manner similar to natu 

rally occurring nucleotides. Unless otherWise indicated, a 
particular nucleic acid sequence also implicitly encompasses 
conservatively modi?ed variants thereof (e. g., degenerate 
codon substitutions), alleles, orthologs, SNPs, and comple 
mentary sequences as Well as the sequence explicitly indi 
cated. Speci?cally, degenerate codon substitutions may be 
achieved by generating sequences in Which the third position 
of one or more selected (or all) codons is substituted With 
mixed-base and/or deoxyinosine residues (BatZer et al., 
Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., .1. Biol. 
Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. 
Probes 8:91-98 (1994)). The term nucleic acid is used inter 
changeably With gene, cDNA, and mRNA encoded by a gene. 
[0042] The term “gene” means the segment of DNA 
involved in producing a polypeptide chain. It may include 
regions preceding and folloWing the coding region (leader 
and trailer) as Well as intervening sequences (introns) 
betWeen individual coding segments (exons). 
[0043] The term “isolated,” When applied to a nucleic acid 
or protein, denotes that the nucleic acid or protein is essen 
tially free of other cellular components With Which it is asso 
ciated in the natural state. It is preferably in a homogeneous 
state although it can be in either a dry or aqueous solution. 
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Purity and homogeneity are typically determined using ana 
lytical chemistry techniques such as polyacrylamide gel elec 
trophoresis or high performance liquid chromatography. A 
protein that is the predominant species present in a prepara 
tion is substantially puri?ed. In particular, an isolated gene is 
separated from open reading frames that ?ank the gene and 
encode a protein other than the gene of interest. The term 
“puri?ed” denotes that a nucleic acid or protein gives rise to 
essentially one band in an electrophoretic gel. Particularly, it 
means that the nucleic acid or protein is at least 85% pure, 
more preferably at least 95% pure, and most preferably at 
least 99% pure. 
[0044] The term “amino acid” refers to naturally occurring 
and synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as Well as those 
amino acids that are later modi?ed, e. g., hydroxyproline, 
y-carboxyglutamate, and O-phosphoserine. Amino acid ana 
logs refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid, i.e., an a carbon 
that is bound to a hydrogen, a carboxyl group, an amino 
group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs have modi?ed R groups (e.g., norleucine) or modi 
?ed peptide backbones, but retain the same basic chemical 
structure as a naturally occurring amino acid. “Amino acid 
mimetics” refers to chemical compounds having a structure 
that is different from the general chemical structure of an 
amino acid, but that functions in a manner similar to a natu 
rally occurring amino acid. 
[0045] The term “uncharged amino acid” refers to amino 
acids, that do not include an acidic (e.g., 4COOH) or basic 
(e.g., iNH2) functional group. Basic amino acids include 
lysine (K) and arginine (R).Acidic amino acids include aspar 
tic acid (D) and glutamic acid (E). “Uncharged amino acids 
include, e.g., glycine (G), valine (V), leucine (L), phenylala 
nine (F), but also those amino acids that include iOH or 
iSH groups (e.g., threonine (T), serine (S), tyrosine (Y) and 
cysteine (C)). 
[0046] There are various knoWn methods in the art that 
permit the incorporation of an unnatural amino acid deriva 
tive or analog into a polypeptide chain in a site-speci?c man 
ner, see, e.g., WO 02/086075. 

[0047] Amino acids may be referred to herein by either the 
commonly knoWn three letter symbols or by the one-letter 
symbols recommended by the lUPAC-IUB Biochemical 
Nomenclature Commission. Nucleotides, likeWise, may be 
referred to by their commonly accepted single-letter codes. 
[0048] “Conservatively modi?ed variants” applies to both 
amino acid and nucleic acid sequences. With respect to par 
ticular nucleic acid sequences, “conservatively modi?ed vari 
ants” refers to those nucleic acids that encode identical or 
essentially identical amino acid sequences, or Where the 
nucleic acid does not encode an amino acid sequence, to 
essentially identical sequences. Because of the degeneracy of 
the genetic code, a large number of functionally identical 
nucleic acids encode any given protein. For instance, the 
codons GCA, GCC, GCG and GCU all encode the amino acid 
alanine. Thus, at every position Where an alanine is speci?ed 
by a codon, the codon can be altered to any of the correspond 
ing codons described Without altering the encoded polypep 
tide. Such nucleic acid variations are “silent variations,” 
Which are one species of conservatively modi?ed variations. 
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Every nucleic acid sequence herein that encodes a polypep 
tide also describes every possible silent variation of the 
nucleic acid. One of skill Will recognize that each codon in a 
nucleic acid (except AUG, Which is ordinarily the only codon 
for methionine, and TGG, Which is ordinarily the only codon 
for tryptophan) can be modi?ed to yield a functionally iden 
tical molecule. Accordingly, each silent variation of a nucleic 
acid that encodes a polypeptide is implicit in each described 
sequence. 
[0049] As to amino acid sequences, one of skill Will recog 
niZe that individual substitutions, deletions or additions to a 
nucleic acid, peptide, polypeptide, or protein sequence Which 
alters, adds or deletes a single amino acid or a small percent 
age of amino acids in the encoded sequence is a “conserva 
tively modi?ed variant” Where the alteration results in the 
substitution of an amino acidWith a chemically similar amino 
acid. Conservative substitution tables providing functionally 
similar amino acids are Well knoWn in the art. Such conser 
vatively modi?ed variants are in addition to and do not 
exclude polymorphic variants, interspecies homologs, and 
alleles of the invention. 
[0050] The folloWing eight groups each contain amino 
acids that are conservative substitutions for one another: 

[0051] l) Alanine (A), Glycine (G); 
[0052] 2) Aspartic acid (D), Glutamic acid (E); 
[0053] 3) Asparagine (N), Glutamine (Q); 
[0054] 4) Arginine (R), Lysine (K); 
[0055] 5) Isoleucine (I), Leucine (L), Methionine (M), 

Valine (V); 
[0056] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 

(W); 
[0057] 7) Serine (S), Threonine (T); and 
[0058] 8) Cysteine (C), Methionine (M) (see, e.g., Creigh 

ton, Proteins (1984)). 
[0059] “Peptide” refers to a polymer in Which the mono 
mers are amino acids and are joined together through amide 
bonds. Peptides of the present invention can vary in siZe, e.g., 
from tWo amino acids to hundreds or thousands of amino 
acids. A larger peptide (e.g., at least 10, at least 20, at least 30 
or at least 50 amino acid residues) is alternatively referred to 
as a “polypeptide” or “protein”. Additionally, unnatural 
amino acids, for example, [3-alanine, phenylglycine, 
homoarginine and homophenylalanine are also included. 
Amino acids that are not gene-encoded may also be used in 
the present invention. Furthermore, amino acids that have 
been modi?ed to include reactive groups, glycosylation 
sequences, polymers, therapeutic 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 inven 
tion. As used herein, “peptide” or “polypeptide” refers to both 
glycosylated and non-glycosylated peptides or “polypep 
tides”. Also included are polypetides that are incompletely 
glycosylated by a system that expresses the polypeptide. For 
a general revieW, see, Spatola, A. F., in CHEMISTRY AND BIO 
CHEMISTRY OF AMINO AcIDs, PEPTIDEs AND PROTEINS, B. 
Weinstein, eds., Marcel Dekker, NeW York, p. 267 (1983). 
[0060] In the present application, amino acid residues are 
numbered (typically in the superscript) according to their 
relative positions from the N-terminal amino acid (e.g., N-ter 
minal methionine) of the polypeptide, Which is numbered 
“1”. The N-terminal amino acid may be a methionine (M), 
numbered “1”. The numbers associated With each amino acid 
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residue can be readily adjusted to re?ect the absence of N-ter 
minal methionine if the N-terminus of the polypeptide starts 
Without a methionine. It is understood that the N-terminus of 
an exemplary polypeptide can start With or Without a 
methionine. 

[0061] The term “parent polypeptide” refers to any 
polypeptide, Which has an amino acid sequence, Which does 
not include an “exogenous” O-linked or S-linked glycosyla 
tion sequence of the invention. HoWever, a “parent polypep 
tide” may include one or more naturally occurring (endog 
enous) O-linked or S-linked glycosylation sequence. For 
example, a Wild-type polypeptide may include the O-linked 
glycosylation sequence PTP. The term “parent polypeptide” 
refers to any polypeptide including Wild-type polypeptides, 
fusion polypeptides, synthetic polypeptides, recombinant 
polypeptides (e.g., therapeutic polypeptides) as Well as any 
variants thereof (e.g., previously modi?ed through one or 
more replacement of amino acids, insertions of amino acids, 
deletions of amino acids and the like) as long as such modi 
?cation does not amount to forming an O-linked or S-linked 
glycosylation sequence of the invention. In one embodiment, 
the amino acid sequence of the parent polypeptide, or the 
nucleic acid sequence encoding the parent polypeptide, is 
de?ned and accessible to the public in any Way. For example, 
the parent polypeptide is a Wild-type polypeptide and the 
amino acid sequence or nucleotide sequence of the Wild-type 
polypeptide is part of a publicly accessible protein database 
(e.g., EMBL Nucleotide Sequence Database, NCBI EntreZ, 
ExPasy, Protein Data Bank and the like). In another example, 
the parent polypeptide is not a Wild-type polypeptide but is 
used as a therapeutic polypeptide (i.e., authorized drug) and 
the sequence of such polypeptide is publicly available in a 
scienti?c publication or patent. In yet another example, the 
amino acid sequence of the parent polypeptide or the nucleic 
acid sequence encoding the parent polypeptide Was acces 
sible to the public in any Way at the time of the invention. In 
one embodiment, the parent polypeptide is part of a larger 
structure. For example, the parent polypeptide corresponds to 
the constant region (Fc) region or C H2 domain of an antibody, 
Wherein these domains may be part of an entire antibody. In 
one embodiment, the parent polypeptide is not an antibody of 
unknoWn sequence. 
[0062] The term “mutant polypeptide” or “polypeptide 
variant” refers to a form of a polypeptide, Wherein its amino 
acid sequence differs from the amino acid sequence of its 
corresponding Wild-type form, naturally existing form or any 
other parent form. A mutant polypeptide can contain one or 
more mutations, e.g., replacement, insertion, deletion, etc. 
Which result in the mutant polypeptide. 
[0063] The term “sequon polypeptide” refers to a polypep 
tide variant that includes in its amino acid sequence an “exog 
enous O-linked glycosylation sequence” of the invention. A 
“sequon polypeptide” contains at least one exogenous 
O-linked glycosylation sequence, but may also include one or 
more endogenous (e. g., naturally occurring) O-linked glyco 
sylation sequence. 
[0064] The term “exogenous O-linked glycosylation 
sequence” refers to an O-linked glycosylation sequence of the 
invention that is introduced into the amino acid sequence of a 
parent polypeptide (e.g., Wild-type polypeptide), Wherein the 
parent polypeptide does either not include an O-linked gly 
cosylation sequence or includes an O-linked glycosylation 
sequence at a different position. In one example, an O-linked 
glycosylation sequence is introduced into a Wild-type 




























































































































































































































































































































































































































































































