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The present invention provides polypeptides that include an 
O-linked glycoconjugate in Which a species such as a Water 
soluble polymer, a therapeutic agent of a biomolecule is 
covalently linked through an intact O-linked glycosyl residue 
to the polypeptide. The polypeptides of the invention include 
Wild-type peptides and mutant peptides that include an 
O-linked glycosylation site that is not present in the Wild-type 
peptide. Also provided are methods of making the peptides of 
the invention and methods, pharmaceutical compositions 
containing the peptides and methods of treating, ameliorating 
or preventing diseased in mammals by administering an 
amount of a peptide of the invention su?icient to achieve the 
desired response. 
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FIGURE 1 

Peptides which can be utilized as substrates in this inventiqn: 

--AcuTec —-A6 
--angi0rnax --ABT-51O 
--Antagon --AC-162352 
--atosiban --AIPs 
"calcitonin --AnergiX 
--carperitide --betatropin 
--cargutocin "HIM-23190 _ 

-—Cerebrolysin --BAM—205 
--Cetrotide --cilengitide 
--ceruletide --D-22212 
--daptomycin --GLP-1 
~~desirudin --INGAP peptide 
--desmopressin --INT 
--eled0isin --HTI-286 
--Fuze0n --LU-22365 l . 

--glucagon --nep adutant 
--GRH (Geref) --netami ftide 
--Integrelin --PSP-94 
--1epirudin --semparatide 
-—Lupr0n —-teduglutide 
--Natrec0r --ThGRF 1 —44 
--Neospect --TX14(A) 
--pranlukast --131-I-TM-601 
--prezatide --Xerecept 
--romurtide 
~-saralasin 
--secretin 
--somatostatin 
--sulg1icotide 
--teicoplanin 
--thymalfasin 
--thymopentin 
--Thyrel (TRH) 
--Viru1izin 
--Vueffe 
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BRANCHED PEG REMODELING AND 
GLYCOSYLATION OF GLUCAGON-LIKE 

PEPTIDES-l [GLP-1] 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a US. national phase 
application of PCT/US2005/024781 ?led Jul. 13, 2005 and 
claims priority to US. Provisional Patent Application No. 
60/587,738, ?led Jul. 13, 2004 and US. Provisional Patent 
Application No. 60/608,723 ?led Sep. 10, 2004, the disclo 
sures of Which are incorporated herein by reference in their 
entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to O-linked glycosy 
lated glycopeptides, particularly glucagon-like peptide-1 
(GLP-1) and GLP-1 peptide mutants that include O-linked 
glycosylation sites not present in the Wild-type peptide. 

BACKGROUND OF THE INVENTION 

[0003] Glucagon-like peptide-1 (GLP-1) is an important 
glucoincretin hormone secreted from intestinal L cells in 
response to nutrient ingestion. GLP-l functions to regulate 
plasma glucose levels via various independent mechanisms, 
making it an ideal candidate for treatment of diabetes, and 
possibly useful in the pharrnacotherapy of obesity. 
[0004] The biologically active forms of GLP-1 possess 
multiple functions in vivo, including enhancement of glu 
cose-dependent insulin secretion, stimulation of proinsulin 
gene expression, and supression of glucagon secretion and 
gastric emptying. GLP-l also enhances insulin sensitivity, 
induces [3 cell differentiation and proliferation, decreases 
caloric intake, and increases satiety. 
[0005] The mature, active form of GLP-1 is a 30 amino acid 
derivative of proglucagon, a 160 amino acid prohormone. 
GLP-1 is synthesiZed by post translational processing of pro 
glucagon in intestinal L cells. Postranslational processing of 
proglucagon gives rise to glucagon, GLP-l, GLP-2 and other 
peptide sequences, IP-1 and IP-2, of unknown function. The 
initial GLP-l cleaved from proglucagon is further processed 
?rst by N-terminal cleaveage to form a biologically active 
peptide (GLP-1(7_37)). GLP-1(7_37) is then C-terminally trun 
cated and amidated to form the predominant biolgically 
active species, GLP-1(7_36)amide. 
[0006] GLP-1(7_36)amide has a very short half life in vivo. 
The plasma half life of GLP-1 is about 5 minutes, and the 
metabolic clearance rate is about 12-13 minutes. In circula 
tion, the predominant form of GLP-1 is rapidly inactivated as 
a result of degradation by dipeptidyl-peptidase IV (see e.g., 
Deacon et al. (1995) Endocrinol. Metab. 80:952-957, and 
Hansen et al. (1999) Endocrinology 140:5356). GLP-1(7_36) 
amide is also susceptible to degradation by neutral endopepti 
dases, including NEP 24.11 (Sodman et al. (1995) Reg. Pep 
tides 58:149-156). 
[0007] The unique ability of GLP-1 to loWer postprandial 
hyperglycemia via three independent and complementary 
mechanisms of action (increased insulin secretion, inhibition 
of glucagon release, and inhibition of gastrointestinal motil 
ity) are What make this peptide hormone an ideal candidate 
for the treatment of diabetes. Indeed, GLP-l provides unprec 
edented advantages over any other pharmacological agent 
currently available. Unfortunately, despite its potential, there 
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are serious limitations to the possible therapeutic use of 
GLP-1 in humans. The most serious limitation is the very 
short half life of GLP-1 in vivo. Even When administered 
subcutaneously, peak concentrations return to baseline Within 
90 minutes. 
[0008] The therapeutic potential of GLP-1 and its very 
short half life have prompted the search for and discovery of 
analogs that may provide an extended GLP-l -like biological 
activity. Several analogs have been isolated from other spe 
cies (Fehmann, H. C., et al. (1995) Endocrine Reviews 
16:390-410, and Thorens B. et al. (1993) Diabetes 42:1678 
1682), and mutant GLP-l peptides resistant to degradation 
have been created (Xiao et al. (2001) Biochemistry 40:2860 
2869). 
[0009] Some GLP-l analogs may shoW some promise as 
therapeutics. HoWever, since GLP-l peptide is a highly mul 
tifunctional protein, mutants and interspecies homologs may 
have unpredictable plieotropic effects. Indeed, Xiao et al. 
shoWed that some mutants exhibit altered biological activity 
independent of any changes in receptor binding activity. 
Thus, the biological activities of GLP-1 can be uncoupled 
from one another. 

[0010] Diabetes, obesity and other disorders of sugar 
metabolism and glycemic control carry a very high price for 
the individual, as Well as the society in terms of health, lost 
productivity and the loss of Wages and ?nancial output. Thus, 
there is clearly a need in the art for effective medications that 
facilitate glycemic control in the individual. A stabiliZed 
GLP-l With increased half life in vivo could meet this need. 
Preferably a stabiliZed GLP-l peptide Would be very similar 
to the Wild type protein, such that changes to biological activ 
ity, and hence possible side effects of therapy can be mini 
miZed. The present invention ansWers the need for stabiliZed 
GLP-l molecules, thereby providing therapeutically effec 
tive GLP-l peptides. Other objects and advantages Will 
become apparent from the detailed description that folloWs. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Diabetes and disorders of glycemic control are seri 
ous conditions Which, if unchecked can have dire conse 
quences for the individual and society at large. Although type 
1 diabetes can be controlled more or less effectively With 
insulin injections, there are multiple pathWays of glycemic 
control. If some of those pathWay could also be recruited into 
therapeutic methods, glycemic control for diabetics Would be 
improved. Further, enhanced glycemic control for type 2 
diabetics and individuals struggling With obesity, could pro 
vide enhanced health bene?ts for these groups of individuals 
as Well. 

[0012] As noted above, Glucagon-Like Peptide-1 (GLP-l) 
facilitates glycemic control in the individual by multiple 
mechanisms. Thus, GLP-1 is an ideal candidate for the phar 
macotherapy of glycemic disorders. Unfortunately, the 
potential therapeutic uses of GLP-1 are limited by the short in 
vivo half life of the protein. Fortunately, methods that 
improve in vivo half life of the protein have noW been discov 
ered. These methods have the added advantage that they 
introduce minimal alterations to the protein and therefore the 
risks of side effects are minimiZed. 
[0013] Indeed, it has noW been discovered that enZymatic 
glycoconjugation reactions can be speci?cally targeted to 
O-linked glycosylation sites and to glycosyl residues that are 
attached to O-linked glycosylation sites. The targeted 
O-linked glycosylation sites can be sites native to a Wild-type 
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peptide or, alternatively, they can be introduced into a peptide 
by mutation. Thus, a method for prolonging the in vivo half 
life ofGLP-l (and other proteins) is provided by the methods 
of the invention. 
[0014] In addition to the discovery that O-linked glycosy 
lation sites, and glycosyl residues linked thereto, are useful 
targets for glycoconjugation reactions, the present invention 
provides mutant polypeptides in Which the amino acid 
sequence is manipulated by mutation to insert, remove or 
relocate one or more O-linked glycosylation site in the pep 
tide. When a site is added or relocated, it is not present or not 
present in a selected location in the Wild type peptide. The 
mutant O-linked glycosylation site is a point of attachment for 
a modi?ed glycosyl residue that is enZymatically conjugated 
to the O-linked glycosylation site. Using the methods of the 
invention, the glycosylation site can be shifted to any ef?ca 
cious position on the peptide. For example, if the native 
glycosylation site is suf?ciently proximate the active site of 
the peptide that conjugation of a large Water-soluble polymer 
interferes With the biological activity of the peptide, it is 
Within the scope of the invention to engineer a mutant peptide 
that includes an O-linked glycosylation site as removed from 
the active site as necessary to provide a biologically active 
peptide conjugate. 
[0015] Post-expression in vitro modi?cation of peptides is 
an attractive strategy to remedy the de?ciencies of methods 
that rely on controlling glycosylation by engineering expres 
sion systems; including both modi?cation of glycan struc 
tures or introduction of glycans at novel sites. A comprehen 
sive toolbox of recombinant eukaryotic glycosyltransferases 
is becoming available, making in vitro enZymatic synthesis of 
mammalian glycoconjugates With custom designed glycosy 
lation patterns and glycosyl structures possible. See, for 
example, US. Pat. Nos. 5,876,980; 6,030,815; 5,728,554; 
5,922,577; and WO/983l826; US2003180835; and WO 
03/031464. 
[0016] In vitro glycosylation offers a number of advantages 
compared to recombinant expression of glycoproteins of 
Which custom design and higher degree of homogeneity of 
the glycosyl moiety are examples. Moreover, combining bac 
terial expression of glycotherapeutics With in vitro modi?ca 
tion (or placement) of the glycosyl residue offers numerous 
advantages over traditional recombinant expression technol 
ogy including reduced potential exposure to adventitious 
agents, increased homogeneity of product, and cost reduc 
tion. 

[0017] In addition to methods of O-linked glycosylation, 
inserting O-linked glycosylation sites into peptides and meth 
ods of glycosylating the inserted sites, the present invention 
provides methods of improving pharmacological parameters 
ofglycopeptide therapeutics, e.g., altering pharmacokinetics, 
pharmacodynamics and bioavailability of therapeutic (glyco) 
proteins, e.g., hormones, and enZymes. In particular, the 
invention provides a method for lengthening the in vivo half 
lives of glycopeptide therapeutics by conjugating a Water 
soluble polymer to the peptide through an intact glycosyl 
linking group. In an exemplary embodiment, covalent attach 
ment of polymers, such as polyethylene glycol (PEG), e.g, 
m-PEG, to such peptides affords conjugates having in vivo 
residence times, and pharmacokinetic and pharmacodynamic 
properties, enhanced relative to the unconjugated peptide. 
[0018] Art-recognized methods of covalent PEGylation 
rely on chemical conjugation through reactive groups on 
amino acids or carbohydrates. A major shortcoming of 
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chemical conjugation of PEG to proteins or glycoproteins is 
lack of selectivity, Which often results in attachment of PEG 
at sites implicated in protein or glycoprotein bioactivity. Sev 
eral strategies have been developed to address site selective 
conjugation chemistries, hoWever, one universal method suit 
able for a variety of recombinant proteins has yet to be devel 
oped. 
[0019] In contrast to art-recognized methods, the present 
invention provides a novel strategy for highly selective site 
directed O-linked glycoconjugation, e.g., glyco-PEGylation. 
In an exemplary embodiment of the invention, site directed 
attachment sites for PEGylation are provided by in vitro 
enZymatic GalNAc O-linked glycosylation of speci?c pep 
tide sequences, e. g., mutant sequences, containing serine and 
threonine residues. The recombinant proteins are preferably 
expressed in bacteria, e.g., E. coli, to avoid host cell glycosy 
lation. Glyco-PEGylation is subsequently performed enZy 
matically utiliZing a glycosyltransferase, e.g., a sialyltrans 
ferase, capable of transferring the species PEG-glycosyl, e. g., 
PEG-sialic acid, to an O-linked glycosylation site (“glyco 
PEGylation”). O-linked glycosylation sites may be intro 
duced into any peptide sequence by providing a mutant pep 
tide With simple short sequence motifs. 
[0020] Additional aspects, advantages and objects of the 
present invention Will be apparent from the detailed descrip 
tion that folloWs. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] FIG. 1 provides a list of peptides Which can be used 
as substrates for this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations 

[0022] PEG, poly(ethyleneglycol); m-PEG, methoxy-poly 
(ethylene glycol); PPG, poly(propyleneglycol); m-PPG, 
methoxy-poly(propylene glycol); Fuc, fucosyl; Gal, galacto 
syl; GalNAc, N-acetylgalactosaminyl; Glc, glucosyl; 
GlcNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, 
mannosaminyl acetate; Sia, sialic acid; and NeuAc, N-acetyl 
neuraminyl. 

DEFINITIONS 

[0023] 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. 
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[0024] 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. 

[0025] 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). 
[0026] 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. 
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. 

[0027] 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 0t 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. 
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[0028] 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. 
[0029] 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. 
[0030] “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. 
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. 
[0031] 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 acid With 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. 
[0032] The folloWing eight groups each contain amino 
acids that are conservative substitutions for one another: 

1) Alanine (A), Glycine (G); 

[0033] 2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 
5) lsoleucine (l), Leucine (L), Methionine (M), Valine (V); 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 
7) Serine (S), Threonine (T); and 

8) Cysteine (C), Methionine (M) 

[0034] (see, e.g., Creighton, Proteins (1984)). 
[0035] Amino acids may be referred to herein by either 
their commonly knoWn three letter symbols or by the one 
letter symbols recommended by the lUPAC-IUB Biochemi 
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cal Nomenclature Commission. Nucleotides, likewise, may 
be referred to by their commonly accepted single-letter codes. 
[0036] In the present application, amino acid residues are 
numbered according to their relative positions from the left 
most residue, Which is numbered 1, in an unmodi?ed Wild 
type polypeptide sequence. 
[0037] “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 peptides 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 
Dekker, NeW York, p. 267 (1983). 
[0038] In the present application, amino acid residues are 
numbered according to their relative positions from the left 
most residue, Which is numbered 1, in a peptide sequence. 
[0039] “Proximate a proline residue,” as used herein refers 
to an amino acid that is less than about 10 amino acids 
removed from a proline residue, preferably, less than about 9, 
8, 7, 6 or 5 amino acids removed from a proline residue, more 
preferably, less than about 4, 3, 2 or 1 residues removed from 
a proline residue. The amino acid “proximate a proline resi 
due” may be on the C- or N-terminal side of the proline 
residue. 
[0040] The term “sialic acid” refers to any member of a 
family of nine-carbon carboxylated sugars. The most com 
mon member of the sialic acid family is N-acetyl-neuraminic 
acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-D-galac 
tononulopyranos-1-onic acid (often abbreviated as Neu5Ac, 
NeuAc, or NANA). A second member of the family is N-gly 
colyl-neuraminic acid (N eu5Gc or NeuGc), in Which the 
N-acetyl group of NeuAc is hydroxylated. A third sialic acid 
family member is 2-keto-3-deoxy-nonulosonic acid (KDN) 
(Nadano et al. (1 986) J. Biol. Chem. 261: 11550-11557; Kan 
amori et al., J Biol. Chem. 265: 21811-21819 (1990)). Also 
included are 9-substituted sialic acids such as a 9-OiCl-C6 
acyl-Neu5Ac like 9-O-lactyl-Neu5Ac or 9-O-acetyl 
Neu5Ac, 9-deoxy-9-?uoro-Neu5Ac and 9-aZido-9-deoxy 
Neu5Ac. For revieW of the sialic acid family, see, e.g., Varki, 
Glycobiology 2: 25-40 (1992); Sialic Acids. Chemistry, 
Metabolism and Function, R. Schauer, Ed. (Springer-Verlag, 
NeW York (1992)). The synthesis and use of sialic acid com 
pounds in a sialylation procedure is disclosed in international 
application WO 92/16640, published Oct. 1, 1992. 
[0041] 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 
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otides. The “modi?ed sugar” is covalently functionaliZed 
With a “modifying group.” Useful modifying groups include, 
but are not limited to, Water-soluble polymers, therapeutic 
moieties, diagnostic moieties, biomolecules and the like. The 
modifying 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. 
[0042] The term “Water-soluble” refers to moieties that 
have some detectable degree of solubility in Water. Methods 
to detect and/or quantify Water solubility are Well knoWn in 
the art. Exemplary Water-soluble polymers include peptides, 
saccharides, poly(ethers), poly(amines), poly(carboxylic 
acids) and the like. Peptides can have mixed sequences of be 
composed of a single amino acid, e.g., poly(lysine).An exem 
plary polysaccharide is poly(sialic acid). An exemplary poly 
(ether) is poly(ethylene glycol), e.g., m-PEG. Poly(ethylene 
imine) is an exemplary polyamine, and poly(acrylic) acid is a 
representative poly(carboxylic acid). 
[0043] The polymer backbone of the Water-soluble poly 
mer can be poly(ethylene glycol) (i.e. PEG). HoWever, it 
should be understood that other related polymers are also 
suitable for use in the practice of this invention and that the 
use of the term PEG or poly(ethylene glycol) is intended to be 
inclusive and not exclusive in this respect. The term PEG 
includes poly(ethylene glycol) in any of its forms, including 
alkoxy PEG, difunctional PEG, multiarmed PEG, forked 
PEG, branched PEG, pendent PEG (i.e. PEG or related poly 
mers having one or more functional groups pendent to the 
polymer backbone), or PEG With degradable linkages 
therein. 

[0044] The polymer backbone can be linear or branched. 
Branched polymer backbones are generally knoWn in the art. 
Typically, a branched polymer has a central branch core moi 
ety and a plurality of linear polymer chains linked to the 
central branch core. PEG is commonly used in branched 
forms that can be prepared by addition of ethylene oxide to 
various polyols, such as glycerol, pentaerythritol and sorbitol. 
The central branch moiety can also be derived from several 
amino acids, such as lysine. The branched poly(ethylene gly 
col) can be represented in general form as R(-PEG-OH). 
sub.m in Which R represents the core moiety, such as glycerol 
or pentaerythritol, and m represents the number of arms. 
Multi-armed PEG molecules, such as those described in Us. 
Pat. No. 5, 932,462, Which is incorporated by reference herein 
in its entirety, can also be used as the polymer backbone. 

[0045] Many other polymers are also suitable for the inven 
tion. Polymer backbones that are non-peptidic and Water 
soluble, With from 2 to about 300 termini, are particularly 
useful in the invention. Examples of suitable polymers 
include, but are not limited to, other poly(alkylene glycols), 
such as poly(propylene glycol) (“PPG”), copolymers of eth 
ylene glycol and propylene glycol and the like, poly(oxyethy 
lated polyol), poly(ole?nic alcohol), poly(vinylpyrrolidone), 
poly(hydroxypropylmethacrylamide), poly(Ot-hydroxy 
acid), poly(vinyl alcohol), polyphosphaZene, polyoxaZoline, 
poly(N-acryloylmorpholine), such as described in Us. Pat. 
No. 5,629,384, Which is incorporated by reference herein in 
its entirety, and copolymers, terpolymers, and mixtures 
thereof. Although the molecular Weight of each chain of the 
polymer backbone can vary, it is typically in the range of from 
about 100 Da to about 100,000 Da, often from about 6,000 Da 
to about 80,000 Da. 
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[0046] 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., a mutant human growth hormone of the 
present invention. A subgenus of “glycoconjugation” is “gly 
col-PEGylation,” in Which the modifying group of the modi 
?ed sugar is poly(ethylene glycol), and alkyl derivative (e.g., 
m-PEG) or reactive derivative (e.g., H2N-PEG, HOOC-PEG) 
thereof. 

[0047] The terms “large-scale” and “industrial-scale” are 
used interchangeably and refer to a reaction cycle that pro 
duces at least about 250 mg, preferably at least about 500 mg, 
and more preferably at least about 1 gram of glycoconjugate 
at the completion of a single reaction cycle. 
[0048] 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 peptide, thereby 
linking the agent to an amino acid and/ or glycosyl residue on 
the peptide. 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 peptide. The glycosyl linking group can be a saccharide 
derived structure that is degraded during formation of modi 
fying 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., oxi 
diZed, e.g., by sodium metaperiodate. “Intact glycosyl linking 
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. 

[0049] The term “targeting moiety,” as used herein, refers 
to species that Will selectively localiZe in a particular tissue or 
region of the body. The localiZation is mediated by speci?c 
recognition of molecular determinants, molecular siZe of the 
targeting agent or conjugate, ionic interactions, hydrophobic 
interactions and the like. Other mechanisms of targeting an 
agent to a particular tissue or region are knoWn to those of 
skill in the art. Exemplary targeting moieties include antibod 
ies, antibody fragments, transferrin, HS-glycoprotein, coagu 
lation factors, serum proteins, [3-glycoprotein, G-CSF, GM 
CSF, M-CSF, EPO and the like. 
[0050] As used herein, “therapeutic moiety” means any 
agent useful for therapy including, but not limited to, antibi 
otics, anti-in?ammatory agents, anti-tumor drugs, cytotox 
ins, and radioactive agents. “Therapeutic moiety” includes 
prodrugs of bioactive agents, constructs in Which more than 
one therapeutic moiety is bound to a carrier, e. g, multivalent 
agents. Therapeutic moiety also includes proteins and con 
structs that include proteins. Exemplary proteins include, but 
are not limited to, Glucagon like protein-1 (GLP-l), Eryth 
ropoietin (EPO), Granulocyte Colony Stimulating Factor 
(GCSF), Granulocyte Macrophage Colony Stimulating Fac 
tor (GMCSF), Interferon (e.g., Interferon-0t, -[3, -y), Interleu 
kin (e.g., Interleukin II), serum proteins (e.g., Factors VII, 
VIIa, VIII, IX, and X), Human Chorionic Gonadotropin 
(HCG), Follicle Stimulating Hormone (FSH) and LuteniZing 
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Hormone (LH) and antibody fusion proteins (e.g. Tumor 
Necrosis Factor Receptor ((TNFR)/Fc domain fusion pro 
tein)). 
[0051] As used herein, “anti-tumor drug” means any agent 
useful to combat cancer including, but not limited to, cyto 
toxins and agents such as antimetabolites, alkylating agents, 
anthracyclines, antibiotics, antimitotic agents, procarbaZine, 
hydroxyurea, asparaginase, corticosteroids, interferons and 
radioactive agents. Also encompassed Within the scope of the 
term “anti-tumor drug,” are conjugates of peptides With anti 
tumor activity, eg TNF-Ot. Conjugates include, but are not 
limited to those formed betWeen a therapeutic protein and a 
glycoprotein of the invention. A representative conjugate is 
that formed betWeen PSGL-l and TNF-Ot. 
[0052] As used herein, “a cytotoxin or cytotoxic agent” 
means any agent that is detrimental to cells. Examples include 
taxol, cytochalasin B, gramicidin D, ethidium bromide, emet 
ine, mitomycin, etoposide, tenoposide, vincristine, vinblas 
tine, colchicin, doxorubicin, daunorubicin, dihydroxy anthra 
cinedione, mitoxantrone, mithramycin, actinomycin D, 
l-dehydrotestosterone, glucocorticoids, procaine, tetracaine, 
lidocaine, propranolol, and puromycin and analogs or 
homologs thereof. Other toxins include, for example, ricin, 
CC-1065 and analogues, the duocarmycins. Still other toxins 
include diptheria toxin, and snake venom (e. g., cobra venom). 
[0053] As used herein, “a radioactive agent” includes any 
radioisotope that is effective in diagnosing or destroying a 
tumor. Examples include, but are not limited to, indium-1 1 1, 
cobalt-60. Additionally, naturally occurring radioactive ele 
ments such as uranium, radium, and thorium, Which typically 
represent mixtures ofradioisotopes, are suitable examples of 
a radioactive agent. The metal ions are typically chelated With 
an organic chelating moiety. 
[0054] Many useful chelating groups, croWn ethers, 
cryptands and the like are knoWn in the art and can be incor 
porated into the compounds of the invention (e.g., EDTA, 
DTPA, DOTA, NTA, HDTA, etc. and their phosphonate ana 
logs such as DTPP, EDTP, HDTP, NTP, etc). See, for 
example, Pitt et al., “The Design of Chelating Agents for the 
Treatment of Iron Overload,” In, INORGANIC CHEMISTRY IN 
BIOLOGY AND MEDICINE; Martell, Ed; American Chemical 
Society, Washington, DC, 1980, pp. 279-312; Lindoy, THE 
CHEMISTRY OF MACROCYCLIC LIGAND COMPLEXES; Cam 
bridge University Press, Cambridge, 1989; Dugas, BIOOR 
GANIC CHEMISTRY; Springer-Verlag, NeW York, 1989, and 
references contained therein. 
[0055] Additionally, a manifold of routes alloWing the 
attachment of chelating agents, croWn ethers and cyclodex 
trins to other molecules is available to those of skill in the art. 
See, for example, Meares et al., “Properties of In Vivo Che 
late-Tagged Proteins and Polypeptides.” In, MODIFICATION OF 
PROTEINS: FOOD, NUTRITIONAL, AND PHARMACOLOGICAL 
ASPECTS;” Feeney, et al., Eds., American Chemical Society, 
Washington, DC, 1982, pp. 370-387; Kasina et al., Biocon 
jugale Chem, 9: 108-117 (1998); Song et al., Bioconjugale 
Chem, 8: 249-255 (1997). 
[0056] 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. 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, tab 



US 2008/0300173 A1 

lets 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 calcium stearate, talc, vegetable fats or oils, gums, glycols, 
or other knoWn excipients. Such carriers may also include 
?avor and color additives or other ingredients. Compositions 
comprising such carriers are formulated by Well knoWn con 
ventional methods. 
[0057] 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. Administration 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 of liposomal formulations, intravenous 
infusion, transdermal patches, etc. 
[0058] The term “isolated” refers to a material that is sub 
stantially or essentially free from components, Which are used 
to produce the material. For peptide conjugates of the inven 
tion, the term “isolated” refers to material that is substantially 
or essentially free from components, Which normally accom 
pany the material in the mixture used to prepare the peptide 
conjugate. “Isolated” and “pure” are used interchangeably. 
Typically, isolated peptide conjugates of the invention have a 
level of purity preferably expressed as a range. The loWer end 
of the range of purity 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%. 
[0059] When the peptide conjugates are more than about 
90% pure, their purities are also preferably expressed as a 
range. The loWer end of the range of purity 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% purity. 
[0060] Purity is determined by any art-recognized method 
of analysis (e.g., band intensity on a silver stained gel, poly 
acrylamide gel electrophoresis, HPLC, or a similar means). 
[0061] “Essentially each member of the population,” as 
used herein, describes a characteristic of a population of 
peptide conjugates of the invention in Which a selected per 
centage of the modi?ed sugars added to a peptide are added to 
multiple, identical acceptor sites on the peptide. “Essentially 
each member of the population” speaks to the “homogeneity” 
of the sites on the peptide conjugated to a modi?ed sugar and 
refers to conjugates of the invention, Which are at least about 
80%, preferably at least about 90% and more preferably at 
least about 95% homogenous. 
[0062] “Homogeneity,” refers to the structural consistency 
across a population of acceptor moieties to Which the modi 
?ed sugars are conjugated. Thus, in a peptide conjugate of the 
invention in Which each modi?ed sugar moiety is conjugated 
to an acceptor site having the same structure as the acceptor 
site to Which every other modi?ed sugar is conjugated, the 
peptide conjugate is said to be about 100% homogeneous. 
Homogeneity is typically expressed as a range. The loWer end 
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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%. 
[0063] 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% 
homogeneity. The purity of the peptide conjugates is typically 
determined by one or more methods knoWn to those of skill in 
the art, e.g., liquid chromatography-mass spectrometry (LC 
MS), matrix assisted laser desorption mass time of ?ight 
spectrometry (MALDITOF), capillary electrophoresis, and 
the like. 
[0064] “Substantially uniform glycoform” or a “substan 
tially uniform glycosylation pattern,” When referring to a 
glycopeptide species, refers to the percentage of acceptor 
moieties that are glycosylated by the glycosyltransferase of 
interest (e.g., fucosyltransferase). For example, in the case of 
a 0.1,2 fucosyltransferase, a substantially uniform fucosyla 
tion pattern exists if substantially all (as de?ned beloW) of the 
Gal[3l,4-GlcNAc-R and sialylated analogues thereof are 
fucosylated in a peptide conjugate of the invention. It Will be 
understood by one of skill in the art, that the starting material 
may contain glycosylated acceptor moieties (e.g., fucosy 
lated Gal[3l,4-GlcNAc-R moieties). Thus, the calculated per 
cent glycosylation Will include acceptor moieties that are 
glycosylated by the methods of the invention, as Well as those 
acceptor moieties already glycosylated in the starting mate 
rial. 
[0065] The term “substantially” in the above de?nitions of 
“substantially uniform” generally means at least about 40%, 
at least about 70%, at least about 80%, or more preferably at 
least about 90%, and still more preferably at least about 95% 
of the acceptor moieties for a particular glycosyltransferase 
are glycosylated. 

Introduction 

[0066] The present invention provides stabiliZed peptides 
for therapeutic use. In one embodiment the invention pro 
vides conjugates of glycopeptides in Which a modi?ed sugar 
moiety is attached either directly or indirectly (e.g., through 
and intervening glycosyl residue) to an O-linked glycosyla 
tion site on the peptide. Also provided are methods for pro 
ducing the conjugates of the invention. 
[0067] The O-linked glycosylation site is generally the 
hydroxy side chain of a natural (e.g., serine, threonine) or 
unnatural (e. g., 5-hydroxyproline or 5-hydroxylysine) amino 
acid. Exemplary O-linked saccharyl residues include 
N-acetylgalactosamine, galactose, mannose, GlcNAc, glu 
cose, fucose or xylose. 
[0068] The methods of the invention can be practiced on 
any peptide having an O-linked glycosylation site. For 
example, in some embodiments the methods are of use to 
produce O-linked glycoconjugates in Which the glycosyl 
moiety is attached to an O-linked glycosylation site that is 
present in the Wild type peptide. 
[0069] In other embodiments the invention provides novel 
mutant peptides that include one or more O-linked glycosy 
lation site(s) that is/are not present in the Wild-type peptide. 
Also provided are O-linked glycosylated versions of the 
mutant peptides, and methods of preparing O-linked glyco 
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sylated mutant peptides. Additional methods include the 
elaboration, trimming back and/or modi?cation of the 
O-linked glycosyl residue and glycosyl residues that are N-, 
rather than O-linked. 
[0070] In an exemplary aspect, the invention provides a 
mutant peptide having the formula: 

AA-O-GalNAc-X; and AA-O-GalNAc-X 

in WhichAA is an amino acid With a side chain that includes 
a hydroxyl moiety. Exemplary hydroxyamino acids are threo 
nine and serine. The GalNAc moiety is linked to AA through 
the oxygen atom of the hydroxyl moiety. AA may be present 
in the Wild type peptide or, alternatively, it is added or relo 
cated by mutating the sequence of the Wild type peptide. X is 
a modifying group or it is a saccharyl moiety, e.g., sialyl, 
galacto syl and Gal-Sia groups. In an exemplary embodiment, 
in Which X is a saccharyl moiety, it includes a modifying 
group, as discussed herein. 
[0071] As shoWn in the formulae above, the glycosylated 
amino acid can be at the N- or C-peptide terminus or internal 
to the peptide sequence. 
[0072] In another exemplary embodiment, the invention 
provides a peptide conjugate having the formula: 

AA-O-GalNAc-Z — Y; and AA-O-GalNAc-Z — Y 

in Which Z is a bond or a saccharyl residue selected from Gal, 
Sia and Gal-Sia. Y is a modifying group. The saccharyl resi 
due bearing the modifying group (“glycosyl linking group”) 
is enZymatically attached to the peptide-tethered glycosyl 
residue, e.g., forming an intact glycosyl linking group 
betWeen the modi?ed sugar and the remainder of the peptide 
tethered glycosyl residue. 
[0073] In yet another exemplary embodiment, AA is 
located Within a proline-rich segment of the mutant peptide 
and/ or it is proximate a proline residue. Appropriate 
sequences forming O-linked glycosylation sites are readily 
determined by interrogating the enZymatic O-linked glyco 
sylation of short peptides containing one or more putative 
O-linked glycosylation sites. In another exemplary embodi 
ment, O-linked glycosylation sites can be created at any posi 
tion in a molecule, using techniques Well knoWn in the art. 
Peptides With introduced O-linked glycosylation sites can be 
tested for biological activity according to the methods of the 
invention. 
[0074] The conjugates of the invention are formed betWeen 
peptides and diverse species such as Water-soluble polymers, 
therapeutic moieties, diagnostic moieties, targeting moieties 
and the like. Also provided are conjugates that include tWo or 
more peptides linked together through a linker arm, i.e., mul 
tifunctional conjugates; at least one peptide being O-glyco 
sylated or including a mutant O-linked glycosylation site. The 
multi-functional conjugates of the invention can include tWo 
or more copies of the same peptide or a collection of diverse 
peptides With different structures, and/or properties. In exem 
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plary conjugates according to this embodiment, the linker 
betWeen the tWo peptides is attached to at least one of the 
peptides through an O-linked glycosyl residue, such as an 
O-linked glycosyl intact glycosyl linking group. 
[0075] The conjugates of the invention are formed by the 
enZymatic attachment of a modi?ed sugar to the glycosylated 
or unglycosylated peptide. The modi?ed sugar is directly 
added to an O-linked glycosylation site, or to a glycosyl 
residue attached either directly or indirectly (e. g., through one 
or more glycosyl residue) to an O-linked glycosylation site. 
The invention also provides a conjugate of an O-linked gly 
cosylated peptide in Which a modi?ed sugar is directly 
attached to an N-linked site, or to a glycosyl residue attached 
either directly or indirectly to an N-linked glycosylation site. 

[0076] The modi?ed sugar, When interposed betWeen the 
peptide (or glycosyl residue) and the modifying group on the 
sugar becomes What is referred to herein as “an intact glyco 
syl linking group.” Using the exquisite selectivity of 
enZymes, such as glycosyltransferases, the present method 
provides peptides that bear a desired group at one or more 
speci?c locations. Thus, according to the present invention, a 
modi?ed sugar is attached directly to a selected locus on the 
peptide chain or, alternatively, the modi?ed sugar is appended 
onto a carbohydrate moiety of a glycopeptide. Peptides in 
Which modi?ed sugars are bound to both a glycopeptide 
carbohydrate and directly to an amino acid residue of the 
peptide backbone are also Within the scope of the present 
invention. 

[0077] In contrast to knoWn chemical and enzymatic pep 
tide elaboration strategies, the methods of the invention, make 
it possible to assemble peptides and glycopeptides that have a 
substantially homogeneous derivatiZation pattern; the 
enZymes used in the invention are generally selective for a 
particular amino acid residue or combination of amino acid 
residues of the peptide. The methods are also practical for 
large-scale production of modi?ed peptides and glycopep 
tides. Thus, the methods of the invention provide a practical 
means for large-scale preparation of glycopeptides having 
preselected uniform derivatiZation patterns. The methods are 
particularly Well suited for modi?cation of therapeutic pep 
tidesmay be used to modify glycopeptides that are incom 
pletely glycosylated during production in cell culture cells 
(e.g., mammalian cells, insect cells, plant cells, fungal cells, 
yeast cells, or prokaryotic cells) or transgenic plants or ani 
mals. In other embodiments, the invention may be used to 
glycosylate peptides, such as GLP-l, that are not glycosy 
lated in the Wild type state. In still further embodiments, 
glycosylation sites can be introduced by mutation at any 
position along the peptide backbone. The invention further 
provides method for testing the biological activity of mutants 
With introduced glycosylation sites. 
[0078] The methods of the invention also provide conju 
gates of glycosylated and unglycosylated peptides With 
increased therapeutic half-life due to, for example, reduced 
clearance rate, or reduced rate of uptake by the immune or 
reticuloendothelial system (RES). Moreover, the methods of 
the invention provide a means for masking antigenic deter 
minants on peptides, thus reducing or eliminating a host 
immune response against the peptide. Selective attachment of 
targeting agents to a peptide using an appropriate modi?ed 
sugar can also be used to target a peptide to a particular tissue 
or cell surface receptor that is speci?c for the particular tar 
geting agent. Moreover, there is provided a class of peptides 
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that are speci?cally modi?ed With a therapeutic moiety con 
jugated through a glycosyl linking group. 

O-Glycosylation 

[0079] The present invention provides O-linked glycosy 
lated peptides, conjugates of these species and methods for 
forming O-linked glycosylated peptides that include a 
selected amino acid sequence (“an O-linked glycosylation 
site”). Of particular interest are mutant peptides that include 
an O-linked glycosylation site that is not present in the Wild 
type peptide. The O-linked glycosylation site is a locus for 
attachment of a glycosyl residue that bears a modifying 
group. 
[0080] Mucin-type O-linked glycosylation, one of the most 
abundant forms of protein 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 (hundreds of potential structures), 
Which are produced by the catalytic activity of hundreds of 
glycosyltransferase enZymes 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 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. 
[0081] The ?rst step in mucin-type O-linked glycosylation 
is catalysed by one or more members of a large family of 
UDP-GalNAc: polypeptide N-acetylgalactosaminyltrans 
ferases (GalNAc-transferases) (EC 2.4.1.41), Which transfer 
GalNAc to serine and threonine acceptor sites (Hassan et al., 
J. Biol. Chem. 275: 38197-38205 (2000)). To date tWelve 
members of the mammalian GalNAc -transferase family have 
been identi?ed and characteriZed (SchWientek et al., J. Biol. 
Chem. 277: 22623-22638 (2002)), and several additional 
putative members of this gene family have been predicted 
from analysis of genome databases. The GalNAc-transferase 
isoforms have different kinetic properties and shoW differen 
tial expression patterns temporally and spatially, suggesting 
that they have distinct biological functions (Hassan et al., J. 
Biol. Chem. 275: 38197-38205 (2000)). Sequence analysis of 
GalNAc-transferases have led to the hypothesis that these 
enZymes contain tWo distinct subunits: a central catalytic 
unit, and a C-terminal unit With sequence similarity to the 
plant lectin ricin, designated the “lectin domain” (Hagen et 
al., J. Biol. Chem. 274: 6797-6803 (1999); HaZes, Protein 
Eng. 10: 1353-1356 (1997); Breton et al., Curr. Opin. Struct. 
Biol. 9: 563-571 (1999)). Previous experiments involving 
site-speci?c mutagenesis of selected conserved residues con 
?rmed that mutations in the catalytic domain eliminated cata 
lytic activity. In contrast, mutations in the “lectin domain” 
had no signi?cant effects on catalytic activity of the GalNAc 
transferase isoform, GalNAc-T1 (Tenno et al., J Biol. Chem. 
277(49): 47088-96 (2002)). Thus, the C-terminal “lectin 
domain” Was believed not to be functional and not to play 
roles for the enZymatic functions of GalNAc-transferases 
(Hagen et al., J. Biol. Chem. 274: 6797-6803 (1999)). 
[0082] HoWever, recent evidence demonstrates that some 
GalNAc-transferases exhibit unique activities With partially 
GalNAc-glycosylated glycopeptides. The catalytic actions of 
at least three GalNAc-transferase isoforms, GalNAc-T4, -T7, 
and -T10, selectively act on glycopeptides corresponding to 
mucin tandem repeat domains Where only some of the clus 
tered potential glycosylation sites have been GalNAc glyco 
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sylated by other GalNAc-transferases (Bennett et al., FEBS 
Letters 460: 226-230 (1999); Ten Hagen et al., J. Biol. Chem. 
276: 17395-17404 (2001); Bennett et al., J. Biol. Chem. 273: 
30472-30481 (1998); Ten Hagen et al., J Biol. Chem. 274: 
27867-27874 (1999)). GalNAc-T4 and -T7 recogniZe differ 
ent GalNAc-glycosylated peptides and catalyse transfer of 
GalNAc to acceptor substrate sites in addition to those that 
Were previously utiliZed. One of the functions of such Gal 
NAc-transferase activities is predicted to represent a control 
step of the density of O-glycan occupancy in mucins and 
mucin-like glycoproteins With high density of O-linked gly 
cosylation. 
[0083] One example of this is the glycosylation of the can 
cer-associated mucin MUC1. MUC1 contains a tandem 
repeat O-linked glycosylated region of 20 residues (HGVT 
SAPDTRPAPGSTAPPA) With ?ve potential O-linked glyco 
sylation sites. GalNAc-T1, -T2, and -T3 can initiate glycosy 
lation of the MUC1 tandem repeat and incorporate at only 
three sites (HGVTSAPDTRPAPGSTAPPA, GalNAc attach 
ment sites underlined). GalNAc-T4 is unique in that it is the 
only GalNAc-transferase isoform identi?ed so far that can 
complete the O-linked glycan attachment to all ?ve acceptor 
sites in the 20 amino acid tandem repeat sequence of the 
breast cancer associated mucin, MUC1 . GalNAc -T4 transfers 
GalNAc to at least tWo sites not used by other GalNAc 
transferase isoforms on the GalNAc4TAP24 glycopeptide ( 
TAPPAHGVTSAPDTRPAPGQAPP, unique GalNAc-T4 
attachment sites are in bold) (Bennett et al., J. Biol. Chem. 
273: 30472-30481 (1998). An activity such as that exhibited 
by GalNAc-T4 appears to be required for production of the 
glycoform of MUC1 expressed by cancer cells Where all 
potential sites are glycosylated (Muller et al., J Biol. Chem. 
274: 18165-18172 (1999)). Normal MUC1 from lactating 
mammary glands has approximately 2.6 O-linked glycans per 
repeat (Muller et al., J. Biol. Chem. 272: 24780-24793 (1997) 
and MUC1 derived from the cancer cell line T47D has 4.8 
O-linked glycans per repeat (Muller et al., J Biol. Chem. 274: 
18165-18172 (1999)). The cancer-associated form ofMUCl 
is therefore associated With higher density of O-linked glycan 
occupancy and this is accomplished by a GalNAc-transferase 
activity identical to or similar to that of GalNAc-T4. 

[0084] Polypeptide GalNAc-transferases, Which have not 
displayed apparent GalNAc-glycopeptide speci?cities, also 
appear to be modulated by their putative lectin domains (PCT 
W0 01/ 85215 A2). Recently, it Was found that mutations in 
the GalNAc-Tl putative lectin domain, similarly to those 
previously analysed in GalNAc-T4 (Hassan et al., J. Biol. 
Chem. 275: 38197-38205 (2000)), modi?ed the activity of the 
enZyme in a similar fashion as GalNAc-T4. Thus, While Wild 
type GalNAc-Tl added multiple consecutive GalNAc resi 
dues to a peptide substrate With multiple acceptor sites, 
mutated GalNAc-T1 failed to add more than one GalNAc 
residue to the same substrate (Tenno et al., J. Biol. Chem. 
277(49): 47088-96 (2002)). 
[0085] Since it has been demonstrated that mutations of 
GalNAc transferases can be utiliZed to produce glycosylation 
patterns that are distinct from those produced by the Wild 
type enZymes, it is Within the scope of the present invention to 
utiliZe one or more mutant GalNAc transferase in preparing 
the O-linked glycosylated peptides of the invention. 
Mutant GLP-l Peptides With O-linked Glycosylation Sites 
[0086] The peptides provided by the present invention 
include an amino acid sequence that is recogniZed as a Gal 
NAc acceptor by one or more Wild-type or mutant GalNAc 
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transferases. The amino acid sequence of the peptide is either 
the Wild-type, for those peptides that include an O-linked 
glycosylation site, or may be a mutant sequence in Which a 
non-naturally occurring O-linked glycosylation site is intro 
duced. An exemplary peptide With Which the present inven 
tion is practiced includes Glucagon-Like Peptide-l (GLP-l). 
The emphasis of the following discussion on GLP-1 is for 
clarity of illustration. Those of skill Will understand that the 
strategy set forth herein for preparing O-linked glycoconju 
gated analogues of Wild-type and mutant peptides is appli 
cable to any peptide. 

[0087] In an exemplary embodiment, the peptide is a bio 
logically active GLP-l mutant that includes one or more 
mutations at one or more sites distributed along the peptide 
backbone. Representative Wild type and mutant GLP-l 
polypeptides of the invention have sequences that are selected 
from: 

GLP-l Glycopeptides 

HO OH 

HO O 

AcHN ——_ X 
0 

H 
N— 

— N 

H 

Ac-X- HAEGTFT S DVS S YLEGQAAKEFIAWLVKGR-NH2 
H-X-EGTFTS DVS SYLEGQAAKEFIAWLVKGR-NH2 
HA-X- GTFT S DVS SYLEGQAAKEF IAWLVKGR-NH2 
HAE-X- TF TS DVS SYLEGQAAKEFIAWLVKGR-NH2 
HAEG-X- FT S DVS SYLEGQAAKEF IAWLVKGR-NH2 
HAEGT-X- T S DVS SYLEGQAAKEF IAWLVKGR-NH2 
HAEGTF-X- S DVS SYLEGQAAKEF IAWLVKGR-NH2 
HAEGTFT-X- DVS SYLEGQAAKEF IAWLVKGR-NHZ 
HAEGTFT S —X-VS SYLEGQAAKEF IAWLVKGR-NH2 
HAEGTFT S D-X- S SYLEGQAAKEF IAWLVKGR-NH2 
HAEGTFVS DV-X- SYLEGQAAKEF IAWLVKGR-NH2 
HAEGTFT S DVS —X-YLEGQAAKEFIAWLVKGR-NH2 
HAEGTFTSDVS S-X-LEGQAAKEFIAWLVKGR-NH2 
HAEGTFT S DVS SY-X- EGQAAKEFIAWLVKGR-NH2 
HAEGTFT S DVS SYL-X- GQAAKEF IAWLVKGR-NH2 
HAEGTFTSDVS SYLE-X-QAAKEFIAWLVKGR-NH2 
HAEGTFTSDVS SYLEG-X-AAKEFIAWLVKGR-NH2 
HAEGTFTSDVS SYLEGQ-X-AKEFIAWLVKGR-NH2 
HAEGTFTSDVS SYLEGQA-X-KEFIAWLVKGR-NH2 
HAEGTFTSDVS SYLEGQAA-X-EFIAWLVKGR-NH2 
HAEGTFT S DVS SYLEGQAAK-X-F IAWLVKGR-NH2 
HAEGTFT S DVS SYLEGQAAKE-X- IAWLVKGR-NH2 
HAEGTFT S DVS SYLEGQAAKEF-X-AWLVKGR-NH2 
HAEGTFTSDVS SYLEGQAAKEFI-X-WLVKGR-NH2 
HAEGTFT S DVS SYLEGQAAKEFIA-X- LVKGR-NH2 
HAEGTFT S DVS SYLEGQAAKEFIAW-X-VKGR-NH2 
HAEGTFTSDVS SYLEGQAAKEFIAWL-X-KGR-NH2 
HAEGTFTSDVS SYLEGQAAKEFIAWLV-X-GR-NH2 
HAEGTFTSDVS SYLEGQAAKEFIAWLVK-X-R-NH2 
HAEGTFTSDVS SYLEGQAAKEFIAWLVKG-X-NH2 
HAEGTFT S DVS SYLEGQAAKEFIAWLVKGR-X-NH2 

[0088] In another exemplary embodiment, the peptide is a 
fusion of one or more peptides. In another exemplary embodi 
ment, the components of the peptide are members selected 
from a GLP-l, GLP-l analogs and/or GLP-l mutants. In 
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another exemplary embodiment, the components of the pep 
tide are one or more non-GLP-l peptides and GLP-l, GLP-l 
analog and/or GLP-l mutant. In another exemplary embodi 
ment, the peptide is an Oxyntomodulin-GLP-l fusion. This 
peptide has the folloWing sequence. 

HSQGTFTSDY SKYLDSRRAQ DFVQWLMNTK RNRN'NIAKRH 

DEFERHAEGT FTSDVSSYLE GQAAKEFIAW LVKGRG 

[0089] In another exemplary embodiment, the peptide is an 
oxyntomodulin/GLP-l mutant fusion. In another exemplary 
embodiment, oxyntomodulin/GLP-l mutant fusions have the 
folloWing “natural” sequence 

- - - - - T29KRNRNNIAKRHDEFERHAE— - - - -, natural 

sequence; 

replaced With sequences that are selected from: 

Wherein all substitutions are independently selected from: 
[0090] BIN (natural human variant), K, A, G, S, T, L 
[0091] JIR, G, A, S, T, L 
[0092] OIK, P 
[0093] UIT, S, K 
[0094] XIH, A, Q, N, G, or any uncharged amino acid 
[0095] X‘: , G, A, N, E, or any uncharged amino acid 
[0096] ZIR, A, G, S, T, V, I, L or any uncharged amino 

acid 

[0097] Z'IG, A 
[0098] J'IN, S, T 
[0099] O'IE, A, G, M, any uncharged amino acid 
[0100] a:0 or 1 

Representative examples of oxyntomodulin/GLP-l mutant 
fusions have the folloWing natural sequence 

- - - - - T29KRNRNNIAKRHDEFERHAE— - - - -, natural 

sequence; 

replaced With sequences that are selected from: 

- - T2 9NANRNNIAPTHDEFEAHAE- - 

- - T2 9NANRNNIAPTQDEFEAHAE- - 

- - T29NANRNNIAPTTDEFEAHAE— - 

- - T2 9NANRNNIAPTQGEFEAHAE- - 

- - T2 9NANRNNIAPTQGAFEAHAE- - 

- - T2 9NANRNNIAPTQGAMPAHAE- - 

- - T2 9ARNRNNIAPTQGAMEAHAE- - 

- - T2 9NANRNNLAPTINTFEAHAE- - 

- - T2 9NANRNNIAPTQAYSEGHAE- - 

- - T2 QNANRNNIAPTQAYFEGHAE- - 

- - T2 9NANRNNIAPTTASFEGHAE- - 
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- - T2 QNANRN'NIAPTTLYVEGHAE - - 

- - T2 QARNRN'NIAPTINTFEGHAE - - 

- - T2 QNANRN'NIAPTINTFEGHAE - - 

- - T2 QNANRSGDIPTINTFEGHAE - - 

These sequences are based on human sequences in an attempt 
to minimize immunogenicity While creating a site for glyco 
sylation and preventing proteolysis. 
[0101] In another exemplary embodiment, one of the non 
GLP-l peptides is a member selected from a GLP-2, GLP-2 
analog and/or GLP-2 mutant. In another exemplary embodi 
ment, the peptide is a GLP-l/GLP-2 fusion. This peptide has 
the folloWing sequence. 

HAE GTFTSDVSSY LEGQAAKEFI AWLVKGRGRR DFPEEVAIVE 

ELGRRHADGS FSDEMNTILD NLAARDFINW LIQTKITDRK 

In another exemplary embodiment, the peptide is a GLP-l/ 
GLP-2 mutant fusion. In another exemplary embodiment, 
GLP-l/GLP-2 mutant fusions have the folloWing “natural” 
sequence 

HA-—R3OGRRDFPEEVAIVEELGRRHADG-—, natural sequence; 

replaced With sequences that are selected from: 

Wherein all substitutions are independently selected from: 
[0102] B and B' (independently selected):R, A, G, V, I, 

L, Q, P 
[0103] JIP, A, l, V, G 
[0104] OIT, S, E 
[0105] UIE, S, T, Q, l, V, L, and uncharged amino acid 
[0106] X"*A, G, S, T 
[0107] Z and Z' (independently selected):R, A, G, S, T, 

V, I, L or any uncharged amino acid 
[0108] J':E,Y, l , N, A, F, G, or any uncharged amino acid 
[0109] O'ISLP, NT, Y, V, Y 
[0110] a:0 or 1 

Representative examples of GLP-l/GLP-2 mutant fusions 
have the folloWing natural sequence 

[0111] HAiR3O GRRDFPEEVAIVEELGR 
RHADGi, natural sequence; replaced With sequences 
that are selected from: 

HS — —R3 OGQPDFPEGSLPVAIVEELGRGHADG— 

HS — —R3 OGQPDFPTGSLPVAIVEELGRGHADG— 

HS — —R3 OGQPDFPTTSEPVAIVEELGRGHADG— 

HS — —R3 OGQPDFPTAVI PVAIVEELGRGHADG 

HS — — R3 OGQPDFPGSTAPVAI VEELGRGHADG — 

HS — —R3 OGQPDFPLTLEPVAIVEELGRGHADG— 

HS — —R3 OGQPDFPTSGEPVAIVEELGRGHADG— 
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HS — —R3OGQPDFPTINTPVAIVEELGRGHADG— 

HS — —R3OGQPDFPTTLYPVAIVEELGRGHADG— 

HS- —R3OGQPDFPEGSLEAIVEELGRGHADG— 

HS- —R3OGQPDFPEGSLPTINTEELGRGHADG 

HS - —R3OGQPDFPEGSLPTQAVEELGRGHADG— - 

HS- —R3OGQADFPEEVEVEELGRGHADG— 

HS - —R3OGQADFPEEVPTINTLGRGHADG 

HS - —R3OGQADFPEEVPTTLYLGRGHADG 

HS- —R3OGQADFPTVLPIVEELGRGHADG 

HS- —R3OGQADFPTEIPIVEELGRGHADG 

HS- —R3OGQADFPSDGPIVEELGRGHADG 

HS- —R3OGQADFPIEVBIVEELGRGHADG- - 

These sequences are based on human sequences in an attempt 
to minimize immunogenicity While creating a site for glyco 
sylation and preventing proteolysis. 
[0112] In another exemplary embodiment, the peptide is a 
fusion of three peptides, thus forming a triple fusion. The 
three peptides can be arranged in any order. In another exem 
plary embodiment, the three peptides are oxyntomodulin, 
GLP-1 and GLP-2. This peptide has the folloWing sequence. 

RHDEFERHAE GTFTSDVSSY LEGQAAKEFI AWLVKGRGRR 

DFPEEVAIVE ELGRRHADGS FSDEMNTILD NLAARDFINW 

LIQTKITDRK 

In another exemplary embodiment, the peptide is an oxynto 
modulin/GLP-l/GLP-2 mutant fusion. In another exemplary 
embodiment, an oxyntomodulin/GLP-l/GLP-2 mutant 
fusion has the folloWing “natural” sequence 

HS- - - - —T29KRNRNNIAKRHDEFERHAE— - —H35A— - 

R55GRRDFPEEVAIVEELGRRHADG- -, natural sequence; 

replaced With sequences that are selected from: 

Wherein all substitutions are independently selected from: 
[0113] BIN (natural human variant), K, A, G, S, T, L 
[0114] JIR, G, A, S, T, L 
[0115] OIK, P 
[0116] UIT, S 
[0117] XIH, A, Q, N, G, or any uncharged amino acid 
[0118] X'ID, G, A, N, E, or any uncharged amino acid 
[0119] ZIR, A, G, S, T, , I, L or any uncharged amino 

acid 
[0120] Z'IG, A 



US 2008/0300173 A1 

[0121] J'IN, S, T 
[0122] O'IE, A, G, M, any uncharged amino acid 
[0123] a:0 or 1 
[0124] B" and B' (independently selected):R, A, G, V, l, 

L, Q, P 
[0125] J":P, A, l, V, G 
[0126] O":T, S, E 
[0127] U'IE, S, T, Q, l, V, L, and uncharged amino acid 
[0128] X":A, G, S, T 
[0129] X'" and Z" (independently selected):R, A, G, S, 

T, V, l, L or any uncharged amino acid 
[0130] J"':E, Y, I, N, A, F, G, or any uncharged amino 

acid 

[0131] O"':SLP, NT, Y, V, Y 
Representative examples of an oxyntomodulin/GLP-l/ 
GLP-2 mutant fusion have the following “natural” sequence 

HS- - - - - T29KRNRNNIAKRHDEFERHAE— - —H35A— - 

R55GRRDFPEEVAIVEELGRRHADG— -, natural sequence; 

replaced With sequences that are selected from: 

HS - - T2 QNQNRSGDIPKQHDEFEAHAE - - 

R55GQPDFPEGSLPVAIVEELGRGHADG 

HS - - T2 QNQNRSDI PKAHDEFEAHAE- - 

R55GQPDFPEGSLPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

RSSGQPDFPTGSLPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R5SGQPDFPTTSEPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R5SGQPDFPTAVIPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R55GQPDFPGSTAPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R55GQPDFPLTLEPVAIVEELGRGHADG 

HS - - T2 QNQNQNINIAKQHDEFEAHAE - - 

R55GQPDFPTSGEPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R5SGQPDFPTINTPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R55GQPDFPTTLYPVAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKAHDEFEAHAE- - 

R5SGQPDFPEGSLEAIVEELGRGHADG 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

RSSGQPDFPEGSLPTINTEELGRGHADG 

HS - - T2 QNQNANNIAKEHDEFEAHAE- - 

RSSGQPDFPEGSLPTQAVEELGRGHADG- - 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R55GQADFPEEVEVEELGRGHADG— 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R55GQADFPEEVPTINTLGRGHADG— 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 

R5 SGQADFPEEVPTQGALGRGHADG - 

HS - - T2 QNQNQNNIAKEHDEFEAHAE- - 
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R55GQADFPEEVPTTLYLGRGHADG 

HS - - T2 QNQNQNNIAKQHDEFEAHAE - - 

R5 SGQADFPTVLPIVEELGRGHADG - 

HS - - T2 QNANQNNIAKQHDEFEAHAE- - 

RSSGQADFPTEI PIVEELGRGHADG 

HS - - T2 QNQNANNIAKQHDEFEAHAE- - 

RSSGQADFPSDGPIVEELGRGHADG— 

HS - - T2 QNQNQNNIAKQHDEFEAHAE- - 

R5SGQADFPIEVEIVEELGRGHADG- - 

These sequences are based on human sequences in an attempt 
to minimize immunogenicity While creating a site for glyco 
sylation and preventing proteolysis. 
[0132] Appropriate O-linked glycosylation sequences for 
GLP-1 and peptides other than GLP-1 can be determined by 
preparing a polypeptide incorporating a putative O-linked 
glycosylation site and submitting that polypeptide to suitable 
O-linked glycosylation conditions, thereby con?rming its 
ability to serve as an acceptor for a GalNAc transferase. 

Moreover, as Will be apparent to one of skill in the art, pep 
tides that include one or more mutations are Within the scope 

of the present invention. The mutations are designed to alloW 
the adjustment of desirable properties of the peptides, e.g., 
activity and number and position of O- and/or N-linked gly 
cosylation sites on the peptide. 

Acquisition of Peptide Coding Sequences 

General Recombinant Technology 

[0133] This invention relies on routine techniques in the 
?eld of recombinant genetics. Basic texts disclosing the gen 
eral methods of use in this invention include Sambrook and 
Russell, Molecular Cloning, A Laboratory Manual (3rd ed. 
2001); Kriegler, Gene Transfer and Expression. A Laboratory 
Manual (1990); andAusubel et al., eds., CurrentProtocols in 
Molecular Biology (1994). 
[0134] For nucleic acids, siZes are given in either kilobases 
(kb) or base pairs (bp). These are estimates derived from 
agarose or acrylamide gel electrophoresis, from sequenced 
nucleic acids, or from published DNA sequences. For pro 
teins, siZes are given in kilodaltons (kDa) or amino acid 
residue numbers. Proteins siZes are estimated from gel elec 
trophoresis, from sequenced proteins, from derived amino 
acid sequences, or from published protein sequences. 

[0135] Oligonucleotides that are not commercially avail 
able can be chemically synthesiZed, e.g., according to the 
solid phase phosphoramidite triester method ?rst described 
by Beaucage & Caruthers, Tetrahedron Lett. 22: 1859-1862 
(1981), using an automated synthesiZer, as described in Van 
Devanter et. al., Nucleic Acids Res. 12: 6159-6168 (1984). 
Entire genes can also be chemically synthesiZed. Puri?cation 
of oligonucleotides is performed using any art-recogniZed 
strategy, e. g., native acrylamide gel electrophoresis or anion 
exchange HPLC as described in Pearson & Reanier, J Chrom. 
255: 137-149 (1983). 
[0136] The sequence of the cloned Wild-type peptide genes, 
polynucleotide encoding mutant peptides, and synthetic oli 
gonucleotides can be veri?ed after cloning using, e.g., the 
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chain termination method for sequencing double-stranded 
templates ofWallace et al., Gene 16: 21-26 (1981). 

Cloning and Subcloning of a Wild-Type Peptide Coding 
Sequence 

[0137] Numerous polynucleotide sequences encoding 
Wild-type peptides have been determined and are available 
from a commercial supplier, e.g., human groWth hormone, 
e.g., GenBankAccession Nos. NM 000515, NM 002059, NM 
022556, NM 022557, NM 022558, NM 022559, NM 022560, 
NM 022561, and NM 022562. 
[0138] The rapid progress in the studies of human genome 
has made possible a cloning approach Where a human DNA 
sequence database can be searched for any gene segment that 
has a certain percentage of sequence homology to a knoWn 
nucleotide sequence, such as one encoding a previously iden 
ti?ed peptide. Any DNA sequence so identi?ed can be sub 
sequently obtained by chemical synthesis and/ or a poly 
merase chain reaction (PCR) technique such as overlap 
extension method. For a short sequence, completely de novo 
synthesis may be suf?cient; Whereas further isolation of full 
length coding sequence from a human cDNA or genomic 
library using a synthetic probe may be necessary to obtain a 
larger gene. 
[0139] Alternatively, a nucleic acid sequence encoding a 
peptide can be isolated from a human cDNA or genomic DNA 
library using standard cloning techniques such as polymerase 
chain reaction (PCR), Where homology-based primers can 
often be derived from a known nucleic acid sequence encod 
ing a peptide. Most commonly used techniques for this pur 
pose are described in standard texts, e.g., Sambrook and 
Russell, supra. 
[0140] cDNA libraries suitable for obtaining a coding 
sequence for a Wild-type peptide may be commercially avail 
able or can be constructed. The general methods of isolating 
mRNA, making cDNA by reverse transcription, ligating 
cDNA into a recombinant vector, transfecting into a recom 
binant host for propagation, screening, and cloning are Well 
knoWn (see, e.g., Gubler and Hoffman, Gene, 25: 263-269 
(1983); Ausubel et al., supra). Upon obtaining an ampli?ed 
segment of nucleotide sequence by PCR, the segment can be 
further used as a probe to isolate the full-length polynucle 
otide sequence encoding the Wild-type peptide from the 
cDNA library. A general description of appropriate proce 
dures can be found in Sambrook and Russell, supra. 
[0141] A similar procedure can be folloWed to obtain a full 
length sequence encoding a Wild-type peptide, e.g., any one 
of the GenBank Accession Nos mentioned above, from a 
human genomic library. Human genomic libraries are com 
mercially available or can be constructed according to various 
art-recognized methods. In general, to construct a genomic 
library, the DNA is ?rst extracted from an tissue Where a 
peptide is likely found. The DNA is then either mechanically 
sheared or enZymatically digested to yield fragments of about 
12-20 kb in length. The fragments are subsequently separated 
by gradient centrifugation from polynucleotide fragments of 
undesired siZes and are inserted in bacteriophage 7t vectors. 
These vectors and phages are packaged in vitro. Recombinant 
phages are analyZed by plaque hybridiZation as described in 
Benton and Davis, Science, 196: 180-182 (1977). Colony 
hybridiZation is carried out as described by Grunstein et al., 
Proc. Natl. Acad. Sci. USA, 72: 3961-3965 (1975). 
[0142] Based on sequence homology, degenerate oligo 
nucleotides can be designed as primer sets and PCR can be 
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performed under suitable conditions (see, e.g., White et al., 
PCR Protocols. Current Methods and Applications, 1993; 
Gri?in and Grif?n, PCR Technology, CRC Press Inc. 1994) to 
amplify a segment of nucleotide sequence from a cDNA or 
genomic library. Using the ampli?ed segment as a probe, the 
full-length nucleic acid encoding a Wild-type peptide is 
obtained. 
[0143] Upon acquiring a nucleic acid sequence encoding a 
Wild-type peptide, the coding sequence can be subcloned into 
a vector, for instance, an expression vector, so that a recom 
binant Wild-type peptide can be produced from the resulting 
construct. Further modi?cations to the Wild-type peptide cod 
ing sequence, e.g., nucleotide substitutions, may be subse 
quently made to alter the characteristics of the molecule. 
Introducing Mutations into a Peptide Sequence 
[0144] From an encoding polynucleotide sequence, the 
amino acid sequence of a Wild-type peptide can be deter 
mined. Subsequently, this amino acid sequence may be modi 
?ed to alter the protein’s glycosylation pattern, by introducing 
additional glycosylation site(s) at various locations in the 
amino acid sequence. 
[0145] Several types of protein glycosylation sites are Well 
knoWn in the art. For instance, in eukaryotes, N-linked gly 
cosylation occurs on the asparagine of the consensus 
sequence Asn-Xaa-Ser/Thr, in Which Xaa is any amino acid 
except proline (Kornfeld et al., Ann Rev Biochem 54:631-664 
(1985); KukuruZinska et al., Proc. Natl. Acad. Sci. USA 
84:2145-2149 (1987); Herscovics et al., FASEB J7:540-550 
(1993); and Orlean, Saccharomyces Vol. 3 (1996)). O-linked 
glycosylation takes place at serine or threonine residues (Tan 
ner et al., Biochim. Biophys. Acta. 906:81-91 (1987); and 
Hounsell et al., Glycoconj. J 13:19-26 (1996)). Other glyco 
sylation patterns are formed by linking glycosylphosphati 
dylinositol to the carboxyl-terminal carboxyl group of the 
protein (Takeda et al., Trends Biochem. Sci. 20:367-371 
(1995); and Udenfriend et al., Ann. Rev. Biochem. 64:593-591 
(1995). Based on this knoWledge, suitable mutations can thus 
be introduced into a Wild-type peptide sequence to form neW 
glycosylation sites. 
[0146] Although direct modi?cation of an amino acid resi 
due Within a peptide polypeptide sequence may be suitable to 
introduce a neW N-linked or O-linked glycosylation site, 
more frequently, introduction of a neW glycosylation site is 
accomplished by mutating the polynucleotide sequence 
encoding a peptide. This can be achieved by using any of 
knoWn mutagenesis methods, some of Which are discussed 
beloW. Exemplary modi?cations to a GLP-l peptide include 
those illustrated in SEQ ID NO: 
[0147] A variety of mutation-generating protocols are 
established and described in the art. See, e.g., Zhang et al., 
Proc. Natl. Acad. Sci. USA, 94: 4504-4509 (1997); and Stem 
mer, Nature, 370: 389-391 (1994). The procedures can be 
used separately or in combination to produce variants of a set 
of nucleic acids, and hence variants of encoded polypeptides. 
Kits for mutagenesis, library construction, and other diver 
sity-generating methods are commercially available. 
[0148] Mutational methods of generating diversity include, 
for example, site-directed mutagenesis (Botstein and Shortle, 
Science, 229: 1193-1201 (1985)), mutagenesis using uracil 
containing templates (Kunkel, Proc. Natl. Acad. Sci. USA, 82: 
488-492 (1985)), oligonucleotide-directed mutagenesis (Zol 
ler and Smith, Nucl. Acids Res., 10: 6487-6500 (1982)), phos 
phorothioate-modi?ed DNA mutagenesis (Taylor et al., Nucl. 
Acids Res., 13: 8749-8764 and 8765-8787 (1985)), and 
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mutagenesis using gapped duplex DNA (Kramer et al., Nucl. 
Acids Res., 12: 9441-9456 (1984)). 
[0149] Other methods for generating mutations include 
point mismatch repair (Kramer et al., Cell, 38: 879-887 
(1984)), mutagenesis using repair-de?cient host strains 
(Carter et al., Nucl. Acids Res., 13: 4431-4443 (1985)), dele 
tion mutagenesis (EghtedarZadeh and Henikoff, Nuc. Acids 
Res., 14: 5115 (1986)), restriction-selection and restriction 
puri?cation (Wells et al., Phil. Trans. R. Soc. Land. A, 317: 
415-423 (1986)), mutagenesis by total gene synthesis (N am 
biar et al., Science, 223: 1299-1301 (1984)), double-strand 
break repair (Mandecki, Proc. Natl. Acad. Sci. USA, 83: 
7177-7181 (1986)), mutagenesis by polynucleotide chain ter 
mination methods (U .S. Pat. No. 5,965,408), and error-prone 
PCR (Leung et al., Biolechniques, 1: 11-15 (1989)). 

Modi?cation of Nucleic Acids for Preferred Codon Usage in 
a Host Organism 

[0150] The polynucleotide sequence encoding a mutant 
peptide can be further altered to coincide With the preferred 
codon usage of a particular host. For example, the preferred 
codon usage of one strain of bacterial cells can be used to 
derive a polynucleotide that encodes a mutant peptide of the 
invention and includes the codons favored by this strain. The 
frequency of preferred codon usage exhibited by a host cell 
can be calculated by averaging frequency of preferred codon 
usage in a large number of genes expressed by the host cell 
(e. g., calculation service is available from Web site of the 
KaZusa DNA Research Institute, Japan). This analysis is pref 
erably limited to genes that are highly expressed by the host 
cell. US. Pat. No. 5,824,864, for example, provides the fre 
quency of codon usage by highly expressed genes exhibited 
by dicotyledonous plants and monocotyledonous plants. 
[0151] At the completion of modi?cation, the mutant pep 
tide coding sequences are veri?ed by sequencing and are then 
subcloned into an appropriate expression vector for recom 
binant production in the same manner as the Wild-type pep 
tides. 

Expression and Puri?cation of the Mutant Peptide 

[0152] FolloWing sequence veri?cation, the mutant peptide 
of the present invention can be produced using routine tech 
niques in the ?eld of recombinant genetics, relying on the 
polynucleotide sequences encoding the polypeptide dis 
closed herein. 

Expression Systems 

[0153] To obtain high-level expression of a nucleic acid 
encoding a mutant peptide of the present invention, one typi 
cally subclones a polynucleotide encoding the mutant peptide 
into an expression vector that contains a strong promoter to 
direct transcription, a transcription/translation terminator and 
a ribosome binding site for translational initiation. Suitable 
bacterial promoters are Well knoWn in the art and described, 
e.g., in Sambrook and Russell, supra, and Ausubel et al., 
supra. Bacterial expression systems for expressing the Wild 
type or mutant peptide are available in, e.g., E. coli, Bacillus 
sp., Salmonella, and Caulobacler. Kits for such expression 
systems are commercially available. Eukaryotic expression 
systems for mammalian cells, yeast, and insect cells are Well 
knoWn in the art and are also commercially available. In one 
embodiment, the eukaryotic expression vector is an adenovi 
ral vector, an adeno-associated vector, or a retroviral vector. 
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[0154] The promoter used to direct expression of a heter 
ologous nucleic acid depends on the particular application. 
The promoter is optionally positioned about the same dis 
tance from the heterologous transcription start site as it is 
from the transcription start site in its natural setting. As is 
knoWn in the art, hoWever, some variation in this distance can 
be accommodated Without loss of promoter function. 
[0155] In addition to the promoter, the expression vector 
typically includes a transcription unit or expression cassette 
that contains all the additional elements required for the 
expression of the mutant peptide in host cells. A typical 
expression cassette thus contains a promoter operably linked 
to the nucleic acid sequence encoding the mutant peptide and 
signals required for e?icient polyadenylation of the tran 
script, ribosome binding sites, and translation termination. 
The nucleic acid sequence encoding the peptide is typically 
linked to a cleavable signal peptide sequence to promote 
secretion of the peptide by the transformed cell. Such signal 
peptides include, among others, the signal peptides from tis 
sue plasminogen activator, insulin, and neuron groWth factor, 
and juvenile hormone esterase of Heliolhis virescens. Addi 
tional elements of the cassette may include enhancers and, if 
genomic DNA is used as the structural gene, introns With 
functional splice donor and acceptor sites. 
[0156] In addition to a promoter sequence, the expression 
cassette should also contain a transcription termination 
region doWnstream of the structural gene to provide for e?i 
cient termination. The termination region may be obtained 
from the same gene as the promoter sequence or may be 
obtained from different genes. 
[0157] The particular expression vector used to transport 
the genetic information into the cell is not particularly critical. 
Any of the conventional vectors used for expression in 
eukaryotic or prokaryotic cells may be used. Standard bacte 
rial expression vectors include plasmids such as pBR322 
based plasmids, pSKF, pET23D, and fusion expression sys 
tems such as GST and LacZ. Epitope tags can also be added 
to recombinant proteins to provide convenient methods of 
isolation, e.g., c-myc. 
[0158] Expression vectors containing regulatory elements 
from eukaryotic viruses are typically used in eukaryotic 
expression vectors, e.g., SV40 vectors, papilloma virus vec 
tors, and vectors derived from Epstein-Barr virus. Other 
exemplary eukaryotic vectors include pMSG, pAV009/A+, 
pMTO10/A+, pMAMneo-5, baculovirus pDSVE, and any 
other vector alloWing expression of proteins under the direc 
tion of the SV40 early promoter, SV40 later promoter, met 
allothionein promoter, murine mammary tumor virus pro 
moter, Rous sarcoma virus promoter, polyhedrin promoter, or 
other promoters shoWn effective for expression in eukaryotic 
cells. 
[0159] Some expression systems have markers that provide 
gene ampli?cation such as thymidine kinase, hygromycin B 
phosphotransferase, and dihydrofolate reductase. Altema 
tively, high yield expression systems not involving gene 
ampli?cation are also suitable, such as a baculovirus vector in 
insect cells, With a polynucleotide sequence encoding the 
mutant peptide under the direction of the polyhedrin pro 
moter or other strong baculovirus promoters. 
[0160] The elements that are typically included in expres 
sion vectors also include a replicon that functions in E. coli, a 
gene encoding antibiotic resistance to permit selection of 
bacteria that harbor recombinant plasmids, and unique 
restriction sites in nonessential regions of the plasmid to 
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allow insertion of eukaryotic sequences. The particular anti 
biotic resistance gene chosen is not critical, any of the many 
resistance genes knoWn in the art are suitable. The prokary 
otic sequences are optionally chosen such that they do not 
interfere With the replication of the DNA in eukaryotic cells, 
if necessary. 
[0161] When periplasmic expression of a recombinant pro 
tein (e. g., a hgh mutant of the present invention) is desired, the 
expression vector further comprises a sequence encoding a 
secretion signal, such as the E. coli OppA (Periplasmic Oli 
gopeptide Binding Protein) secretion signal or a modi?ed 
version thereof, Which is directly connected to 5' of the coding 
sequence of the protein to be expressed. This signal sequence 
directs the recombinant protein produced in cytoplasm 
through the cell membrane into the periplasmic space. The 
expression vector may further comprise a coding sequence 
for signal peptidase 1, Which is capable of enZymatically 
cleaving the signal sequence When the recombinant protein is 
entering the periplasmic space. More detailed description for 
periplasmic production of a recombinant protein can be found 
in, e.g., Gray et al., Gene 39: 247-254 (1985), US. Pat. Nos. 
6,160,089 and 6,436,674. 
[0162] As discussed above, a person skilled in the art Will 
recogniZe that various conservative substitutions can be made 
to any Wild-type or mutant peptide or its coding sequence 
While still retaining the biological activity of the peptide. 
Moreover, modi?cations of a polynucleotide coding 
sequence may also be made to accommodate preferred codon 
usage in a particular expression host Without altering the 
resulting amino acid sequence. 

Transfection Methods 

[0163] Standard transfection methods are used to produce 
bacterial, mammalian, yeast or insect cell lines that express 
large quantities of the mutant peptide, Which are then puri?ed 
using standard techniques (see, e.g., Colley et al., J. Biol. 
Chem. 264: 17619-17622 (1989); Guide to Protein Purifica 
tion, in Methods in Enzymology, vol. 182 (Deutscher, ed., 
1990)). Transformation of eukaryotic and prokaryotic cells 
are performed according to standard techniques (see, e.g., 
Morrison, J. Bact. 132: 349-351 (1977); Clark-Curtiss & 
Curtiss, Methods in Enzymology 101: 347-362 (Wu et al., eds, 
1 983). 
[0164] Any of the Well-knoWn procedures for introducing 
foreign nucleotide sequences into host cells may be used. 
These include the use of calcium phosphate transfection, 
polybrene, protoplast fusion, electroporation, liposomes, 
microinjection, plasma vectors, viral vectors and any of the 
other Well knoWn methods for introducing cloned genomic 
DNA, cDNA, synthetic DNA, or other foreign genetic mate 
rial into a host cell (see, e.g., Sambrook and Russell, supra). It 
is only necessary that the particular genetic engineering pro 
cedure used be capable of successfully introducing at least 
one gene into the host cell capable of expressing the mutant 
peptide. 

Detection of Expression of Mutant Peptide in Host Cells 

[0165] After the expression vector is introduced into appro 
priate host cells, the transfected cells are cultured under con 
ditions favoring expression of the mutant peptide. The cells 
are then screened for the expression of the recombinant 
polypeptide, Which is subsequently recovered from the cul 
ture using standard techniques (see, e.g., Scopes, Protein 
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Purification: Principles and Practice (1982); US. Pat. No. 
4,673,641 ; Ausubel et al., supra; and Sambrook and Russell, 
supra). 
[0166] Several general methods for screening gene expres 
sion are Well knoWn among those skilled in the art. First, gene 
expression can be detected at the nucleic acid level. A variety 
of methods of speci?c DNA and RNA measurement using 
nucleic acid hybridization techniques are commonly used 
(e.g., Sambrook and Russell, supra). Some methods involve 
an electrophoretic separation (e.g., Southern blot for detect 
ing DNA and Northern blot for detecting RNA), but detection 
of DNA or RNA can be carried out Without electrophoresis as 
Well (such as by dot blot). The presence of nucleic acid 
encoding a mutant peptide in transfected cells can also be 
detected by PCR or RT-PCR using sequence-speci?c primers. 
[0167] Second, gene expression can be detected at the 
polypeptide level. Various immunological assays are rou 
tinely used by those skilled in the art to measure the level of 
a gene product, particularly using polyclonal or monoclonal 
antibodies that react speci?cally With a mutant peptide of the 
present invention, such as a polypeptide having the amino 
acid sequence of SEQ ID NO: 1-7, (e.g., HarloW and Lane, 
Antibodies, A Laboratory Manual, Chapter 14, Cold Spring 
Harbor, 1988; Kohler and Milstein, Nature, 256: 495-497 
(1975)). Such techniques require antibody preparation by 
selecting antibodies With high speci?city against the mutant 
peptide or an antigenic portion thereof. The methods of rais 
ing polyclonal and monoclonal antibodies are Well estab 
lished and their descriptions can be found in the literature, 
see, e.g., HarloW and Lane, supra; Kohler and Milstein, Eur. J. 
Immunol, 6: 511-519 (1976). More detailed descriptions of 
preparing antibody against the mutant peptide of the present 
invention and conducting immunological assays detecting 
the mutant peptide are provided in a later section. 

Puri?cation of Recombinantly Produced Mutant Peptide 

[0168] Once the expression of a recombinant mutant pep 
tide in transfected host cells is con?rmed, the host cells are 
then cultured in an appropriate scale for the purpose of puri 
fying the recombinant polypeptide. 
1. Puri?cation of Recombinantly Produced Mutant Peptide 
from Bacteria 
[0169] When the mutant peptides of the present invention 
are produced recombinantly by transformed bacteria in large 
amounts, typically after promoter induction, although expres 
sion can be constitutive, the proteins may form insoluble 
aggregates. There are several protocols that are suitable for 
puri?cation of protein inclusion bodies. For example, puri? 
cation of aggregate proteins (hereinafter referred to as inclu 
sion bodies) typically involves the extraction, separation and/ 
or puri?cation of inclusion bodies by disruption of bacterial 
cells, e.g., by incubation in a buffer of about 100-150 ug/ml 
lysoZyme and 0.1% Nonidet P40, a non-ionic detergent. The 
cell suspension can be ground using a Polytron grinder 
(Brinkman Instruments, Westbury, NY). Alternatively, the 
cells can be sonicated on ice. Alternate methods of lysing 
bacteria are described in Ausubel et al. and Sambrook and 
Russell, both supra, and Will be apparent to those of skill in 
the art. 
[0170] The cell suspension is generally centrifuged and the 
pellet containing the inclusion bodies resuspended in buffer 
Which does not dissolve but Washes the inclusion bodies, e. g., 
20 mM Tris-HCl (pH 7.2), 1 mM EDTA, 150 mM NaCl and 
2% Triton-X 100, a non-ionic detergent. It may be necessary 
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to repeat the Wash step to remove as much cellular debris as 
possible. The remaining pellet of inclusion bodies may be 
resuspended in an appropriate buffer (e.g., 20 mM sodium 
phosphate, pH 6.8, 150 mM NaCl). Other appropriate buffers 
Will be apparent to those of skill in the art. 
[0171] Following the Washing step, the inclusion bodies are 
solubiliZed by the addition of a solvent that is both a strong 
hydrogen acceptor and a strong hydrogen donor (or a combi 
nation of solvents each having one of these properties). The 
proteins that formed the inclusion bodies may then be rena 
tured by dilution or dialysis With a compatible buffer. Suitable 
solvents include, but are not limited to, urea (from about 4 M 
to about 8 M), formamide (at least about 80%, volume/vol 
ume basis), and guanidine hydrochloride (from about 4 M to 
about 8 M). Some solvents that are capable of solubiliZing 
aggregate-forming proteins, such as SDS (sodium dodecyl 
sulfate) and 70% formic acid, may be inappropriate for use in 
this procedure due to the possibility of irreversible denatur 
ation of the proteins, accompanied by a lack of immunoge 
nicity and/ or activity. Although guanidine hydrochloride and 
similar agents are denaturants, this denaturation is not irre 
versible and renaturation may occur upon removal (by dialy 
sis, for example) or dilution of the denaturant, alloWing re 
formation of the immunologically and/or biologically active 
protein of interest. After solubiliZation, the protein can be 
separated from other bacterial proteins by standard separation 
techniques. For further description of purifying recombinant 
peptide from bacterial inclusion body, see, e.g., Patra et al., 
Protein Expression and Purification 18: 182-190 (2000). 
[0172] Alternatively, it is possible to purify recombinant 
polypeptides, e.g., a mutant peptide, from bacterial peri 
plasm. Where the recombinant protein is exported into the 
periplasm of the bacteria, the periplasmic fraction of the 
bacteria can be isolated by cold osmotic shock in addition to 
other methods knoWn to those of skill in the art (see e.g., 
Ausubel et al., supra). To isolate recombinant proteins from 
the periplasm, the bacterial cells are centrifuged to form a 
pellet. The pellet is resuspended in a buffer containing 20% 
sucrose. To lyse the cells, the bacteria are centrifuged and the 
pellet is resuspended in ice-cold 5 mM MgSO4 and kept in an 
ice bath for approximately 10 minutes. The cell suspension is 
centrifuged and the supernatant decanted and saved. The 
recombinant proteins present in the supernatant can be sepa 
rated from the host proteins by standard separation tech 
niques Well knoWn to those of skill in the art. 

2. Standard Protein Separation Techniques for Puri?cation 

[0173] When a recombinant polypeptide, e.g., the mutant 
peptide of the present invention, is expressed in host cells in 
a soluble form, its puri?cation can folloW the standard protein 
puri?cation procedure described beloW. 
i. Solubility Fractionation 
[0174] Often as an initial step, and if the protein mixture is 
complex, an initial salt fractionation can separate many of the 
unWanted host cell proteins (or proteins derived from the cell 
culture media) from the recombinant protein of interest, e.g., 
a mutant peptide of the present invention. The preferred salt is 
ammonium sulfate. Ammonium sulfate precipitates proteins 
by effectively reducing the amount of Water in the protein 
mixture. Proteins then precipitate on the basis of their solu 
bility. The more hydrophobic a protein is, the more likely it is 
to precipitate at loWer ammonium sulfate concentrations. A 
typical protocol is to add saturated ammonium sulfate to a 
protein solution so that the resultant ammonium sulfate con 
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centration is betWeen 20-30%. This Will precipitate the most 
hydrophobic proteins. The precipitate is discarded (unless the 
protein of interest is hydrophobic) and ammonium sulfate is 
added to the supernatant to a concentration knoWn to precipi 
tate the protein of interest. The precipitate is then solubiliZed 
in buffer and the excess salt removed if necessary, through 
either dialysis or dia?ltration. Other methods that rely on 
solubility of proteins, such as cold ethanol precipitation, are 
Well knoWn to those of skill in the art and can be used to 
fractionate complex protein mixtures. 
ii. SiZe Differential Filtration 
[0175] Based on a calculated molecular Weight, a protein of 
greater and lesser siZe can be isolated using ultra?ltration 
through membranes of different pore siZes (for example, 
Amicon or Millipore membranes). As a ?rst step, the protein 
mixture is ultra?ltered through a membrane With a pore siZe 
that has a loWer molecular Weight cut-off than the molecular 
Weight of a protein of interest, e.g., a mutant peptide. The 
retentate of the ultra?ltration is then ultra?ltered against a 
membrane With a molecular cut off greater than the molecular 
Weight of the protein of interest. The recombinant protein Will 
pass through the membrane into the ?ltrate. The ?ltrate can 
then be chromatographed as described beloW. 
iii. Column Chromatography 
[0176] The proteins of interest (such as the mutant peptide 
of the present invention) can also be separated from other 
proteins on the basis of their siZe, net surface charge, hydro 
phobicity, or af?nity for ligands. In addition, antibodies 
raised against peptide can be conjugated to column matrices 
and the peptide immunopuri?ed. All of these methods are 
Well knoWn in the art. 
[0177] It Will be apparent to one of skill that chromato 
graphic techniques can be performed at any scale and using 
equipment from many different manufacturers (e. g., Pharma 
cia Biotech). 

Immunoassays for Detection of Mutant Peptide Expression 

[0178] To con?rm the production of a recombinant mutant 
peptide, immunological assays may be useful to detect in a 
sample the expression of the polypeptide. Immunological 
assays are also useful for quantifying the expression level of 
the recombinant hormone. Antibodies against a mutant pep 
tide are necessary for carrying out these immunological 
assays. 
Production of Antibodies against Mutant Peptide 
[0179] Methods for producing polyclonal and monoclonal 
antibodies that react speci?cally With an immunogen of inter 
est are knoWn to those of skill in the art (see, e.g., Coligan, 
CurrentProtocols in Immunology Wiley/Greene, N.Y., 1991; 
HarloW and Lane, Antibodies: A Laboratory Manual Cold 
Spring Harbor Press, NY, 1989; Stites et al. (eds.) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, 
Los Altos, Calif., and references cited therein; Goding, 
Monoclonal Antibodies. Principles and Practice (2d ed.) 
Academic Press, NeW York, N.Y., 1986; and Kohler and Mil 
stein Nature 256: 495-497, 1975). Such techniques include 
antibody preparation by selection of antibodies from libraries 
of recombinant antibodies in phage or similar vectors (see, 
Huse et al., Science 246: 1275-1281, 1989; and Ward et al., 
Nature 341: 544-546, 1989). 
[0180] In order to produce antisera containing antibodies 
With desired speci?city, the polypeptide of interest (e.g., a 
mutant peptide of the present invention) or an antigenic frag 
ment thereof can be used to immuniZe suitable animals, e. g., 
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mice, rabbits, or primates. A standard adjuvant, such as Fre 
und’s adjuvant, can be used in accordance With a standard 
immunization protocol. Alternatively, a synthetic antigenic 
peptide derived from that particular polypeptide can be con 
jugated to a carrier protein and subsequently used as an 
immunogen. 
[0181] The animal’s immune response to the immunogen 
preparation is monitored by taking test bleeds and determin 
ing the titer of reactivity to the antigen of interest. When 
appropriately high titers of antibody to the antigen are 
obtained, blood is collected from the animal and antisera are 
prepared. Further fractionation of the antisera to enrich anti 
bodies speci?cally reactive to the antigen and puri?cation of 
the antibodies can be performed subsequently, see, HarloW 
and Lane, supra, and the general descriptions of protein puri 
?cation provided above. 
[0182] Monoclonal antibodies are obtained using various 
techniques familiar to those of skill in the art. Typically, 
spleen cells from an animal immunized With a desired antigen 
are immortalized, commonly by fusion With a myeloma cell 
(see, Kohler and Milstein,Eu1: .1. Immunol. 6:511-519, 1976). 
Alternative methods of immortalization include, e. g., trans 
formation With Epstein Barr Virus, oncogenes, or retrovi 
ruses, or other methods Well knoWn in the art. Colonies aris 
ing from single immortalized cells are screened for 
production of antibodies of the desired speci?city and a?inity 
for the antigen, and the yield of the monoclonal antibodies 
produced by such cells may be enhanced by various tech 
niques, including injection into the peritoneal cavity of a 
vertebrate ho st. 
[0183] Additionally, monoclonal antibodies may also be 
recombinantly produced upon identi?cation of nucleic acid 
sequences encoding an antibody With desired speci?city or a 
binding fragment of such antibody by screening a human B 
cell cDNA library according to the general protocol outlined 
by Huse et al., supra. The general principles and methods of 
recombinant polypeptide production discussed above are 
applicable for antibody production by recombinant methods. 
[0184] When desired, antibodies capable of speci?cally 
recognizing a mutant peptide of the present invention can be 
tested for their cross-reactivity against the Wild-type peptide 
and thus distinguished from the antibodies against the Wild 
type protein. For instance, antisera obtained from an animal 
immunized With a mutant peptide can be run through a col 
umn on Which a Wild-type peptide is immobilized. The por 
tion of the antisera that passes through the column recognizes 
only the mutant peptide and not the Wild-type peptide. Simi 
larly, monoclonal antibodies against a mutant peptide can 
also be screened for their exclusivity in recognizing only the 
mutant but not the Wild-type peptide. 
[0185] Polyclonal or monoclonal antibodies that speci? 
cally recognize only the mutant peptide of the present inven 
tion but not the Wild-type peptide are useful for isolating the 
mutant protein from the Wild-type protein, for example, by 
incubating a sample With a mutant peptide-speci?c poly 
clonal or monoclonal antibody immobilized on a solid sup 
port. 

Immunoassays for Detecting Mutant Peptide Expression 

[0186] Once antibodies speci?c for a mutant peptide of the 
present invention are available, the amount of the polypeptide 
in a sample, e.g., a cell lysate, can be measured by a variety of 
immunoassay methods providing qualitative and quantitative 
results to a skilled artisan. For a revieW of immunological and 
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immunoassay procedures in general see, e.g, Stites, supra; 
U.S. Pat. Nos. 4,366,241; 4,376,110; 4,517,288; and 4,837, 
168. 

Labeling in Immunoassays 

[0187] Immunoassays often utilize a labeling agent to spe 
ci?cally bind to and label the binding complex formed by the 
antibody and the target protein. The labeling agent may itself 
be one of the moieties comprising the antibody/target protein 
complex, or may be a third moiety, such as another antibody, 
that speci?cally binds to the antibody/target protein complex. 
A label may be detectable by spectroscopic, photochemical, 
biochemical, immunochemical, electrical, optical or chemi 
cal means. Examples include, but are not limited to, magnetic 
beads (e.g., DynabeadsTM), ?uorescent dyes (e.g., ?uorescein 
isothiocyanate, Texas red, rhodamine, and the like), radiola 
bels (e.g., 3H, 125I, 35S, 14C, or 32P), enzymes (e.g., horse 
radish peroxidase, alkaline phosphatase, and others com 
monly used in an ELISA), and calorimetric labels such as 
colloidal gold or colored glass or plastic (e.g., polystyrene, 
polypropylene, latex, etc.) beads. 
[0188] In some cases, the labeling agent is a second anti 
body bearing a detectable label. Alternatively, the second 
antibody may lack a label, but it may, in turn, be bound by a 
labeled third antibody speci?c to antibodies of the species 
from Which the second antibody is derived. The second anti 
body can be modi?ed With a detectable moiety, such as biotin, 
to Which a third labeled molecule can speci?cally bind, such 
as enzyme-labeled streptavidin. 
[0189] Other proteins capable of speci?cally binding 
immunoglobulin constant regions, such as protein A or pro 
tein G, can also be used as the label agents. These proteins are 
normal constituents of the cell Walls of streptococcal bacteria. 
They exhibit a strong non-immunogenic reactivity With 
immunoglobulin constant regions from a variety of species 
(see, generally, Kronval, et al. J. ImmunoL, 111: 1401-1406 
(1973); and Akerstrom, et al., J. ImmunoL, 135: 2589-2542 
(1 985)). 

Immunoassay Formats 

[0190] Immunoassays for detecting a target protein of inter 
est (e.g., a mutant human groWth hormone) from samples 
may be either competitive or noncompetitive. Noncompeti 
tive immunoassays are assays in Which the amount of cap 
tured target protein is directly measured. In one preferred 
“sandWich” assay, for example, the antibody speci?c for the 
target protein can be bound directly to a solid substrate Where 
the antibody is immobilized. It then captures the target pro 
tein in test samples. The antibody/ target protein complex thus 
immobilized is then bound by a labeling agent, such as a 
second or third antibody bearing a label, as described above. 
[0191] In competitive assays, the amount of target protein 
in a sample is measured indirectly by measuring the amount 
of an added (exogenous) target protein displaced (or com 
peted aWay) from an antibody speci?c for the target protein by 
the target protein present in the sample. In a typical example 
of such an assay, the antibody is immobilized and the exog 
enous target protein is labeled. Since the amount of the exog 
enous target protein bound to the antibody is inversely pro 
portional to the concentration of the target protein present in 
the sample, the target protein level in the sample can thus be 
determined based on the amount of exogenous target protein 
bound to the antibody and thus immobilized. 
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[0192] In some cases, Western blot (immunoblot) analysis 
is used to detect and quantify the presence of a mutant peptide 
in the samples. The technique generally comprises separating 
sample proteins by gel electrophoresis on the basis of 
molecular Weight, transferring the separated proteins to a 
suitable solid support (such as a nitrocellulose ?lter, a nylon 
?lter, or a derivatiZed nylon ?lter) and incubating the samples 
With the antibodies that speci?cally bind the target protein. 
These antibodies may be directly labeled or alternatively may 
be subsequently detected using labeled antibodies (e.g., 
labeled sheep anti-mouse antibodies) that speci?cally bind to 
the antibodies against a mutant peptide. 

[0193] Other assay formats include liposome immunoas 
says (LIA), Which use liposomes designed to bind speci?c 
molecules (e.g., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected 

according to standard techniques (see, Monroe et al., Amer 
Clin. Prod. Rev., 5: 34-41 (1986)). 

The Conjugates 

[0194] In a representative aspect, the present invention pro 
vides a glycoconjugate betWeen a peptide and a selected 

modifying group, in Which the modifying group is conjugated 
to the peptide through a glycosyl linking group, e. g., an intact 
glycosyl linking group. The glycosyl linking group is directly 
bound to an O-linked glycosylation site on the peptide or, 
alternatively, it is bound to an O-linked glycosylation site 
through one or more additional glycosyl residues. Methods of 
preparing the conjugates are set forth herein and in Us. Pat. 
Nos. 5,876,980; 6,030,815; 5,728,554; 5,922,577; WO 
98/31826; US2003180835; and WO 03/031464. 
[0195] Exemplary peptides include an O-linked GalNAc 
residue that is bound to the O-linked glycosylation site 
through the action of a GalNAc transferase. The GalNAc 
itself may be the intact glycosyl linking group. The GalNAc 
may also be further elaborated by, for example, a Gal or Sia 
residue, either of Which can act as the intact glycosyl linking 
group. In representative embodiments, the O-linked saccha 
ryl residue is GalNAc-X, GalNAc-Gal-Sia-X, or GalNAc 
Gal-Gal-Sia-X, in Which X is a modifying group. 

[0196] In an exemplary embodiment, the peptide is a 
mutant peptide that includes an O-linked glycosylation site 
not present in the Wild-type peptide. The peptide is preferably 
O-glycosylated at the mutated site With a GalNAc residue. 
The discussion immediately preceding regarding the struc 
ture of the saccharyl moiety is relevant here as Well. 

[0197] The link betWeen the peptide and the selected moi 
ety includes an intact glycosyl linking group interposed 
betWeen the peptide and the modifying moiety. As discussed 
herein, the selected moiety is essentially any species that can 
be attached to a saccharide unit, resulting in a “modi?ed 
sugar” that is recogniZed by an appropriate transferase 
enZyme, Which appends the modi?ed sugar onto the peptide. 
The saccharide component of the modi?ed sugar, When inter 
posed betWeen the peptide and a selected moiety, becomes an 
“intact glycosyl linking group.” The glycosyl linking group is 
formed from any mono- or oligo-saccharide that, after modi 
?cation With a selected moiety, is a substrate for an appropri 
ate transferase. 
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[0198] The conjugates of the invention Will typically cor 
respond to the general structure: 

in Which the symbols a, b, c, d and s represent a positive, 
non-Zero integer; and t is either 0 or a positive integer. The 
“agent” is a therapeutic agent, a bioactive agent, a detectable 
lable, Water-soluble moiety or the like. The “agent” can be a 
peptide, e. g, enZyme, antibody, anitgen, etc. The linker can be 
any of a Wide array of linking groups, infra. Alternatively, the 
linker may be a single bond or a “Zero order linker.” The 
identity of the peptide is Without limitation. 
[0199] In an exemplary embodiment, the selected moiety is 
a Water-soluble polymer, e.g., PEG, m-PEG, PPG, m-PPG, 
etc. The Water-soluble polymer is covalently attached to the 
peptide via a glycosyl linking group. The glycosyl linking 
group is covalently attached to either an amino acid residue or 
a glycosyl residue of the peptide. Alternatively, the glycosyl 
linking group is attached to one or more glycosyl units of a 
glycopeptide. The invention also provides conjugates in 
Which the glycosyl linking group (e. g., GalNAc) is attached to 
an amino acid residue (e.g., Thr or Ser). 
[0200] In an exemplary embodiment, the protein is an inter 
feron. The interferons are antiviral glycoproteins that, in 
humans, are secreted by human primary ?broblasts after 
induction With virus or double- stranded RNA. Interferons are 
of interest as therapeutics, e.g, antiviral agents (e. g., hepatitis 
B and C), antitumor agents (e.g., hepatocellular carcinoma) 
and in the treatment of multiple sclerosis. For references 
relevant to interferon-0t, see, Asano, et al., Eur J. Cancer, 
27(Suppl 4):S21-S25 (1991); Nagy, et al., Anticancer 
Research, 8(3):467-470 (1988); Dron, et al., J. Biol. Regul. 
Homeost. Agents, 3(1):13-19 (1989); Habib, et al.,Am. Surg, 
67(3):257-260 (3/2001); and Sugyiama, et al., Eur. J. Bio 
chem., 217:921-927 (1993). For references discussing intef 
ereon-[3, see, e.g.,Yu, et al., JNeuroimmunol, 64(1):91-100 
(1996); Schmidt, 1., J Neurosci. Res., 65(1):59-67 (2001); 
Wender, et al., Folia Neuropathol, 39(2):91-93 (2001); Mar 
tin, et al., Springer Semin. Immunopathol, 18(1): 1-24 
(1996); Takane, et al., J Pharmacol. Exp. Ther, 294(2):746 
752 (2000); Sburlati, et al., Biotechnol. Prog, 14:189-192 
(1998); Dodd, et al., Biochimica etBiophysicaActa, 787: 183 
187 (1984); Edelbaum, et al., J Interferon Res., 12:449-453 
(1992); Conradt, et al., J Biol. Chem., 262(30): 14600-14605 
(1987); Civas, et al., Eur J. Biochem., 173:311-316 (1988); 
Demolder, et al., J Biotechnol., 32:179-189 (1994); Sedmak, 
et al., J Interferon Res., 9(Suppl 1):S61-S65 (1989); KagaWa, 
et al., J. Biol. Chem., 263(33):17508-17515 (1988); Hersh 
enson, et al., U.S. Pat. No. 4,894,330; Jayaram, et al., J. 
Interferon Res., 3(2): 177-180 (1983); Menge, et al., Develop. 
Biol. Standard, 66:391-401 (1987); Vonk, et al., J. Interferon 
Res., 3(2):169-175 (1983); and Adolf, et al., J. Interferon 
Res., 10:255-267 (1990). 
[0201] In an exemplary interferon conjugate, interferon 
alpha, e.g., interferon alpha 2B, is conjugated to a Water 
soluble polymer through an intact glycosyl linker. 
[0202] In a further exemplary embodiment, the invention 
provides a conjugate of human Glucagon-like peptide-1 
(GLP-l). GLP-1 is protein that has pleiotropic effects in the 
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maintenance of glyceric control of the organism. GLP-1 is 
released in response to the oral ingestion of food. GLP-l 
appears to regulate plasma glucose levels by a variety of 
mechanisms including the enhancement of glucose depen 
dent insulin secretion, stimulation of proinsulin gene expres 
sion, suppression of glucagon release and gastric emptying, 
enhancement of insulin sensitivity, and increase of satiety 
(see e.g., Xiao et al. (2001 Biochemistry 4012860, and Per 
fetti, R. and Merkel, P. (2000) European J. of Endocrinology 
143:717). GLP-1 is rapidly cleared from the body. The half 
life of GLP-1 in vivo is about 5 minutes, With clearance 
completed Within about 12-13 minutes. Even When adminis 
tered subcutaneously, GLP-1 is cleared from the circulation 
Within 90 minutes (Perfetti, R. and Merkel, P. supra) 
[0203] In addition to providing conjugates that are formed 
through an enZymatically added intact glycosyl linking 
group, the present invention provides conjugates that are 
highly homogenous in their substitution patterns. Using the 
methods of the invention, it is possible to form peptide con 
jugates in Which essentially all of the modi?ed sugar moieties 
across a population of conjugates of the invention are 
attached to a structurally identical amino acid or glycosyl 
residue. Thus, in a second aspect, the invention provides a 
peptide conjugate having a population of Water-soluble poly 
mer moieties, Which are covalently bound to the peptide 
through an intact glycosyl linking group. In a preferred con 
jugate of the invention, essentially each member of the popu 
lation is bound via the glycosyl linking group to a glycosyl 
residue of the peptide, and each glycosyl residue of the pep 
tide to Which the glycosyl linking group is attached has the 
same structure. 

[0204] Also provided is a peptide conjugate having a popu 
lation of Water-soluble polymer moieties covalently bound 
thereto through a glycosyl linking group. In a preferred 
embodiment, essentially every member of the population of 
Water soluble polymer moieties is bound to an amino acid 
residue of the peptide via an intact glycosyl linking group, 
and each amino acid residue having an intact glycosyl linking 
group attached thereto has the same structure. 

[0205] The present invention also provides conjugates 
analogous to those described above in Which the peptide is 
conjugated to a therapeutic moiety, diagnostic moiety, target 
ing moiety, toxin moiety or the like via a glycosyl linking 
group. Each of the above-recited moieties can be a small 
molecule, natural polymer (e.g., polypeptide) or synthetic 
polymer. 
[0206] The conjugates of the invention can include glyco 
syl linking groups that are mono- or multi-valent (e.g., anten 
nary structures). Thus, conjugates of the invention include 
both species in Which a selected moiety is attached to a 
peptide via a monovalent glycosyl linking group. Also 
included Within the invention are conjugates in Which more 
than one selected moiety is attached to a peptide via a multi 
valent linking group. 

The Methods 

[0207] In addition to the conjugates discussed above, the 
present invention provides methods for preparing these and 
other conjugates. Moreover, the invention provides methods 
of preventing, curing or ameliorating a disease state by 
administering a conjugate of the invention to a subject at risk 
of developing a disease or condition, (e.g., diabetes or obe 
sity) or a subject that has the disease or condition. 
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[0208] Thus, the invention provides a method of forming a 
covalent conjugate betWeen a selected moiety and a peptide. 
In exemplary embodiments, the conjugate is formed betWeen 
a Water-soluble polymer, a therapeutic moiety, targeting moi 
ety or a biomolecule, and a glycosylated of non-glycosylated 
peptide. The polymer, therapeutic moiety or biomolecule is 
conjugated to the peptide via a glycosyl linking group, Which 
is interposed betWeen, and covalently linked to both the pep 
tide and the modifying group (eg Water-soluble polymer). 
The method includes contacting the peptide With a mixture 
containing a modi?ed sugar and a glycosyltransferase for 
Which the modi?ed sugar is a substrate. The reaction is con 
ducted under conditions appropriate to form a covalent bond 
betWeen the modi?ed sugar and the peptide. The sugar moiety 
of the modi?ed sugar is preferably selected from nucleotide 
sugars, activated sugars and sugars, Which are neither nucle 
otides nor activated. 

[0209] The acceptor peptide (O-glycosylated or non-gly 
cosylated) is typically synthesiZed de novo, or recombinantly 
expressed in a prokaryotic cell (e.g., bacterial cell, such as E. 
coli) or in a eukaryotic cell such as a mammalian, yeast, 
insect, fungal or plant cell. The peptide can be either a full 
length protein or a fragment. Moreover, the peptide can be a 
Wild type or mutated peptide. In an exemplary embodiment, 
the peptide includes a mutation that adds one or more N- or 
O-linked glycosylation sites to the peptide sequence. 
[0210] The method of the invention also provides for modi 
?cation of incompletely glycosylated peptides that are pro 
duced recombinantly. Many recombinantly produced glyco 
proteins are incompletely glycosylated, exposing 
carbohydrate residues that may have undesirable properties, 
e.g., immunogenicity, recognition by the RES. Employing a 
modi?ed sugar in a method of the invention, the peptide can 
be simultaneously further glycosylated and derivatiZed With, 
e.g., a Water-soluble polymer, therapeutic agent, or the like. 
The sugar moiety of the modi?ed sugar can be the residue that 
Would properly be conjugated to the acceptor in a fully gly 
cosylated peptide, or another sugar moiety With desirable 
properties. 
[0211] Any peptides modi?ed by the methods of the inven 
tion. HoWever, the peptides are typically mutated peptides, 
produced by methods knoWn in the art, such as site-directed 
mutagenesis. Glycosylation of peptides is typically either 
N-linked or O-linked. An exemplary N-linkage is the attach 
ment of the modi?ed sugar to the side chain of an asparagine 
residue. The tripeptide sequences asparagine-X-serine and 
asparagine-X-threonine, Where X is any amino acid except 
proline, are the recognition sequences for enzymatic attach 
ment of a carbohydrate moiety to the asparagine side chain. 
Thus, the presence of either of these tripeptide sequences in a 
polypeptide creates a potential glycosylation site. O-linked 
glycosylation refers to the attachment of one sugar (e. g., 
N-acetylgalactosamine, galactose, mannose, GlcNAc, glu 
cose, fucose or xylose) to the hydroxy side chain of a 
hydroxyamino acid, preferably serine or threonine, although 
unusual or non-natural amino acids, e. g., 5-hydroxyproline or 
5-hydroxylysine may also be used. 
[0212] Moreover, in addition to peptides, the methods of 
the present invention can be practiced With other biological 
structures (e.g., glycolipids, lipids, sphingoids, ceramides, 
Whole cells, and the like, containing an O-linked glycosyla 
tion site). 
[0213] Addition of glycosylation sites to a peptide or other 
structure is conveniently accomplished by altering the amino 










































































