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IMMUNOGLOBULINS COMPRISING PREDOMINANTLY A
GAL,GLCNAC,MAN;GLCNAC, GLYCOFORM

RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
60/590,030, filed July 21, 2004 and U.S. Provisional Application No. filed
60/590,052, July 21, 2004, and is a continuation-in-part of U.S. Application Senal
No. 10/500,240, filed June 25, 2004, which is a national stage filing of International
Application No. PCT/US02/41510, filed December 24, 2002, which claims the benefit
of U.S. Provisional Application No. 60/344,169, filed December 27, 2001. Each of

the above cited applications is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
The present invention relates to compositions and methods for producing
glycoproteins having specific N-linked glycosylation patterns. Particularly, the
present invention relates to compositions of immunoglobulin glycoproteins
comprising a plurality of N-glycans having specific N-glycan structures, and more
particularly, to compositions comprising immunoglobulin glycoproteins wherein
within the plurality there are one or more predominant glycoform structures on the

immunoglobulins that regulate, e.g., promote a specific effector function.
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BACKGROUND OF THE INVENTION

Glycoproteins mediate many essential functions in humans and other
mammals, including catalysis, signaling, cell-cell communication, and molecular
recognition and association. Glycoproteins make up the majorty of non-cytosolic
proteins in eukaryotic organisms (Lis and Sharon, 1993, Eur. J. Biochem. 218:1-27).
Many glycoproteins have been exploited for therapeutic purposes, and during the last
two decades, recombinant versions of naturally-occurring glycoproteins have been a
major part of the biotechnology industry. Examples of recombinant glycosylated

proteins used as therapeutics include erythropoietin (EPO), therapeutic monoclonal
anfibodies (mAbs), tissue plasminogen activator (tPA), interferon-f3 (IFN- 3),

granulocyte-macrophage colony stimulating factor (GM-CSF), and human chorionic
gonadotrophin (hCH) (Cumming et al., 1991, Glycobiology 1:115-130). Variations in
glycosylation patterns of recombinantly produced glycoproteips have recently been
the topic of much attention in the scientific community as recombinant proteins
produced as potential prophylactics and therapeutics approach the clinic.

Antibodies or immunoglobulins (Ig) are glycoproteins that play a central role
in the humoral immune response. Antibodies may be viewed as adaptor molecules
that provide a link between humoral and cellular defense mechanisms. Antigen-
specific recognition by antibodies results in the formation of immune complexes that
may activate multiple effector mechanisms, resulting in the removal and destruction
of the complex. Within the general class of immunoglobulins, five classes of
antibodies—IgM, IgD, IgG, IgA, and IgE—can be distinguished biochemically as
well as functionally, while more subtle differences confined to the variable region

account for the specificity of antigen binding. Amongst these five classes of Igs, there

are only two types of light chain, which are termed lambda () and kappa (k). No
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functional difference has been found between antibodies having A or x chains, and the

ratio of the two types of light chains varies from species to species. There are five
heavy chain classes or isotypes,and these determine the functional activity of an
antibody molecule. The five functional classes of immunoglobulin are:
immunoglobulin M (IgM), immunoglobulin D (IgD), immunoglobulin G (IgG),
immunoglobulin A (IgA) and immunoglobulin E (IgE). Each isotype has a particular
function in immune responses and their distinctive functional properties are conferred
by the carboxy-terminal part of the heavy chain, where it 1s not associated with the

light chain. IgG is the most abundant immunoglobulin isotype in blood plasma, (See

10  for example, Inmunobiology, Janeway et al, 6™ Edition, 2004, Garland Publishing,

15

20

25

New York).

The immunoglobulin G (IgG) molecule comprises a Fab (fragment antigen
binding) domain with constant and variable regions and an Fc (fragment crystallized)
domain. The CH2 domain of each heavy chain contains a single site for N-linked
glycosylation at an asparagine residue linking an N-glycan to the Ig molecule, usually
at residue Asn-297 (Kabat et al., Sequences of proteins of immunological interest,
Fifth Ed., U.S. Department of Health and Human Services, NIH Publication No. 91-
3242).

Analyses of the structural and functional aspects of the N-linked
oligosaccharides are of biological interest for three main reasons: (1) the
glycosylation of the CH2 domain has been conserved throughout evolution,
suggesting an important role for the oligosaccharides; (2) the immunoglobulin
molecule serves as a model system for the analysis of oligosaccharide heterogeneity
(Rademacher and Dwek, 1984; Rademacher et al., 1982); and (3) antibodies comprise

dimeric associations of two heavy chains which place two oligosaccharide units in

PCT/US2005/025656
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direct contact with each other, so that the immunoglobulin molecule involves both
specific protein-carbohydrate and carbohydrate-carbohydrate interactions.

It has been shown that different glycosylation patterns of Igs are associated
with different biological properties (Jefferis and Lund, 1997, Antibody Eng. Chem.
Immunol., 65: 111-128; Wright and Morrison, 1997, Trends Biotechnol., 15: 26-32).
However, only a few specific glycoforms are known to confer desired biological
functions. For example, an immunoglobulin composition having decreased
fucosylation on N-linked glycans is reported to have enhanced binding to human
FcyRIII and therefore enhanced antibody-dependent cellular cytotoxicity (ADCC)
(Shields et al., 2002, J. Biol Chem, 277: 26733-26740; Shinkawa et al., 2003, J. Biol.
Chem. 278: 3466-3473). And, compositions of fucosylated G2 (Gal;GlcNAc;.
Mah3GlcNA02) IgG made in CHO cells reportedly increase complement-dependent
cytotoxicity (CDC) activity to a greater extent than compositions of heterogenous
antibodies (Raju, 2004, US Pat. Appl. No. 2004/0136986). It has also been suggested

that an optimal antibody against tumors would be one that bound preferentially to

activate Fc receptors (FcyRI, FcyRlIla, FcyRIII) and minimally to the inhibitory

FcyRIIb receptor (Clynes et al., 2000, Nature, 6:443-446). Therefore, the ability to
enrich for specific glycoforms on Ig glycoproteins is highly desirable.

In general, the glycosylation structures (oligosaccharides) on glycoprotein will
vary depending upon the expression host and culturing conditions. Therapeutic
proteins produced in non-human host cells are likely to contain non-human

glycosylation which may elicit an immunogenic response 1n humans—¢.g.

hypermannosylation in yeast (Ballou, 1990, Methods Enzymol. 185:440-470); o(1,3)-

fucose and B(1,2)-xylose in plants, (Cabanes-Macheteau et al., 1999, Glycobiology, 9:

365-372); N-glycolylneuraminic acid in Chinese hamster ovary cells (Noguchi et al.,
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1995. J. Biochem. 117: 5-62) and Gala-1,3Gal glycosylation in mice (Borrebaeck et
al. 1993, Immun. Today, 14: 477-479). Furthermore, galactosylation can vary with
cell culture conditions, which may render some immunoglobulin compositions
immunogenic depending on their specific galactose pattern (Patel et al., 1992.
Biochem J. 285: 839-845). The oligosaccharide structures of glycoproteins produced
by non-human mammalian cells tend to be more closely related to those of human
glycoproteins. Thus, most commercial immunoglobulins are produced in mammalian
cells. However, mammalian cells have several important disadvantages as host cells
for protein production. Besides being costly, processes for expressing proteins in
mammalian cells produce heterogeneous populations of glycoforms, have low
volumetric titers, and require both ongoing viral containment and significant time to
generate stable cell lines.

It is understood that different glycoforms can profoundly affect the properties
of a therapeutic, including pharmacokinetics, pharmacodynamics, receptor-interaction
and tissue-specific targeting (Graddis et al., 2002, Curr Pharm Biotechnol. 3. 285-
297). In particular, for antibodies, the oligosaccharide structure can aftect properties
relevant to protease resistance, the serum half-life of the antibody mediated by the

FcRn receptor, binding to the complement complex C1, which induces complement-
dependent cytoxicity (CDC), and binding to FcyR receptors, which are responsible for

modulating the antibody-dependent cell-mediated cytoxicity (ADCC) pathway,
phagocytosis and antibody feedback. (Nose and Wigzell, 1983; Leatherbarrow and
Dwek, 1983; Leatherbarrow et al.,1985; Walker et al., 1989, Carter ef al., 1992, Proc.
Natl. Acad. Sci. USA, 89: 4285-4289).

Because different glycoforms are associated with ditferent biological

properties, the ability to enrich for one or more specific glycoforms can be used to
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elucidate the relationship between a specific glycoform and a specific biological
function. After a desired biological function 1s associated with a specific glycoform
pattern, a glycoprotein composition enriched for the advantageous glycoform
structures can be produced. Thus, the ability to produce glycoprotein compositions

that are enriched for particular glycoforms is highly desirable.

SUMMARY OF THE INVENTION

The present invention provides a composition comprising a plurality of
immunoglobulins each immunoglobulin comprising at least one N-glycan attached
thereto wherein the composition thereby comprises a plurality of N-glycans in which
the predominant N-glycan consists essentially of Gal,GlcNAc;Man;.GIcNAc; lacking
fucose. In preferred embodiments, greater than 50 mole percent of said plurality of N-
glycans consists essentially of Gal,GlcNAc,ManyGleNAc; lacking fucose. More
preferably, greater than 75 mole percent of said plurality of N-glycans consists
essentially of Gal;GlcNAc,Man;GlcNAc; lacking fucose. Most preferably, greater
than 90 percent of said plurality of N-glycans consists essentially of
Gal,GlcNAc,Man; GlcNAc; lacking fucose. In other preferred embodiments, said
Gal,GlcNAc;Man3.GIcNAc; N-glycan structure lacking fucose is present at a level
that is from about 5 mole percent to about 50 mole percent more than the next most
predominant N-glycan structure of said plurality of N-glycans.

The present invention also provides methods for increasing binding to
FcyRIIIa and FcyRIIIb receptor and decreasing binding to FcyRIIb receptor by

enriching for a specific glycoform (e.g. Gal,GlcNAc,Man3GlcNAc;) on an
immunoglobulin. A preferred embodiment provides a method for producing a

composition comprising a plurality of immunoglobulins, each immunoglobulin
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comprising at least one N-glycan attached thereto wherein the composition thereby
comprises a plurality of N-glycans in which the predominant N-glycan consists
essentially of Gal,GlcNAc,Man3GlcNAc; lacking fucose, said method comprising the
step of culturing a host cell that has been engineered or selected to express said
immunoglobulin or fragment thereof. Another preferred embodiment provides a
method for producing a composition comprising a plurality of immunoglobulins, each
immunoglobulin comprising at least one N-glycan attached thereto wherein the
composition thereby comprises a plurality of N-glycans in which the predominant N-
glycan consists essentially of Gal,GleNAc,Man3GlcNAc; lacking fucose, said method
comprising the step of culturing a lower eukaryotic host cell that has been engineered
or selected to express said immunoglobulin or fragment thereof. In other
embodiments of the present invention, a host cell comprises an exogenous gene
encoding an immunoglobulin or fragment thereof, said host cell is engineered or
selected to express said immunoglobulin or fragment thereof, thereby producing a
composition comprising a plurality of immunoglobulins, each immunoglobulin
comprising at least one N-glycan attached thereto wherein the composition thereby
comprises a plurality of N-glycans in which the predominant N-glycan consists
essentially of Gal,GlcNAc;Man3;GlcNAc; lacking fucose. In still other embodiments
of the present invention, a lower eukaryotic host cell comprises an exogenous gene
encoding an immunoglobulin or fragment thereof, said host cell is engineered or
selected to express said immunoglobulin or fragment thereof, thereby producing a
composition comprising a plurality of immunoglobulins, each immunoglobulin
comprising at least one N-glycan attached thereto wherein the composition thereby

comprises a plurality of N-glycans in which the predominant N-glycan consists

essentially of Gal,GlcNAc;Man3GlcNAc; lacking fucose.
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In preferred embodiments of the present invention, a composition compnsing
a plurality of immunoglobulins each iﬂlmunoglobulin comprising at least one N-
glycan attached thereto wherein the composition thereby comprises a plurality of N-
glycans in which the predominant N-glycan consists essentially of
Gal,GlcNAc;Man;GlecNAc; lacking fucose wherein said immunoglobulins exhibit
decreased binding affinity to FcyRIIb receptor. In other preferred embodiments of the
present invention, a composition comprising a plurality of immunoglobulins each
immunoglobulin comprising at least one N-glycan attached thereto wherein the
composition thereby comprises a plurality of N-glycans in which the predominant N-

glycan consists essentially of Gal,GleNAc;ManyGIcNAc; lacking fucose wherein said
immunoglobulins exhibit increased binding affinity to FcyRIIla and FcyRIIIb

receptor. In still another preferred embodiment of the present invention, a
composition comprising a plurality of immunoglobulins each immunoglobulin
comprising at least one N-glycan attached thereto wherein the composition thereby
comprises a plurality of N-glycans in which the predominant N-glycan consists
essentially of Gal;GlcNAc;Man3GlcNAc; lacking fucose wherein said
immunoglobulins exhibit increased antibody-dependent cellular cytoxicity (ADCC).
In one embodiment the composition of the present invention comprises
immunoglobulins which are essentially free of fucose. In another embodiment, the
composition of the present invention comprises immunoglobulins which lack fucose.
The composition of the present invention also comprises a pharmaceutical
composition and a pharmaceutically acceptable carrier. The composition of the
present invention also comprises a pharmaceutical composition of immunoglobulins

which have been purified and incorporated into a diagnostic Kit.
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present invention also comprises a pharmaceutical composition of immunoglobulins

which have been purified and incorporated into a diagnostic kit.

Accordingly, the present invention provides materials and methods for
production of compositions of glycoproteins having predetermined glycosylation
structures, in particular, immunoglobulin or antibody molecules having N-glycans

consisting essentially of Gal,GlcNAc;Man;GIcNAc; lacking fucose.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Schematic representation of an IgG molecule having a Gal,GIcNAc,.
Man;GlcNAc; N-glycan structure.

Figure 2. Coomassie blue stained SDS-PAGE gel of DX-IgG expressed in YAS309
(as described in Example 2) and purified from the culture medium (as described 1n
Example 3) over a Protein A column and a phenyl sepharose column (lane 1). (2.0
ug protein/lane).

Figure 3. MALDI-TOF spectrum of DX-IgG expressed in YAS309, treated with
galactosyltransferase showing predominantly Gal,GlcNAc,Man3GlcNAc; N- glycans.

Figure 4. ELISA binding assay of FcyRIIIb with DX-IgG and Rituximab®. (G2=
Gal,GlcNAc,Man;GlcNAc; N-glycan).

Figure 5. ELISA binding assay of FcyRIIIa-158F with DX-IgG and Rituximab®.
(G2= Gal,GlcNAc;Man;GlcNAc; N-glycan).

Figure 6. ELISA binding assay of FyyRIIb with DX-IgG and Rituximab®. (G2=
Gal,GlcNAc,Man3GIcNAc; N-glycan).

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: 1 encodes the nucleotide sequence of the murine variable and human
constant regions of DX-IgG1 light chain.

SEQ ID NO: 2 encodes the nucleotide sequence of the murine variable and human
constant regions of DX-IgG1 heavy chain.

SEQ ID NO: 3 encodes the nucleotide sequence of the human constant region of an
IgG1 light chain.
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SEQ ID NO: 4 encodes the nucleotide sequence of the human constant region of an
IgG1 heavy chain.

SEQ ID NO: 5 to 19 encode 15 overlapping oligonucleotides used to synthesize by
polymerase chain reaction (PCR) the murine light chain vanable region of DX-IgG1.

SEQ ID NO: 20 to 23 encode four oligonucleotide primers used to ligate the DX-
IgG1 murine light chain variable region to a human light chain constant region.

SEQ ID NO: 24 to 40 encode 17 overlapping oligonucleotides used to synthesize by
PCR the murine heavy chain variable region of DX-IgG1.

SEQ ID NO: 41 to 44 encode four oligonucleotide primers used to ligate the DX-
IgG1 murine heavy chain variable region to a human heavy chain constant region.

SEQ ID NO: 45 encodes the nucleotide sequence encoding the Kar2 (Bip) signal
sequence with an N-terminal EcoRI site.

SEQ ID NO: 46 to 49 encode four oligonucleotide primers used to ligate the Kar2
signal sequence to the light and heavy chains of DX-IgGl.
DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise defined herein, scientific and technical terms and phrases
used in connection with the present invention shall have the meanings that are
commonly understood by those of ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include the plural and plural terms shall
include the singular. Generally, nomenclatures used in connection with, and
techniques of biochemistry, enzymology, molecular and cellular biology,
microbiology, genetics and protein and nucleic acid chemistry and hybridization
described herein are those well known and commonly used in the art. The methods
and techniques of the present invention are generally performed according to
conventional methods well known in the art and as described in various general and
more specific references that are cited and discussed throughout the present
specification unless otherwise indicated. See, e.g., Sambrook et al. Molecular

Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, Cold

10
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Spring Harbor, N.Y. (1989); Ausubel et al., Current Protocols in Molecular Biology,
Greene Publishing Associates (1992, and Supplements to 2002); Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. (1990); Taylor and Drickamer, Introduction to Glycobiology, Oxtord
Univ. Press (2003); Worthington Enzyme Manual, Worthington Biochemical Corp.,
Freehold, NJ: Handbook of Biochemistry: Section A Proteins, Vol 1, CRC Press
(1976); Handbook of Biochemistry: Section A Proteins, Vol II, CRC Press (1976);
Essentials of Glycobiology, Cold Spring Harbor Laboratory Press (1999);
Immunobiology, Janeway et al, 6! Edition, 2004, Garland Publishing, New York)

All publications, patents and other references mentioned herein are hereby
incorporated by reference in their entireties.

The following terms, unless otherwise indicated, shall be understood to have

the following meanings:

33 ¢6

As used herein, the terms “N-glycan” , “glycan” and “glycoform” are used
interchangeably and refer to an N-linked oligosaccharide, e.g., one that is or was
attached by an N-acetylglucosamine residue linked to the amide nitrogen of an
asparagine residue in a protein. The predominant sugars found on glycoproteins are
glucose, galactose, mannose, fucose, N-acetylgalactosamine (GalNAc), N-
acetylglucosamine (GlcNAc) and sialic acid (e.g., N-acetyl-neuraminic acid
(NANA)). The processing of the sugar groups occurs cotranslationally in the lumen
of the ER and continues in the Golgi apparatus for N-linked glycoproteins.

N-glycans have a common pentasaccharide core of Man;GlcNAc; (“Man”™
refers to mannose; “Glc” refers to glucose; and “NAc” refers to N-acetyl; GIcNAc
refers to N-acetylglucosamine). N-glycans differ with respect to the number of

branches (antennae) comprising peripheral sugars (e.g., GlcNAc, galactose, fucose

11
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and sialic acid) that are added to the Man3;GlcNAc; (“Man3”) core structure which is
also referred to as the “trimannose core”, the “pentasaccharide core™ or the
“paucimannose core”. N-glycans are classified according to their branched
constituents (e.g., high mannose, complex or hybrid). A “high mannose” type N-
glycan has five or more mannose residues. A “complex” type N-glycan typically has
at least one GlcNAc attached to the 1,3 mannose arm and at least one GIcNAc
attached to the 1,6 mannose arm of a “trimannose” core. Complex N-glycans may
also have galactose (“Gal”) or N-acetylgalactosamine (“GalNAc”) residues that are
optionally modified with sialic acid or derivatives (e.g., “NANA” or “NeuAc”, where
“Neu” refers to neuraminic acid and “Ac” refers to acetyl). Complex N-glycans may
also have intrachain substitutions comprising “bisecting” GlcNAc and core fucose
(“Fuc”). Complex N-glycans may also have multiple antennae on the “trimannose
core,” often referred to as “multiple antennary glycans.” A “hybrid” N-glycan has at
least one GlcNAc on the terminal of the 1,3 mannose arm of the trimannose core and
zero or more mannoses on the 1,6 mannose arm of the trimannose core. The various
N-glycans are also referred to as “glycoforms.”

Abbreviations used herein are of common usage 1n the art, see, e.g.,
abbreviations of sugars, above. Other common abbreviations include “PNGase”, or
“slycanase” or “‘glucosidase” which all refer to peptide N-glycosidase F (EC
3.2.2.18).

An “isolated” or “substantially pure” nucleic acid or polynucleotide (e.g., an
RNA, DNA or a mixed polymer) is one which is substantially separated from other
cellular components that naturally accompany the native polynucleotide in its natural
host cell, e.g., ribosomes, polymerases and genomic sequences with which 1t 1s

naturally associated. The term embraces a nucleic acid or polynucleotide that (1) has
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been removed from its naturally occurring environment, (2) is not associated with all
or a portion of a polynucleotide in which the "isolated polynucleotide” 1s found 1n
nature, (3) is operatively linked to a polynucleotide which 1t is not linked to in nature,
or (4) does not occur in nature. The term “isolated” or “substantially pure™ also can
be used in reference to recombinant or cloned DNA isolates, chemically synthesized
polynucleotide analogs, or polynucleotide analogs that are biologically synthesized by
heterologous systems.

However, “isolated” does not necessarily require that the nucleic acid or
polynucleotide so described has itself been physically removed from its native
environment. For instance, an endogenous nucle.ic acid sequence in the genome of an
organism is deemed “isolated” herein if a heterologous sequence 1s placed adjacent to
the endogenous nucleic acid sequence, such that the expression of this endogenous
nucleic acid sequence is altered. In this context, a heterologous sequence 1s a
sequence that is not naturally adjacent to the endogenous nucleic acid sequence,
whether or not the heterologous sequence is itself endogenous (originating from the
same host cell or progeny thereof) or exogenous (originating from a different host cell
or progeny thereof). By way of example, a promoter sequence can be substituted
(e.g., by homologous recombination) for the native promoter of a gene 1n the genome
of a host cell, such that this gene has an altered expression pattern. This gene would
now become “isolated” because it is separated from at least some of the sequences
that naturally flank it.

A nucleic acid is also considered “isolated” if it contains any modifications
that do not naturally occur to the corresponding nucleic acid in a genome. For
instance, an endogenous coding sequence is considered “isolated™ if 1t contains an

insertion, deletion or a point mutation introduced artificially, e.g., by human
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intervention. An “isolated nucleic acid” also includes a nucleic acid integrated into a
host cell chromosome at a heterologous site and a nucleic acid construct present as an
episome. Moreover, an “isolated nucleic acid” can be substantially free of other
cellular material, or substantially free of culture medium when produced by
recombinant techniques, or substantially free of chemical precursors or other
chemicals when chemically synthesized.

As used herein, the phrase “degenerate variant” of a reference nucleic acid
sequence encompasses nucleic acid sequences that can be translated, according to the
standard genetic code, to provide an amino acid sequence identical to that translated
from the reference nucleic acid sequence. The term “degenerate oligonucleotide™ or
“degenerate primer” is used to signify an oligonucleotide capable of hybridizing with
target nucleic acid sequences that are not necessarily identical in sequence but that are
homologous to one another within one or more particular segments.

The term “percent sequence identity” or “identical” in the context of nucleic
acid sequences refers to the residues in the two sequences which are the same when
aligned for maximum correspondence. The length of sequence identity comparison
may be over a stretch of at least about nine nucleotides, usually at least about 20
nucleotides, more usually at least about 24 nucleotides, typically at least about 28
nucleotides, more typically at least about 32 nucleotides, and preferably at least about
36 or more nucleotides. There are a number of different algorithms known in the art
which can be used to measure nucleotide sequence identity. For instance,
polynucleotide sequences can be compared using FASTA, Gap or Bestfit, which are
programs in Wisconsin Package Version 10.0, Genetics Computer Group (GCG),
Madison, Wisconsin. FASTA provides alignments and percent sequence identity of

the regions of the best overlap between the query and search sequences. Pearson,
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Methods Enzymol. 183:63-98 (1990) (hereby incorporated by reference in its entirety).
For instance, percent sequence identity between nucleic acid sequences can be
determined using FASTA with its default parameters (a word size of 6 and the
NOPAM factor for the scoring matrix) or using Gap with its default parameters as
provided in GCG Version 6.1, herein incorporated by reference. Alternatively,
sequences can be compared using the computer program, BLAST (Altschul et al., J.
Mol. Biol. 215:403-410 (1990); Gish and States, Nature Genet. 3:266-272 (1993),
Madden et al., Meth. Enzymol. 266:131-141 (1996); Altschul et al., Nucleic Acids
Res. 25:3389-3402 (1997); Zhang and Madden, Genome Res. 7:649-656 (1997)),
especially blastp or tblastn (Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997)).

The term “substantial homology” or “substantial similarity,” when referring to
a nucleic acid or fragment thereof, indicates that, when optimally aligned with
appropriate nucleotide insertions or deletions with another nucleic acid (or 1ts
complementary strand), there is nucleotide sequence identity in at least about 50%,
more preferably 60% of the nucleotide bases, usually at least about 70%, more usually
at least about 80%, preferably at least about 90%, and more preferably at least about
95%., 96%, 97%, 98% or 99% of the nucleotide bases, as measured by any well-
known algorithm of sequence identity, such as FASTA, BLAST or Gap, as discussed
above.

Alternatively, substantial homology or similarity exists when a nucleic acid or
fragment thereof hybridizes to another nucleic acid, to a strand of another nucleic
acid, or to the complementary strand thereot, under stringent hybridization conditions.
“Stringent hybridization conditions” and “stringent wash conditions” in the context of
nucleic acid hybridization experiments depend upon a number of different physical

parameters. Nucleic acid hybridization will be affected by such conditions as salt
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concentration, temperature, solvents, the base composition of the hybridizing species,
length of the complementary regions, and the number of nucleotide base mismatches
between the hybridizing nucleic acids, as will be readily appreciated by those skilled
in the art. One having ordinary skill in the art knows how to vary these parameters to

achieve a particular stringency of hybridization.

In general, “stringent hybridization” is performed at about 25 °C below the
thermal melting point (Ty,) for the specific DNA hybrid under a particular set of
conditions. “Stringent washing” is performed at temperatures about 5°C lower than
the T, for the specific DNA hybrid under a particular set of conditions. The Ty, 1s the
temperature at which 50% of the target sequence hybridizes to a perfectly matched
probe. See Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989), page 9.51, hereby
incorporated by reference. For purposes herein, “stringent conditions” are defined for
solution phase hybridization as aqueous hybridization (i.e., free of formamide) in 6X
SSC (where 20X SSC contains 3.0 M NaCl and 0.3 M sodium citrate), 1% SDS at 635

°C for 8-12 hours, followed by two washes in 0.2X SSC, 0.1% SDS at 65 °C for 20

minutes. It will be appreciated by the skilled worker that hybridization at 65 °C will

occur at different rates depending on a number of factors including the length and

percent identity of the sequences which are hybridizing.

The term “mutated” when applied to nucleic acid sequences means that
nucleotides in a nucleic acid sequence may be inserted, deleted or changed compared
to a reference nucleic acid sequence. A single alteration may be made at a locus (a
point mutation) or multiple nucleotides may be inserted, deleted or changed at a single
locus. In addition, one or more alterations may be made at any number of loci within

a nucleic acid sequence. A nucleic acid sequence may be mutated by any method
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known in the art including but not limited to mutagenesis techniques such as “error-
prone PCR” (a process for performing PCR under conditions where the copying
fidelity of the DNA polymerase is low, such that a high rate of point mu-tations 1S
obtained along the entire length of the PCR product; see, e.g., Leung et al.,
Technique, 1:11-15 (1989) and Caldwell and Joyce, PCR Methods Applic. 2:28-33
(1992)); and “oligonucleotide-directed mutagenesis” (a process which enables the
generation of site-specific mutations in any cloned DNA segment of interest; see, e.g.,
Retdhaar-Olson and Sauer, Science 241:53-57 (1988)).

The term “vector” as used herein 1s intended to refer to a nucleic acid
molecule capable of transporting another nucleic acid to which it has been linked. One
type of vector is a “plasmid”, which refers to a circular double stranded DNA loop
into which additional DNA segments may be ligated. Other vectors include cosmids,
bacterial artificial chromosomes (BAC) and yeast artificial chromosomes (YAC).
Another type of vector is a viral vector, wherein additional DNA segments may be
ligated into the viral genome (discussed in more detail below). Certain vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g.,
vectors having an origin of replication which functions in the host cell). Other vectors
can be integrated into the genome of a host cell upon introduction into the host cell,
and are thereby replicated along with the host genome. Moreover, certain preferred
vectors are capable of directing the expression of genes to which they are operatively
linked. Such vectors are referred to herein as “recombinant expression vectors™ (Or
simply, “expression vectors”).

As used herein, the term “sequence of interest” or “gene of interest” refers to a
nucleic acid sequence, typically encoding a protein, that is not normally produced 1n

the host cell. The methods disclosed herein allow one or more sequences of interest
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or genes of interest to be stably integrated into a host cell genome. Non-limiting
examples of sequences of interest include sequences encoding one or more
polypeptides having an enzymatic activity, e.g., an enzyme which affects N-glycan
synthesis in a host such as mannosyltransferases, N-acetylglucosaminyltransferases,
UDP-N-acetylglucosamine transporters, galactosyltransferases, UDP-NV-
acetylgalactosyltransferase, sialyltransferases and fucosyltransterases.

The term “marker sequence” or “marker gene” refers to a nucleic acid
sequence capable of expressing an activity that allows either positive or negative
selection for the presence or absence of the sequence within a host cell. For example,
the P. pastoris URAS gene is a marker gene because 1ts presence can be selected for
by the ability of cells containing the gene to grow in the absence of uracil. Its
presence can also be selected against by the inability of cells containing the gene to
grow in the presence of 5-FOA. Marker sequences or genes do not necessarily need
to display both positive and negative selectability. Non-limiting examples of marker
sequences or genes from P. pastoris include ADEI, ARG4, HIS4 and URA3. For
antibiotic resistance marker genes, kanamycin, neomycin, geneticin (or G418),
paromomycin and hygromycin resistance genes are commonly used to allow for
growth in the presence of these antibiotics.

“Operatively linked” expression control sequences refers to a linkage in which
the expression control sequence is contiguous with the gene of interest to control the
gene of interest, as well as expression control sequences that act in frans or at a
distance to control the gene of interest.

The term “expression control sequence” as used herein refers to
polynucleotide sequences which are necessary to affect the expression of coding

sequences to which they are operatively linked. Expression control sequences are
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sequences which control the transcription, post-transcriptional events and translation
of nucleic acid sequences. Expression control sequences include appropriate
transcription initiation, termination, promoter and enhancer sequences; efficient RNA
processing signals such as splicing and polyadenylation signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (e.g.,
ribosome binding sites); sequences that enhance protein stability; and when desired,
séquences that enhance protein secretion. The nature of such control sequences differs
depending upon the host organism; in prokaryotes, such control sequences generally
include promoter, ribosomal binding site, and transcription termination sequence.
The term “control sequences” is intended to include, at a minimum, all components
whose presence is essential for expression, and can also include additional
components whose presence is advantageous, for example, leader sequences and
fusion partner sequences.

The term “recombinant host cell” (“expression host cell”, “expression host
system”, “expression system” or simply "host cell"), as used herein, 1s intended to
refer to a cell into which a recombinant vector has been introduced. It should be
understood that such terms are intended to refer not only to the particular subject cell
but to the progeny of such a cell. Because certain modifications may occur in
succeeding generations due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term "host cell" as used herein. A recombinant host cell may be an
isolated cell or cell line grown in culture or may be a cell which resides in a living

tissue or organism.
The term “eukaryotic” refers to a nucleated cell or organism, and includes

insect cells, plant cells, mammalian cells, animal cells and lower eukaryotic cells.
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The term “lower eukaryotic cells” includes yeast, fungi, collar-flagellates,
microsporidia, alveolates (e.g., dinoflagellates), stramenopiles (e.g, brown algae,
protozoa), thodophyta (e.g., red algae), plants (e.g., green algae, plant cells, moss) and
other protists. Yeast and fungi include, but are not limited to: Pichia sp., such as
Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia
membranaefaciens, Pichia minuta (Ogataea minuta, Pichia lindneri), Pichia
opuntiae, Pichia thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi,
Pichia stiptis andPichia methanolica;. Saccharomyces sp., such as Saccharomyces
cerevisiae; Hansenula polymorpha, Kluyveromyces sp., such as Kluyveromyces lactis;
Candida albicans, Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae,
Trichoderma reesei, Chrysosporium lucknowense, Fusarium sp., such as Fusarium
gramineum, Fusarium venenatum; Physcomitrella patens and Neurospora crassa.

The term “peptide” as used herein refers to a short polypeptide, e.g., one that
is typically less than about 50 amino acids long and more typically less than about 30
amino acids long. The term as used herein encompasses analogs and mimetics that
mimic structural and thus biological function.

The term “polypeptide” encompasses both naturally-occurring and non-
naturally-occurring proteins, and fragments, mutants, derivatives and analogs thereof.
A polypeptide may be monomeric or polymeric. Further, a polypeptide may comprise
a number of different domains each of which has one or more distinct activities.

The term “isolated protein” or “isolated polypeptide” is a protein or
polypeptide that by virtue of its origin or source of derivation (1) 1s not associated
with naturally associated components that accompany it in its native state, (2) exists 1n
a purity not found in nature, where purity can be adjudged with respect to the

presence of other cellular material (e.g., is free of other proteins from the same
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species) (3) is expressed by a cell from a different species, or (4) does not occur 1n
nature (e.g., it is a fragment of a polypeptide found in nature or it includes amino acid
analogs or derivatives not found in nature or linkages other than standard peptide
bonds). Thus, a polypeptide that is chemically synthesized or synthesized in a cellular
system different from the cell from which it naturally originates will be “1solated™
from its naturally associated components. A polypeptide or protein may also be
rendered substantially free of naturally associated components by isolation, using
protein purification techniques well known in the art. As thus defined, “isolated”
does not necessaril<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>