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TITLE OF THE INVENTION
RECOMBINANT VECTORS

RELATED APPLICATIONS
This application claims benefit of U.S. Provisional Patent Application No. 60/801,688
filed May 19, 2006.

BACKGROUND OF THE INVENTION
¢)) Field of the Invention

The present invention relates to the field of molecular biology, and recombinant
bioengineering. In particular, the invention relates to materials and methods for integrating
heterologous nucleic acids into the genome of a host organism with little or no disturbance of
expression of the genes located in the integration site of the host.

) Description of Related Art

Recombinant bioengineering technology has enabled the ability to introduce heterologous
or foreign genes into hosts and organisms to produce hosts and organisms that can then be used
for the production and isolation of the proteins encoded by the heterologous genes. Numerous
recombinant expression systems are available for expressing heterologous genes in mammalian
cell culture, plant and insect cell culture, and microorganisms such as yeast and bacteria.
However, currently available recombinant expression systems are subject to factors that can limit
their utility. These factors include the stability of the transformants; the viability of the
recombinantly transformed vector and hosts; and the ability to control for factors such as number
of copies of the plasmid vector incorporated into a host genome.

Current methods of recombinant bioengineering for producing stable recombinant hosts
commonly use so-called “knock-out” vectors in which a heterologous gene to be expressed ina
host is inserted into a known locus or site within the host’s genome. The “knock-out” vector
consists of an expression cassette flanked by nucleic acid sequences homologous to the nucleic
acid sequences flanking the site in the locus where the heterologous gene will be inserted.
Typically, the flanking nucleic acid sequences are homologous to the nucleic acid sequences
flanking an existing gene that is either known to encode a protein that is not essential for the
host's survival or a gene whose absence may be complemented. The inserted expression cassette
will replace all or part of the gene at the insertion site. The open reading frame (ORF) regions of
genes are typically used as insertion loci because the nucleic acid sequences encoding ORFs are
usually well-characterized in terms of structure and function. Because untranslated areas of the
host genome are not well u}lae}stood, insertions into those regions may have unpredictable
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effects on the host which may fatally or adversely affect growth of the host to such an extent as to
render the host unsuitable for expressing the heterologous protein.

However, the number of loci within a host genome's coding sequences, or ORFs, known
to encode for non-essential proteins may be quite limited. Additionally, once a given integration
locus has been used, it is not possible to use that same locus for further integration within the
host. Furthermore, because the 'knock-out' method of transformation replaces a functional unit
within the host genome, there may be significant perturbation of the genome, which will
eventually exhibit adverse effects on the host's productivity or viability.

A second method of constructing recombinant hosts typically involves the use of “roll-in
vectors” in which an expression cassette may be inserted using a single cross-over at an insertion
locus within the host genome. Because only a single site is used for integration, it is possible to
use either coding sequence or non-translated sequence within the locus. If a known ORF is used
for the insertion site, the “roll-in’’ vector may also “knock out” expression of the ORF thereby
eliminating expression of the encoded protein and, therefore, will have the disadvantages
enumerated above for “knock out” vectors. If a roll-in vector is designed to insert an expression
cassette into an untranslated sequence locus, it is possible that minimal adverse effects on the
host will be observed. However, it is also possible that the untranslated sequence locus may
entail an essential function, in which case unpredictable adverse effects may occur.

The use of roll-in vectors has further disadvantages. In particular, because the roll-in
vector relies upon the occurrence of only a single recombination event to integrate into the
genome, it is relatively unstable, and the vector may be eliminated from the cell by further
recombinant events. Also, the roll-in vector results in an unpredictable gene copy number
because multiple insertions may occur either at the same or different insertion sites.

In order to extend the engineering of recombinant expression systems, and to further the
development of novel expression systems such as the use of lower eukaryotic hosts to express
mammalian proteins with human-like glycosylation, it is necessary to design improved methods
and materials to extend the skilled artisan's ability to accomplish complex goals, such as
integrating multiple genetic units into a host, with minimal disturbance of the genome of the host
organism.

BRIEF SUMMARY OF THE INVENTION

The present invention provides methods and materials for producing recombinant hosts
that stably express heterologous proteins in which the nucleic acids encoding the heterologous
proteins are inserted anywhere within the genome of the host with minimal or no effect on
expression of any of the genes at or around the insertion site. The method and vectors enable
expression cassettes to be integrated into a gene of a host to make a recombinant host while
preserving the function of the gene. The functional expression of the gene is not disrupted even
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though the expression cassette has been inserted into the gene because the vectors disclosed
herein direct integration of the expression cassette into a site just outside of the ORF comprising
the host gene and provide expression control sequences that enable expression of the gene to be
maintained. Thus, the methods and materials of the present invention allow for the integration of
heterologous nucleic acids into the genome of the host with minimal or no disturbance of
function of the genome in the region in which the plasmid has been integrated.

Using the methods and vectors as disclosed herein, homologous recombination occurs in
such a manner as to create intergenic regions, such that recombinant vectors encoding a number
of heterologous proteins or nucleic acids can be integrated into the genome with minimal
disruption to the host genome. The invention has particular utility when it is desired to integrate
multiple heterologous genes into the genome of a host. The method uses a knock-in vector, '
which is designed to introduce an intergenic region adjacent to an ORF or coding sequence in the
host genome. The intergenic region contains an expression cassette that expresses the
heterologous protein. Because the expression cassette is contained within the newly created
intergenic region, no ORF or coding sequence of the host is disrupted. The intergenic region is
created by adding a transcriptional terminator region right after the stop codon of the ORF in the
5” crossover region of the knock-in vector. The 3” crossover region of the vector starts at the
5°end with the nucleotide that follows the stop codon of the ORF in the genome. The vector then
contains an expression cassette encoding a heterologous protein, fusion protein, antisense RNA
molecule, or RNAi molecule and, optionally, an expression cassette encoding a marker for
selection or identification of the recombinant host. Because insertion of the nucleic acid
encoding the heterologous protein minimally affects expression of the genes at or around the
insertion site, the vector enables any location in the host gene to be used as an insertion site.
Thus, nucleic acids encoding a heterologous protein or the like can be inserted not only into
genes encoding functions non-essential for survival of the host but also into genes that encode
functions that are essential for survival of the host and without the need to complement the lost
function.

Thus, provided are methods and vectors for stably integrating heterologous nucleic acid
sequences into a host genome without duplicating sequences or ORFs (or gene products
produced from ORFs) and without deleting host sequences. Accordingly, the present invention
provides a very valuable tool to the molecular biologist who wants to modify a host's genome
very specifically: allowing for the targeted insertion and stable integration into the host of one or
more heterologous genes, under the control of suitable regulatory sequences. The method is
highly advantageous in that it allows for stable and targeted integration, in a controlled manner
that reduces the likelihood that the integrated sequence will be disrupted, eliminated, or excised
by further recombinant events. In addition, transformation or transfection of cells with the
vectors disclosed herein results in relatively minor disruption to the host genome, so that, the
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cell's productivity and characteristics will be largely unaffected, other than by the effects of the
gene product(s) of the heterogeneous sequences that have intentionally been incorporated therein.
Furthermore, because no host sequences are lost, the method and vectors can be used for the
stable and controlled transformation of organisms whose entire genomic sequence may not be
known, reducing or eliminating the possibility that an essential genomic sequence will be
unintentionally deleted or disrupted.

Further provided are hosts that have been stably transformed with one or more of the
vectors as disclosed herein. These hosts will have stably integrated into their cellular genome
one or more expression cassettes which will each direct the expression of its respective
heterologous gene product. However, the hosts otherwise maintain their native genome with
little or no additional disruption to the host. Such hosts may have a variety of uses, including
their use for highly specific screening of the ir vivo effects that the heterologous sequences have
on the host. In addition, the hosts may be particularly well suited for the creation and
improvement of cellular expression systems.

Thus, the methods and vectors are advantageous in that they allow the molecular biologist
to very specifically transform hosts with one or more expression cassettes into the host genome
in a manner which provides control of copy number, and stability of integration, while
minimizing or avoiding the risk of unintentionally altering the host genome in a way that may be
deleterious to the host, or may otherwise interfere with the goals of expressing the specific gene
product(s) of the one or more heterologous sequences, which have been intentionally
incorporated into the host genome.

Among the problems addressed by the method is the lack of sufficient loci to stably
integrate foreign DNA without having to knock out or otherwise modify genes in the genome of
an organism. A significant advantage is that essentially any known ORF can be used to integrate
genes of interest, without affecting the expression of the gene encoded by the chosen ORF.
Another significant advantage of the system is that the vectors contain an additional transcription
termination sequence, such that genomic transcription in both directions is largely undisturbed by
the insertion of the vectors. Another significant advantage is that it allows the integration of
multiple heterologous genes via a single homologous recombination event, using a single genetic
marker.

The inventors have used vectors of the present invention, which they have termed ‘knock-
in’ vectors, or ‘KINKO’ (acronym for “Knock-In with little or No Knock-Out’) vectors in the
construction of recombinant yeast strains, particularly Pichia pastoris. They have been used to
specifically integrate many of the genes necessary to produce glycoproteins in P. pastoris that
have complex, mammalian N-glycan structures. To date, knock-in vectors have been constructed
and used for various genomic loci of P. pastoris, such as the loci of auxotrophic markers URA3,
HIS4, ARG4, ADE1, ADE2, HIS3, PRO1, PRO2, TRPI, TRPS, LYSI, LYS4, and THRI.
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However, because of their minimal disruption of the genome, the vectors have potentially
universal use, and many different types of knock-in vectors can be constructed as taught herein.

Thus, the present invention provides methods and materials for the improved
transformation of cells and viruses, such that said transformed cells are able to express multiple
heterologous genes, with minimal or reduced disturbance of the native host genome. In certain
embodiments, the present invention allows for the production of transformed hosts, such as lower
eukaryotic hosts, cell lines, and organisms, with improved characteristics, namely the ability to
express multiple heterologous genes involved in glycosylation, with minimal disturbance to the
viability and productivity of the transformed hosts, cell lines, and organisms, such that upon
further transformation with a vector encoding a desired glycoprotein, the hosts, cell lines, and
organisms are able to produce such glycoprotein in a form that comprises a desired N-linked
glycoform.

Thus, the present invention provides methods and materials for the improved
transformation of hosts and viruses, such that said transformed hosts are able to express multiple
heterologous genes, with minimal or reduced disturbance of the native host genome. In certain
embodiments, the present invention allows for the production of transformed hosts, such as
lower eukaryotic hosts, cell lines and organisms, with improved characteristics, namely the
ability to express multiple heterologous genes involved in glycosylation, with minimal
disturbance to the viability and productivity of the transformed hosts, cell lines, and organisms,
such that upon further transformation with a vector encoding a desired glycoprotein, said hosts,
cell lines, and organisms are able to produce such glycoprotein in a form that comprises a desired
N-linked glycoform. Upon secretion and isolation of such glycoprotein, the methods and
materials increase greatly the ability to obtain compositions of such glycoprotein, wherein the
glycoprotein compositions comprise a desired N-linked glycoform as the predominant species
thereof. In particular embodiments, the methods and materials of the invention allow the
production of transformed hosts, which are able to produce glycoprotein compositions .

comprising predominantly a desired N-linked glycan structure selected from the group consisting
of: NANA,GalaGleNAcoMan3GlcNAca; GalaGleNAc2Man3GleNAc);

GlcNAcaMan3GleNAcy; Man3zGlcNAcy; NANAGalGlcNAcMansGlecNAcp;
GalGlcNAcMansGlcNAcz; GicNAcMansGlcNAcy and MansGlecNAco.

As discussed earlier, the method and vectors have broad application in a wide variety of
expression systems, including not only lower eukaryotic systems, but also higher eukaryotic
systems, such as mammalian, insect, and plant as well as prokaryotic systems. The non-limiting
examples which follow describe the use of the methods and materials of the present invention
which are adapted for preparation of lower eukaryotic hosts, particularly Pichia pastoris,
containing multiple genes involved in glycosylation of glycoproteins produced by such hosts, as
well as vectors useful for preparation of such hosts. However, it will be understood by one
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skilled in the art that the methods and materials of the invention are quite versatile and can be
used, with modifications and adaptations within the means of the skilled artisan, for the
construction of hosts and vectors for additional purposes. Such modifications, adaptations and
usages can be accomplished without variance from the spirit and practice of the present
description, and are therefore considered to be within the scope of the invention.

Definitions

The term ““vector’ as used herein is 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 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, antisense molecule, or RNAi molecule, that is not
normally produced in the host cell. The methods disclosed herein allow one or more sequences
of interest 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
mannosyliransferases, N-acetylglucosaminyltransferases, UDP-N-acetylglucosamine transporters,
galactosyltransferases, UDP-N-acetylgalactosyltransferase, sialyltransferases, and
fucosyltransferases.

The term "gene" refers to a transcription unit comprising an open reading frame operably
linked to expression control sequences.

The term “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 trans 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 sequences which control the transcription, post-
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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, sequences 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 “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 URA5 gene is a marker
gene because its presence can be selected for by the ability of cells containing the gene to grow in
the absence of uracil (See U.S. Pub. Application No. 20040229306). 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
ADEI1, 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.

The term “recombinant host cell” (“expression host cell”, “expression host system”,
“expression system” or simply "host cell"), as used herein, is 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.

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 pastoris, Pichia finlandica, Pichia trehalophila, Pichia
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koclamae, Pichia membranaefaciens, Pichia minuta (Ogataea minuta, Pichia lindneri), Pichia
opuntiae, Pichia thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi, Pichia
stiptis, Pichia methanolica, Pichia sp., Saccharomyces cerevisiae, Saccharomyces sp.,
Hansenula polymorpha, Kluyveromyces sp., Kluyveromyces lactis, Candida albicans,
Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae, Trichoderma reesei, Chrysosporium
lucknowense, Fusarium sp., Fusarium gramineum, Fusarium venenatum, Physcomitrella patens
and Neurospora crassa. Pichia sp., any Saccharomyces sp., Hansenula polymorpha, any
Kluyveromyces sp., Candida albicans, any Aspergillus sp., Trichoderma reesel, Chrysosporium
lucknowense, any Fusarium sp. 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 2 number of different domains
each of which has one or more distinct activities.

The term “fusion protein” refers to a polypeptide comprising a polypeptide or fragment
coupled to heterologous amino acid sequences. Fusion proteins are useful because they can be
constructed to contain two or more desired functional elements from two or more different
proteins. A fusion protein comprises at least 10 contiguous amino acids from a polypeptide of
interest, more preferably at least 20 or 30 amino acids, even more preferably at least 40, 50 or 60
amino acids, yet more preferably at least 75, 100 or 125 amino acids. Fusions that include the
entirety of the proteins of the present invention have particular utility. The heterologous
polypeptide included within the fusion protein of the present invention is at Jeast 6 amino acids
in length, often at least 8 amino acids in length, and usefully at least 15, 20, and 25 amino acids
in length. Fusions also include larger polypeptides, or even entire proteins, such as the green
fluorescent protein (“GFP”) chromophore-containing proteins having particular utility. Fusion
proteins can be produced recombinantly by constructing a nucleic acid sequence which encodes
the polypeptide or a fragment thereof in frame with a nucleic acid sequence encoding a different
protein or peptide and then expressing the fusion protein. Altematively, a fusion protein can be
produced chemically by crosslinking the polypeptide or a fragment thereof to another protein.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the typical structure of an embodiment of the knock-in vector showing the
5' crossover region containing an ORF, the adjacent transcription terminator sequence, an

expression cassette, an expression cassette encoding a marker gene, and 3' crossover region. The
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position of the expression cassette and marker expression cassette relative to each other can be
varied as well as the orientation. The stop codon of the ORF in the 5' crossover region and the
first nucleotide following the ORF in the 3' crossover region are indicated.

Figure 2A illustrates how the embodiment of the knock-in vector shown in Figure 1 is
inserted into the genome downstream of the stop codon of the endogenous ORF by homologous
recombination. ORF — Open Reading Frame. TT — Heterologous transcription terminator
sequence. The 3’ region of the expression cassette contains its own transcriptional termination
sequence. Expr. Cass. — Expression Cassette. For homologous recombination, the 5°-region,
ORF and 3’-region are homologous to genomic sequences in the host.

Figure 2B illustrates how another embodiment of the knock-in vector is inserted into the
genome upstream of the start codon of the endogenous ORF by homologous recombination.
ORF — Open Reading Frame. Prom — Heterologous promoter sequence. The 3’ region of the
expression cassette contains its own transcriptional termination sequence. Expr. Cass. —
Expression Cassette. For homologous recombination, the 5’-region, ORF and 3’-region are
homologous to genomic sequences in the host.

Figure 3A shows a diagram of knock-in plasmid vector pSH823, which can be used to
insert a sequence of interest into the Pichia pastoris genome adjacent to the TRP2 ORF. The
sequence of interest can be inserted into the plasmid between the PpGAPDH promoter sequence
(PpGAPDH) and the ScCY(C transcription termination sequence (ScCYC TT). The plasmid
further includes the selectable marker PpURAS.

Figure 3B shows a diagram of knock-in plasmid vector pSH926, which was used to insert
five ORFs into the Pichia pastoris genome adjacent to the TRP2 ORF. The ORFs encode Homo
sapiens UDP-N-acetylglucosamine-2-epimerase/N-acetylmannosamine kinase (GNE), H. sapiens N-
acetylneuraminate-9-phosphate synthase (SPS), H. sapiens CMP-sialic acid synthase (CSS), Mus
musculus CMP-sialic acid transporter (CST) and a fusion protein consisting of amino acids 40 to 403 of
M. musculus o-2,6-sialyltransferase (ST) and the S. cerevisiae targeting region of Mnz1. Each ORF has
its own promoter and termination sequence. The plasmid further includes the selectable marker
PpHISI.

Figure 4 shows a comparison of the N-linked glycosylation pathways in humans and in P.
pastoris. Mns; a 1,2-mannosidase, MnsIl; mannosidase II, GnT1; 8 1,2-N-
acetylglucosaminyltransferase I, GnTII; 8 1,2-N-acetylglucosaminyltransferase II, GalT; 8 1,4-
galactosyltransferase, SiaT; & 2,6-sialyltransferase, MnT; mannosyltransferase.

Figure 5 shows the glyco-engineering steps required for sialic acid transfer in the yeast
Golgi. Endogenous UDP-GIcNAc, present in the yeast cytoplasm, is converted to CMP-sialic
acid and translocated into the Golgi lumen, by the CMP-sialic acid transporter (CST).
Subsequently sialic acid from CMP-sialic acid is transferred onto the acceptor glycan by the
sialyltransferase (ST). Components of the biosynthetic pathway: UDP-N- acetylglucosamine-2-
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epimerase/N-acetylmannosamine kinase (GNE), N- acetylneuraminate-9-phosphate synthase
(SPS), sialylate-9-P phosphatase (SPP) and CMP-sialic acid synthase (CSS). Glycan structures
are described in Figure 4.

Figure 6A shows an HPLC characterization of N-linked glycans released from
recombinant rEPO secreted from P. pastoris strain YSH551 and purified from culture
supernatants by Ni-affinity chromatography. Glycans were released from rEPO by PNGase-F
treatment and labeled with 2-AB prior to HPLC analysis. Glycan structures are described in
Figure 1.

Figure 6B shows an HPLC characterization of N-linked glycans released from
recombinant rEPO secreted from P. pastoris strain YSH557. Glycans were released from rEPO
by PNGase-F treatment and labeled with 2-AB prior to HPLC analysis. Elution times for
commercial glycan standards corresponding to GS5.0 was 24 minutes. Glycan structures are
described in Figure 1.

Figure 6C shows an HPLC characterization of N-linked glycans released from
recombinant rEPO secreted from P. pastoris strain YSH597. Glycans were released from rEPO
by PNGase-F treatment and labeled with 2-AB prior to HPLC analysis. Elution times for
commercial glycan standards corresponding to GS5.5 and 6.0 were 40 and 66 minutes,
respectively. Glycan structures are described in Figure 1.

Figure 6D shows an HPLC that confirms that glycans secreted from YSH597 in Figure
6C contained sialic acid. The sample was treated with -2,3-/-2,6-/-2,8-sialidase. Elution time
for commercial glycan standards corresponding to GS5.0 was 24 minutes. Glycan structures are
described in Figure 1.

Figure 7 shows a characterization of recombinant rEPO obtained from P. pastoris. SDS-
PAGE analysis (A) of recombinant rEPO (2.5 pg, post-purification) secreted from YSH551 and
YSHS597 strains, following incubation in the presence (+) or absence (-) of PNGase-F.
Comparative hematocrit analysis (B) of recombinant EPO secreted from YSH551(blue and green
bars) and YSH597 (red and yellow bars). Values correspond to days 8 (blue and red bars) and 15
(green and yellow bars), following initial injection. Data presented as mean + S.D. of n=5 mice
per dose.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods and materials for producing recombinant hosts
that stably express a heterologous sequence of interest in which the sequence of interest can be
inserted anywhere within the genome of the host with minimal or no effect on expression of any
of the genes at or around the insertion site. Thus, the methods and materials of the present
invention allow for the integration of heterologous nucleic acids into the genome of the host with
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minimal or no disturbance of function of the genome in the region in which the plasmid has been
integrated.

The method uses a knock-in vector, which is designed to introduce an intergenic region
adjacent to an ORF or coding sequence in the host genome. The intergenic Tegion contains on or
more expression cassettes, each expressing a sequence of interest. Because the one or more
expression cassettes are contained within the newly created intergenic region, no ORF or coding
sequence of the host is disrupted. The intergenic region is created by adding a transcriptional
terminator region right after the stop codon of the ORF in the 5° crossover region of the knock-in
vector and the 3° crossover region of the vector starts at the 5’end with the nucleotide that
follows the stop codon of the ORF in the genome or the intergenic region is created by adding a
promoter right before the start codon of the ORF in the 3' crossover region of the knock-in
vector. The vector then contains one or more expression cassettes, each containing a sequence of
interest, which can encode for example, a heterologous protein, fusion protein, antisense
molecule, or RNAi molecule and, optionally, a second expression cassette encoding a detectable
or selectable marker for facilitating selection or identification of the recombinant host (See, for
example, Figures 1-3). Examples of detectable or selectable markers include, but are not limited
to, genes encoding antibiotic resistance; genes encoding proteins that complement the absence of
the protein in the host; genes encoding enzymatic activities such as beta-galactosidase; green
fluorescent protein; and genes encoding proteins detectable using antibodies or the like. Because
insertion of the expression cassettes minimally affects expression of the genes at or around the
insertion site, the vector enables any location in the host gene to be used as an insertion site.
Thus, expression cassettes can be inserted not only into genes encoding functions non-essential
for survival of the host but also into genes that encode functions that are essential for survival of
the host and without the need to complement the lost function.

Thus, what is provided is a polynucleotide construct or vector adapted to integrate into a
target polynucleotide by recombination, the construct comprising: (2) a first and second
nucleotide sequence each homologous with a corresponding nucleotide sequence flanking a
desired integration site in a target polynucleotide, the first and second nucleotide sequences being
capable of undergoing homologous recombination with the corresponding nucleotide sequence
flanking the desired integration site; (b) a third nucleotide sequence operably linked to the first
and second nucleotide sequences, the third nucleotide sequence comprising one or more
expression cassettes and the third nucleotide sequence being situated in a region of the construct
located between the first and second nucleotide sequences so as to enable the third nucleotide
sequence to become integrated into the target polynucleotide whenever the polynucleotide
construct homologously recombines with the target polynucleotide; and (c) a fourth nucleotide
sequence operably linked to the first and third nucleotide sequences or the second and third
nucleotide sequences, wherein the fourth nucleotide sequence includes an expression control
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sequence and is located between the first and third nucleotide sequences or third and second
nucleotide sequences. In further embodiments, the third nucleotide sequence includes at least
two expression cassettes and one of the expression cassettes encodes a detectable or selectable
marker.

In particular embodiments of the vector, the first nucleotide sequence comprises an ORF,
which ends at the 3' end of the first nucleotide sequence, the fourth nucleotide sequence is
located between the first and third nucleotide sequences, and the fourth nucleotide sequence
comprises a transcription termination sequence capable of terminating transcription of the ORF
when the construct is integrated into the genome of a host. In other embodiments of the vector,
the second nucleotide sequence comprises an ORF, which begins at the 5' end of the second
nucleotide sequence, the fourth nucleotide sequence is located between the third and second
nucleotide sequences, and the fourth nucleotide sequence comprises a promoter sequence capable
of initiating transcription of the ORF when the construct is integrated into the genome of a host.

Figure 1 illustrates the design of a typical knock-in plasmid vector for integrating an
expression cassette into the genome of a host. The orientation of the expression cassettes relative
to each other and to the ORF can be in either direction. While Figure 1 shows the expression
cassette following the transcription termination sequence adjacent to the ORF stop codon, in
other embodiments the marker expression cassette can follow the transcription termination
sequence adjacent to the ORF stop codon. While Figure 1 shows one expression cassette
comprising a sequence of interest and one expression cassette encoding a detectable marker, in
further embodiments, the vector can contain a plurality of expression cassettes. Each sequence of
interest can have its own promoter and terminator. In addition or alternatively, polycistronic
vectors may be used in which expression of more than sequences of interest, each with its own
initiator and stop codons, are driven by a single promoter and terminator sequence. As shown in
Figure 1, the marker is a second expression cassette that can have its own promoter and
termination sequence. In particular embodiments, the most 3' expression cassette can use the
transcription termination sequences in the 3' flanking crossover region.

Figure 2A illustrates how the expression cassette is integrated into genome of the host by
homologous recombination. The Figure shows an ORF in the genome of a host with 5 and 3°
flanking crossover sequences. The stop codon of the ORF in the 5' flanking crossover region is
indicated. The knock-in vector is preferably linear or linearized and is shown below the
integration region of the host genome. As shown, the vector contains the 5” and 3’ flanking
crossover regions and the ORF. However, adjacent to and 3’ of the stop codon in the ORF is a
heterologous transcription terminator sequence, which will cause termination of transcription of
the ORF and thus enable a functional RNA transcript of the ORF to be transcribed and translated.
Adjacent to and 3’ of the heterologous transcription terminator sequence is an expression cassette

comprising a transcription unit, which encodes, for example, a heterologous protein, fusion
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protein, antisense molecule, RNAi molecule, or the like. In general, in most embodiments, the
expression cassette comprises a promoter, an ORF, and a transcription termination sequence.
The orientation of the expression cassette relative to the ORF can be in either direction.
Adjacent to the expression cassette as shown in the Figure can be an expression cassette
encoding a detectable marker for facilitating selection or identification of a recombinant host
comprising the integrated sequences. Orientation of the expression cassette encoding the
detectable marker relative to the ORF can be in either direction. Adjacent to, and 3’ of the
expression cassette encoding the marker, is a 3’ flanking region. In lieu of providing a
transcription termination sequence for this 3' expression cassette, the transcription termination
sequence contained within the 3' flanking crossover region can be used.

Also shown in Figure 2A is the genome after the vector has been integrated into the
genome by homologous recombination via the 5’ and 3 flanking sequences. As shown,
transcription of the ORF will terminate in the heterologous transcription termination sequence
following the ORF, producing an RNA transcript similar in function to the RNA transcript
produced in the non-recombinant host. Thus, the function encoded by the ORF has not been
disrupted because the transcript will produce a functional gene product encoded by the ORF just
like in the non-recombinant host. Therefore, because the integrated sequences do not disrupt
functional gene expression (that is, allows production of a functional transcript of the gene it is
inserted into that can be translated into a functional gene product) if the ORF encodes an
essential gene product, that gene product will continue to be made in the recombinant host.
However, unlike the non-recombinant host, the recombinant host now includes the expression
cassettes and will express the proteins or RNA encoded by the expression cassettes. It is
important to note that 3” flanking region remains intact as in the non-recombinant host.
Therefore, all 3’ flanking functions remain functional, for example, regulatory sequences for
controlling expression of the genes downstream of the integration site.

While Figures 1 and 2A and B show vectors having a detectable and selectable marker in
addition to an expression cassette, in particular embodiments the vectors contain one or more
expression cassettes encoding sequences of interest but do not contain an expression cassette
encoding a detectable or selectable marker. The Applicants discovered that inserting the vectors
disclosed herein into a host that has a mutation in the gene at the insertion locus that renders the
host deficient in the product encoded by the gene at the insertion locus, results in a recombinant
host that is no longer deficient in the product encoded by the gene at the insertion locus. Thus,
repair of a mutation in the gene at the insertion site can serve as the selection marker. For
example, if the gene at the insertion site encodes an essential gene product that can be
complemented by supplementing the growth conditions with the gene product or a metabolite
that complements the loss of the gene product, recombinant hosts can be identified by growing
the recombinant under conditions that lack the gene product or the metabolite that complements
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the loss of the gene function because only recombinant hosts in which the mutated gene has been
repaired will grow. Therefore, the vectors disclosed herein further include embodiments
wherein the 5' or 3' flanking sequences include an ORF which can be used as a selectable marker.

Therefore, in a further embodiment, a vector is provided, which stably integrates
heterologous nucleic acid sequences into a host genome without duplicating or deleting host
genomic sequences. In general, the vector has the following arrangement, from the 5' to 3'
direction: (a) 5' flanking sequence homologous to the 5' side of an insertion site in a target
sequence in the host genome, which includes an open reading frame (ORF); (b) a first
transcription termination sequence; (c) one or more expression cassettes wherein each expression
cassette comprises (i) a promoter sequence; (ii) a sequence of interest; and (ii1) optionally, a
second transcription termination sequence; and (d) a 3' flanking sequence homologous to the 3'
side of the insertion site of the target sequence. In particular embodiments, at least one of the
expression cassettes encodes a detectable or selectable marker.

In a currently preferred embodiment, the 5' flanking sequence of the vector (a) includes
all or part of an open reading frame (ORF) corresponding to an ORF in the host, which is
operably linked with the first transcription termination sequence at the 3’ end of the ORF such
that the first transcription termination sequence is adjacent to the stop codon for the ORF. The
ORF is preferably that of the genetic loci to which the flanking sequences are directed. In this
manner, the ORF contained within the 5' flanking sequence will replace the native ORF, which is
disrupted, and will be expressed under the control of the native promoter, and the first
transcription termination sequence (b) of the inserted vector. The first transcription termination
sequence is heterologous with respect to the ORF.

Thus, further provided is a vector for inserting a sequence of interest into a target DNA
sequence in the genome of a host comprising (a) a first homologous vector DNA sequence
capable of homologous recombination with a first region of the target DNA sequence, which
ends at its 3' end with the stop codon of an open reading frame (ORF); (b) a heterologous
transcription termination sequence operably linked to the ORF; (c) one or more expression
cassettes; and (d) a second homologous vector DNA sequence capable of homologous
recombination with a second region of the target DNA sequence; wherein the 5'-3' orientation of
the first homologous vector sequence relative to said second homologous vector sequence is the
same as the 5'-3' orientation of the first region relative to the second region of the target sequence
and the first and second vector sequences correspond to adjacent first and second regions in the
target DNA sequence; and wherein the vector is capable of undergoing homologous
recombination with the target DNA sequence. In currently preferred embodiments, the vector
has at least two expression cassettes and one of the expression cassettes encodes a detectable or
selectable marker. In particular embodiments, (a) and (d) each may comprise one or more
restriction sites.
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Although not essential, one skilled in the art will recognize that propagation and use of
the vectors herein may be enhanced by inclusion of one or more restriction sites at selected points
within the vector, particularly between individual elements of the vectors, and/or at either or both
ends of the flanking regions. The selected points may optimally include, for example: 5’ of (a);
between (a) and (b); between (b) and (c); between (c) and (d); and at the 3' end of (d).
Depending upon preference for versatility, restriction sites may be paired to allow for maximal
versatility of the vectors. For example, pairing a given restriction site 5' of (a) and 3' of (d)
allows for ligation and removal of the entire intact vector. Pairing of a given restriction site
between (b) and (c) and between (c) and (d) allows for ligation, removal, and interchanging of
expression cassettes. It may also be desired to have one or more restriction sites within the first
expression cassette and/or the second expression cassette, which allows for ease of
interchangeably “swapping out” one or more of the components of the first and second
expression cassettes to create additional expression cassettes.

In order to reduce the likelihood of an undesired cleavage, ligation, or rearrangement
occurring, it is currently preferred that the restriction enzymes used be strongly site-specific; that
is, that the restriction enzymes correspond to relatively rare restriction sites, which reduces the
chances that an unexpected restriction site will appear within the genome. Examples of strongly
site-specific restriction enzymes corresponding to relatively rare restriction sites include, but are
not limited to, Nofl, Sfil;, Rsr1l; Sgfl; and Pacl. If desired, other convenient restriction enzymes
may also be included, such as Ascl; BamHI; Xhol; and BglIl.

In the event that the gene in the expression cassette is intended to be secreted from the
cell, or targeted to a specific location within the cell, such as the endoplasmic reticulum or the
Golgi apparatus, the expression cassette may further comprise a signal sequence encoding a
signal peptide, located between the expression control or promoter sequence and the sequence
encoding the gene. The signal peptide is chosen for its ability to target the adjacent peptide
sequence to the intended site.

The 5' and 3' flanking sequences are each complementary to a region, preferably to very
close or adjoining regions, within the host genome of the intended host. For example, if the
intended host is Saccharomyces cerevisiae or Pichia pastoris, the flanking sequences preferably
originate from such lower eukaryotic cell. In the case of Saccharomyces and Pichia, some
genetic loci for the flanking sequences for the vectors include, but are not limited to, HISY,
ARG4, ADE1, ADE2, HIS3, PRO1, PRO2, TRPI, TRP2, TRPS, LYS1, LYS4, and THRI.

Any one of the aforementioned genetic loci can also be used as selectable markers when
the host to receive the vector is deficient in gene product encoded by any one of the
aforementioned genetic loci. Thus, the vector can comprise an expression cassette encoding the
product of one of the aforementioned loci as a marker that complements the loss of the product
when the vector is inserted into a second locus of a host deficient in the gene product encoded by

H
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the marker. The vector can include the gene of a locus at the insertion locus in the 5' or 3'
flanking sequences such that when the vector is inserted into the locus of a host deficient in the
gene product by homologous recombination, the gene at the locus is repaired such that a
functional gene product is produced at the locus.

In further embodiments, the selectable marker is counter-selectable, such that after
transformation, the detectable marker can then be excised from the host genome, and by selecting
for the absence of the selectable marker, a host is identified which has the expression cassette
encoding the functional sequence of interest, but not the expression cassette encoding the
detectable marker. Examples of currently preferred counter-selectable markers for the
Saccharomyces or Pichia hosts include URA3 and URAS5. In further embodiments, at least one
unique restriction site is present between the first expression cassette (d) and the second
expression cassette encoding the selectable marker.

In a further embodiment, the vectors of the invention comprise the following elements in
the following arrangement, from the 5' to 3' direction: (a) a 5' flanking sequence homologous to
the 5' side of an insertion site in a target sequence in the host genome, which includes sequence
up to an open reading frame (ORF); (b) one or more expression cassettes wherein each
expression cassette comprises (i) a promoter sequence; (ii) a sequence of interest; and (iii)
optionally, a second transcription termination sequence; (c) a promoter sequence for regulating
expression of the ORF; and (d) a 3' flanking sequence homologous to the 3' side of the insertion
site in the target sequence in the host genome, which includes the ORF and its start codon.

In the further embodiment, the 3' flanking sequence (d) preferably includes an open
reading frame (ORF) corresponding to an ORF present in the host, which is operably linked with
the promoter sequence in (c). In currently preferred embodiments, the promoter (c)isa
heterologous promoter with respect to the ORF. The ORF is preferably that of the genetic loci to
which the flanking sequences are directed. In this manner, the ORF contained within the 3’
flanking sequence will replace the native ORF, which is disrupted, and will be expressed under
the control of the promoter sequence (c) of the inserted vector and the native transcription
termination sequence of the disrupted ORF. The alternative embodiment is illustrated in Figure
2B. -

A further still embodiment of the vector for inserting a sequence of interest into a target
DNA sequence in the genome of a host comprises (2) a first homologous vector DNA sequence
capable of homologous recombination with a first region of the target DNA sequence; (b) one or
more expression cassettes; (c) a promoter sequence; and (d) a second homologous vector DNA
sequence capable of homologous recombination with a second region of the target DNA
sequence, which begins with the start codon of an open reading frame (ORF) at its 5' end and
which is operably linked to the promoter; wherein the 5'-3' orientation of the first homologous
vector sequence relative to said second homologous vector sequence is the same as the 5'-3'
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orientation of the first region relative to the second region of the target sequence and the first and
second vector sequences correspond to adjacent first and second regions in the target DNA
sequence; and wherein the vector is capable of undergoing homologous recombination with the
target DNA sequence.

Tn all other aspects, the above embodiments may be modified in accordance with the
principles described with respect to the embodiments described earlier.

In certain embodiments the vectors of the present invention may have multiple expression
cassettes in series within the 5' and 3' flanking sequences. In such embodiments, each expression
cassette comprises a promoter, a transcription unit, and terminator sequence, such that, upon
integration into the host genome, each expression cassette will operatively express its respective
transcription unit under the control of its respective promoter and transcription terminator
sequences. In such a manner, expression of multiple transcription units (or genes) in a host can
be accomplished via a single integration event using the vectors disclosed herein. Many
variations of expression cassette design are possible and their uses are within the scope of the
present invention. For example, if desired, expression cassettes may be designed with multiple
promoters in order to obtain stronger expression of its respective ORF, or multiple transcription
units may be contained within an expression cassette under the control of one or more promoters
to attain coordinated expression of multiple genes.

In the examples below, use of the vectors disclosed herein is illustrated with respect to a
method for engineering lower eukaryotic hosts of the species Pichia pastoris so that the hosts are
able to produce glycoproteins with a glycosylation pattern similar to that produced by
mammalian cells. Accordingly, various components of the present invention, as described in the
examples, have been optimized with respect to these particular embodiments of the invention.
However, the skilled artisan will recognize the versatility of the present invention, and will
recognize that the description of such optimized embodiments in no way limits the applicability
of the present invention with respect to other expression systems.

Examples of promoters that are operable in Pichia include, but are not limited to, Pichia
GAPDH promoters; Saccharomyces GAPDH promoters; Pichia PMAI promoters; Pichia TEF
promoters; Pichia AOX promoters; ALG6 promoters; and Pichia MLS1 promoters. Examples of
transcription terminator sequences that are operable in Pichia include, but are not limited to,
ALGS3 terminators; Pichia ALGG6 terminators; Saccharomyces cytochrome C (CYC) terminators;
Pichia PMA1 terminators; and Pichia TEF terminator sequences. Examples of selectable
markers for use in Pichia include but are not limited to, Pichia URAS5 genes; Pichia URA3 genes;
Pichia HIS (including HIS! through HIS6) genes; and Pichia ARG (including ARG through
ARG3) genes. Examples of insertion sites include, but are not limited to, Pichia ADE genes;
Pichia TRP (including TRPI through TRP2) genes; Pichia MCA genes; Pichia CYM genes;
Pichia PEP genes; Pichia PRB genes; and Pichia LEU genes. The Pichia ADE1 and ARG4
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genes have been described in Lin Cereghino ez al., Gene 263:159-169 (2001) and U.S. Patent No.
4,818,700, the HIS3 and TRPI genes have been described in Cosano et al., Yeast 14:861-867
(1998), HIS4 has been described in GenBank Accession No. X56180.

The examples illustrate the practice of the present invention in currently preferred
embodiments in Pichia pastoris. However, this invention may be applied to a wide range of host
cells and expression systems using publicly available genomic databases, as well as proprietary
genomic databases, which may be purchased. With recent advances in genomics sciences, the
entire or partial genomes of many species are now available through the internet, or through
scientific publications. (See, for example, the website of the Encyclopedia of Bioscience at
www.bioscienc.org (Frontiers in Bioscience, PO Box 160 Albertson, NY 11507-0160), which
provides links to genomic databases of numerous vertebrates, insects, fungal, bacterial, and
plants. See also, the genomic database services and products of Integrated Genomics, Inc. (2201
W Campbell Park DR Ste 15
Chicago, IL 60612), including databases for numerous microorganisms.

While the present invention is exemplified below using a Pichia pastoris expression
system for the production of glycoproteins having fully complex sialylated N-linked glycoforms,
the example is non-limiting, and the invention has much broader applicability. The skilled
artisan will recognize that many modifications and improvements are possible without deviating
from practicing the essence of the invention, and with such modifications, the invention may be
used with virtually any type of expression system, host organism or cell. Thus, this invention
may be applied to a wide range of host cells and expression systems using publicly available
genomic databases, as well as proprietary genomic databases, which may be purchased for
identification of target sequences and ORFs which are suitable for inserting expression cassettes
as taught herein. With recent advances in genomics sciences, the entire or partial genomes of
many species are now available through the internet, or through scientific publications. (See, for
example, the website of the Encyclopedia of Bioscience at www.bioscienc.org (Frontiers in
Bioscience, P.O. Box 160 Albertson, NY 11507-0160), which provides links to genomic
databases of numerous vertebrates, insects, fungal, bacterial, and plants. See also, the genomic
database services and products of Integrated Genomics, Inc. (2201 W. Campbell Park DR, Ste.
15, Chicago, IL 60612), including databases for numerous microorganisms, including Pichia
pastoris. Further, while the present invention is exemplified expressing recombinant
glycoproteins with fully complex sialylated N-glycans from a P. pastoris expression system,
many other potential applications and uses are possible as will be readily appreciated and within
reach when this specification is read by the skilled artisan. Such modifications, improvements,
applications and uses are within the contemplated scope of the present invention.

EXAMPLE 1
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In accordance with the principles, methods and materials described above, the inventors
have constructed several series of vectors with the same overall architecture, but with variations
designed to further elucidate the operation and optimization of the present invention.

In the first series of vectors, the inventors modified vector pJN267, the construction of
which is described in U. S. Published Patent Application No. 2004/0229306 and Nett and
Gerngross, Yeast 20: 1279-1290 (2003). The pJN267 vector contains the ORF encoding the P.
pastoris URAS gene. An 40X1 transcription termination sequence is inserted after the KEX1-5'
region to generate pJN473, which is used as the master plasmid to generate the first series
vectors. Note that pJN473 is not itself a vector within the present invention because of the
choice of the 5' region, which is designed to knock out KEX/. Plasmid pJN473 was modified to
generate two sets of vectors within the present invention, the first set of vectors using the Pichia
pastoris URA3 blaster as the selectable marker and the second set using the Pichia pastoris
URAS blaster as the selectable marker.

As shown in Table 1, the 5’ and 3’ flanking KEXI regions of pJN473 were excised and
replaced with 5” and 3” flanking ADEI, ARG4, HIS3, HIS4, or TRP1 regions to produce vectors
pIN492-496, respectively. The 5' flanking region contained the ADE1, ARG4, HIS3, HIS4, or
TRPI ORF up to the stop codon and the 3' flanking region contained the sequences downstream
from the ORF, e.g., the native transcription termination sequences. These plasmid vectors then
contain the AOX1 transcription termination sequence adjacent to the stop codon of the ORF and
S. cerevisiae URAS3 blaster as the selectable marker.

TABLE 1
Plasmid  Restriction 5’ Resulting Restriction 3’ Resulting
sites Flanking plasmid sites Flanking  plasmid
Region Region

pIN473  Sacl/Pmel ADE1-5'  pJN486 Swal/Sall  ADEI-3'  pJN492
pIN473  EcoRI/Pmel ARG4-5'  pIN487 Swal/Sphl  ARG4-3'  pIN493
pIN473  Sacl/Pmel HIS3-5' pIN488 Swal/Sall  HIS3-3' pIN494
pIN473  Sacl/Pmel HIS4-5' pIN489 Swal/Sphl  HIS4-3' pIN495
pIN473  Sacl/Pmel TRPI-§' pJN490 Swal/Sall TRP1-3' pIN496

The plasmids (pJN492 to pJN496 shown in Table 1) were then modified further to
contain different selectable markers. For all vectors, the S. cerevisiae URA3 blaster was cut out
using Swal/Xhol and the resulting ends were blunt ended using T4 DNA polymerase. Then, a
DNA fragment containing the P. pastoris URAS5 blaster was removed from plasmid pJN396 (See
U. S. Pat. Pub. 2004/0229306) by digesting with EcoRI and Sphl. The ends were blunt ended
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with T4 DNA polymerase and the fragment was inserted into plasmids pJN492 to pJN496 to
yield plasmids pJN507a/b to pJN511a/b, respectively.

To generate another set of plasmids containing the P. pastoris URA3 blaster as selectable
marker, plasmids pJN492 to pJN496 were modified as follows. For all vectors the S. cerevisiae
URA3 blaster was cut out using Swal/Xhol and the resulting ends were blunt ended using T4
DNA polymerase. Then, a DNA fragment containing the P. pastoris URA3 blaster was removed
from plasmid pJN315 (See U. S. Pat. Pub. 2004/0229306) by digesting with Swal and X#ol. The
ends were blunt ended with T4 DNA polymerase and the fragment containing the P. pastoris
URA3 blaster was inserted into plasmids pJN492 to pJN496 to yield plasmids pJN513a/b to
pIN517a/b, respectively.

A similar set of vectors was constructed using the P. pastoris ALG3 (PpALG3) terminator
region instead of the 40X/ terminator. Pp ALG3 gene has been described in Davidson et al,
Glycobiol. 14: 399-407 (2004), GenBank Accession No. AY653304, and U.S. Published Patent
Application No. 2005/0170452. Vector construction started with pGLY24, the master knock out
plasmid, marked with the Pichia pastoris URAS blaster auxotrophic marker. Plasmid pGLY24
is basically the same as p267 except with ARG3 in place of the KEX1 as the place holder.
Addition of the PpALG?3 terminator in the restriction site following the 5'-region resulted in the
master plasmid pGLY566. Again, because of the choice of the 5' region, this vector is itself not a
KINKO vector but an 4RG3 knock out vector. Exchange of the 5'- and 3'- regions then resulted
in the following plasmids shown in Table 2. Note: plasmid pGLY962 corresponds to pGLY566
with a destroyed BamHI site.

TABLE 2

Plasmid Region Resulting Region Resulting

exchanged plasmid exchanged plasmid
pGLY566 HIS3-5' pGLYS575 HIS3-3' pGLYS579
pGLY566 TRPI-5' pGLYS576 TRPI-3' pGLYS580
pGLY566 ADE1-5' pGLYS577 ADEI-3' pGLY581
pGLYS566 ADE2-3' pGLY1079 ADE2-5' pGLY1080
pGLY566 LYS4-3' pGLY2521 LYS4-5' pGLY2529
pGLY566 LYS1-5' pGLY2522 LYS1-3' pGLY2530
pGLY566 PROI-5' pGFI163 PROI-3' pGFI164
pGLY566— TRP2-5' pGLY971 TRP2-3' pGLY972
pGLY962

To test the integration efficiency of the KINKO plasmids, expression cassettes containing DNA
encoding two leader/o-1,2- mannosidase fusion proteins (BC1 and BC18) were cloned into
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pIN507a/b to pJN511a/b and pJN513a/b to pIN517a/b and each set of plasmids was transformed
into two URA5- yeast strains: strains YIN199-1 and YIN199-6 (See U.S. Published Patent
Application No. 2004/0229306) for pJN507a/b to pIN511a/b (Table 3) and strains YIN227-1
and YIN227-4 (URA3-) for pJN513a/b to pJN517a/b (Table 4).

PCR analysis was performed on 48 clones per transformation. The PCR analysis showed
a high level of integration efficiency into the correct locus at the correct position.

Table 3
Strain Marker  Manno- pIN507a/b pIN508a/b pIN509a/b
sidase
YIN199-1 PpURA5S BCil 47/48=98% 46/48=96% 47/48=98%
YIN199-1 PpURA5S BCIS8 48/48=100%  48/48=100% 48/48=100%
YIN199-6 PpURA5S BCl 46/48=96% 43/48=90% 47/48=98%
YIN199-6 PpURA5S BCI18 46/48=96% 41/48=85% 48/48=100%
Average 98% 93% 99%
pIN510a/b pJN51la/b
YIN199-1 PpURAS BC1 ' 46/48=96% 47/48=98%
YIN199-1 PpURA5S BCI18 26/48=54% 47/48=98%
YIN199-6 PpURAS BCl1 39/48=81% 46/48=96%
YIN199-6 PpURA5S BCI18 5/48=10% 48/48=100%
60% 98%
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Table 4
Strain Marker Mannosi  pJNS513a/b pJN514a/b pIN515a/b
-dase
YIN227-1 PpURA3 BCl 47/48=98% 30/48=63% 35/48=73%
YIN227-1 PpURA3 BCI18 47/48=98% 42/48=88% 41/48=85%
YIN227-4 PpURA3 BCl 47/48=98% 85/96=89% 44/48=92%
YIN227-4 PpURA3 BCl18 47/48=98% [contaminated] 46/48=96%
Avg: 98% 82% 87%
pIN516a/b pIN517a/b
YJIN227-1 PpURA3 BCl1 33/33=100%  36/48=75%
YIN227-1 PpURA3 BCI18 34/34=100%  46/48=96%
YIN227-4 PpURA3 BCl1 31/31=100%  44/48=92%
YIN227-4 PpURA3 BCI18 31/31=100%  45/48=94%
Avg: 100% 89%

EXAMPLE 2
This example illustrates the construction of a recombinant yeast capable of producing
glycoproteins having complex, mammalian-like N-glycans. A KINKO expression vector

containing the five genes necessary for constructing a sialylation pathway in yeast was used to
insert the five genes adjacent to the TRP2 ORF.

Methods and materials:

Strains, culture conditions, and reagents. Escherichia coli strains TOP10 or X1.10-Gold
were used for recombinant DNA work. PNGase-F, sialidase, restriction and modification
enzymes were obtained from New England BioLabs (Beverly, MA), and used as directed by the
manufacturer. Oligonucleotides were obtained from Integrated DNA Technologies (Coralville,
IA). Codon-optimization of genes was provided by GeneArt (Regensburg, Germany), using the
GENEOPTIMIZER software adapted for Pichia pastoris codon usage. Metal chelating
“HisBind” resin was obtained from Novagen (Madison, WI). 96-well lysate-clearing plates were
from Promega (Madison, WI). Protein-binding 96-well plates were from Millipore (Bedford,
MA). Salts and buffering agents were from Sigma (St. Louis, MO). Typically, protein
expression was carried out at 26°C in 50 ml buffered glycerol-complex medium (BMGY)
consisting of 1% yeast extract, 2% peptone, 100 mM potassium phosphate buffer, pH 6.0, 1.34%
yeast nitrogen base, 4 x 10-5% biotin, and 1% glycerol as a growth medium. Induction was
performed in 5ml of buffered methanol-complex medium (BMMY), consisting of 1.5% methanol
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instead of glycerol in BMGY. Minimal medium is 1.4% yeast nitrogen base, 2% dextrose, 1.5%
agar and 4 x 10-5% biotin and amino acids supplemented as appropriate.

Generation of rat EPO expression vector.

A truncated form of Rattus norvegicus erythropoietin (fEPO), encoding amino acids 27 to
192, was amplified from rat kidney cDNA (BD Biosciences, Palo Alto, CA) using Advantage 2
polymerase as recommended by the manufacturer. Briefly, the primers rEP O-for and rEPO-rev
(5’- GGGAATTCGC TCCCCCACGCCTCATTTGCGAC-3’ (SEQ ID NO:1) and 5°-
CCTCTAGATCACCTGTCCC CTCTCCTGCAGGC-3’ (SEQ ID NO:2), respectively) were
used to amplify a 516 bp product from rat kidney cDNA using the following cycling conditions:
94°C for 1min, 1 cycle; 94°C for 30 seconds, 72°C for 1 minute, 5 cycles; 94°C for 30 seconds,
70°C for 1 minutes, 5 cycles; 94°C for 20 seconds, 68°C for 1 minute, 25 cycles. Subsequently
the product was cloned into pCR2.1 (Invitrogen, Carlsbad, CA), sequenced, and the resultant
construct designated pSH603. To generate the yeast expression vector, pSH603 was digested
with EcoRI and Xbal to liberate a 506 bp fragment which was subcloned into pPICZoA
(Invitrogen, Carlsbad, CA), which had previously been digested with the same enzymes. The
resultant expression vector was designated pSH692.

Generation of codon-optimized genes in yeast expression cassettes.

Open reading frames for Homo sapiens UDP-N-acetylglucosamine-2-epimerase/N-
acetylmannosamine kinase (GNE), H. sapiens N-acetylneuraminate-9-phosphate synthase (SPS),
H. sapiens CMP-sialic acid synthase (CSS), Mus musculus CMP-sialic acid transporter (CST)
and amino acids 40 to 403 of M. musculus o-2,6-sialyltransferase (ST) were analyzed by the
GENEOPTIMIZER software and codon-optimized for P. pastoris expression (GeneArt,
Regensburg, Germany). The resultant synthetic DNAs for GNE, SPS, CSS and CST were
generated with 5° Bsal and 3’ Hpal restriction sites, cloned into a shuttle vector and designated
pGLY368, 367, 366 and 369, respectively. The synthetic DNA for ST was generated with 5’
Ascl and 3’ Pacl restriction sites, cloned into a shuttle vector and designated pSH660.

To generate the SPS, CSS and CST expression cassettes, the vectors pGLY367, 366 and
369 were digested with Bsal and Hpal to excise 1.1, 1.3, and 1.0 Kb fragments, which were
treated with T4 DNA polymerase to remove single strand overhangs (Sambrook, Russell,
Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY, ed. 3rd, 2001)). Subsequently these fragments were subcloned into the vectors
pGLY359, 17 and 363 previously digested with No#/ and Ascl for the former, and Notl and Pacl
for the latter two, and treated with T4 DNA polymerase. The resultant vectors pSH819,
containing SPS in a PpPMA Iprom-PpPMA It cassette flanked by Pacl restriction sites; pSH824,
containing CSS in a PpGAPDH-ScCYCtt cassette flanked by 5’ Bglll and 3° BamHI restriction
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sites; and pGLY372, containing CST in a PpPMA1prom-PpPMALtt cassette flanked by RsrII
restriction sites.

To generate the ST catalytic domain fused to a yeast localization signal, the S. cerevisiae
targeting region of Mntl was amplified from genomic DNA using Taq DNA polymerase
(Promega, Madison, WI) and the primers ScMnt1-for and ScMntl-rev (5°-
GGGCGGCCGCCACCATGGCCCICTTTCTC AGTAAGAGACT GTTGAG-3’ (SEQID
NO:3) and 5°- CCGGCGCGCCCGATGACTTGTTG TTCAGGGGATATAGATCCTG-3” (SEQ
ID NO:4), respectively). The conditions used were: 94°C for 3 minutes, 1 cycle; 94°C for 30
seconds, 55°C for 20 seconds, 68°C for 1 minute, 30 cycles; 68°C for 5 minutes, 1 cycle. The
resultant 174 bp fragment containing 5’ NorI and 3’ Ascl restriction sites was subcloned in-frame
5? to the codon-optimized ST, creating the vector pSH861. Subsequently this vector was
digested with NozI and Pacl to excise a 1.3 Kb fragment, containing the ST-fusion, treated with
T4 DNA polymerase and subcloned into pGLY361 prepared by digestion with NotI and Pacl,
and treated with T4 DNA polymerase. The resultant vector, containing the ST- fusion in a
PpTEFprom-PpTEFtt cassette flanked by SgfI restriction sites, was designated pSH893.

Generation of sialic acid engineering vector.

A yeast KINKO expression vector pSH823, containing a P. pastoris GAPDH promoter
and S. cerevisiae CYC transcription terminator, was designed to integrate into the Pichia genome
downstream of the Trp2 ORF. This vector is illustrated in Figure 3A. The salient feature of this
KINKO vector is that the ALG3 transcription termination sequence is adjacent to the stop codon
of the TRP2 ORF. The 2.6Kb fragment encoding the PMA-CST expression cassette was excised
from pGLY 372 using the restriction enzyme Rs7II and subcloned into pSH823 digested with the
same enzyme. The resultant vector in which the PMA-CST and GAPDH expression cassettes
were aligned in the same direction was designated pSH826. Subsequently this vector was
digested with the restriction enzymes NotI and Pacl and the single strand overhangs removed
with T4 DNA polymerase (Sambrook, Russell, Molecular Cloning: A Laboratory Manual (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, ed. 3rd, 2001)).

Into this linearized KINKO construct, the 2.2Kb fragment of GNE; isolated from
pGLY368 by digestion with Bsal and Hpal, and treated with T4 DNA polymerase to remove
single strand overhangs, was subcloned. This vector was designated pSH828. Subsequently this
vector was digested with Pacl, into which the 2.7 Kb Pacl fragment of pSH819, encoding the
PMA-SPS expression cassette, was subcloned. The vector produced, in which the PMA-SPS
expression cassette was aligned in the opposite orientation to the GAPDH expression cassette,
was designated pSH830. At this stage the URAS marker was replaced with HIS1 by excising the
2.4 Kb URAS5 fragment from pSH830 using X7%o0l and replacing it with the 1.8 Kb fragment of
HIS1 from pSHS842 digested with the same enzyme. The resultant vector in which the HIS! ORF
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was aligned in the same direction as G4APDH-GNE expression cassette was designated pSH870.
Subsequently, this vector was digested with BamHI and the 2.1Kb fragment from pSH824
isolated by digestion with BamHI and BglIl, containing the GAPDH-CSS expression cassette,
was subcloned.

The KINKO vector generated, in which the newly introduced expression cassette was
orientated in the opposite direction as the GAPDH-GNE cassette, was designated pSH872. Next,
the 2.2 Kb expression cassette containing the TEF-ST was digested with Sgf1 from pSH893 and
subcloned into pSH872 digested with the same enzyme. The vector generated, in which the
TEF-ST cassette was orientated in the opposite direction as the GAPDH-GNE cassette, was
designated pSH926. This KINKO vector, which is used to insert expression cassettes for the
CST, GNE CSS, SPS, and ST genes and HIS/ marker into the intergenic region created after the
TRP2 ORF, is shown in Figure 3B.

Generation of yeast strains.

The P. pastoris strain NRRL-Y 11430 was transformed with vector pSH692 (encodes
rEPO) by electroporation and selected on YPD-Zeocin plates at 26°C. Several clones were
screened for expression of TEPO by growth in BMGY and expression in BMMY media, as
described above. A clone demonstrating expression was designated YSH551.

A P. pastoris glyco-engineered cell line RDP750 [Aochl, Apnol, Amnn4B, Abmi2,
Abisl, Kluyveromyces lactis and M. musculus UDP-GIcNAc transporters, M. musculus o-1,2-
Mnsl, H. sapiens B-1,2-GlcNAc transferase I, Rattus norvegicus B-1,2-GlcNAc transferase 11,
Drosophila melanogaster MnsIl, Schizosaccharomyces pombe Gal epimerase, D. melanogaster
UDP-Gal transporter, H. sapiens -1,4-galactosyltransferase] expressing GS5.0 glycans (Li et al.,
Nat Biotechnol 24, 210 (2006)), was transformed with pSH692. A resultant clone, expressing
rEPO, was designated RDP762.

To improve the protein expression levels obtained from this strain, the histidine
auxotrophy was complemented by transformation with pJN702 (3), and selected on histidine
drop-out minimal plates. The resultant strain was designated YSH557.

To generate a strain with GS6.0 glycans, strain RDP762 above was then transformed with
pSH926 and selected on histidine drop-out minimal plates for complementation of the histidine
auxotrophy. The resultant strain was designated YSHS597.

Protein and Glycan analysis.

Recombinant rEPO was expressed, described above, and Ni-chelate column purified
(Choi et al., Proc Natl Acad Sci U S A 100, 5022 (2003); Hamilton et al., Science 301, 1244
(2003)). The resultant protein was analyzed by SDS-PAGE (Laemmli, Nature 227, 680 (1970))
and stained for visualization with coomassie blue. For glycan analysis, the glycans were released
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from rEPO by treatment with PNGase-F (Choi et al., Proc Natl Acad Sci U S A 100, 5022
(2003); Hamilton ez al., Science 301, 1244 (2003)). Released glycans were analyzed by
MALDV/Time-of-flight (TOF) mass spectrometry to confirm glycan structures (Choi et al., Proc
Natl Acad Sci U S A 100, 5022 (2003)). To quantitate the relative amount of neutral and
charged glycans present, the N-glycosidase F released glycans were labeled with 2-
aminobenzidine (2-AB) and analyzed by HPLC.

The conditions used have been previously described (Choi ez al., Proc Natl Acad Sci U S
A 100, 5022 (2003)), with the exception that the elution profile has been modified to: a bi-phasic
linear solvent gradient (80% A: 20% B to 40% A: 60% B) over 30 minutes, and (40% A: 60% B
to 0% A: 100% B) over 30 minutes, to elute neutral glycans and charged glycans respectively.
The column was subsequently eluted isocratically at 100% B for S minutes, a linear solvent
gradient (0% A: 100% B to 80% A: 20% B) over 5 minutes and isocratically (80% A: 20% B) for
10 minutes in preparation for the next sample. Solvent A was acetonitrile, and solvent B was an
aqueous solution of ammonium formate, 50 mM (pH 4.5). The percentage of neutral, GS5.5 and
GS6.0 glycans was calculated using peak area of each species (eluting at 20 to 35 minutes, 38 to
45 minutes, and 62 to 68 minutes, respectively) relative to the total peak area.

Preparation of TEPO for in vivo characterization.

Strains YSH551 and YSH597 were grown in 2.41 BMGY in baffled shake flasks and
induced in 240 ml BMMY to obtain sufficient TEPO with wild-type and GS6.0 glycans,
respectively. Recombinant tEPO was captured from the supernatant of the wt and GS6.0 strains
using metal affinity chromatography using Streamline Chelating packed on a K9/15 column (0.9
x 13cm; GE Bioscience, Piscataway, NJ) and charged with five column volumes of 50 mM
nickel sulfate. The charged column was equilibrated with five column volumes of Buffer A (20
mM Tris, pHS, 200mM NaCl). 150 ml of culture supernatant, adjusted to pH 8, was loaded onto
the column at a flow rate of 3 ml/minutes. The column was washed with buffer A until the A280
reached baseline and rEPO eluted using a linear gradient of 10 column volumes between buffer
A and buffer B (20 mM Tris, pHS, 200 mM NaCl, 150 mM imidazole). Fractions from the
gradient elution were run on 4-20% SDS-PAGE and rEPO containing fractions were pooled and
buffer exchanged to 20 mM MES pH6.0, using an Amicon Ultra centrifugal filter device
(MWCO 5,000).

The pooled rEPO fraction from metal chelating chromato graphy step was further purified
by cation exchange chromatography using SP Sepharose Fast Flow (GE Biosciences, Piscataway,
NJ) packed in 2 K9/15 column (0.9 x 13 cm). The SP Sepharose FF column was equilibrated
with 5 column volumes of buffer C (20 mM MES, pH 6). The sample in buffer C was loaded on
to the column at a flow rate of 3 m/minutes. The column was subsequently washed with 5
column volumes each with buffer C, buffer D (20 mM MES, pH 6, 5 mM CHAPS, 5 mM
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EDTA) and again with buffer C. Recombinant rEPO was eluted from the column with a linear
gradient (10 column volumes) between buffer C and buffer E (20 mM MES, pH 6, 1 M NaCl).
Recombinant rEPO containing fractions were identified by SDS-PAGE, pooled and buffer
exchanged using an Amicon centrifugal filter device MWCO 5,000), to phosphate buffered
saline pH 7.3 and stored at 4°C.

In vivo potency studies.

Healthy 9 week old BalbC mice (Charles River, Wilmington, MA) were injected thrice
weekly (n=5/ treatment group). Base-line hematocrit values were determined one day prior to the
first injection. Mice were bled on days 8 and 15 after first injection for determining hematocrit.
Blood was obtained by using a heparinized capillary tube inserted into the orbital sinus.
Hematocrit values were determined by using a standard procedure of spinning the micro-
capillary tubes at 12,000 rpm for 5 minutes in micro-hematocrit centrifuge.

Results

Here we demonstrate that the core repertoire of human glycosylation reactions (Figure 4),
which involve the sequential removal of mannose by two distinct mannosidases (i.e., o-1,2-
mannosidase and mannosidase II), the addition of N- acetylglucosamine (by N-
acetylglucosaminyltransferase I and II), the addition of galactose (by -1 ,4-galactosyltransferase),
and finally the addition of sialic acid by sialyltransferase can be functionally replicated in yeast.
Sialylation, the final step of human glycosylation, is particularly difficult to accomplish in yeast,
since wild-type yeast lacks all four prerequisites: (i) the ability to produce the N-glycosylated
precursors terminating in -1,4-galactose, (ii) the biosynthetic capability to produce the sugar
nucleotide precursor CMP-sialic acid (specifically CMP-N-acetylneuraminic acid, CMP-
NANA), (iii) the transporter to shuttle CMP-sialic acid into the Golgi, and (iv) a sialyltransferase
to transfer sialic acid to terminal galactose on the nascent glycoprotein (Figure 5). All of these
elements must work at high efficiency to allow for the production of sialylated glycoproteins in a
glyco-engineered yeast strain. Moreover, organelle specific targeting of several elements is
required to permit these functions to occur in concert.

In previous work, we reported a glyco-engineered strain of P. pastoris that produces
terminally galactosylated bi-antennary glycans of the complex type GalaGlcNAcyMan3GleNAc)
(i.e., Glycan Structure 5.0, GS5.0) (Li et al., Nat Biotechnol 24, 210 (2006)). This strain
RDP750 [Aochl, Apnol, Amnn4B, Abmt2, Ahisl, Kluyveromyces lactis and Mus musculus UDP-
GIcNAc transporters, Mus musculus a-1,2-Mnsl, Homo sapiens (3-1,2-GlcNAg transferase I,
Rattus norvegicus 3-1,2-GIcNAc transferase II, Drosophila melanogaster MnsIl,
Schizosaccharomyces pombe Gal epimerase, D. melanogaster UDP-Gal transporter, H. sapiens
$-1,4-galactosyltransferase] was transformed with an expression plasmid encoding for rEPO, to
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generate strain YSH557 (Hamilton et al., Science 313:1441-1443 (2006)). Secreted rEPO from
this strain consisted predominantly of GS5.0 N-glycans (Figure 6B). For comparison, the same
construct was used to transform wild-type P. pastoris NRRL-Y 11430, resuiting in strain
YSHS551, which secreted rEPO with mostly high-mannose N-glycans that are typical for this
yeast (Hamilton et al., Science 301, 1244 (2003)) (Figure 6A). Both strains express rEPO at
about the same level (about 20 mg/1), even though the secreted protein differs significantly with
respect to N-glycosylation (Figures 6A and 6B).

To further humanize the glycosylation machinery we set out to engineer the GS5.0
producing strain to perform the final step of human glycosylation, the addition of terminal sialic
acid. To accomplish this we transformed P. pastoris strain RDP762 with a range of DNA
constructs encoding for enzymes involved in CMP-sialic acid biosynthesis, CMP-sialic acid
transport and sialic acid transfer to the nascent glycoprotein. In total, five enzymes were
selected: H. sapiens UDP-N-acetylglucosamine-2-epimerase/N-acetylmannosamine kinase
(GNE), H. sapiens N-acetylneuraminate-9-phosphate synthase (SPS), H. sapiens CMP-sialic acid
synthase sialyltransferases linked to yeast type-II transmembrane localization peptides (ST).

Over 120 permutations of alternative CMP-sialic acid pathways, CSTs and STs were
screened. From this screen, we identified a small number of combinations displaying significant
sialyltransferase activity and producing predominantly complex glycan structures. However,
taking this approach, we were unable to obtain glycan compositions containing greater than 60%
GS6.0 (SiapGaloGleNAcpMan3GlcNAc?), indicating a limitation in the sialic acid transfer
machinery (data not shown).

To overcome this limitation, we codon-optimized GNE, SPS, CSS, CST and screened
additional ST/leader fusions. As such, we identified the catalytic domain of mouse -2,6-ST,
fused to the S. cerevisiae mannosyltransferase 1 (Mntl) targeting signal as particularly effective.
In order to consolidate these efforts we cloned all five genes into a single expression vector,
pSH926 (Hamilton ez al., Science 313:1441-1443 (2006)). Transformation of this vector into
RDP762 complemented the histidine auxotrophy of the host, while targeting the gene cluster to
the Trp2 locus of the Pichia genome. The resulting strain, designated YSHS597, was cultured in
shake flasks and induced to secrete TEPO. Analysis of the N-glycans isolated from rEPO
displayed a glycan composition that consisted predominantly of sialylated glycan structures
GS6.0 (90.5%) and GS5.5 (7.9%, SiaGaloGlcNAczMan3GlcNAcp) (Figure 6C). Subsequent
treatment of this sample with sialidase showed quantitative conversion to GS5.0 (Figure 6D),
confirming that GS6.0 and GS5.5 were terminally sialylated glycan structures.

To assess the in vivo activity of different TEPO glycoforms, we purified material from P.
pastoris wild-type (YSH551) and the terminally sialylating strain YSH597 (Hamilton ez al.,
Science 313:1441-1443 (2006)). The purified protein was characterized by SDS-PAGE (Figure
7A); and rEPO from wild-type P. pastoris showed extensive heterogeneity consistent with hyper-
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glycosylation and the range of high-mannose structure found by HPLC analysis (Figure 6A). In
contrast, rEPO from YSH597 showed a more uniform migration pattern, consistent with the
glycan uniformity found by HPLC analysis (Figure 6C). As expected, when both samples were
treated with PNGase-F, to remove the N-glycans, the mass and uniformity of the de-glycosylated
material appeared similar (Figure 7A). To compare the in vivo functionality of these two vastly
different glycoforms, animal studies were performed to determine their respective erythropoietic
function in vivo. As expected rEPO produced in wild-type yeast had no measurable
erythropoietic function whereas rEPO produced in YSH597 showed a dose dependent response
consistent with a biologically active form of rEPO (Figure 7B).

In summary, the KINKO vectors enabled construction of yeast cell lines of P. pastoris
capable of producing uniform terminally sialylated complex bi-antennary glycoproteins.

Bibliography

. Ashwell & Harford, Annu Rev Biochem 51, 531 (1982)

. Stockert, Physiol Rev 75, 591 (1995)

. Werten et al., Yeast 15, 1087 (1999)

. Durand et al., Enzyme and Microbial Technology 10, 341 (1988)
. Gemmill & Trimble, Biochim Biophys Acta 1426, 227 (1999)
. Choi et al., Proc Natl Acad Sci U S A 100, 5022 (2003)

. Hamilton et al., Science 301, 1244 (2003)

8. Bobrowicz et al., Glycobiology 14, 757 (2004)

9. Spivak, Blood Rev 3, 130 (1989)

10. Lai et al., I Biol Chem 261, 3116 (1986).

11. Davis et al., Biochemistry 26, 2633 (1987)

12. Fukuda et al., Blood 73, 84 (1989)

13. Li et al., Nat Biotechnol 24, 210 (2006)

14. Hamilton et al., Science 313:1441-1443 (2006)

15. Nett et al.,Yeast 22, 295 (2005)

I AN kR VN

Sequences

Pichia pastoris PRO1: (SEQ ID NO:5) Stop codon 1225-1227
GGCCATCGAATTGTCATCGTCTCCTCAGGTGCCATCGCTGTGGGCATGAAGAGAGTC
AACATGAAGCGGAAACCAAAAAAGTTACAGCAAGTGCAGGCATTGGCTGCTATAGG
ACAAGGCCGTTTGATAGGACTTTGGGACGACCTTTTCCGTCAGTTGAATCAGCCTAT
TGCGCAGATTTTACTGACTAGAACGGATTTGGTCGATTACACCCAGTTTAAGAACGC
TGAAAATACATTGGAACAGCTTATTAAAATGGGTATTATTCCTATTGTCAATGAGAA
TGACACCCTATCCATTCAAGAAATCAAATTTGGTGACAATGACACCTTATCCGCCAT
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AACAGCTGGTATGTGTCATGCAGACTACCTGTTTTTGGTGACTGATGTGGACTGTCTT
TACACGGATAACCCTCGTACGAATCCGGACGCTGAGCCAATCGTGTTAGTTAGAAAT
ATGAGGAATCTAAACGTCAATACCGAAAGTGGAGGTTCCGCCGTAGGAACAGGAGG
AATGACAACTAAATTGATCGCAGCTGATTTGGGTGTATCTGCAGGTGTTACAACGAT
TATTTGCAAAAGTGAACATCCCGAGCAGATTTTGGACATTGTAGAGTACAGTATCCG
TGCTGATAGAGTCGAAAATGAGGCTAAATATCTGGTCATCAACGAAGAGGAAACTG
TGGAACAATTTCAAGAGATCAATCGGTCAGAACTGAGGGAGTTGAACAAGCTGGAC
ATTCCTTTGCATACACGTTTCGTTGGCCACAGTTTTAATGCTGTTAATAACAAAGAGT
TTTGGTTACTCCATGGACTAAAGGCCAACGGAGCCATTATCATTGATCCAGGTTGTT
ATAAGGCTATCACTAGAAAAAACAAAGCTGGTATTCTTCCAGCTGGAATTATTTCCG
TAGAGGGTAATTTCCATGAATACGAGTGTGTTGATGTTAAGGTAGGACTAAGAGATC
CAGATGACCCACATTCACTAGACCCCAATGAAGAACTTTACGTCGTTGGCCGTGCCC
GTTGTAATTACCCCAGCAATCAAATCAA(_?AAAATTAAGGGTCTACAAAGCTCGCAG
ATCGAGCAGGTTCTAGGTTACGCTGACGGTGAGTATGTTGTTCACAGGGACAACTTG
GCTTTCCCAGTATTTGCCGATCCAGAACTGTTGGATGTTGTTGAGAGTACCCTGTCTG
AACAGGAGAGAGAATCCAAACCAAATAAATAGAATTTCACATATGCTGCTTGATTA
TGTAATTATACCTTGCGTTCGATGGCATCGATTTCCTCTTCTGTCAATCGCGCATCGC
ATTAAAAGTATACTTTTTTTTTITTTCCTATAGTACTATTCGCCTTATTATAAACTTTGC
TAGTATGAGTTCTACCCCCAAGAAAGAGCCTGATTTGACTCCTAAGAAGAGTCAGCC
TCCAAAGAATAGTCTCGGTGGGGGTAAAGGCTTTAGTGAGGAGGGTTTCTCCCAAG
GGGACTTCAGCGCTAAGCATATACTAAATCGTCGCCCTAACACCGAAGGCTCTTCTG
TGGCTTCGAACGTCATCAGTTCGTCATCATTGCAAAGGTTACCATCCTCTGGATCTG
GAAGCGTTGCTGTGGGAAGTGTGTTGGGATCTTCGCCATTAACTCTTITCTGGAGGGT
TCCACGGGCTTGATCCAACCAAGAATAAAATAGACGTTCCAAAGTCGAAACAGTCA
AGGAGACAAAGTGTTCTTTCTGACATGATTTCCACTTCTCATGCAGCTAGAAATGAT
CACTCAGAGCAGCAGTTACAAACTGGACAACAATCAGAACAAAAAGAAGAAGATG
GTAGTCGATCTTCTTTTTCTGTTTCTTCCCCCGCAAGAGATATCCGGCACCCAGATGT
ACTGAAAACTGTCGAGAAACATCTTGCCAATGACAGCGAGATCGACTCATCTTTACA
ACTTCAAGGTGGAGATGTCACTAGAGGCATTTATCAATGGGTAACTGGAGAAAGTA
GTCAAAAAGATAACCCGCCTTTGAAACGAGCAAATAGTTTTAATGATTTTTCTTCTG
TGCATGGTGACGAGGTAGGCAAGGCAGATGCTGACCACGATCGTGAAAGCGTATTC
GACGAGGATGATATCTCCATTGATGATATCAAAGTTCCGGGAGGGATGCGTCGAAG
TTTTTTATTACAAAAGCATAGAGACCAACAACTTTCTGGACTGAATAAAACGGCTCA
CCAACCAAAACAACTTACTAAACCTAATTTCTTCACGAACAACTTTATAGAGTTTTT
GGCATTGTATGGGCATTTTGCAGGTGAAGATTTGGAGGAAGACGAAGATGAAGATT
TAGACAGTGGTTCCGAATCAGTCGCAGTCAGTGATAGTGAGGGAGAATTCAGTGAG
GCTGACAACAATTTGTTGTATGATGAAGAGTCTCTCCTATTAGCACCTAGTACCTCC
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AACTATGCGAGATCAAGAATAGGAAGTATTCGTACTCCTACTTATGGATCTTTCAGT
TCAAATGTTGGTTCTTCGTCTATTCATCAGCAGTTAATGAAAAGTCAAATCCCGAAG
CTGAAGAAACGTGGACAGCACAAGCATAAAACACAATCAAAAATACGCTCGAAGA
AGCAAACTACCACCGTAAAAGCAGTGTTGCTGCTATTAAA

Pichia pastoris TRP2: (SEQ ID NO:6) Stop codon 1300-1302
ACTGGGCCTTTAGAGGGTGCTGAAGTTGACCCCTTGGTGCTTCTGGAAAAAGAACTG
AAGGGCACCAGACAAGCGCAACTTCCTGGTATTCCTCGTCTAAGTGGTGGTGCCATA
GGATACATCTCGTACGATTGTATTAAGTACTTTGAACCAAAAACTGAAAGAAAACTG
AAAGATGTTTTGCAACTTCCGGAAGCAGCTTTGATGTTGTTCGACACGATCGTGGCT
TTTGACAATGTTTATCAAAGATTCCAGGTAATTGGAAACGTTTCTCTATCCGTTGATG
ACTCGGACGAAGCTATTCTTGAGAAATATTATAAGACAAGAGAAGAAGTGGAAAAG
ATCAGTAAAGTGGTATTTGACAATAAAACTGTTCCCTACTATGAACAGAAAGATATT
ATTCAAGGCCAAACGTTCACCTCTAATATTGGTCAGGAAGGGTATGAAAACCATGTT
CGCAAGCTGAAAGAACATATTCTGAAAGGAGACATCTTCCAAGCTGTTCCCTCTCAA
AGGGTAGCCAGGCCGACCTCATTGCACCCTTTCAACATCTATCGTCATTITGAGAACT
GTCAATCCTTCTCCATACATGTTCTATATTGACTATCTAGACTTCCAAGTTGTTGGTG
CTTCACCTGAATTACTAGTTAAATCCGACAACAACAACAAAATCATCACACATCCTA
TTGCTGGAACTCTTCCCAGAGGTAAAACTATCGAAGAGGACGACAATTATGCTAAG
CAATTGAAGTCGTCTTTGAAAGACAGGGCCGAGCACGTCATGCTGGTAGATTTGGCC
AGAAATGATATTAACCGTGTGTGTGAGCCCACCAGTACCACGGTTGATCGTTTATTG
ACTGTGGAGAGATTTTCTCATGTGATGCATCTTGTGTCAGAAGTCAGTGGAACATTG
AGACCAAACAAGACTCGCTTCGATGCTTTCAGATCCATTTTCCCAGCAGGTACCGTC
TCCGGTGCTCCGAAGGTAAGAGCAATGCAACTCATAGGAGAATTGGAAGGAGAAAA
GAGAGGTGTTTATGCGGGGGCCGTAGGACACTGGTCGTACGATGGAAAATCGATGG
ACACATGTATTGCCTTAAGAACAATGGTCGTCAAGGACGGTGTCGCTTACCTTCAAG
CCGGAGGTGGAATTGTCTACGATTCTGACCCCTATGACGAGTACATCGAAACCATGA
ACAAAATGAGATCCAACAATAACACCATCTTGGAGGCTGAGAAAATCTGGACCGAT
AGGTTGGCCAGAGACGAGAATCAAAGTGAATCCGAAGAAAACGATCAATGAACGG
AGGACGTAAGTAGGAATTTATGTAATCATGCCAATACATCTTTAGATTTCTTCCTCTT
CTTTTTAACGAAAGACCTCCAGTTTTGCACTCTCGACTCTCTAGTATCTTCCCATTTC
TGTTGCTGCAACCTCTTGCCTTCTGTTTCCTTCAATTGTTCTTCTTTCTTCTGTTGCAC
TTGGCCTTCTTCCTCCATCTTTICGTTTTTITTTCAAGCCTTTTCAGCAGTTCTTCTTCCA
AGAGCAGTTCTTTGATTTTCTCTCTCCAATCCACCAAAAAACTGGATGAATTCAACC
GGGCATCATCAATGTTCCACTTTCTTTCTCTTATCAATAATCTACGTGCTTCGGCATA
CGAGGAATCCAGTTGCTCCCTAATCGAGTCATCCACAAGGTTAGCATGGGCCTTTTT
CAGGGTGTCAAAAGCATCTGGAGCTCGTTTATTCGGAGTCTTGTCTGGATGGATCAG
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CAAAGACTTITTGCGGAAAGTCTTTCTTATATCTTCCGGAGAACAACCTGGTTTCAA
ATCCAAGATGGCATAGCTGTCCAATTTGAAAGTGGAAAGAATCCTGCCAATTTCCTT
CTCTCGTGTCAGCTCGTTCTCCTCCTTTTGCAACAGGTCCACTTCATCTGGCATTTTTC
TTTATGTTAACTTTAATTATTATTAATTATAAAGTTGATTATCGTTATCAAAATAATC
ATATTCGAGAAATAATCCGTCCATGCAATATATAAATAAGAATTCATAATAATGTAA
TGATAACAGTACCTCTGATGACCTTTGATGAACCGCAATTTITCTTTCCAATGACAAG
ACATCCCTATAATACAATTATACAGTTITATATATCACAAATAATCACCTTTTTATAAG
AAAACCGTCCTCTCCGTAACAGAACTTATTATCCGCACGTTATGGTTAACACACTAC
TAATACCGATATAGTGTATGAAGTCGCTACGAGATAGCCATCCAGGAAACTTACCA
ATTCATCAGCACTTTCATGATCCGATTGTTGGCTTTATTCTTTGCGAGACAGATACTT
GCCAATGAAATAACTGATCCCACAGATGAGAATCCGGTGCTCGT

Pichia pastoris TRP5: (SEQ ID NO:7) Stop codon 653-365
ACGACGGCCAAATTCATGATACACACTCTGTTTCAGCTGGTTTGGACTACCCTGGAG
TTGGTCCTGAATTGGCTGCCTGGAAAGCAAATGGTAGAGCCCAATTTTCCGCTGTAA
CTGATGCCCAAGCATTAGAGGGATTCAAAATCCTGTCTCAATTGGAAGGGATCATTC
CAGCACTAGAGTCTAGTCATGCAATCTACGGCGCATTGCAAATTGCAAAGACTATGT
CTTCGGACCAGTCCTTAGTTATTAATGTATCTGGAAGGGGTGATAAGGACGTCCAGA
GTGTAGCTGAGATTTTACCTAAATTGGGACCTCAAATTGGATGGGATTTGCGTTTCA
GCGAAGACATTACTAAAGAGTGATCGATAGCACAATATTCAACTTGACTGGGTGTTA
AGAACTAAGAGCTCTGGGAAACTTTGTATTTATTACTACCAACACAGTCAAATTATT
GGATGTGTTTTTTTITCCAGTACATTTCACTGAGCAGTTTGTTATACTCGGTCTTTAAT
CTCCATATACATGCAGATTGTAATACAGATCTGAACAGTTTGATTCTGATTGATCTTG
CCACCAATATTCTATTTTTGTATCAAGTAACAGAGTCAATGATCATTGGTAACGTAA
CGGTTTTCGTGTATAGTAGTTAGAGCCCATCTTGTAACCTCATTTCCTCCCATATTAA
AGTATCAGTGATTCGCTGGAACGATTAACTAAGAAAAAAAAAATATCTGCACATAC
TCATCAGTCTGTAAATCTAAGTCAAAACTGCTGTATCCAATAGAAATCGGGATATAC
CTGGATGTTTTTTCCACATAAACAAACGGGAGTTCAGCTTACTTATGGTGTTGATGC
AATTCAGTATGATCCTACCAATAAAACGAAACTTTGGGATTTTGGCTGTTTGAGGGA
TCAAAAGCTGCACCTTTACAAGATTGACGGATCGACCATTAGACCAAAGCAAATGG
CCACCAA

Pichia pastoris THR1: (SEQ ID NO:8) Stop codon 1354-1356
GAGTCGGCCAGCCCATCACCATGAATGCTTAAAACGCCAACTCCTTCCATCTCATTT
TCGTACCAGATTATGACTCTTAGGCGGGGAGAATCCCGTCCAGCATAGCGAACATTT
CTTTTTTTTTITTTTTTCGTTTCGCATCTCTCTATCGCATTCAGAAAAAAATACATATA
ATTCTTCCAGTTTCCGTCATTCATTACGTTTAAAACTACGAAAGTTITAGCTCTCTTTT
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GTTTTTGTTTCCTAGATTCGAAATATTTTCTTTATTGAGTTTAATTTGTGTGGCAGAC
AATGGTTAGATCTTTCACCATCAAAGTGCCTGCTTCCTCAGCAAATATAGGACCGGG
GTTTGACGTTCTGGGAATTGGTCTCAACCTTTACTTGGAACTACAAGTCACCATTGAT
CCCAAAATTGATACCTCAAGCGATCCAGAAAATGTGTTATTGTCGTATGAAGGTGAG
GGGGCTGATGAGGTGTCATTGAAAAGTGACGAAAACTTGATTACGCGCACAGCTCT
CTATGTTCTACGTTGTGACGACGTCAGGACTTTCCCTAAGGGAACCAAGATTCACGT
CATTAACCCTATTCCTCTAGGAAGAGGCTTGGGATCTTCGGGTGCTGCAGTTGTCGC
CGGTGCATTGCTCGGAAATTCCATCGGACAGCTTGGATACTCCAAACAACGTTITACT
GGATTACTGTTTGATGATAGAACGTCATCCAGATAACATCACCGCAGCTATGGTGGG
TGGTTTCGTTGGATCTTATCTTAGAGATCTTTCACCAGAAGACACCCAGAGAAAAGA
GATTCCATTAGCAGAAGTCCTGCCAGAACCTCAAGGTGGTATTAACACCGGTCTCAA
CCCACCAGTGCCTCCAAAAAACATTGGGCACCACATCAAATACGGCTGGGCAAAAG
AGATCAAATGTATTGCCATTATTCCAGACTTTGAAGTATCAACCGCTTCATCTAGAG
GCGTTCTTCCAACCACTTACGAGAGACATGACATTATTITCAACCTGCAAAGGATAG
CCGTTCTTACCACTGCCCTGACACAATCTCCACCAGATCCAAGCTTGATATACCCAG
CTATGCAGGACAGGATTCACCAACCTTACAGGAAAACTTTGATCCACGGACTGACTG
AAATACTGTCTTCATTCACCCCAGAATTACACAAAGGTTTGTTGGGAATCTGTCTTTC
CGGTGCTGGGCCCACAATATTAGCCCTCGCAACTGAAAACTTCGATCAGATTGCTAA
GGACATCATTGCCAGATTTGCTGTCGAAGACATCACCTGTAGTTGGAAACTCTTGAC
CCCAGCTCTTGAAGGTTCTGTTGTTGAGGAGCTTGCTTAATAGAAATTAGAACATCC
TCTTTAGATTATGATAATACGTTTTTAACTTTTCCCCTAACTGTAGTGATGGTATCTG
ACCCTCTTAGACCTTAGGTTGGACCTTCTCGAATTTCCTGCCTCTATCAAAAATCCGA
CCCTCGACATCGTTTACGTACTTTGCAACCAATTAACTAGTACCGGCAGACGTTCAG
TGATCATGGCTCTCTATACAAATACCCTGATAACGTTTGCATTCCTGACAGTCGGAG
GATGTACGTGCTTATTTTCTTGCTAGTCCCAAATGTTTTGAGATTGCTCCAATCGTTT
TTTCAACAATACTAACTGCCAACAAATAGATCTTTTATTCAACGGAAATGGGGAACA
ATTCAACGTGGGTGACTTTTTGGAGACTACATCTCCCTATATGTGGGCAAATCTGGG
TATAGCAAGTTGCATTGGATTCTCGGTCATTGGTGCTGCATGGGGAATTTTCATAAC
AGGTTCTTCGATCATCGGTGCAGGTGTCAAAGCTCCCAGAATCACAACAAAAAATTT
AATCTCCATCATTTTCTGTGAGGTGGTGGCTATTTATGGGCTTATTATGGCCATTGT

Pichia pastoris LYS1: (SEQ ID NO:9) Stop codon 1051-1053
AGAGCCGCCCTTACACCTTCGACAGCCAAGGAATTGTTAGATACAGGAAGATTTGA
AATCTTTGTTGAGGAAAGTAGTCAAAGCACTTTTGCAACCGAAGAGTATAAAAAGG
CGGGCACAAATATTGTACCGGAAGGTTCCTGGGTTGATGCCCCAAAAGAGAGAATA
ATTCTGGGGCTGAAGGAACTCCCAGAGGACACTTTTCCCTTAGTACACGAGCATATT
CAATTTGCACACTGCTACAAAGACCAGTCCGGCTGGAAAGATGTGTTAAAAAGATTT
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CCCGAAGGAAATGGCACTCTTTATGATCTGGAGTTCTTGGAAAATGATAATGGAAG
AAGAGTAGCTGCTTTTGGCTTCTATGCAGGATTTGCAGGCGCTGCTCTTGGGATTCA
AGACTGGGCGTTCAAACAGACCCATGCGGATCATGAGAATTTACCCGGTGTTTCCCC
CTATGGCAACGAGCAAGCCTTGATCGCCGACGTTAAAAAAGATTTGGATGTTGCCGT
TTCCAAAACTGGAAGAAAACCAAAGATCTTGGTTATTGGTGCCCTTGGTCGTTGTGG
ATCTGGTGCTATTGACTTACTTAAGAAAGTGGGTATTCCCGATGAGAACATCTCTAA
GTGGGACGTTAACGAAACCAGTATCGGAGGCCCTTTCAAACAAATTGCAGAGTCCG
ACATATTCATTAATTGTATATACCTCTCACAGCCAATTCCTCCTTTTATCGACTTGAA
TACTCTAAACTTCGAGGACAGAGCTCTAAGAACAATTGTGGATGTTTCTGCGGACAC
CACCAACCCACACAATCCAATCCCTGTTTATACTGTTGCGACAGTATTTTCAGATCC
AACGGTTCCGGTAGAAACCTCCAAAGGACCTAAACTTTCTGTTGTTTCTATCGACCA
TCTTCCATCCTTGTTACCCAGGGAAGCATCAGAGTTTTTTGTCAGAGACTTATTGCCT
TACTTGAAACAGTTACCGGAAAGGAAGACTGCTCCCGTTTGGAAAAGAGCTAAAGA
TTTATTTGATCATCATGTCGAAAGACTTTAATGATATTCTGGTTGTTTAGCTGCTTTG
AAGTGTTTCATCTTAAAATATATACTTATTCGTACACAATGCTTACCAAACTCTTATT
AGTGTCCAAGTCTTCTGTAGAGGCAGTTGTTCCGTTCAATAGCACCTCAGCTTCACT
GTCAAAATCACTGTCCTCTGCCTCAAATTTGGGGGTTGTTTTTTTTACATTCTTCAAG
TCCTCTATGTTTTCATTCATTGTAGTAACTACCGTAAGGCGCTCGCTAGTAGCATACA
CTGCAACTTGGTCAAAAGTTTTTAAGCTCCAGACAACAATCTTACCATCAGAGGCAA
CTGATACTAAAAATGAGTCTTTTGAGTCATCGTCTTGATAAATGCTTATGTCCTTTAC
GCGAGTTGAATGACCCAAGAGTTTGTAATCAGGTTGAAGCTTCTCCACATCTCCTAG
AAAGCACTCATATGAATAAAAACAGATCTCCCCATTACTATGACAAGTGATTAAGTA
TTCTTTTTCTAGCTGCACAACCTCAATTTTCATTATTGTGGACTGAAAGGGAATATTT
GTGAGAAGCTTTGCGGTCCTAGTATGGTAGACAAATATTCTGTTGACCAAGGCAACA
ATAAAATGCTCCCCATCAAAAGACCATTTAACAAAGTGACCGGATTGTCCTAAAGTA
TCCTTTCCTTTCATTITTAGGGTTGATGCCAGCTTGGAACTCATGAGGTITCCACAGTC
TTATTGTTTTATCGTTACTGACCGAGACTGCAACTTTTCCACTAGGGTGAATTGCCAA
GTCATTTACCGCAGCTTTATGACCCTTCAGCACAGCTACTGGCTCCCAGTCTTTAGTT
CTCCAAACGATGATTGACCCATCTTCACTTCCTGAAAGTAGCCATTTAC CATCCGCA
TCCCTAGCTTTAGAACTCTCTCGGCTGAACTTCAAGCAAGTTATCGAACCTGTATGTT
GCAGTAAGCTTCCAATCTCTTTTCTTTTTTGGAGATCATAAATCTTTATATGCTCGTC
GTTAGAGCCGCTAACCAAATACCGCTTTGCCTGATCTAACGCTCTGATGCTTAAAGA
ATGAGCTTCGAAGTGAAAAATAGGCTGAAAAATAGGTGTCTTCTCAGAACTCGGTTC
GCAACTGACAGTAACACTAAGACATGATAGTATGTGCTCATAAGATCCAACTACGA
TTCGAAACCGAACAGAGGTGCTCTTATTACTCTTATITATATTTAACGTCTCCCCCAT
GTTCGTTATCGCAGTGTGCAGAATTTTCCTAAACTAATTTITITTTGGTATTCGAGATC
GTTGATTATTAGCTTACAATCAAACTTCCCTCACCTTITTTCCTTCCATCACACATCTA
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TCCACAATTGGCTTGGTTGCATCTGATAGCTAGCTGGCGGAAACATCAGTCAAAAAA
CATGAAGACTACTTTCTGAGAGACATAAGTTAAAGCAGTITGCTGAAAAATCGTCGTT
ATCCAATTGATAACAGAAGCAACTGAAGAAATAAAAAATTGCGCATGCCCGGAGTC
GAACCGGG

Pichia pastoris LYS4: (SEQ ID NO:10) Stop codon 1245-1247
ATCCCCGTATCAATGAAGAGACTTTGTCCGATTTGATTACCAACAAGATGGATGCTG
ACCCCGATGCTTACTACGCCAAAACCTTAACAGTAGACCTCTCCACCATGTCTCCGT
ACATATCCGGACCAAACTCTGTAAAGATTTCTAATTCTCTGGAGGATCTGTCCAACA
AGAACATGAAGATAAACAAGGCCTATTTGGTCTCATGTACCAATTCCAGACTGTCCG
ACATAAGGGCTGCTGCTGATGTTATCAAGGGTAAGAAAGTTGCTCCTGGTGTCGAGT
TTTACATTGCAGCCGCCTCCAGTGAAGTTCAGAAAGAGGCTGAATCTGATGGTTCGT
GGAATTCATTGATCGATGCCGGTGCTATTACTTTACCGGCAGGTTGTGGTCCCTGTAT
TGGTCTAGGAACTGGTTTGTTGGAAGAAGGCGAAGTTGGTATTITCCGCTACCAACAG
AAACTTCAAAGGTAGAATGGGGTCAAAGGATGCGCTCGCATTCTTGGCTTCCCCAGA
AGTTGTTGCAGCATCTGCAGTGATGGGTAAGATTGCTGGACCAGAAGAAGTTGAGG
GAAACCCAGTAAAACGTGTCAGAGACCTTAAAAAGAGCATAATTATTCACGAACCT
GAACAATCGGAATCTGCAGGAGGAGCTGTGGAAGTTCTTGCTGGTTTCCCCGAGTCG
ATTGAAGGTGAGCTAATTCTCTGTGATGCTGATAACATCAATACTGACGGTATCTAT
CCAGGAAAATACACTTACCAGGACGATGTTTCTCGTGAAAAAATGGCCGAAGTCTG
TATGGAGAATTACGACCCAGAATTCGGAAGCAAAACCAAACCGGGCGATATTATTG
TGTCAGGTTATAACTTTGGAACAGGGTCTTCAAGAGAGCAAGCGGCTACCGCAATCT
TAGCCAGAGACATGAAGTTGATTGTGGCAGGTTCCTTTGGTAATATTTTTTCCAGAA
ATTCCATTAACAACGCCTTACTGACTCTTGAGATCCCTAAGTTAATCAACATGCTAA
GAGAAAAGTATTCCAGTAACGAGGAGAAGGAATTGACCCGAAGAACTGGATGGTTC
CTCAAATGGGATGTCAAAGCCGCTACCGTGACTGTTACTGACGGCAAGAGTGGAGA
AGTTGTCTTGAAACAAAAAGTTGGAGAATTGGGAACCAATCTGCAAGATATCATTAT
TAAAGGCGGTCTTGAAGGTTGGGTCAAGGCCAAACTGGCGGAAACCAGTACGTAGA
GTGACATTGTCACAATATATTTATTTATTTATTGATAGAATAGAAATTCCTGTATCTA
CCTACTAATATACAGAGTGTTTACTAAACCGTCCTTCCCTCTTTTICTCTCACTTACA
ACGAGCCAACTTCCTTGACTACCTCGTCGAAAGAATCTTITGTACTCTTCGGCTGTTTIT
GCTTTCTCCCTTCTTGCTCTTGTTAGCATTTGGAACGATCATGACACAAGAAGTTGGG
CGCTTGGTAGCTCCAGCAGATCCCAGATCCTCCTTAGAAGGTAAGAACAAATATGG
AACGTTACTATCCTCACATAAAACTGGAATATGAGAAATAACATCTGGTGGTGAAAT
GTCACCTGCAATGATCACTAACCCTTTCTCTCCCTITTCTTAAGGATTTCACGACCTCT
TTAACACCTCTTCTCACATGCTTGGCTTTGGAAGCCTTCTTGACAGTTTTGAGAACCT
TTTTGTTAAGCTTTTTAGAGGCTAAAGGTTTAGCAAAAGGCAAAAGTGCAGGCAACT
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TCTTGTCGTAGTTGTCTTCAGTTTCCTCCTTACTGGCGCTCTTCTCTTTTTTTGACATT
GTTTGATAGTTGAATTATCGGAAACTAAAAAAAAATTTCAACTATACCAGCTTACAA
AAAAAAATTTAGCACTGAGAACTTGGTCGTGTCCACTCTATTTTACTAGATATTTGT
ATCAAGCTTAAGTAATAATTTGAACTAAGGTCGTGCATTCACAACTTTGCTTTACTAT
CTCAGAAAGCACTACTTCACTTCAGGAAGAGACATAAGGTGAACATGTCTTCAAAG
AAGGACTCTTCCAAGAGAATGTCCCTCTTCGGACCGCTGAAGGGTACCGGAATACTT
GGATTTGGTCACAATGACACTAAACAGCAGCAT

Pichia pastoris ADE2: (SEQ ID NO:11) Stop codon 1653-1655
AGCTAGGCCGAATGATTGTTGAGGCCGCTAGCAGGCTCAATATCAAGACCGTGATTC
TTGATGATGGTTTTTCACCTGCTAAGCACATTAATGCTGCGCAAGACCACATCGACG
GATCATTCAAAGATGAGGAGGCTATCGCCAAGTTAGCTGCCAAATGTGATGTTCTCA
CTGTAGAGATTGAGCATGTCAACACAGATGCTCTAAAGAGAGTTCAAGACAGAACT
GGAATCAAGATATATCCTTTACCAGAGACAATCGAACTAATCAAGGATAAGTACTT
GCCAAAGGAACATTTGATCAAGCACAACATTTCGGTGACAAAGTCTCAGGGTATAG
AATCTAATGAAAAGGCGCTGCTTTTGTTTGGAGAAGAGAATGGATTTCCATATCTGT
TGAAGTCCCGGACTATGGCTTATGATGGAAGAGGCAATTTTGTAGTGGAGTCTAAAG
AGGACATCAGTAAGGCATTAGAATTCTTGAAAGATCGTCCATTGTATGCCGAGAAGT
TTGCTCCTTTTGTTAAAGAATTAGCGGTAATGGTTGTGAGATCACTGGAAGGCGAAG
TATTCTCCTACCCAACCGTAGAAACTGTGCACAAGGACAATATCTGTCATATTGTGT
ATGCTCCGGCCAGAGTTAATGACACCATCCAAAAGAAAGCTCAAATATTAGCTGAA
AACACTGTGAAGACTTTCCCAGGCGCTGGAATCTTCGGAGTTGAGATGTTCCTATTG
TCTGATGGAGAACTTCTTGTAAATGAGATTGCTCCAAGGCCCCACAATTCTGGTCAC
TATACAATCGATGCATGTGTAACATCTCAGTTCGAAGCACATGTAAGAGCCATAACT
GGTCTGCCAATGCCACTAGATITCACCAAACTATCTACTTCCAACACCAACGCTATT
ATGCTCAATGTTTTGGGTGCTGAAAAATCTCACGGGGAATTAGAGTTTTGTAGAAGA
GCCTTAGAAACACCCGGTGCTTCTGTATATCTGTACGGAAAGACCACCCGATTGGCT
CGTAAGATGGGTCATATCAACATAATAGGATCTTCCATGTTGGAAGCAGAACAAAA
GTTAGAGTACATTCTAGAAGAATCAACCCACTTACCATCCAGTACTGTATCAGCT GA
CACTAAACCGTTGGTTGGAGTITATCATGGGTTCAGACTCTGATCTACCTGTGATTTCG
AAAGGTTGCGATATTTTAAAACAGTTTGGTGTTCCATTCGAAGTTACTATTGTCTCTG
CTCATAGAACACCACAGAGAATGACCAGATATGCCTITGAAGCCGCTAGTAGAGGT
ATCAAGGCTATCATTGCAGGTGCTGGTGGTGCTGCTCATCTTCCAGGAATGGTTGCT
GCCATGACTCCGTTGCCAGTCATTGGTGTTCCTGTCAAGGGCTCTACGTTGGATGGT
GTAGACTCGCTACACTCGATTGTCCAAATGCCTAGAGGTGTTCCTGTGGCTACGGTT
GCTATCAACAACGCCACCAATGCCGCTCTGTTGGCCATCAGGATTTTAGGTACAATT
GACCACAAATGGCAAAAGGAAATGTC CAAGTATATGAATGCAATGGAGACCGAAGT
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GTTGGGGAAGGCATCCAACTTGGAATCTGAAGGGTATGAATCCTATTTGAAGAATC
GTCTTTGAATTTAGTATTGTTITTTAATAGATGTATATATAATAGTACACGTAACTTA
TCTATTCCATTCATAATTTTATTTTAAAGGTTCGGTAGAAATTTGTCCTCCAAAAAGT
TGGTTAGAGCCTGGCAGTTTTGATAGGCATTATTATAGATTGGGTAATATTTACCCT
GCACCTGGAGGAACTTTGCAAAGAGCCTCATGTGCTCTAAAAGGATGTCAGAATTCC
AACATTTCAAAATTATATCTGCATGCGTCTGTAATACTGGAACTGTTATTTTTCTGGT
CAGGATTTCACCGCTCTTGTCGTCATGTTTCTCGTCGTCTGAAAGTAAACTGACTTTC
CTCTTTCCATAAACACAAAAATCGATTGCAACTTGGTTATTCTTGAGATTGAAATTTG
CTGTGTCTTCAGTGCTTAGCTGAATATCAACAAACTTACTTAGTACTAATAACGAAG
CACTATGGTAAGTGGCATAACATAGTGGTATTGAAGCGAACAGTGGATATTGAACC
CAAGCATTGGCAACATCTGGCTCTGTTGATACTGATCCGGATCGTTTGGCACCAATT
CCTGAAACGGCGTAGTGCCACCAAGGTTTCGATTTGAGAACAGGTTCATCATCAGAG
TCAACCACCCCAATGTCAATGGCAGGCTCCAACGAAGTAGGTCCAACAACAACAGG
AAGTATTTGACCTTGAAGATCTGTTCCTTTATGATCCACCACACCTTGCCCCAATTCC
AATAACTTTACCAGTCCCGATGCAGACATGATAACTGGTACTAATGATCTCCATTGA
TTTTCGTCGGCACTACGTAAAGCCTCCAAAAATGAATTCAGAATATCTTCTGAAACT
AGATTCTGCTTCTGTGATTCAAGCATTGCTTTATGTAGACATCTCTTGAATAAAAGCA
ATTCTCCACATATTGGTGTGTGTAAGATAGATCTGGAAAGATGTATCTGGAATAGTC
CAGTCAACGTTGTGCAATTGATTAGCATTACCTTACTGTGAACATCTCTATCTACAAC
AACAGACTCAATTCGATAGACGTTCCGGGAAAGTTTTTCAAGCGCATTCAGTTTGCT
GTTGAACAAAGTGACTTTGCTTTCCAATGTGCAAATACCCCTGTATATCAAGTCCAT
CACATCACTCAAGACCTTGGTGGAAAAGAATGAAACAGCTGGAGCATAATTTTCGA
ATGAATTAGGTAAGGTCACTTCATCCTTATCTGTTGTAATGCTATAATCAATAGCGG
AACTAACATCTTCCCATGTAACAGGTTTCTTGATCTCTGAATCTGAATCTTITATTTGA
AAAAGAATTGAAAAAAGACTCATCACTCATTGGGAATTCAAGGTCATTAGGGTATT
CCATTGTTAGTTCTGGTCTAGGTTTAAAGGGATCACCTTCGTTAAGACGATGGAAAA
TAGCTAATCTGTACAATAACCAGATACTTCTAACGAAGCTCTCTCTATCCATCAGTT
GACGTGTTGAGGATATCTGAACTAGCTCTTTCCACTGCGAATCAGGCATGCTCGTAT
AGCTGGCAAGCATGTTATTCAGCTTTACCAAGTTAGAAGCCCTTTGGAAACCATCTA
TAGATTCCCGAAAAAACTTATACCCACTGAGGGTTTCACTGAGCATAGTCAGTGACA
TCAAAGAGCATTTCAAATCCATCTCAGGCCAGTAT

‘While the present invention is described herein with reference to illustrated embodiments,
it should be understood that the invention is not limited hereto. Those having ordinary skill in
the art and access to the teachings herein will recognize additional modifications and
embodiments within the scope thereof. Therefore, the present invention is limited only by the
claims attached herein.
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WHAT IS CLAIMED:

1. A vector which stably integrates heterologous nucleic acid sequences into a host
genome without duplicating or deleting host genomic sequences.

2. A vector construct adapted to integrate into a target polynucleotide by
recombination, the construct comprising:

(@) a first and second nucleotide sequence each homologous with a corresponding
nucleotide sequence flanking a desired integration site in a target polynucleotide, the first and
second nucleotide sequences being capable of undergoing homologous recombination with the
corresponding nucleotide sequence flanking the desired integration site;

(b) a third nucleotide sequence operably linked to the first and second nucleotide
sequences, the third nucleotide sequence comprising one or more expression cassettes wherein at
least one expression cassette encodes a selectable or detectable marker and the third nucleotide
sequence being situated in a region of the construct located between the first and second
nucleotide sequences so as to enable the third nucleotide sequence to become integrated into the
target polynucleotide whenever the construct homologously recombines with the target
polynucleotide; and

©) a fourth nucleotide sequence operably linked to the first and third nucleotide
sequences or the second and third nucleotide sequences, wherein the fourth nucleotide sequence
includes an expression control sequence and is located between the first and third nucleotide
sequences or third and second nucleotide sequences.

3. The vector of Claim 2 wherein the first nucleotide sequence comprises an ORF,
which ends at the 3' end of the first nucleotide sequence, the fourth nucleotide sequence is
located between the first and third nucleotide sequences, and the fourth nucleotide sequence
comprises a transcription termination sequence capable of terminating transcription of the ORF
when the construct is integrated into the genome of a host.

4. The vector of Claim 2 wherein the second nucleotide sequence comprises an
ORF, which begins at the 5' end of the second nucleotide sequence, the fourth nucleotide
sequence is located between the third and second nucleotide sequences, and the fourth nucleotide
sequence comprises a promoter sequence capable of initiating transcription of the ORF when the
construct is integrated into the genome of a host.

5. A vector for inserting a sequence of interest into a target DNA sequence in the
genome of a host comprising:
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(a) a first homologous vector DNA sequence capable of homologous recombination
with a first region of the target DNA sequence, which ends at its 3' end with the stop codon of an
open reading frame (ORF);

(b) a heterologous transcription termination sequence operably linked to the ORF;

©) one or more expression cassettes; and

(d) a second homologous vector DNA sequence capable of homologous
recombination with a second region of the target DNA sequence;

wherein the 5'-3' orientation of the first homologous vector sequence relative to said
second homologous vector sequence is the same as the 5'-3' orientation of the first region relative
to the second region of the target sequence and the first and second vector sequences correspond
to adjacent first and second regions in the target DNA sequence; and wherein the vector is
capable of undergoing homologous recombination with the target DNA sequence.

6. The vector of claim 5, wherein the vector has at least two expression cassettes and
one of the expression cassettes encodes a detectable or selectable marker.

7. The vector of claim 5, wherein at least one expression cassette encodes a fusion
protein comprising a signal sequence.

8. The vector of claim 5, wherein the host is a lower eukaryotic cell.
9. The vector of claim 8, wherein the host is Saccharomyces cerevisiae or Pichia
pastoris, and the ORF is selected from the group of genes consisting of HIS4, ARG4, ADEI,

ADE2, HIS3, PROI, PRO2, TRP1, TRP2, TRP5, LYS1, LYS4, and THRI.

10. The vector of claim 6, wherein the selectable marker is counter-selectable.

11.  The vector of claim 10, wherein the selectable marker is selected from the group
consisting of URA3 and URAS.
12. The vector of claim 5, wherein (a) and (d) each may comprise one or more

restriction sites.

13. A vector for inserting a sequence of interest into a target DNA sequence in the
genome of a host comprising:

(a) a first homologous vector DNA sequence capable of homologous recombination
with a first region of the target DNA sequence;
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(b) one or more expression cassettes;

(©) a heterologous promoter sequence; and

) a second homologous vector DNA sequence capable of homologous
recombination with a second region of the target DNA sequence, which begins with the start
codon of an open reading frame (ORF) at its 5' end and which is operably linked to the
heterologous promoter;

wherein the 5'-3' orientation of the first homologous vector sequence relative to said
second homologous vector sequence is the same as the 5'-3' orientation of the first region relative
to the second region of the target sequence and the first and second vector sequences correspond
to adjacent first and second regions in the target DNA sequence; and wherein the vector is
capable of undergoing homologous recombination with the target DNA sequence.

14. The vector of claim 13, wherein the vector has at least two.expression cassettes
and one of the expression cassettes encodes a detectable or selectable marker.

15. The vector of claim 13, wherein at least one expression cassette encodes a fusion
protein comprising a signal sequence.

16. The vector of claim 13, wherein the host is a lower eukaryotic cell.

17. The vector of claim 16, wherein the host is Saccharomyces cerevisiae or Pichia
pastoris, and the ORF is selected from the group of genes consisting of HIS4, ARG4, ADEI,
ADE2, HIS3, PROI, PRO2, TRP1, TRP2, TRPS5, LYSI, LYS4, and THRI.

18. The vector of claim 14, wherein the selectable marker is counter-selectable.

19. The vector of claim 14, wherein the selectable marker is selected from the group
consisting of URA3 and URAS.

20. The vector of claim 13, wherein (a) and (d) each may comprise one or more
restriction sites.

21. The vector of Claim 1 wherein the vector has the following arrangement, from the
5' to 3' direction:

(2) a 5' flanking sequence homologous to the 5' side of an insertion site in a target
sequence in the host genome, which includes an open reading frame (ORF);
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® a first transcription termination sequence;

(©) one or more expression cassettes wherein each expression cassette comprises (i) a
promoter sequence; (ii) a sequence of interest; and (iii) optionally, a second transcription
termination sequence; and

(d) a 3' flanking sequence homologous to the 3' side of the insertion site of the target
sequence.

22. The vector of Claim 21 wherein at least one of the expression cassettes encodes a
detectable or selectable marker.

23. The vector of Claim 1 wherein the vector has the following arrangement, from the
5' to 3' direction:

(a) a 5' flanking sequence homologous to the 5' side of an insertion site in a target
sequence in a host genome, which includes sequence up to an open reading frame (ORF);

(b) one or more expression cassettes wherein each expression cassette comprises (i) a
promoter sequence; (ii) a sequence of interest; and (iii) optionally, a second transcription
termination sequence;

(9] a promoter sequence for regulating expression of the ORF; and

(d) a 3' flanking sequence homologous to the 3' side of the insertion site in the target
sequence in the host genome, which includes the ORF and its start codon.

24. The vector of Claim 21 wherein at least one of the expression cassettes encodes a
detectable or selectable marker.

25. A host cell comprising any one of the vectors of Claims 1-24.

26. A process for producing a recombinant host comprising introducing into the host
any one of the vectors of Claims 1-24 under conditions that select for the recombinant host.
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