
TITLE OF THE INVENTION VECTORS AND YEAST STRAINS FOR
PROTEIN PRODUCTION BACKGROUND OF THE INVENTION (1)
Field of the Invention The present invention relates
to use of chaperone genes to improve protein
production in recombinant expression systems. In
general, recombinant lower eukaryote host cells
comprise a nucleic acid encoding a heterologous
chaperone protein and a deletion or disruption of the
gene encoding the endogenous chaperone protein. These
host cells are useful for producing recombinant
glycoproteins in large amounts and for producing
recombinant glycoproteins that have reduced
O-glycosylation. (2) Description of Related Art
Molecular chaperones play a critical role in the
folding and secretion of proteins, and in particular,
for the folding and secretion of antibodies. In lower
eukaryotes, and particularly in yeast, Protein
Disulfide Isomerase (PDI) is a chaperone protein,
which functions to help create the disulphide bonds
between multimeric proteins, such as those between
antibody heavy and light chains. There have been past
attempts to increase antibody expression levels in P.
pastoris by overexpressing human PDI chaperone protein
and/or overexpressing endogenous PDI. See for example,
Wittrup et al, U.S. Patent No. 5,772,245; Toyoshima et
al, U.S. Patent Nos. 5,700,678 and 5,874,247; Ng et
al., U.S. Application Publication No. 2002/0068325;
Toman et al, J. Biol. Chem. 275: 23303-23309 (2000);
Keizer-Ounnink et al, Martix Biol. 19: 29-36 (2000);
Vad et al, J. Biotechnol. 116: 251-260 (2005); Inana
et al., Biotechnol. Bioengineer. 93: 771-778 (2005);
Zhang et al, Biotechnol. Prog. 22: 1090-1095 (2006);
Damasceno et al, Appl. Microbiol. Biotechnol. 74:
381-389 (2006); and, Huo et al, Protein express.
Purif. 54: 234-239 (2007). Protein disulfide isomerase
(PDI) can produce a substantial increase or a
substantial decrease in the recovery of
disulfide-containing proteins, when compared with the
uncatalyzed reaction; a high concentration of PDI in
the endoplasmic reticulum (ER) is essential for the
expression of disulfide-containing proteins (Puig and
Gilbert, J. Biol. Chem., 269:7764- 7771 (1994)). The
action of PDIl and its co-chaperones is shown in
Figure 2. In Gunther et al, J.Biol. Chem.,
268:7728-7732 (1993) the Trgl/Pdil gene of
Saccharomyces cerevisiae was replaced by a murine gene
of the protein disulfide isomerase family. It was
found that two unglycosylated mammalian proteins PDI
and ERp72 were capable of replacing at least some of
the critical functions of Trgl , even though the three
proteins diverged considerably in the sequences
surrounding the thioredoxin-related domains; whereas
ERpql was inactive.Development of further protein
expression systems for yeasts and filamentous fungi,
such as Pichiapastoris, based on improved vectors and
host cell lines in which effective chaperone proteins
would facilitate development of genetically enhanced
yeast strains for the recombinant production of
proteins, and in particular, for recombinant
production of antibodies. The present invention
provides improved methods and materials for the
production of recombinant proteins using auxiliary
genes and chaperone proteins. In one embodiment,
genetic engineering to humanize the chaperone pathway
resulted in improved yield of recombinant antibody
produced in Pichia pastoris cells. As described
herein, there are many attributes of the methods and
materials of the present invention which provide
unobvious advantages for such expression processes
over prior known expression processes. BRIEF SUMMARY
OF THE INVENTION The present inventors have found that
expression of recombinant proteins in a recombinant
host cell can be improved by replacing one or more of
the endogenous chaperone proteins in the recombinant
host cell with one or more heterologous chaperone
proteins. In general, it has been found that
expression of a recombinant protein can be increased
when the gene encoding an endogenous chaperone protein
is replaced with a heterologous gene from the same or
similar species as that of the recombinant protein to
be produced in the host cell encoding a homolog of the
endogenous chaperone protein. For example, the
function of an endogenous gene encoding a chaperone
protein can be reduced or eliminated in a lower
eukaryotic host cell and a heterologous gene encoding
a mammalian chaperone protein is introduced into the
host cell. In general, the mammalian chaperone is
selected to be from the same species as the
recombinant protein that is to be produced by the host
cell. The lower eukaryotic host cell that expresses
the mammalian chaperone protein but not its endogenous
chaperone protein is able to produce active, correctly
folded recombinant proteins in high amounts. This is
an improvement in productivity compared to production
of the recombinant protein in lower eukaryotic host
cells that retain the endogenous PDI gene. The present
inventors have also found that by improving protein
expression as described herein provides the further
advantage that healthy, viable recombinant host cells
that have a deletion or disruption of one or more of
its endogenous protein O-mannosyltransferases (PMT)
genes can be constructed. Deleting or disrupting one
or more of the PMT genes in a lower eukaryotic cell
results in a reduction in the amount of
<9-glycosylation of recombinant proteins produced in
the cell. However, when PMT deletions are made in
lower eukaryotic host cells that further include a
deletion in one or genes encoding mannosyltransferases
and express the endogenous chaperone proteins, the
resulting cells often proved to be non-viable or
lowproducing cells, rendering them inappropriate for
commercial use.Thus, in certain aspects, the present
invention provides lower eukaryotic host cells, in
which the function of at least one endogenous gene
encoding a chaperone protein has been reduced or
eliminated, and a nucleic acid molecule encoding at
least one mammalian homolog of the chaperone protein
is expressed in the host cell. In further aspects, the
lower eukaryotic host cell is a yeast or filamentous
fungi host cell. In further still aspects, the
function of the endogeneous gene encoding the
chaperone protein Protein Disulphide Isomerase (PDI)
is disrupted or deleted such that the endogenous PDIl
is no longer present in the host cell and a nucleic
acid molecule encoding a mammalian PDI protein is
introduced into the host cell and expressed in the
host cell. In one embodiment, the mammalian PDI
protein is of the same species as that of the
recombinant proteins to be expressed in the host cell
and that the nucleic acid molecule encoding the
mammalian PDI be integrated into the genome of the
host cell. For example, when the 



recombinant protein is expressed from a human gene
introduced into the host cell, it is preferable that
the gene encoding the PDI be of human origin as well.
In further embodiments, the nucleic acid molecule for
expressing the PDI comprises regulatory elements, such
as promoter and transcription termination sequences,
which are functional in the host cell, operably linked
to an open reading frame encoding the mammalian PDI
protein. In other embodiments, the endogenous PDI gene
is replaced with a nucleic acid molecule encoding a
mammalian PDI gene. This can be accomplished by
homologous recombination or a single substitution
event in which the endogenous PDIl gene is looped out
by the mammalian PDI gene, comprising overlapping
sequences on both ends. In further aspects, the lower
eukaryotic host cells of the invention are further
transformed with a recombinant vector comprising
regulatory nucleotide sequences derived from lower
eukaryotic host cells and a coding sequence encoding a
selected mammalian protein to be produced by the above
host cells. In certain aspects, the selected mammalian
protein is a therapeutic protein, and may be a
glycoprotein, such as an antibody. The present
invention also provides lower eukaryotic host cells,
such as yeast and filamentous fungal host cells,
wherein, in addition to replacing the genes encoding
one or more of the endogenous chaperone proteins as
described above, the function of at least one
endogenous gene encoding a protein
O-mannosyltransferase (JPMT) protein is reduced,
disrupted, or deleted. In particular embodiments, the
function of at least one endogenous PMT gene selected
from the group consisting of the PMTl and PMT4 genes
is reduced, disrupted, or deleted. In further
embodiments, the host cell may be a yeast or
filamentous fungal host cell, such as a Pichia
pastoris cell, in which the endogenous Pichia pastoris
PDIl has been replaced with a mammalian PDI and the
host cell further expresses a vector comprising
regulatory nucleotide sequences derived from or
functional in Pichia pastoris cells operablylinked
with an open reading frame encoding a human
therapeutic glycoprotein, such as an antibody, which
is introduced into the host cell. The host cell is
then further be engineered to reduce or eliminate the
function of at least one endogenous Pichiapastoris
gene encoding a protein O-mannosyltransferase (PMT)
protein selected from the group consisting of PMTl and
PMT4 to provide a host cell that is capable of making
recombinant proteins having reduced Oglycosylation
compared to host cells that have functional PMT genes.
In further aspects, the host cells are further
contacted with one or more inhibitors of PMT gene
expression or PMT protein function. In further
aspects, the present invention comprises recombinant
host cells, such as non-human eukaryotic host cells,
lower eukaryotic host cells, and yeast and filamentous
fungal host cells, with improved characteristics for
production of recombinant glycoproteins, glycoproteins
of mammalian origin including human proteins. The
recombinant host cells of the present invention have
been modified by reduction or elimination of the
function of at least one endogenous gene encoding a
chaperone protein. Reduction or elimination of the
function of endogenous genes can be accomplished by
any method known in the art, and can be accomplished
by alteration of the genetic locus of the endogenous
gene, for example, by mutation, insertion or deletion
of genetic sequences sufficient to reduce or eliminate
the function of the endogenous gene. The chaperone
proteins whose function may be reduced or eliminated
include, but are not limited to, PDI. In one
embodiment, the endogenous gene encoding PDI is either
deleted or altered in a manner which reduces or
eliminates its function. In further aspects, the
function of the chaperone protein is reduced or
eliminated and is then replaced, for example, by
transforming the host cell with at least one
non-endogenous gene which encodes a homolog of the
chaperone protein which has been disrupted or deleted.
In further aspects, the host cells are transformed to
express at least one foreign gene encoding a human or
mammalian homolog of the chaperone protein which has
been disrupted or deleted. In further aspects, the
foreign gene encodes a homolog from the same species
as, or a species closely related to, the species of
origin of the recombinant glycoprotein to be produced
using the host cell. In particular aspects, the
function of the endogenous chaperone protein PDIl is
reduced or eliminated, and the host cell is
transformed to express a homolog of PDI which
originates from the same species as, or a species
closely related to, the species of origin of the
recombinant protein to be produced using the host
cell. For example, in a Pichiapastoris expression
system for expression of mammalian proteins, the
Pichiapastoris host cell is modified to reduce or
eliminate the function of the endogenous PDIl gene,
and the host cell is transformed with a nucleic acid
molecule which encodes a mammalian PDI gene. The
present invention also provides methods for increasing
the productivity of recombinant human or mammalian
glycoproteins in a non-human eukaryotic host cell,
lowereukaryotic host cell, or a yeast or filamentous
fungal host cell. The methods of the present invention
comprise the step of reducing or eliminating the
function of at least one endogenous gene encoding a
chaperone protein. Generally, the method further
comprises transforming the host cell with at least one
heterogeneous gene which encodes a homolog of the
chaperone protein in which the function has been
reduced or eliminated. The heterogeneous genes
comprise foreign genes encoding human or mammalian
homologs of the chaperone proteins in which the
functions have been reduced or eliminated. In further
aspects, the foreign gene encodes a homolog from the
same species as, or a species closely related to, the
species of origin of the recombinant glycoprotein to
be produced using the host cell. In many aspects, the
chaperone proteins whose function may be reduced or
eliminated include PDI. Thus, further provide are
methods for producing a recombinant protein in the
host cells disclosed herein, for example, in one
embodiment, the method comprises providing a lower
eukaryotic host cell in which the function of at least
one endogenous gene encoding a chaperone protein has
been disrupted or deleted and a nucleic acid molecule
encoding at least one mammalian homolog of the
endogenous chaperone protein is expressed in the host
cell: introducing a nucleic acid molecule into the
host cell encoding the recombinant protein: and
growing the host cell under conditions suitable for
producing the recombinant protein. In another
embodiment, the method comprises providing a lower
eukaryotic host cell in which the function of (i) at
least one endogenous gene encoding a chaperone
protein; and (ii) at least one endogenous gene
encoding a protein 0-mannosyltransferase (PMT)
protein; have been reduced, disrupted, or deleted; and
a nucleic acid molecule encoding at least one
mammalian homolog of 



the chaperone protein is expressed in the host cell;
introducing a nucleic acid molecule into the host cell
encoding the recombinant protein: and growing the host
cell under conditions suitable for producing the
recombinant protein. In another embodiment, the method
comprises providing lower eukaryotic host cell in
which the function of the endogenous gene encoding a
chaperone protein PDI; and at least one endogenous
gene encoding a protein O-mannosyltransferase-1 (PMTl)
or PMT4 protein; have been reduced, disrupted, or
deleted; and a nucleic acid molecule encoding at least
one mammalian homolog of the chaperone protein PDI is
expressed in the host cell; introducing a nucleic acid
molecule into the host cell encoding the recombinant
protein: and growing the host cell under conditions
suitable for producing the recombinant protein. It has
further been found that overexpressing an Ca2+ ATPase
in the above host cells herein effects a decrease in
O-glycan occupancy. It has also been found that
overexpressing a calreticulin and an ERp57 protein in
the above host cells also effected a reduction in
O-glycan occupancy. Thus, in further embodiments of
the above host cells, the host cell further includes
one or more nucleic acid molecules encoding one or
more exogenous or endogenous Ca2+ ATPases operably
linked to a heterologous promoter. In further
embodiments, the Ca2+ ATPase is the Ca2+ ATPase
encoded by the Pichiapastoris PMRl gene or the
Arabidopsis thalianaECAl gene In further embodiments,
the host cells further include one or more nucleic
acid molecules encoding a calreticuhn and/or an ERp57
Other Ca2+ ATPases that are suitable include but are
not limited to human SERCA2b protein (ATP2A2 ATPase,
Ca+ + transporting, cardiac muscle, slow twitch 2) and
the Pichia pastons CODl protem (homologue of
Saccharomyces cerevisiae SPFl) Other proteins that are
suitable include but are not limited to human UGGT
(UDP-glucose glycoprotein glucosyltransferase) protein
and human ERp27 protem Thus, the present invention
provides a lower eukaryote host cell in which the
function of at least one endogenous gene encoding a
chaperone protein has been disrupted or deleted and a
nucleic acid molecule encoding at least one mammalian
homolog of the endogenous chaperone protein is
expressed in the host cell In a further embodiments,
the chaperone protein that is disrupted is a Protein
Disulphide Isomerase (PDI) and in further embodiments,
the mammalian homolog is a human PDI In general, the
lower eukaryote host cell further includes a nucleic
acid molecule encoding a recombinant protem, which in
particular aspects, is a glycoprotein, which in
further aspects is an antibody or fragment thereof
such as Fc or Fab In further embodiments, the function
of at least one endogenous gene encoding a protem
O-mannosyltransferase (PAfT) protein has been reduced,
disrupted, or deleted In particular aspects, the PMT
protein is selected from the group consisting of PMTl
and PMTA Thus, the host cell can further include
reduction, disruption, or deletion of the PMTX or PMTA
alone or reduction, disruption, or deletion of both
the PMT\ and PMT4 Thus, further provided is a lower
eukaryote host cell in which the function of (a) at
least one endogenous gene encoding a chaperone protem,
and (b) at least one endogenous gene encoding a
protein Omannosyltransferase (PMT) protem, have been
reduced, disrupted, or deleted, and a nucleic acid
molecule encoding at least one mammalian homolog of
the chaperone protein is expressed m the host cell In
further embodiments, the host cell further includes a
nucleic acid molecule encodmg an endogenous or
heterologous Ca2+ ATPase In particular aspects, the
Ca2+ ATP is selected from the group consisting of the
Pichia pastons PMRI and the Arabidapsis thaliana ECAl
Thus, further provided is a lower eukaryote host cell
in which the function of (a) at least one endogenous
gene encoding a chaperone protein has been reduced,
disrupted, or deleted, and nucleic acid molecules
encoding at least one mammalian homolog of the
chaperone protein and at least one Ca2+ ATPase are
expressed in the host cell Further provided is a lower
eukaryote host cell in which the function of (a) at
least one endogenous gene encoding a chaperone
protein, and (b) at least one endogenous gene encoding
a protem O-mannosyltransferase (PMT) protem, have been
reduced, disrupted, or deleted, and nucleic acid
molecules encoding at least onemammalian homolog of
the chaperone protein and at least one Ca2+ ATPase are
expressed in the host cell In further still aspects,
the host cell further includes a nucleic acid molecule
encoding the human ERp57 chaparone protein or a
nucleic acid molecule encoding a calreticulin (CRT)
protein, or both In particular aspects, the
calreticulin protein is the human CRT and the ERp57 is
the human ERpS7 Thus, further provided is a lower
eukaryote host cell m which the function of (a) at
least one endogenous gene encoding a chaperone protein
has been reduced, disrupted, or deleted, and nucleic
acid molecules encoding at least one mammalian homolog
of the chaperone protein and at least one of CRT or
ERp57 are expressed in the host cell Further provided
is a lower eukaryote host cell in which the function
of (a) at least one endogenous gene encoding a
chaperone protein has been reduced, disrupted, or
deleted, and nucleic acid molecules encoding at least
one mammalian homolog of the chaperone protein, at
least one of CRT or ERp57, and at least one Ca +
ATPase are expressed in the host cell Further provided
is a lower eukaryote host cell m which the function of
(a) at least one endogenous gene encoding a chaperone
protein, and (b) at least one endogenous gene encoding
a protein Omannosyltransferase (PMT) protein, have
been reduced, disrupted, or deleted, and nucleic acid
molecules encoding at least one mammalian homolog of
the chaperone protein, at least one of CRT or ERp57,
and at least one Ca2+ ATPase are expressed in the host
cell In further aspects of the above host cells, the
host cell is selected from the group consisting of
Pichia pastons Pichiafinlan  ca, Pichia trehalophila
Pichia koclamae Pichta membmnaefaciens, Pichia minuta
(Ogataea mmuta, Pichia lindnen) Pichia opuntiae Pichia
therrnotolerans Pichia salictaria Pichia guercuum,
Pichia pijpen, Pichia stf itis, Pichia methanolica
Pichia sp , Saccharomyces cerevmae Saccharomyces sp ,
Schizosacchromyces pombe Schizosacchroyces sp
Hansenula polymorpha Kluyveromyces sp , Kluyveromyces
lactis Candida albicans, Aspergillus nidulans
Aspergillus niger, Aspergillus oryzae, Tnchoderma
reesei Chrysosponum lucknowense Fusanum sp , Fusariunt
gramineum Fusanum venenatum, Physcomitrella patens and
Neurospora crassa Pichia sp any Saccharomyces sp , any
Schizosacchroyces sp Hansenula polymorpha, any
Kluyveromyces sp , Candida albicans, any Aspergillus
sp , Tnchoderma reesei Chrysosponum lucknowense any
Fusanum sp and Neurospora crass 



Further embodiments include methods for producing
recombinant proteins in yields higher than is
obtainable in host cells that are not modified as
disclosed herein and for producing recombinant
proteins that have reduced O-glycosylation or O-glycan
occupancy compared to recombinant glycoproteins that
do not include the genetic modifications disclosed
herein Recombinant proteins include proteins and
glycoproteins of therapeutic relevance, including
antibodies and fragments thereofThus, provided is a
method for producing a recombinant protein comprising:
(a) providing a lower eukaryote host cell in which the
function of at least one endogenous gene encoding a
chaperone protein has been disrupted or deleted and a
nucleic acid molecule encoding at least one mammalian
homolog of the endogenous chaperone protein is
expressed in the host cell; (b) introducing a nucleic
acid molecule into the host cell encoding the
recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein; and (b) at least one endogenous
gene encoding a protein Omannosyltransferase (PMT)
protein; have been reduced, disrupted, or deleted; and
a nucleic acid molecule encoding at least one
mammalian homolog of the chaperone protein is
expressed in the host cell; (b) introducing a nucleic
acid molecule into the host cell encoding the
recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein; and (b) at least one endogenous
gene encoding a protein Omannosyltransferase (PMT)
protein; have been reduced, disrupted, or deleted; and
nucleic acid molecules encoding at least one mammalian
homolog of the chaperone protein and at least one Ca2+
ATPase are expressed in the host cell; (b) introducing
a nucleic acid molecule into the host cell encoding
the recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein has been reduced, disrupted, or
deleted; and nucleic acid molecules encoding at least
one mammalian homolog of the chaperone protein and at
least one of CRT or ERp57 are expressed in the host
cell; (b) introducing a nucleic acid molecule into the
host cell encoding the recombinant protein: and (c)
growing the host cell under conditions suitable for
producing the recombinant protein. Further provided is
a method for producing a recombinant protein
comprising: (a) providing a lower eukaryote host cell
in which the function of (a) at least one endogenous
gene encoding a chaperone protein has been reduced,
disrupted, or deleted; and nucleic acid molecules
encoding at least one mammalian homolog of the
chaperone protein, at least one of CRT or ERp57, and
at least one Ca2+ ATPase are expressed in the host
cell; (b) introducing a nucleic acid molecule into the
host cell encoding the recombinant protein: and (c)
growing the host cell under conditions suitable for
producing the recombinant protein.Further provided is
a method for producing a recombinant protein
comprising: (a) providing a lower eukaryote host cell
in which the function of (a) at least one endogenous
gene encoding a chaperone protein; and (b) at least
one endogenous gene encoding a protein
Omannosyltransferase (PMT) protein; have been reduced,
disrupted, or deleted; and nucleic acid molecules
encoding at least one mammalian homolog of the
chaperone protein, at least one of CRT or ERp57, and
at least one Ca2+ ATPase are expressed in the host
cell; (b) introducing a nucleic acid molecule into the
host cell encoding the recombinant protein: and (c)
growing the host cell under conditions suitable for
producing the recombinant protein. Further provided is
a method for producing a recombinant protein with
reduced O-glycosylation or O-glycan occupancy
comprising: (a) providing a lower eukaryote host cell
in which the function of at least one endogenous gene
encoding a chaperone protein has been disrupted or
deleted and a nucleic acid molecule encoding at least
one mammalian homolog of the endogenous chaperone
protein is expressed in the host cell; (b) introducing
a nucleic acid molecule into the host cell encoding
the recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein with reduced
O-glycosylation or O-glycan occupancy comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein; and (b) at least one endogenous
gene encoding a protein 0-mannosyltransferase (PAtT)
protein; have been reduced, disrupted, or deleted; and
a nucleic acid molecule encoding at least one
mammalian homolog of the chaperone protein is
expressed in the host cell; (b) introducing a nucleic
acid molecule into the host cell encoding the
recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein with reduced
O-glycosylation or O-glycan occupancy comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein; and (b) at least one endogenous
gene encoding a protein 0-mannosyltransferase (PMT)
protein; have been reduced, disrupted, or deleted; and
nucleic acid molecules encoding at least one mammalian
homolog of the chaperone protein and at least one Ca2+
ATPase are expressed in the host cell; (b) introducing
a nucleic acid molecule into the host cell encoding
the recombinant protein: and (c) growing the host cell
under conditions suitable for producing the
recombinant protein. Further provided is a method for
producing a recombinant protein with reduced
O-glycosylation or O-glycan occupancy comprising: (a)
providing a lower eukaryote host cell in which the
function of (a) at least one endogenous gene encoding
a chaperone protein has been reduced, disrupted, or
deleted; and nucleic acid molecules encoding at least
one mammalian homolog of the chaperone protein and at
least one of CRT or ERp57 are expressed in the
hostcell, (b) introducing a nucleic acid molecule into
the host cell encoding the recombinant protein and (c)
growing the host cell under conditions suitable for
producing the recombinant protein Further provided is
a method for producing a recombinant protem with
reduced O-glycosylation or 0-glycan occupancy
comprising (a) providing a lower eukaryote host cell
in which the function of (a) at least one endogenous
gene encoding a chaperone protein has been reduced,
disrupted, or deleted, and nucleic acid molecules
encoding at least one mammalian 



homolog of the chaperone protein, at least one of CRT
or ERp57, and at least one Ca2+ ATPase are expressed
in the host cell, (b) introducing a nucleic acid
molecule into the host cell encoding the recombinant
protein and (c) growing the host cell under conditions
suitable for producing the recombinant protein Further
provided is a method for producing a recombinant
protein with reduced O-glycosylation or O-glycan
occupancy comprising (a) providing a lower eukaryote
host cell in which the function of (a) at least one
endogenous gene encoding a chaperone protein, and (b)
at least one endogenous gene encodmg a protein
0-mannosyltransferase (PMT) protein, have been
reduced, disrupted, or deleted, and nucleic acid
molecules encoding at least one mammalian homolog of
the chaperone protein, at least one of CRT or ERp57,
and at least one Ca2+ ATPase are expressed in the host
cell, (b) introducing a nucleic acid molecule into the
host cell encoding the recombinant protem and (c)
growing the host cell under conditions suitable for
producing the recombinant protein In further aspects
of the above methods, the host cell is selected from
the group consisting of Pichia pastons, Pwhta b
nlandwa, Pichia trehalophila, Pichxa koclamae, Pichia
membranaefaciens Pichia mmuta (Ogataea minuta Pichia
hndnen), Pichia opuntiae, Pichia thermotolerans,
Pichia sahctana, Pichia guercuum Pichia pijperi,
Pichia stf itis Pichia rnethanolica, Pichia sp ,
Saccharomyces cerevmae, Saccharomyces sp ,
Schizosacchromyces pombe, Schizosacchroyces sp
Hansenula polymorpha, Kluyveromyces sp , Kluyveromyces
lactis, Candida albicans Aspergillus nidulans,
Aspergillus mger, Aspergillus oryzae Tnchoderma
reesei, Chrysosporium lucknswense, Fusanum sp ,
Fusanum gramineum Fusanum venenatum, Physcopatrella
patens and Neurospora crassa Pichia sp any
Saccharomyces sp any Schizosacchromyces sp Hansenula
polymorpha any Kluyveromyces sp , Candida albicans,
any Aspergillus sp Tnchoderma reesei Chrysosporium
lucknowense any Fusanum sp and Neurospora crassa
Further provided are recombinant proteins produced by
the host cells disclosed herein In particular
embodiments, any one of the aforementioned host cells
can further include genetic modifications that enable
the host cells to produce glycoproteins have
predominantly particular JV-glycan structures thereon
or particular mixtures of T^-glycan structures thereon
For example, the host cells have been genetically
engineered to produce Nglycans having a MaH GIcNAc2 or
MansGlcNAc 2 core structure, which in particular
aspects include one or more additional sugars such as
GIcNAc, Galactose, or sialic acid on the nonreducing
end, and optionally fucose on the GIcNAc at the
reducing end. Thus, the LT-glycans include both
bi-antennary and multi-antennary glycoforms and
glycoforms that are bisected. Examples of Lf-glycans
include but are not limited to MangGlcNAc2 ,
Man7GlcNAc2 , Man GlcNAc2 , Man5GlcNAc 2 , GIcNAcMans
GIcNAc2 , GalGlcNAcMansGlcNAc 2 ,
NANAGalGlcNAcMan5GlcNAc 2 , Man3GlcNAc 2 , GIcNAc(J
-4)Man3GlcNAc2 , GaI(J. 4)GlcNAc(j-4)Man 3GlcNAc2 ,
NANA(J -4 )GaI(I -4 )GIcNAc(J -4 )MaH3GIcNAc2 .
Definitions Unless otherwise defined herein,
scientific and technical terms and phrases used in
connection with the present invention shall have the
meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include the
plural and plural terms shall include the singular.
Generally, nomenclatures used in connection with, and
techniques of biochemistry, enzymology, molecular and
cellular biology, microbiology, genetics and protein
and nucleic acid chemistry and hybridization described
herein are those well known and commonly used in the
art. The methods and techniques of the present
invention are generally performed according to
conventional methods well known in the art and as
described in various general and more specific
references that are cited and discussed throughout the
present specification unless otherwise indicated. See,
e.g., Sambrook et al. Molecular Cloning: A Laboratory
Manual, 2d ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. ( 1989); Ausubel et al.,
Current Protocols in Molecular Biology, Greene
Publishing Associates (1992, and Supplements to 2002);
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (1990); Taylor and Drickamer, Introduction to
Glycobiology, Oxford Univ. Press (2003); Worthington
Enzyme Manual, Worthington Biochemical Corp.,
Freehold, NJ; Handbook of Biochemistry: Section A
Proteins, VoI I, CRC Press (1976); Handbook of
Biochemistry: Section A Proteins, VoI II, CRC Press
(1976); Essentials of Glycobiology, Cold Spring Harbor
Laboratory Press (1999). All publications, patents and
other references mentioned herein are hereby
incorporated by reference in their entireties. The
following terms, unless otherwise indicated, shall be
understood to have the following meanings: As used
herein, the terms "W-glycan" and "glycoform" are used
interchangeably and refer to an iV-linked
oligosaccharide, e.g., one that is attached by an
asparagine-JVacetylglucosamine linkage to an
asparagine residue of a polypeptide. JV-linked
glycoproteins contain an 7V-acetylglucosamine residue
linked to the amide nitrogen of an asparagine residue
inthe protein The predominant sugars found on
glycoproteins are glucose, galactose, mannose, fucose,
f-acetylgalactosamine (GaINAc), JV-acetylglucosamme
(GIcNAc) and sialic acid ( g , Nacetyl- neuraminic
acid (NANA)) The processing of the sugar groups occurs
cotranslationally in the lumen of the ER and continues
in the Golgi apparatus for iV-hnked glycoproteins
N-glycans have a common pentasaccharide core of
Man3GlcNAc2 ("Man" refers to mannose, "GIc" refers to
glucose, and "NAc" refers to Af-acetyl, GIcNAc refers
to Nacetylglucosamme) JV-glycans differ with respect
to the number of branches (antennae) comprising
peripheral sugars (e g , GIcNAc, galactose, fucose and
sialic acid) that are added to the Man3GlcNAc2
("Man3") core structure which is also referred to as
the "tnmannose core", the "pentasaccharide core" or
the "paucimannose core" iV-glycans are classified
according to their branched constituents (e g , high
mannose, complex or hybrid) A "high mannose" type
LT-glycan has five or more mannose residues A
"complex" type Lf-glycan typically has at least one
GIcNAc attached to the 1,3 mannose arm and at least
one GIcNAc attached to the 1,6 mannose arm of a
"tnmannose" core Complex 7V-glycans may also have
galactose ("Gal") or JVacetylgalactosamine ("GaINAc")
residues that are optionally modified with sialic acid
or derivatives (e g , "NANA" or "NeuAc", where "Neu"
refers to neuraminic acid and "Ac" refers 



to acetyl) Complex iV-glycans may also have intrachain
substitutions comprising "bisecting" GIcNAc and core
fucose ("Fuc") Complex iV-glycansmay also have
multiple antennae on the "tnmannose core," often
referred to as "multiple antennary glycans " A
"hybrid" iV-glycanhas at least one GIcNAc on the
terminal of the 1,3 mannose arm of the tnmannose core
and zero or more mannoses on the 1,6 mannose arm of
the tnmannose core The various iV-glycans are also
referred to as "glycoforms " Abbreviations used herein
are of common usage in the art, see, e g ,
abbreviations of sugars, above Other common
abbreviations include "PNGase", or "glycanase" or
"glucosidase" which all refer to peptide N-glycosidase
F (EC 3 2 2 18) The term "vector" as used herein is
intended to refer to a nucleic acid molecule capable
of transporting another nucleic acid molecule to which
it has been linked One type of vector is a "plasmid
vector", which refers to a circular double stranded
DNA loop into which additional DNA segments may be
hgated Other vectors include cosmids, bactenal
artificial chromosomes (BAC) and yeast artificial
chromosomes (YAC) Another type of vector is a viral
vector, wherein additional DNA segments may be hgated
into the viral genome (discussed in more detail below)
Certain vectors are capable of autonomous replication
in a host cell into which they are introduced (e g ,
vectors having an origin of replication which
functions in the host cell) Other vectors can be
integrated into the genome of a host cell upon
introduction into the host cell, and are thereby
replicated along with the host genome Moreover,
certain preferred vectors are capable of directing the
expression of genes to which they are operatively
linkedSuch vectors are referred to herein as
"recombinant expression vectors" (or simply,
"expression vectors"). As used herein, the term
"sequence of interest" or "gene of interest" refers to
a nucleic acid sequence, typically encoding a protein,
that is not normally produced in the host cell. The
methods disclosed herein allow efficient expression of
one or more sequences of interest or genes of interest
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
Af-glycan synthesis in a host such as
mannosyltransferases, Nacetylglucosaminyltransferases,
UDP-TV-acetylglucosamine transporters,
galactosyltransferases,
UDP-Lf-acetylgalactosyltransferase, sialyltransferases
and fucosyltransferases. 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 Pichiapastoris 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. 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 Pichia pastoris include
ADEl, ARG4, HIS4 and URA3. For antibiotic resistance
marker genes, kanamycin, neomycin, geneticin (or
G418), paromomycin and hygromycin resistance genes are
commonly used to allow for growth in the presence of
these antibiotics. "Operatively linked" expression
control sequences refers to a linkage in which the
expression control sequence is contiguous with the
gene of interest to control the gene of interest, as
well as expression control sequences that act in trans
or at a distance to control the gene of interest. The
term "expression control sequence" or "regulatory
sequences" are used interchangeably and as used herein
refer 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-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, allcomponents whose presence is
essential for expression, and can also include
additional components whose presence is advantageous,
for example, leader sequences and fusion partner
sequences The term "recombinant host cell"
("expression host cell", "expression host system",
"expression system" or simply "host cell"), as used
herein, is intended to refer to a cell mto 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
m 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 and
filamentous fungi Yeast and filamentous fungi include,
but are not limited to Pichia pastons,
Pichiaftnlandica, Pichia trehalopkila, Pichia
koclamae, Pichia membranaefaciens, Pichia minuta
(Ogataea minuta Pichia lindnen), Pichia opuntiae,
Pichia thermotolerans Pichia salictana Pichia
guercuum, Pichia pijperi, Pichia stf itis, Pichia
tnethanohca, Pichia sp , Saccharomyces cerevisiae,
Saccharomyces sp , Schizosacchromyces pombe,
Schizosacchroyces sp , Hansenula polymorpha
Kluyveromyces sp , Kluyverontyces lactis, Candida
albicans, Aspergillus nidulans Aspergillus niger,
Aspergillus oryzae, Trichoderma reesei, Chrysosponum
lucknowense, Fusanwn sp , Fiisanum gramineum Fusanum
venenatum, Physcomitrella patens and Neurospora crassa
Pichia sp , any Saccharomyces sp , any
Schizosacchromyces sp , Hansenula polymorpha any
Kluyveromyces sp , Candida albicans, any Aspergillus
sp , Trichoderma reesei, Chrysosponum lucknowense, any
Fusanum sp and Neurospora crassa 



The function of a gene encoding a protein is said to
be 'reduced' when that gene has been modified, for
example, by deletion, insertion, mutation or
substitution of one or more nucleotides, such that the
modified gene encodes a protein which has at least 20%
to 50% lower activity, in particular aspects, at least
40% lower activity or at least 50% lower activity,
when measured in a standard assay, as compared to the
protein encoded by the corresponding gene without such
modification The function of a gene encoding a protem
is said to be 'eliminated' when the gene has been
modified, for example, by deletion, insertion,
mutation or substitution of one or more nucleotides,
such that the modified gene encodes a protem which has
at least 90% to 99% lower activity, in particular
aspects, at least 95% lower activity or at least 99%
lower activity, when measured in a standard assay, as
compared to the protein encoded by the corresponding
gene without such modificationUnless otherwise
defined, all technical and scientific terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this
invention pertains. Exemplary methods and materials
are described below, although methods and materials
similar or equivalent to those described herein can
also be used in the practice of the present invention
and will be apparent to those of skill in the art. All
publications and other references mentioned herein are
incorporated by reference in their entirety. In case
of conflict, the present specification, including
definitions, will control. The materials, methods, and
examples are illustrative only and not intended to be
limiting in any manner. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 illustrates representative results
from deep-well plate screening where human anti-DKKl
antibody is produced in Pichiapastoris host cells in
which the endogenous PDIl gene is expressed (Panel A),
both in the presence of the endogenous PDIl gene and
the human PDI gene (Panel B), and in a cell line
expressing the human PDI gene and in which the
endogenous PDIl gene function has been knocked out
(Panel C). Figure 2 illustrates the action of human
PDI and its co-chaperones in thiol-redox reactions in
the endoplasmic reticulum. Figures 3A and 3B show the
genealogy of yeast strains described in the examples
for illustrating the invention. Figures 4A and 4B
shows representative results from shakeflask (A) and
0.5L bioreactor (B) expression studies in which human
anti-Her2 antibody was produced in Pichia pastoris
strains in which the human PDI gene (hPDI) replaced
the endogenous PDIl and strains in which the human PDI
replaced the endogenous PDIl and the PMTl gene is
disrupted (hPDI + Dpmtl). Antibodies were recovered
and resolved by polyacrylamide gel electrophoresis on
nonreducing and reducing polyacrylamide gels. Lanes
1-2 shows antibodies produced from two clones produced
from transformation of strain yGLY2696 with plasmid
vector pGLY2988 encoding the anti-Her2 antibody and
lanes 3-6 shows the antibodies produced from four
clones produced from transformation of strain yGLY2696
in which the PMTl gene was deleted and with plasmid
vector pGLY2988 encoding the anti-Her2 antibody.
Figure 5 shows representative results from a
shakeflask expression study in which human anti-DKKl
antibody was produced in Pichiapastoris strains in
which the human PDI (hPDI) gene replaced the
endogenous PDIl and strains in which the human PDI
replaced the endogenous PDIl and the PMTl gene
disrupted (hPDI + Dpmtl). Antibodies were recovered
and resolved by polyacrylamide gel electrophoresis on
non-reducing and reducing polyacrylamide gels. Lanes 1
and 3 shows antibodies produced from two clones
produced from transformation of strains yGLY2696 and
yGLY2690 with plasmid vector pGLY2260 encoding the
anti-DKKl antibody and lanes 2 and 4 shows the
antibodies produced from two clonesproduced from
transformation of strains yGLY2696 and yGLY2690 in
which the PMTl gene was deleted with plasmid vector
pGLY2260 encoding the anti-DKKl antibody. Figure 6
shows results from a 0.5 L bioreactor expression study
where human anti-Her2 antibody is produced in
Pichiapastoris strains in which the human PDI gene
(hPDI) replaced the endogenous PDIl, strains in which
the human PDI replaced the endogenous PDIl and the
PMT4 gene disrupted (hPDI + Dpmt4), and strains that
express only the endogenous PDIl but in which the PMT4
gene is disrupted (PpPDI + Dpmt4). Antibodies were
recovered and resolved by polyacrylamide gel
electrophoresis on non-reducing polyacrylamide gels.
Lanes 1 and 2 shows antibodies produced from two
clones from transformation of strain yGLY24-l with
plasmid vector pGLY2988 encoding the anti-Her2
antibody and lanes 3-5 show anti-Her2 antibodies
produced from three clones produced from
transformation of strain yGLY2690 in which the PMT4
gene was deleted. Figure 7 shows results from a
shakeflask expression study where human anti- CD20
antibody is produced in Pichiapastoris strains in
which the human PDI replaced the endogenous PDIl and
the PMT4 gene is disrupted (hPDI + Dpmt4) and strains
that express only the endogenous PDIl but in which the
PMT4 gene is disrupted (PpPDI + Dpmt4). Antibodies
were recovered and resolved by polyacrylamide gel
electrophoresis on non-reducing and reducing
polyacrylamide gels. Lane 1 shows antibodies produced
from strain yGLY24-l transformed with plasmid vector
pGLY3200 encoding the anti-CD20 antibody; lanes 2-7
show anti-CD20 antibodies produced from six clones
produced from transformation of strain yGLY2690 in
which the PMT4 gene was deleted . Figure 8 illustrates
the construction of plasmid vector pGLY642 encoding
the human PDI (hPDI) and targeting the Pichiapastoris
PDIl locus. Figure 9 illustrates the construction of
plasmid vector pGLY2232 encoding the human ERO1a(hERO
1a) and targeting the Pichiapastoris PrBl locus.
Figure 10 illustrates the construction of plasmid
vector pGLY2233 encoding the human GRP94 and targeting
the Pichiapastoris PEP4 locus. Figure 11 illustrates
the construction of plasmid vector pGFI207t encoding
the T. reesei a-1,2 mannosidase (TrMNSl) and mouse
a-1,2 mannosidase IA (FB53) and targeting the Pichia
pastoris PRO locus. Figure 12 illustrates the
construction of plasmid vector pGLYl 162 encoding the
T. reesei a-1,2 mannosidase (TrMNSl) and targeting the
Pichia pastoris PRO locus. Figure 13 is maps of
plasmid vector pGLY2260 and 2261 encoding the anti-
DKKl antibody heavy chain (GFI710H) and light chain
(GFI710L) or two light chains (GFI710L) and targeting
the Pichiapastoris TRP2 locus. Figure 14 is a map of
plasmid vector pGLY2012 encoding the anti-ADDL 



antibody heavy chain (Hc) and light chain (Lc) and
targeting the Pichia pastoris TRP2 locus.Figure 15 is
a map of plasmid vector pGLY2988 encoding the
anti-HER2 antibody (anti-HER2) heavy chain (Hc) and
light chain (Lc) and targeting the Pichia pastoris
TRP2 locus. Figure 16 is a map of plasmid vector
pGLY3200 encoding the anti-CD20 antibody heavy chain
(Hc) and light chain (Lc) and targeting the
Pichiapastoris TRP2 locus. Figure 17 is a map of
plasmid vector pGLY3822 encoding the Pichiapastoris
PMRl and targeting the Pichiapastoris URA6 locus.
Figure 18 is a map of plasmid vector pGLY3827 encoding
the Arabidopsis thaliana ECAl (AtECAl) and targeting
the Pichiapastoris URA6 locus. Figure 19 is a map of
plasmid vector pGLY1234 encoding the human CRT (hCRT)
and human ERp57(hERp57) and targeting the Pichia
pastoris HIS3 locus. DETAILED DESCRIPTION OF THE
INVENTION Molecular chaperones play a critical role in
the folding and secretion of antibodies. One chaperone
protein in particular, Protein Disulfide Isomerase
(PDI), functions to catalyze inter and intra
disulphide bond formation that link the antibody heavy
and light chains. Protein disulfide isomerase (PDI)
can produce a substantial increase or a substantial
decrease in (he recovery of disulfide-containing
proteins, when compared with the uncatalyzed reaction;
a high concentration of PDI in the endoplasmic
reticulum (ER) is essential for the expression of
disulfide-containing proteins [Puig and Gilbert, J.
Biol. Chem., 269:7764-7771 (1994)]. Past attempts to
increase antibody expression levels in Pichiapastoris
by overexpressing human PDI chaperone protein and/or
overexpressing endogenous PDIl have been with limited
success. We have undertaken humanization of the
chaperone pathway in Pichiapastoris to explore the
possibility of antibody yield improvement through
direct genetic engineering. We have found in a
Pichiapastoris model that replacement of the yeast
gene encoding the endogenous PDIl protein with an
expression cassette encoding a heterologous PDI
protein resulted in approximately a five-fold
improvement in the yield of recombinant human antibody
produced by the recombinant yeast cells as compared to
the yield produced by recombinant yeast cells that
expressed only the endogenous PDIl protein and about a
three-fold increase in yield compared to the yield
produced by recombinant yeast cells that co-expressed
the heterologous PDI protein with the endogenous PDIl
protein. Without being limited to any scientific
theory of the mechanism of the invention, it is
believed that heterologous recombinant proteins may
interact more efficiently with heterologous chaperone
proteins than host cell chaperone proteins in the
course of their folding and assembly along the
secretory pathway. In the case of co-expression, the
heterologous chaperone protein may compete with the
endogenous chaperone protein for its substrate, i.e.,
heterologous recombinant proteins. It is further
believed that the heterologous PDI protein
andrecombinant protein be from the same species.
Therefore, replacement of the gene encoding the
endogenous chaperone protein with an expression
cassette encoding a heterologous chaperone may be a
better means for producing recombinant host cells for
producing recombinant proteins that merely
co-expressing the heterologous chaperone protein with
the endogenous chaperone protein. In addition, further
improvements in recombinant protein yield may be
obtained by overexpressing in the recombinant host
cell the heterologous PDI protein and an additional
heterologous co-chaperone proteins, such as ERO laand
or the GRP94 proteins. In further aspects, the
recombinant host cell can further overexpress FAD,
FLCl, and ERp44 proteins. Since these genes are
related in function, it may be desirable to include
the nucleic acid molecules that encode Uhese genes in
a single vector, which transformed into the host cell.
Expression of the proteins may be effected by operably
linking the nucleic acid molecules encoding the
proteins to a heterologous or homologous promoter. In
particular aspects, when the host cell is
Pichiapastoris, expression of one or more of the
heterologous co-chaperone proteins may be effected by
a homologous promoter such as the KAR2 promoter or a
promoter from another ER-specific gene. In further
aspects, all of the heterologous chaperone proteins
and recombinant protein be from the same species. As
exemplified in the Examples using Pichiapastoris as a
model, the methods disclosed herein are particularly
useful in the production of recombinant human
glycoproteins, including antibodies, from lower
eukaryotic host cells, such as yeast and filamentous
fungi. For example, secretion of recombinant proteins
from Pichiapastoris proceeds more efficiently as the
folding and assembly of the protein of interest is
assisted by human PDI, and optionally including other
mammalian-derived chaperone proteins, such as EROl a
and GRP94, thereby improving yield. As exemplified in
the Examples, the methods herein will especially
benefit antibody production in which the heavy and
light chains must be properly assembled through
disulphide bonds in order to achieve activity. Thus,
there methods herein provide significant advantages
with respect to addressing the problem of low
productivity in the secretion of recombinant
antibodies from lower eukaryotic host cells, and in
particular yeast and filamentous fungi, for example,
Pichia pastoris. In the past, yeast, human or mouse
chaperone proteins were overexpressed with limited
success while the present invention demonstrates that
improved productivity of correctly folded and secreted
heterologous proteins, such as antibodies, can be
obtained through replacement of the host cells'
endogenous chaperone proteins with heterologous
chaperone proteins. The overexpression of
mammalian-derived chaperone proteins, combined with
the deletion of the endogenous gene encoding a protein
homolog unexpectedly results in improved productivity
of glycoproteins, compared with overexpression of the
mammalian-derived protein alone.We further found that
host cells, transformed with nucleic acid molecules
encoding one or more chaperone genes as described
above, can be further genetically manipulated to
improve other characteristics of the recombinant
proteins produced therefrom. This is especially true
in the case of recombinant mammalian glycoprotein
production from lower eukaryotic host cells such as
yeast or filamentous fungi. For example, lower
eukaryotic cells such as Saccharomyces cerevisiae,
Candida albicans, and Pichia pastoris, contain a
family of genes known as protein Omannosyltransferases
(PMTs) involved in the transfer of mannose to seryl
and threonyl residues of secretory proteins. We found
that Pichia pastoris cell lines, which have been
genetically altered to express one or more humanized
or chimeric chaperone genes, are better able to
tolerate deletion of one or more PMT genes, with
little or no effect on cell growth or protein
expression. 



PMT genes which may be deleted include PMTl, PMT2,
PMT4, PMT5, and PMT6. In general, Pichia pastoris host
cells in which both the OCHl gene and the PMT gene is
deleted either grow poorly or not at all. Deletion or
functional knockout of the OCHl gene is necessary for
constructing recombinant Pichia pastoris host cells
that can make human glycoproteins that have human-like
N-glycans. Because it is desirable to produce human
glycoproteins that have no or reduced O-glycosylation,
there has been a need to find means for reducing
O-glycosylation in recombinant Pichiapastoris host
cells that are also capable of producing human
glycoproteins with human-like lf-glycans. We found
that Pichiapastoris host cells containing one or more
chaperone genes as disclosed herein can be further
genetically altered to contain a deletion or
functional knockout of the OCHl gene and a deletion or
functional knockout of one or more PMT genes, such as
PMTl, PMT4, PMT5, and/or PMT6. These recombinant cells
are viable and produce human glycoproteins with
human-like Af-glycans in high yield and with reduced
Oglycosylation. In addition, a further reduction in
O-glycosylation was achieved by growing the cells in
the presence of a PMT protein inhibitor. As
exemplified in the Examples, we demonstrate that the
methods disclosed herein are particularly useful in
the production of recombinant human glycoproteins,
including antibodies, from lower eukaryotic host
cells, such as yeast and filamentous fungi with
improved properties, since the host cells of the
present invention exhibit tolerance to chemical PMT
protein inhibitors and/or deletion of PMT genes. The
Examples show that the recombinant proteins have
reduced O-glycosylation occupancy and length of
O-glycans compared with prior lower eukaryotic
expression systems. As exemplified in the Examples,
the methods herein will especially benefit antibody
production in which the heavy and light chains must be
properly assembled through disulphide bonds in order
to achieve activity and the antibodies must have
reduced or no O-glycosylation. We have further found
that over-expression of Pichiapastoris Golgi Ca2+
ATPase (PpPMRl) or Arabidopsis thaliana ER Ca2+ ATPase
(AtECAl) effected about a 2-foldreduction in O-glycan
occupancy compared to the above strains wherein the
endogenous PDIl had been replaced with the human PDI
but which did not express either Ca2+ ATPase. Thus, in
further embodiments, any one of the host cells
disclosed herein can further include one or more
nucleic acid molecules encoding an endogenous or
exogenous Golgi or ER Ca2+ ATPase, wherein the Ca2+
ATPase is operably linked to a heterologous promoter.
These host cells can be used to produce glycoproteins
with reduced 0-glycosylation. Calreticulin (CRT) is a
multifunctional protein that acts as a major Ca(2+)-
binding (storage) protein in the lumen of the
endoplasmic reticulum. It is also found in the
nucleus, suggesting that it may have a role in
transcription regulation. Calreticulin binds to the
synthetic peptide KLGFFiCR (SEQ ID NO:75), which is
almost identical to an amino acid sequence in the
DNA-binding domain of the superfamily of nuclear
receptors. Calreticulin binds to antibodies in certain
sera of systemic lupus and Sjogren patients which
contain anti-Ro/SSA antibodies, it is highly conserved
among species, and it is located in the endoplasmic
and sarcoplasmic reticulum where it may bind calcium.
Calreticulin binds to misfolded proteins and prevents
them from being exported from the Endoplasmic
reticulum to the Golgi apparatus. ERp57 is a chaperone
protein of the endoplasmic reticulum that interacts
with lectin chaperones calreticulin and calnexin to
modulate folding of newly synthesized glycoproteins.
The protein was once thought to be a phospholipase;
however, it has been demonstrated that the protein
actually has protein disulfide isomerase activity.
Thus, the ERp57 is a lumenal protein of the
endoplasmic reticulum (ER) and a member of the protein
disulfide isomerase (PDI) family. It is thought that
complexes of lectins and this protein mediate protein
folding by promoting formation of disulfide bonds in
their glycoprotein substrates. In contrast to
archetypal PDI, ERp57 interacts specifically with
newly synthesized glycoproteins. We have further found
that over-expression of the human CRT and human ERp57
in Pichiapastoris effected about a one-third reduction
in O-glycan occupancy compared to strains wherein the
endogenous PDIl had been replaced with the human PDI
but which did not express the hCRT and hERr57. Thus,
in further embodiments, any one of the host cells
herein can further include one or more nucleic acid
molecules encoding a calreticulin and an ERp57
protein, each operably linked to a heterologous
promoter. These host cells can be used to produce
glycoproteins with reduced O-glycosylation. Thus, the
methods herein provide significant advantages with
respect to addressing the problem of low productivity
in the secretion of recombinant antibodies from lower
eukaryotic host cells, and in particular yeast and
filamentous fungi, for example, Pichia pastoris. In
the past, yeast, human or mouse chaperone proteins
were overexpressed with limited success while the
present invention demonstrates that improved
productivity of correctly folded and secreted
heterologous proteins, such as antibodies, can be
obtained through replacement of lhe host cells'
endogenous chaperone proteins with heterologous
chaperone proteins. Theoverexpression of
mammalian-derived chapercme proteins, combined with
the deletion of the endogenous gene encoding a protein
homolog unexpectedly results in improved productivity
of glycoproteins, compared with overexpression of the
mammalian-derived protein alone. Therefore, the
present invention provides methods for increasing
production of an overexpressed gene product present in
a lower eukaryote host cell, which includes expressing
a heterologous chaperone protein in the host cell in
place of an endogenous chaperone protein and thereby
increasing production of the overexpressed gene
product. Also provided is a method of increasing
production of an overexpressed gene product from a
host cell by disrupting or deleting a gene encoding an
endogenous chaperone protein and expressing a nucleic
acid molecule encoding a heterologous chaperone
protein encoded in an expression vector present in or
provided to the host cell, thereby increasing the
production of the overexpressed gene product. Further
provided is a method for increasing production of
overexpressed gene products from a host cell, which
comprises expressing at least one heterologous
chaperone protein in the host cell in place of the
endogenous chaperone protein. In the present context,
an overexpressed gene product is one which is
expressed at levels greater than normal endogenous
expression for that gene product. In one embodiment,
the method comprises deleting or disrupting expression
of an endogenous chaperone protein and effecting the
expression of one or more heterologous chaperone
proteins and an overexpressed gene product in a host
cell, and cultivating said host cell under conditions
suitable for secretion of the overexpressed gene
product. The expression of 



the chaperone protein and the overexpressed gene
product can be effected by inducing expression of a
nucleic acid molecule encoding the chaperone protein
and a nucleic acid molecule encoding the overexpressed
gene product wherein said nucleic acid molecules are
present in a host cell. In another embodiment, the
expression of the heterologous chaperone protein and
the overexpressed gene product are effected by
introducing a first nucleic acid molecule encoding a
heterologous chaperone protein and a second nucleic
acid molecule encoding a gene product to be
overexpressed into a host cell in which expression of
at least one gene encoding an endogenous chaperone
protein has been disrupted or deleted under conditions
suitable for expression of the first and second
nucleic acid molecules. In further aspects, one or
both of said first and second nucleic acid molecules
are present in expression vectors. In further aspects,
one or both of said first and second nucleic acid
molecules are present in expression/integration
vectors. In a further embodiment, expression of the
heterologous chaperone protein is effected by inducing
expression of the nucleic acid molecule encoding the
chaperone protein wherein the nucleic acid molecule
into a host cell in which the gene encoding the
endogenous chaperone protein has been deleted or
disrupted. Expression of the second protein is
effected by inducing expression of a nucleic acid
molecule encoding the gene product to be overexpressed
by introducing a nucleic acid molecule encoding said
second gene product into the host cell.The present
invention further provides methods for increasing
production of an overexpressed gene product present in
a lower eukaryote host cell with reduced
O-glycosylation, which includes expressing a
heterologous chaperone protein in the host cell in
place of an endogenous chaperone protein and wherein
the host cell has had one or more genes in the protein
O-mannosyltransferase (PMT) family disrupted or
deleted, thereby increasing production of the
overexpressed gene product with reduced
O-glycosylation. Also provided is a method of
increasing production of an overexpressed gene product
with reduced O-glycosylation from a host cell by
disrupting or deleting a gene encoding an endogenous
chaperone protein and a gene encoding a PMT and
expressing a nucleic acid molecule encoding a
heterologous chaperone protein encoded in an
expression vector present in or provided to the host
cell, thereby increasing the production of the
overexpressed gene product. Further provided is a
method for increasing production of overexpressed gene
products with reduced O-glycosylation from a host
cell, which comprises expressing at least one
heterologous chaperone protein in the host cell in
place of the endogenous chaperone protein and wherein
at least one PMT gene has been disrupted or deleted.
In one embodiment, the method comprises deleting or
disrupting expression of at least one endogenous
chaperone protein and at least one PMT gene and
effecting the expression of one or more heterologous
chaperone proteins and an overexpressed gene product
in a host cell, and cultivating said host cell under
conditions suitable for secretion of the overexpressed
gene product with reduced O-glycosylation. The
expression of the chaperone protein and the
overexpressed gene product can be effected by inducing
expression of a nucleic acid molecule encoding the
chaperone protein and a nucleic acid molecule encoding
the overexpressed gene product wherein said nucleic
acid molecules are present in a host cell. In another
embodiment, the expression of the heterologous
chaperone protein and the overexpressed gene product
are effected by introducing a first nucleic acid
molecule encoding a heterologous chaperone protein and
a second nucleic acid molecule encoding a gene product
to be overexpressed into a host cell in which
expression of at least one gene encoding an endogenous
chaperone protein and at least one PMT gene have been
disrupted or deleted under conditions suitable for
expression of the first and second nucleic acid
molecules. In further aspects, one or both of said
first and second nucleic acid molecules are present in
expression vectors. In further aspects, one or both of
said first and second nucleic acid molecules are
present in expression/integration vectors. In a
further embodiment, expression of the heterologous
chaperone protein is effected by inducing expression
of the nucleic acid molecule encoding the chaperone
protein wherein the nucleic acid molecule into a host
cell in which the gene encoding the endogenous
chaperone protein has been deleted or disrupted.
Expression of the second protein is effected by
inducing expression of a nucleic acid molecule
encoding the gene product to be overexpressed by
introducing a nucleic acid molecule encoding said
second gene product into the host cell.In a further
aspect of any one of the above embodiments, the
heterologous chaperone protein corresponds in species
or class to the endogenous chaperone protein. For
example, if the host cell is a yeast cell and the
endogenous chaperone protein is a protein disulfide
isomerase (PDI) then the corresponding heterologous
PDI can be a mammalian PDI. In further still aspects
of any one of the above embodiments, the heterologous
chaperone proteins expressed in a particular host cell
are from the same species as the species for the
overexpressed gene product. For example, if the
overexpressed gene product is a human protein then the
heterologous chaperone proteins are human chaperone
proteins; or if the overexpressed gene product is a
bovine protein then the heterologous chaperone protein
is a bovine chaperone protein. Chaperone proteins
include any chaperone protein which can facilitate or
increase the secretion of proteins. In particular,
members of the protein disulfide isomerase and heat
shock 70 (hsp70) families of proteins are
contemplated. An uncapitalized "hsp70" is used herein
to designate the heat shock protein 70 family of
proteins which share structural and functional
similarity and whose expression are generally induced
by stress. To distinguish the hsp70 family of proteins
from the single heat shock protein of a species which
has a molecular weight of about 70,000, and which has
an art-recognized name of heat shock protein-70, a
capitalized HSP70 is used herein. Accordingly, each
member of the hsp70 family of proteins from a given
species has structural similarity to the HSP70 protein
from that species. The present invention is directed
to any chaperone protein having the capability to
stimulate secretion of an overexpressed gene product.
The members of the hsp70 family of proteins are known
to be structurally homologous and include yeast hsp70
proteins such as KAR2, HSP70, BiP, SSAl -4, SSBl, SSCl
and SSDl gene products and eukaryotic hsp70 proteins
such as HSP68, HSP72, HSP73, HSC70, clathrin uncoating
ATPase, IgG heavy chain binding protein (BiP),
glucose-regulated proteins 75, 78 and 80 (GRP75, GRP78
and GRP80) and the like. Moreover, according to the
present invention any hsp70 chaperone protein having
sufficient homology to the yeast KAR2 or mammalian BiP
polypeptide sequence can be used in the present
methods to stimulate secretion of an overexpressed
gene product. Members of the PDI family are also
structurally homologous, and any PDI which can be used
according to the 



present method is contemplated herein, hi particular,
mammalian (including human) and yeast PDI,
prolyl-4-hydroxylase b-subunit, ERp57, ERp29, ERp72,
GSBP, EROl a, GRP94, GRP170, BiP, and T3BP and yeast
EUGl are contemplated. Because many therapeutic
proteins for use in human are of human origin, a
particular aspect of the methods herein is that the
heterologous chaperone protein is of human origin. In
further still embodiments, the preferred heterologous
chaperone protein is a PDI protein, particularly a PDI
protein of human origin. Attempts to increase
expression levels of heterologous human proteins in
yeast cell lines by overexpressing human BiP, using
constitutive promoters such as GAPDH, havebeen largely
unsuccessful. Knockouts of Pichia pastoris KAR2, the
homolog of human BiP, have been harmful to cells. The
limitations of the prior art can be overcome by
constructing a chimeric BiP gene, in which the human
ATPase domain is replaced by the ATPase domain of
Pichia pastoris KAR2, fused to the human BiP peptide
binding domain, under the control of the KAR2, or
other ER-specific promoter from Pichia pastoris.
Further improvements in yield may be obtained by
combining the replacement of the endogenous PDIl gene,
as described above, with ttie use of chimeric BiP and
human ERdj3 . In further aspects, the overexpressed
gene product is a secreted gene product. Procedures
for observing whether an overexpressed gene product is
secreted are readily available to the skilled artisan.
For example, Goeddel, (Ed.) 1990, Gene Expression
Technology, Methods in Enzymology, VoI 185, Academic
Press, and Sambrook et al. 1989, Molecular Cloning: A
Laboratory Manual, VoIs. 1-3, Cold Spring Harbor
Press, N.Y., provide procedures for detecting secreted
gene products. To secrete an overexpressed gene
product the host cell is cultivated under conditions
sufficient for secretion of the overexpressed gene
product. Such conditions include temperature, nutrient
and cell density conditions that permit secretion by
the cell. Moreover, such conditions are conditions
under which the cell can perform basic cellular
functions of transcription, translation and passage of
proteins from one cellular compartment to another and
are known to the skilled artisan. Moreover, as is
known to the skilled artisan a secreted gene product
can be detected in the culture medium used to maintain
or grow the present host cells. The culture medium can
be separated from the host cells by known procedures,
for example, centrifugation or filtration. The
overexpressed gene product can then be detected in the
cell-free culture medium by taking advantage of known
properties characteristic of the overexpressed gene
product. Such properties can include the distinct
immunological, enzymatic or physical properties of the
overexpressed gene product. For example, if an
overexpressed gene product has a unique enzyme
activity an assay for that activity can be performed
on the culture medium used by the host cells.
Moreover, when antibodies reactive against a given
overexpressed gene product are available, such
antibodies can be used to detect the gene product in
any known immunological assay {See Harlowe, et ah,
1988, Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press) In addition, a secreted gene
product can be a fusion protein wherein the gene
product includes a heterologous signal or leader
peptide that facilitates the secretion of the gene
product. Secretion signal peptides are discrete amino
acid sequences, which cause the host cell to direct a
gene product through internal and external cellular
membranes and into the extracellular environment.
Secretion signal peptides are present at the
Af-terminus of a nascent polypeptide gene product
targeted for secretion. Additional eukaryotic
secretion signals can alsobe present along the
polypeptide chain of the gene product in the form of
carbohydrates attached to specific amino acids, i.e.
glycosylation secretion signals. N-terminal signal
peptides include a hydrophobic domain of about 10 to
about 30 amino acids which can be preceded by a short
charged domain of about two to about 10 amino acids.
Moreover, the signal peptide is present at the
LT-terminus of gene products destined for secretion.
In general, the particular sequence of a signal
sequence is not critical but signal sequences are rich
in hydrophobic amino acids such as alanine (Ala),
valine (VaI), leucine (Leu), isoleucine (lie), proline
(Pro), phenylalanine (Phe), tryptophan (Trp),
methionine (Met) and the like. Many signal peptides
are known (Michaelis et al., Ann. Rev. Microbiol. 36:
425 (1982). For example, the yeast acid phosphatase,
yeast invertase, and the yeast a-factor signal
peptides have been attached to heterologous
polypeptide coding regions and used successfully for
secretion of the heterologous polypeptide (See for
example, Sato et al. Gene 83: 355-365 (1989); Chang et
al. MoI. Cell. Biol. 6: 1812-1819 (1986); and Brake et
al. Proc. Natl. Acad. Sci. USA 81: 4642-4646 (1984).
Therefore, the skilled artisan can readily design or
obtain a nucleic acid molecule which encodes a coding
region for an overexpressed gene product which also
has a signal peptide at the 5 -end. Examples of
overexpressed gene products which are preferably
secreted by the present methods include mammalian gene
products such as enzymes, cytokines, growth factors,
hormones, vaccines, antibodies and the like. More
particularly, overexpressed gene products include but
are not limited to gene products such as
erythropoietin, insulin, somatotropin, growth hormone
releasing factor, platelet derived growth factor,
epidermal growth factor, transforming growth factor
a., transforming growth factor b, epidermal growth
factor, fibroblast growth factor, nerve growth factor,
insulin-like growth factor I, insulin-like growth
factor II, clotting Factor VIII, superoxide dismutase,
a-interferon, g -interferon, interleukin-1,
interleukin-2, interleukin-3, interleukin-4,
interleukin-5, interleukin-6, granulocyte colony
stimulating factor, multi-lineage colony stimulating
activity, granulocyte-macrophage stimulating factor,
macrophage colony stimulating factor, T cell growth
factor, lymphotoxin, immunoglobulins, antibodies, and
the like. Further included are fusion proteins,
including but not limited to, peptides and
polypeptides fused to the constant region of an
immunoglobulin or antibody. Particularly useful
overexpressed gene products are human gene products.
The terms "antibody", "antibodies", and
"immunoglobulins)" encompass any recombinant
monoclonal antibody produced by recombinant DNA
technology and further is meant to include humanized
and chimeric antibodies. The present methods can
readily be adapted to enhance secretion of any
overexpressed gene product which can be used as a
vaccine. Overexpressed gene products which can be used
as vaccines include any structural,
membrane-associated, membrane-bound orsecreted gene
product of a mammalian pathogen Mammalian pathogens
include viruses, bacteria, single-celled or
multi-celled parasites which can infect or attack a
mammal For 



example, viral vaccines can include vaccines against
viruses such as human immunodeficiency virus (HIV), R
nckettsii, vaccinia, Shigella, pohovirus, adenovirus,
influenza, hepatitis A, hepatitis B, dengue vims,
Japanese B encephalitis, Varicella zoster,
cytomegalovirus, hepatitis A, rotavirus, as well as
vaccines against viral diseases like Lyme disease,
measles, yellow fever, mumps, rabies, herpes,
influenza, parainfluenza and the like Bacterial
vaccines can include vaccines against bacteria such as
Vibrio cholerae, Salmonella typhi, Bordetella
pertussis, Streptococcus pneumoniae, Hemophilus
influenza, Clostridium tetani, Corynebactenum
diphtheriae, Mycobacterium leprae, Neisseria
gonorrhoeae, Neisseria meningitidis, Coccidioides
imnatis, and the like In general, the overexpressed
gene products and the heterologous chaperone proteins
of the present invention are expressed recombmantly,
that is, by placing a nucleic acid molecule encoding a
gene product or a chaperone protein into an expression
vector Such an expression vector minimally contains a
sequence which effects expression of the gene product
or the heterologous chaperone protein when the
sequence is operably linked to a nucleic acid molecule
encoding the gene product or the chaperone protein
Such an expression vector can also contain additional
elements like origins of replication, selectable
markers, transcription or termination signals,
centromeres, autonomous replication sequences, and the
like According to the present invention, first and
second nucleic acid molecules encoding an
overexpressed gene product and a heterologous
chaperone protein, respectively, can be placed within
expression vectors to permit regulated expression of
the overexpressed gene product and/or the heterologous
chaperone protein While the heterologous chaperone
protein and the overexpressed gene product can be
encoded in the same expression vector, the
heterologous chaperone protein is preferably encoded
in an expression vector which is separate from the
vector encoding the overexpressed gene product
Placement of nucleic acid molecules encoding the
heterologous chaperone protein and the overexpressed
gene product in separate expression vectors can
increase the amount of secreted overexpressed gene
product As used herein, an expression vector can be a
rephcable or a non-replicable expression vector A
rephcable expression vector can replicate either
independently of host cell chromosomal DNA or because
such a vector has integrated into host cell
chromosomal DNA Upon integration into host cell
chromosomal DNA such an expression vector can lose
some structural elements but retains the nucleic acid
molecule encoding the gene product or the chaperone
protein and a segment which can effect expression of
the gene product or the heterologous chaperone protein
Therefore, the expression vectors of the present
invention can be chroraosomally integrating or
chromosomally nonintegratmg expression vectorsIn a
further embodiment, one or more heterologous chaperone
proteins are overexpressecj in a host cell by
introduction of integrating or nonintegrating
expression vectors into the host cell. Following
introduction of at least one expression vector
encoding at least one chaperone protein, the gene
product is then overexpressed by inducing expression
of an endogenous gene encoding the gene product, or by
introducing into the host cell an expression vector
encoding the gene product. In another embodiment, cell
lines are established which constitutively or
inducibly express at least one heterologous chaperone
protein. An expression vector encoding the gene
product to be overexpressed is introduced into such
cell lines to achieve increased secretion of the
overexpressed gene product. The present expression
vectors can be replicable in one host cell type, e.g.,
Escherichia coli, and undergo little or no replication
in another host cell type, e.g., a eukaryotic host
cell, so long as an expression vector permits
expression of the heterologous chaperone proteins or
overexpressed gene products and thereby facilitates
secretion of such gene products in a selected host
cell type. Expression vectors as described herein
include DNA or RNA molecules engineered for controlled
expression of a desired gene, that is, a gene encoding
the present chaperone proteins or a overexpressed gene
product. Such vectors also encode nucleic acid
molecule segments which are operably linked to nucleic
acid molecules encoding the present chaperone
polypeptides or the present overexpressed gene
products. Operably linked in this context means that
such segments can effect expression of nucleic acid
molecules encoding chaperone protein or overexpressed
gene products. These nucleic acid sequences include
promoters, enhancers, upstream control elements,
transcription factors or repressor binding sites,
termination signals and other elements which can
control gene expression in the contemplated host cell.
Preferably the vectors are vectors, bacteriophages,
cosmids, or viruses. Expression vectors of the present
invention function in yeast or mammalian cells. Yeast
vectors can include the yeast 2m circle and
derivatives thereof, yeast vectors encoding yeast
autonomous replication sequences, yeast
minichromosomes, any yeast integrating vector and the
like. A comprehensive listing of many types of yeast
vectors is provided in Parent et al. (Yeast 1: 83-138
(1985)). Elements or nucleic acid sequences capable of
effecting expression of a gene product include
promoters, enhancer elements, upstream activating
sequences, transcription termination signals and
polyadenylation sites. AU such promoter and
transcriptional regulatory elements, singly or in
combination, are contemplated for use in the present
expression vectors. Moreover, genetically-engineered
and mutated regulatory sequences are also contemplated
herein. Promoters are DNA sequence elements for
controlling gene expression. In particular, promoters
specify transcription initiation sites and can include
a TATA box andupstream promoter elements. The
promoters selected are those which would be expected
to be operable in the particular host system selected.
For example, yeast promoters are used in the present
expression vectors when a yeast host cell such as
Saccharomyces cerevisiae, Kluyveromyces lactis, or
Pichia pastoris is used whereas fungal promoters would
be used in host cells such as Aspergillus niger,
Neurospora crassa, or Tricoderma reesei. Examples of
yeast promoters include but are not limited to the
GAPDH, AOXl, GALl, PGK, GAP, TPI, CYCl, ADH2, PHO5,
CUPl, MFal , PMAl, PDI, TEF, and GUTl promoters.
Romanos et al. (Yeast 8 : 423-488 ( 1992)) provide a
review of yeast promoters and expression vectors. The
promoters that are operably linked to the nucleic acid
molecules disclosed herein can be constitutive
promoters or inducible promoters. Inducible promoters,
that is. promoters which direct transcription at an
increased or decreased rate upon binding of a
transcription factor. Transcription factors as used
herein include any factor that can bind to a 



regulatory or control region of a promoter an thereby
affect transcription. The synthesis or the promoter
binding ability of a transcription factor within the
host cell can be controlled by exposing the host to an
inducer or removing an inducer from the host cell
medium. Accordingly to regulate expression of an
inducible promoter, an inducer is added or removed
from the growth medium of the host cell. Such inducers
can include sugars, phosphate, alcohol, metal ions,
hormones, heat, cold and the like. For example,
commonly used inducers in yeast are glucose,
galactose, and the like. Transcription termination
sequences that are selected are those that are
operable in the particular host cell selected. For
example, yeast transcription termination sequences are
used in the present expression vectors when a yeast
host cell such as Saccharomyces cerevisiae,
Kluyveromyces lactis, or Pichia pastoris is used
whereas fungal transcription termination sequences
would be used in host cells such as Aspergillus niger,
Neurospora crassa, or Tricoderma reesei. Transcription
termination sequences include but are not limited to
the Saccharomyces cerevisiae CYC transcription
termination sequence (ScCYC TT), the Pichia pastoris
ALG3 transcription termination sequence (ALG3 TT), and
Pichia pastoris PMAl transcription termination
sequence (PpPMAl TT). The expression vectors of the
present invention can also encode selectable markers.
Selectable markers are genetic functions that confer
an identifiable trait upon a host cell so that cells
transformed with a vector carrying the selectable
marker can be distinguished from non-transformed
cells. Inclusion of a selectable marker into a vector
can also be used to ensure that genetic functions
linked to the marker are retained in the host cell
population. Such selectable markers can confer any
easily identified dominant trait, e.g. drug
resistance, the ability to synthesize or metabolize
cellular nutrients and the like. Yeast selectable
markers include drug resistance markers and genetic
functions which allow the yeast host cell to
synthesize essential cellular nutrients, e.g. amino
acids. Drugresistance markers which are commonly used
in yeast include chloramphenicol, kanamycm,
methotrexate, G418 (geneticm), Zeocm, and the like
Genetic functions which allow the yeast host cell to
synthesize essential cellular nutrients are used with
available yeast strains having auxotrophic mutations
in the corresponding genomic function Common yeast
selectable markers provide genetic functions for
synthesizing leucine (LEU2), tryptophan (TRPl and
TRP2), uracil (URA3, URA5 URA6), histidme (HIS3),
lysine (LYST), adenine (ADEl QtADEl), and the like
Other yeast selectable markers include the ARRi gene
from S cerevisiae, which confers arsemte resistance to
yeast cells that are grown in the presence of arsenite
(Bobrowicz et al , Yeast, 13 819-828 (1997), Wysocki
et al , J Biol Chem 272 30061-066 (1997)) A number of
suitable integration sites include those enumerated in
U S Published application No 20070072262 and include
homologs to loci known for Saccharomyces cerevisiae
and other yeast or fungi Therefore the present
expression vectors can encode selectable markers which
are useful for identifying and maintaining
vector-containing host cells withm a cell population
present in culture In some circumstances selectable
markers can also be used to amplify the copy number of
the expression vector After inducing transcription
from the present expression vectors to produce an RNA
encoding an overexpressed gene product or a
heterologous chaperone protein, the RNA is translated
by cellular factors to produce the gene product or the
heterologous chaperone protein In yeast and other
eukaryotes, translation of a messenger RNA (mRNA) is
initiated by pbosomal binding to the 5' cap of the
mRNA and migration of the pbosome along the mRNA to
the first AUG start codon where polypeptide synthesis
can begin Expression in yeast and mammalian cells
generally does not require specific number of
nucleotides between a pbosomal-bindmg site and an
initiation codon, as is sometimes required in
prokaryotic expression systems However, for expression
in a yeast or a mammalian host cell, the first AUG
codon in an mRNA is preferably the desired
translational start codon Moreover, when expression is
performed in a yeast host cell the presence of long
untranslated leader sequences, e g longer than 50-100
nucleotides, can diminish translation of an mRNA Yeast
mRNA leader sequences have an average length of about
50 nucleotides, are pch in adenine, have little
secondary structure and almost always use the first
AUG for initiation Since leader sequences which do not
have these characteristics can decrease the efficiency
of protein translation, yeast leader sequences are
preferably used for expression of an overexpressed
gene product or a chaperone protein in a yeast host
cell The sequences of many yeast leader sequences are
known and are available to the skilled artisan, for
example, by reference to Cigan et al (Gene 59 1-18
(1987)) In addition to the promoter, the
pbosomal-binding site and the position of the start
codon, factors which can effect the level of
expression obtained include the copy number of
areplicable expression vector. The copy number of a
vector is generally determined by the vector's origin
of replication and any cis-acting control elements
associated therewith. For example, an increase in copy
number of a yeast episomal vector encoding a regulated
centromere can be achieved by inducing transcription
from a promoter which is closely juxtaposed to the
centromere. Moreover, encoding the yeast FLP function
in a yeast vector can also increase the copy number of
the vector. One skilled in the art can also readily
design and make expression vectors which include the
above-described sequences by combining DNA fragments
from available vectors, by synthesizing nucleic acid
molecules encoding such regulatory elements or by
cloning and placing new regulatory elements into the
present vectors. Methods for making expression vectors
are well-known. Overexpressed DNA methods are found in
any of the myriad of standard laboratory manuals on
genetic engineering. The expression vectors of the
present invention can be made by ligating the
heterologous chaperone protein coding regions in the
proper orientation to the promoter and other sequence
elements being used to control gene expression. After
construction of the present expression vectors, such
vectors are transformed into host cells where the
overexpressed gene product and the heterologous
chaperone protein can be expressed. Methods for
transforming yeast and other lower eukaryotic cells
with expression vectors are well known and readily
available to the skilled artisan. For example,
expression vectors can be transformed into yeast cells
by any of several procedures including lithium
acetate, spheroplast, electroporation, and similar
procedures. 



Yeast host cells which can be used with yeast
replicable expression vectors include any wild type or
mutant strain of yeast which is capable of secretion.
Such strains can be derived from Saccharomyces
cerevisiae, Hansenula polymorpha, Kluyveromyces
lactis, Pichia pastoris, Schizosaccharomycespombe,
Yarrowia lipolytica, and related species of yeast. In
general, useful mutant strains of yeast include
strains which have a genetic deficiency that can be
used in combination with a yeast vector encoding a
selectable marker. Many types of yeast strains are
available from the Yeast Genetics Stock Center (Dormer
Laboratory, University of California, Berkeley, Calif.
94720), the American Type Culture Collection (12301
Parklawn Drive, Roclcville, Md. 20852, hereinafter
ATCC), the National Collection of Yeast Cultures (Food
Research Institute, Colney Lane, Norwich NR4 7UA, UK)
and the Centraalbureau voor Schimmelcultures (Yeast
Division, Julianalaan 67a, 2628 BC Delft,
Netherlands). In general, lower eukaryotes such as
yeast are useful for expression of glycoproteins
because they can be economically cultured, give high
yields, and when appropriately modified are capable of
suitable glycosylation. Yeast particularly offers
established genetics allowing for rapid
transformations, tested protein localization
strategies and facile gene knock-out techniques.
Suitable vectors have expression control sequences,
such aspromoters, including 3-phosphoglycerate kinase
or other glycolytic enzymes, and an origin of
replication, termination sequences and the like as
desired. Various yeasts, such as Kluyveromyces lactis,
Pichia pastoris, Pichia methanolica, and Hansenula
polymorpha are useful for cell culture because they
are able to grow to high cell densities and secrete
large quantities of recombinant protein. Likewise,
filamentous fungi, such as Aspergillus niger, Fusarium
sp, Neurospora crassa and others can be used to
produce glycoproteins of the invention at an
industrial scale. Lower eukaryotes, particularly
yeast, can be genetically modified so that they
express glycoproteins in which the glycosylation
pattern is human-like or humanized. Such can be
achieved by eliminating selected endogenous
glycosylation enzymes and/or supplying exogenous
enzymes as described by Gemgross et al., US
20040018590. For example, a host cell can be selected
or engineered to be depleted in 1,6-mannosyl
transferase activities, which would otherwise add
mannose residues onto the JV-glycan on a glycoprotein.
In one embodiment, the host cell further includes an
al,2-mannosidase catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target the
al,2-mannosidase activity to the ER or Golgi apparatus
of the host cell. Passage of a recombinant
glycoprotein through the ER or Golgi apparatus of the
host cell produces a recombinant glycoprotein
comprising a Mans GIcNAc2 glycoform, for example, a
recombinant glycoprotein composition comprising
predominantly a MansGlcNAc2 glycoform. For example,
U.S. Patent No, 7,029,872 and U.S. Published Patent
Application Nos. 2004/0018590 and 2005/0170452
disclose lower eukaryote host cells capable of
producing a glycoprotein comprising a MaH GIcNAc
glycoform. In a further embodiment, the immediately
preceding host cell further includes a GIcNAc
transferase I (GnT I) catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target GIcNAc transferase I activity to the ER or
Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a GlcNAcMan5GlcNAc2 glycoform,
for example a recombinant glycoprotein composition
comprising predominantly a GlcNAcMan5GlcNAc2
glycoform. U.S. Patent No, 7,029,872 and U.S.
Published Patent Application Nos. 2004/0018590 and
2005/0170452 disclose lower eukaryote host cells
capable of producing a glycoprotein comprising a
GlcNAcMan GlcNAc2 glycoform. The glycoprotein produced
in the above cells can be treated in vitro with a
hexaminidase to produce a recombinant glycoprotein
comprising a MansGlcNAc 2 glycoform. In a further
embodiment, the immediately preceding host cell
further includes a mannosidase II catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target mannosidase II activity to the ER
or Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER orGolgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a GIcNAcMan3GIcNAc2 glycoform,
for example a recombinant glycoprotein composition
comprising predominantly a GlcNAcMan3GlcNAc2
glycoform. U.S. Patent No, 7,029,872 and U.S.
Published Patent Application No. 2004/0230042
discloses lower eukaryote host cells that express
mannosidase II enzymes and are capable of producing
glycoproteins having predominantly a
GlcNAc2Man3GlcNAc2 glycoform. The glycoprotein
produced in the above cells can be treated in vitro
with a hexaminidase to produce a recombinant
glycoprotein comprising a Man3GIcNAc2 glycoform. In a
further embodiment, the immediately preceding host
cell further includes GIcNAc transferase II (GnT II)
catalytic domain fused to a cellular targeting signal
peptide not normally associated with the catalytic
domain and selected to target GIcNAc transferase II
activity to the ER or Golgi apparatus of the host
cell. Passage of the recombinant glycoprotein through
the ER or Golgi apparatus of the host cell produces a
recombinant glycoprotein comprising a
GlcNAc2Man3GIcNAc2 glycoform, for example a
recombinant glycoprotein composition comprising
predominantly a GIcNAc2Man3GIcNAc2 glycoform. U.S.
Patent No, 7,029,872 and U.S. Published Patent
Application Nos. 2004/001 8590 and 2005/0170452
disclose lower eukaryote host cells capable of
producing a glycoprotein comprising a
GlcNAc2Man3GlcNAc2 glycoform. The glycoprotein
produced in the above cells can be treated in vitro
with a hexaminidase to produce a recombinant
glycoprotein comprising a Man3GlcNAc2 glycoform. In a
further embodiment, the immediately preceding host
cell further includes a galactosyltransferase
catalytic domain fused to a cellular targeting signal
peptide not normally associated with the catalytic
domain and selected to target galactosyltransferase
activity to the ER or Golgi apparatus of the host
cell. Passage of the recombinant glycoprotein through
the ER or Golgi apparatus of the host cell produces a
recombinant glycoprotein comprising a
GalGlcNAc2Man3GlcNAc2 or Gal2GlcNAc2Man3GlcNAc2
glycoform, or mixture thereof for example a
recombinant glycoprotein composition comprising
predominantly a GalGlcNAc2Man3GlcNAc2 glycoform or
Gal2GlcNAc2Man3GlcNAc2 glycoform or mixture thereof.
U.S. Patent No, 7,029,872 and U.S. Published Patent
Application No. 2006/0040353 discloses lower eukaryote
host cells capable of producing a glycoprotein
comprising a 



Gal2GlcNAc2Man3GlcNAc2 glycoform. The glycoprotein
produced in the above cells can be treated in vitro
with a galactosidase to produce a recombinant
glycoprotein comprising a GlcNAc2Man3GIcNAc2
glycoform, for example a recombinant glycoprotein
composition comprising predominantly a
GIcNAc2Man3GIcNAc2 glycoform. In a further embodiment,
the immediately preceding host cell further includes a
sialyltransferase catalytic domain fused to a cellular
targeting signal peptide not normally associated with
the catalytic domain and selected to target
sialytransferase activity to the ER orGolgi apparatus
of the host cell. Passage of the recombinant
glycoprotein through the ER or Golgi apparatus of the
host cell produces a recombinant glycoprotein
comprising predominantly a NANA2
Gal2GlcNAc2Mari3GlcNAc2 glycoform or
NANAGal2GlcNAc2Man3GlcNAc2 glycoform or mixture
thereof. For lower eukaryote host cells such as yeast
and filamentous fungi, it is useful that the host cell
further include a means for providing CMP-sialic acid
for transfer to the N-glycan. U.S. Published Patent
Application No. 2005/0260729 discloses a method for
genetically engineering lower eukaryotes to have a
CMP-sialic acid synthesis pathway and U.S. Published
Patent Application No. 2006/0286637 discloses a method
for genetically engineering lower eukaryotes to
produce sialylated glycoproteins. The glycoprotein
produced in the above cells can be treated in vitro
with a neuraminidase to produce a recombinant
glycoprotein comprising predominantly a
Gal2GlcNAc2Man3GlcNAc2 glycoform or GaIGIcNAc
MaH3GIcNAc2 glycoform or mixture thereof. Any one of
the preceding host cells can further include one or
more GIcNAc transferase selected from the group
consisting of GnT in, GnT IV, GnT V, GnT VI, and GnT
IX to produce glycoproteins having bisected (GnT III)
and/or multiantennary (GnT IV, V, VI, and IX) N-glycan
structures such as disclosed in U.S. Published Patent
Application Nos. 2004/074458 and 2007/0037248. In
further embodiments, the host cell that produces
glycoproteins that have predominantly
GlcNAcMan5GlcNAc2 Lf-glycans further includes a
galactosyltransferase catalytic domain fused to a
cellular targeting signal peptide not normally
associated with the catalytic domain and selected to
target Galactosyltransferase activity to the ER or
Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising predominantly the
GalGlcNAcMan5GlcNAc2 glycoform. In a further
embodiment, the immediately preceding host cell that
produced glycoproteins that have predominantly the
predominantly the GalGlcNAcMan5GlcNAc2 JVglycans
further includes a sialyltransferase catalytic domain
fused to a cellular targeting signal peptide not
normally associated with the catalytic domain and
selected to target sialytransferase activity to the ER
or Golgi apparatus of the host cell. Passage of the
recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant
glycoprotein comprising a NANAGalGlcNAcMans GIcNAc2
glycoform. Various of the preceding host cells further
include one or more sugar transporters such as
UDP-GIcNAc transporters (for example, Kluyveromyces
lactis and Mas musculus UDPGIcNAc transporters),
UDP-galactose transporters (for example, Drosophila
melanogaster UDPgalactose transporter), and CMP-sialic
acid transporter (for example, human sialic acid
transporter). Because lower eukaryote host cells such
as yeast and filamentous fungi lack theabove
transporters, it is preferable that lower eukaryote
host cells such as yeast and filamentous fungi be
genetically engineered to include the above
transporters. In further embodiments of the above host
cells, the host cells are further genetically
engineered to eliminate glycoproteins having
a-mannosidase-resistant iV-glycans by deleting or
disrupting the b-mannosyltransferase gene {BMT2){See,
U.S. Published Patent Application No. 2006/021 1085)
and glycoproteins having phosphomannose residues by
deleting or disrupting one or both of the
phosphomannosyl transferase genes PNOl and MNN4B (See
for example, U.S. Patent Nos. 7,198,921 and
7,259,007). In further still embodiments of the above
host cells, the host cells are further genetically
modified to eliminate O-glycosylation of the
glycoprotein by deleting or disrupting one or more of
the protein O-mannosyltransferase (DoI-PMan: Protein
(Ser/Thr) Mannosyl Transferase genes) (PMTs) (See U.S.
Patent No. 5,714,377) or grown in the presence of i
inhibitors such as Pmt-1, Pmti-2, and Pmti-3 as
disclosed in Published International Application No.
WO 2007061631, or both. Thus, provided are host cells
that have been genetically modified to produce
glycoproteins wherein the predominant JV-glycans
thereon include but are not limited to Man8GlcNAc2
Man7GlcNAc , Man6GlcNAc2 , Man5GlcNAc2 ,
GlcNAcMan5GlcNAc2, GalGlcNAcMan5GlcNAc2,
NANAGalGlcNAcMansGlcNAc2, Man3GlcNAc2, GIcNAc(I.
4)Man3GlcNAc2, Gal(i-4)GlcNAc(i-4)Man3GlcNAc2, NANA(
1-4)Gal( 1-4)GlcNAc( 1. 4)Man3GlcNAc2. Further
included are host cells that produce glycoproteins
that have particular mixtures of the aforementioned
iV-glycans thereon. In the following examples,
heterologous human proteins are expressed in host
cells of the species Pichiapastoris. These examples
demonstrate the invention with respect to specific
embodiments of the invention, and are not to be
construed as limiting in any manner. The skilled
artisan, having read the disclosure and examples
herein, will recognize that numerous variants,
modifications and improvements to the methods and
materials described that are possible without
deviating from the practice of the present invention.
EXAMPLE 1 This example shows that expression of
heterologous human proteins in Pichia pastoris was
enhanced by using host cells in which the gene
encoding the endogenous PDIl has been inactivated and
replaced with an expression cassette encoding the
human PDI. The example further shows that these host
cells produced recombinant antibodies that had reduced
Oglycosylation. Construction of expression/integration
plasmid vector pGLY642 comprising an expression
cassette encoding the human PDI protein and nucleic
acid molecules to target the plasmid vector to the
Pichiapastoris PDIl locus for replacement of the gene
encoding the Pichia pastoris PDIl with a nucleic acid
molecule encoding the human PDI was as follows and
isshown in Figure 8 cDNA encoding the human PDI was
amplified by PCR using the primers hPDI/UPl 5'
AGCGCTGACGCCCCCGAGGAGGAGGACCAC 3' (SEQ ID NO 1) and
hPDI/LP-PacI 5'
CCTTAATTAATTACAGTTCATCATGCACAGCTTTCTGATCAT 3' (SEQ ID
NO 2), Pru turbo DNA polymerase (Stratagene, La Jolla,
CA), and a human hver cDNA (BD Bioscience, San Jose,
CA) The PCR conditions were 1 cycle of 95C for two
minutes, 25 cycles of 95C for 20 seconds, 58C for 30
seconds, and 72C for 1 5 minutes, and followed by one 



cycle of 72C for 10 minutes The resulting PCR product
was cloned into plasmid vector pCR2 1to make plasmid
vector pGLY618 The nucleotide and ammo acid sequences
of the human PDI (SEQ IDNOs 39 and 40, respectively)
are shown in Table 11 The nucleotide and ammo acid
sequences of the Pichiapastoris PDIl (SEQ ID NOs 4 1
and 42, respectively) are shown in Table 11 Isolation
of nucleic acid molecules comprising the Pichiapastons
PDIl 5' and 3' regions was performed by PCR
amplification of the regions from Pichiapastons
genomic DNA The 5' region was amplified using ppmers
PB248 5' ATGAATTCAGGCCATATCGGCCATTGTTTACTGTGCGCCCACAGT
AG 3' (SEQ ID NO 3), PB249
5rATGTTTAAACGTGAGGATTACTGGTGATGAAAGAC 3' (SEQ ID NO 4)
The 31region was amplified using primers PB250 5'
AGACTAGTCTATTTG GAGACATTGACGGATCCAC 3' (SEQ ID NO 5),
PB251 5' ATCTCGAGAGGCCAT
GCAGGCCAACCACAAGATGAATCAAATTTTG-S' (SEQ ID NO 6)
Pichia pastons strain NRRL-Yl 1430 genomic DNA was
used for PCR amplification The PCR conditions were one
cycle of 950C for two minutes, 25 cycles of 95C for 30
seconds, 55C for 30 seconds, and 720C for 2 5 minutes,
and followed by one cycle of 72C for 10 minutes The
resulting PCR fragments, PpPDIl (5') and PpPDIl (31),
were separately cloned into plasmid vector pCR2 1 to
make plasmid vectors pGLY620 and pGLY617, respectively
To construct pGLY678, DNA fragments PpARG3-5' and
PpARG-31of integration plasmid vector pGLY24, which
targets the plasmid vector to Pichiapastons ARG3
locus, were replaced with DNA fragments PpPDI (5') and
PpPDI (3'), respectively, which targets the plasmid
vector pGLY678 to the PDIl locus and disrupts
expression of the PDIl locus The nucleic acid molecule
encoding the human PDI was then cloned into plasmid
vector pGLY678 to produce plasmid vector pGLY642 in
which the nucleic acid molecule encoding the human PDI
was placed under the control of the Pichiapastons
GAPDH promoter (PpGAPDH) Expression/integration
plasmid vectoi pGLY642 was constructed by ligatmg a
nucleic acid molecule (SEQ ID NO 27) encoding the
Saccharomyces cerevisiae alpha mating factor
pre-signal peptide (ScaMFpre-signal peptide (SEQ ID NO
28) having a Not\ restriction enzyme site at the 5'
end and a blunt 3' end and the expression cassette
comprising the nucleic acid molecule encoding the
human PDI released from plasmid vector pGLY618
v/iihAfel and Pad to produce a nucleic acid molecule
having a blunt 5' end and a Pad site at the 3' end
into plasmid vector pGLY678 digested with Notl and Pad
The resulting integration/expressionplasmid vector
pGLY642 comprises an expression cassette encoding a
human PDI/ ScaMFpresignal peptide fusion protein
operably linked to the Pichiapastoris promoter and
nucleic acid molecule sequences to target the plasmid
vector to the Pichiapastoris PDIl locus for disruption
of the PDIl locus and integration of the expression
cassette into the PDIl locus. Figure 8 illustrates the
construction of plasmid vector pGLY642. The nucleotide
and amino acid sequences of the ScaMFpre-signal
peptide are shown in SEQ ED NOs: 27 and 28,
respectively. Construction of expression/integration
vector pGLY2232 encoding the human EROlaprotein was as
follows and is shown in Figure 9. A nucleic acid
molecule encoding the human EROlaprotein was
synthesized by GeneArt AG (Regensburg, Germany) and
used to construct plasmid vector pGLY2224. The
nucleotide and amino acid sequences of the human EROl
aprotein (SEQ ID NOs: 43 and 44, respectively) are
shown in Table 11. The nucleic acid molecule encoding
the human EROl aprotein was released from the plasmid
vector using restriction enzymes Afe and Fsel and then
ligated with a nucleic acid molecule encoding the
ScaMPpre-signal peptide with 5' Notl and 3' blunt ends
as above into plasmid vector pGLY2228 digested with
Notl and Fsel. Plasmid vector pGLY2228 also included
nucleic acid molecules that included the 5' and
31regions of the Pichiapastoris PRBl gene (PpPRBl-5'
and PpPRBl-3' regions, respectively). The resulting
plasmid vector, pGLY2230 was digested with BgHl and
Nod and then ligated with a nucleic acid molecule
containing the Pichiapastoris PDIl promoter (PpPDI
promoter) which had been obtained from plasmid vector
pGLY2187 digested with 5glH and Notl. The nucleotide
sequence of the PpPDI promoter is
5'-AACACGAACACTGTAAAT
AGAATAAAAGAAAACTTGGATAGTAGAACTTCAATGTAGTGTTTCTATTGTCTT
ACG
CGGCTCTTTAGATTGCAATCCCCAGAATGGAATCGTCCATCTTTCTCAACCCAC
TCA
AAGATAATCTACCAGACATACCTACGCCCTCCATCCCAGCACCACGTCGCGATC
ACC
CCTAAAACTTCAATAATTGAACACGTACTGATTTCCAAACCTTCTTCTTCTTCC
TATC TATAAGA-3' (SEQ ID NO: 59). The resulting plasmid
vector, pGLY2232, is an expression/integration vector
that contains an expression cassette that encodes the
human EROl a fusion protein under control of the
Pichiapastoris PDIl promoter and includes the 5' and
3' regions of the Pichiapastoris PRBl gene to target
the plasmid vector to the PRBl locus of genome for
disruption of the PRBl locus and integration of the
expression cassette into the PRBl locus. Figure 9
illustrates the construction of plasmid vector
pGLY2232. Construction of expression/integration
vector pGLY2233 encoding the human GRP94 protein was
as follows and is shown in Figure 10. The human GRP94
was PCR amplified from human liver cDNA (BD
Bioscience) with the primers hGRP94/UPl : 5'-AGCGC
TGACGATGAAGTTGATGTGGATGGTACAGTAG-S1; (SEQ ID NO: 15);
and hGRP94/LPl: 5'-GGCCG GCCTT ACAAT TCATC ATGTT CAGCT
GTAGA TTC 3'; (SEQ ID NO: 16). The PCR conditions were
one cycle of 95C for two minutes, 25 cycles of 95C for
20 seconds, 55C for 20 seconds, and 72C for 2.5
minutes, and followed by one cycle of 72 C for
10minutes The PCR product was cloned into plasmid
vector pCR2 1 to make plasrmd vector pGLY2216 The
nucleotide and ammo acid sequences of the human GRP94
(SEQ ID NOs 45 and 46, respectively) are shown in
Table 11 The nucleic acid molecule encoding the human
GRP94 was released from plasmid vector pGLY2216 with
AfA and Fsel The nucleic acid molecule was then hgated
to a nucleic acid molecule encoding the
ScaMPpre-signal peptide having Notl and blunt ends as
above and plasmid vector pGLY2231 digested with NoA
and Fsel carrying nucleic acid molecules comprising
the Pichia pastons PEP4 5' and 3' regions (PpPEP4-5'
and PpPEP4-3' regions, respectively) to make plasmid
vector pGLY2229 Plasmid vector pGLY2229 was digested
with BgIII and Notl and a DNA fragment containing the
PpPDIl promoter was removed from plasmid vector
pGLY2187 with Bgip and Notl and the DNA fragment
ligated into pGLY2229 to make plasmid vector rGLY2233
Plasmid vector pGLY2233 encodes the human GRP94 fusion
protein under control of the Pichiapastons PDI
promoter and includes the 5' and 3' regions of the
Pichiapastons PEP4 gene to target the plasmid vector
to the PEP4 locus of genome for disruption of the PEP4
locus and integration of the expression cassette into
the PEP4 locus 



Figure 10 illustrates the construction of plasmid
vector pGLY2233 Construction of plasmid vectors pGLYl
162, pGLY1896, and pGFI207t was as follows All
Trichoderma reesei a-l,2-mannosidase expression
plasmid vectors were depved from pGFI165, which
encodes the T reesei a-l,2-mannosidase catalytic
domain (See published International Application No
WO2007061631) fused to S cerevisiae aMATpre signal
peptide herein expression is under the control of the
Pichiapastons GAP promoter and wherein integration of
the plasmid vectors is targeted to the Pichia pastons
PROl locus and selection is using the Pichia pastons
URA5 gene A map of plasmid vector pGFI165 is shown in
Figure 11 Plasmid vector pGLYl 162 was made by
replacing the GAP promoter in pGFI165 with the
Pichiapastons AOXl (PpAOXl) promoter This was
accomplished by isolating the PpAOXl promoter as an
EcoW. (made blunft- g/II fragment from pGLY2028, and
inserting into pGFIl 65 that was digested with Notl
(made blunt) and BgIII Integration of the plasmid
vector is to the Pichia pastons PROl locus and
selection is using the Pichiapastons URA5 gene A map
of plasmid vector pGLYl 162 is shown in Figure 12
Plasmid vector pGLY1896 contains an expression
cassette encoding the mouse a- 1,2-mannosidase
catalytic domain fused to the cerevisiae MNN2 membrane
insertion leader peptide fusion protein {See Choi a/ ,
Proc Natl Acad Sci USA lOO 5022 (2003)) inserted into
plasmid vector pGFI165 (Figure 12) This was
accomplished by isolating the GAPp- ScMNN2-mouse MNSI
expression cassette from pGLY1433 digested with Xhl
(and the ends made blunt) and Pme , and inserting the
fragment into pGFI165 that digested with Pmel
Integration of the plasmid vector is to the Pichia
pastons PROl locus and selection is using the
Pichiapastons URA5 gene A map of plasmid vector pGLYl
896 is shown in Figure 11Plasmid vector rGFI207t is
similar to pGLYl 896 except that the URA5 selection
marker was replaced with the S. cerevisiae ARR3
(ScARR3) gene, which confers resistance to arsenite.
This was accomplished by isolating the ScARR3 gene
from pGFIl  digested with Asc and the Asc ends made
blunt) and BgKl, and inserting the fragment into
pGLY1896 that digested with Spe and the Spe ends made
blunt and BgIQ. Integration of the plasmid vector is
to the Pichia pastoris PROl locus and selection is
using the Saccharomyces cerevisiae ARR3 gene. A map of
plasmid vector pGFI207t is shown in Figure 11.
Construction of anti-DKKl antibody
expression/integration plasmid vectors pGLY2260 and
pGLY2261 was as follows. Anti-DKKl antibodies are
antibodies that recognize Dickkopf protein 1, a ligand
involved in the Wnt signaling pathway. To generate
expression/integration plasmid vectors pGLY2260 and
pGLY2261 encoding an anti-DKKl antibody,
codon-optimized nucleic acid molecules encoding heavy
chain (HC; fusion protein containing VH + IgG2m4) and
light chain (LC; fusion protein containing VL + Ll
constant region) fusion proteins, each in frame with a
nucleic acid molecule encoding an a-amylase (from
Aspergillus niger) signal peptide were synthesized by
GeneArt AG. The nucleotide and amino acid sequences
for the a-amylase signal peptide are shown in SEQ ID
NOs: 33 and 34. The nucleotide sequence of the HC is
shown in SEQ ID NO: 51 and the amino acid sequence is
shown in SEQ ID NO: 52. The nucleotide sequence of the
LC is shown in SEQ ID NO: 53 and the amino acid
sequence is shown in SEQ ID NO: 54. The IgG2m4 isotype
has been disclosed in U.S. Published Application No.
2007/0148 167 and U.S. Published Application No.
2006/0228349. The nucleic acid molecules encoding the
HC and LC fusion proteins were separately cloned using
unique S'-EcoRl and 3'-Fsel sites into expression
plasmid vector pGLYl 508 to form plasmid vectors
pGLY1278 and pGLY1274, respectively. These plasmid
vectors contained the Zeocin-resistance marker and
TRP2 integration sites and the Pichia pastoris AOXl
promoter operably linked to the nucleic acid molecules
encoding the HC and LC fusion proteins. The LC fusion
protein expression cassette was removed from pGLY1274
with BgZII and BamU and cloned into pGLY1278 digested
with BgHl to generate plasmid vector pGLY2260, which
encodes the HC and LC fusion proteins and targets the
expression cassettes to the TRP2 locus for integration
of the expression cassettes into the TRP2 locus. The
plasmid vector pGLY2261 contains an additional LC in
plasmid vector pGLY2260. (Figure 13). Construction of
anti-ADDL antibody expression/integration plasmid
vector pGLY2260 was as follows. Anti-ADDL antibodies
are antibodies that recognize Ab-derived diffusible
ligands, see for example U.S. Published Application
No. 20070081998. To generate expression/integration
plasmid vector pGLY2012, codon-optimized nucleic acid
molecules encoding heavy chain (HC; contained VH +
IgG2m4) and light chain (LC; fusion protein containing
VL + Ll constant region) fusion proteins, each in
frame with a nucleic acid molecule encoding
Saccharomyces cerevisiae invertase signal peptide were
synthesized by GeneArt AG.The nucleic acid molecules
encoding the HC and LC fusion proteins were separately
cloned using unique 5'-EcoRl and 3'-Fsel sites mto
expression/integration plasmid vectors pGLY1508 and
pGLY1261 to form pGLY201 1 and pGLY2010, respectively,
which contained the Zeocinresistance marker and TRP2
integration sites and the Pichia pastons AOXl promoter
operably 5 linked to the nucleic acid molecules
encoding the HC and LC fusion proteins The HC
expression cassette was removed from pGLY201 1 with
BgDl and Not\ and cloned into pGLY2010 digested with
BamRl and Not! to generate pGLY2012, which encodes the
HC and LC fusion proteins and targets the expression
cassettes to the TRP2 locus for integration of the
expression cassettes into the TRP2 locus (Figure 14)
10 Yeast transformations with the above
expression/integration vectors were as follows Pichia
pastons strains were grown in 50 mL YPD media (yeast
extract (1%), peptone (2%), dextrose (2%)) overnight
to an OD of between about 0 2 to 6 0 After incubation
on ice for 30 minutes, cells were pelleted by
centpfugation at 2500-3000 rpm for 5minutes Media was
removed and the cells washed three times with ice cold
steple IM sorbitol before resuspension in 15 0 5 ml
ice cold sterile 1M sorbitol Ten mL linearized DNA
(5-20 mg) and 100 mL cell suspension was combined in
an electroporation cuvette and incubated for 5 minutes
on ice Electroporanon was in a Bio-Rad GenePulser
Xcell following the preset Pichia pastons protocol (2
kV, 25 mF, 200 W), immediately followed by the
addition of 1mL YPDS recovery media (YPD media plus 1M
sorbitol) The transformed cells were allowed to
recover for four hours to 20 overnight at room
temperature (24C) before plating the cells on
selective media Generation of Cell Lines was as
follows and is shown in Figure 3 The strain yGLY24-l
(wr5D METl ochlA lacZ bmt2A lacZIKlMNN2-2 1mnn4LlA
lacZI MmSLC35A3 pnolAmnn4A lacZ metl lacZ), was
constructed using methods described earlier (See for
example, Nett and Gerngross, Yeast 20 1279 (2003),
Choi et al , Proc Natl Acad Sci USA 



25 100 5022 (2003), Hamilton et al Science 301 1244
(2003)) The BMT2 gene has been disclosed in Mille e a/
, J Biol Chem 283 9724-9736 (2008) and U S Published
Application No 2006021 1085 The PNOl gene has been
disclosed m U S Patent No 7,198,921 and the mnn4Ll
gene (also referred to as mnn4b) has been disclosed in
U S Patent No 7,259,007 The mnn4 refers to mnn4L2 or
mrm4a In the genotype, K1MNN2-2 is the Kluveromyces
lactis GIcNAc 30 transporter and MmSLC35A3 is the Mus
muscidus GIcNAc transporter The URA5 deletion renders
the yGLY24-l strain auxotrophic for uracil (See U S
Published application No 2004/0229306) and was used to
construct the humanized chaperone strains that follow
While the various expression cassettes were integrated
mto particular loci of the Pichiapastons genome in the
examples herein, it is understood that the operation
of the invention is independent 35 of the loci used
for integration Loci other than those disclosed herein
can be used for integration of the expression
cassettes Suitable integration sites include those
enumerated in U S Publishedapplication No. 20070072262
and include homologs to loci known for Saccharomyces
cerevisiae and other yeast or fungi. Control strain
yGLY645 (PpPDIl) was constructed. Strain yGLY645
expresses both a Trichoderma Reesei mannosidasel
(TrMNSl) and a mouse mannosidase IA (MuMNS1A), each
constitutively expressed under the control of a
PpGAPDH promoter, with the native Pichia pastoris PDIl
locus intact. Strain yGLY645 was generated from strain
yGLY24-l by transforming yGLY24-l with plasmid vector
pGLYl 896, which targeted the plasmid vector to the
Proline 1 (PROl) locus in the Pichia genome. Plasmid
vector pGLY1896 contains expression cassettes encoding
the Trichoderma Reesei mannosidase 1 (TrMNSl) and the
mouse mannosidase IA (FB53, MuMNSlA), each
constitutively expressed under the control of a
PpGAPDH promoter. Strains yGLY702 and yGLY704 were
generated in order to test the effectiveness of the
human PDIl expressed in Pichia pastoris cells in the
absence of the endogenous Pichia pastoris PDIl gene.
Strains yGLY702 and yGLY704 (hPDI) were constructed as
follows. Strain yGLY702 was generated by transforming
yGLY24-l with plasmid vector pGLY642 containing 1he
expression cassette encoding the human PDI under
control of the constitutive PpGAPDH promoter. Plasmid
vector pGLY642 also contained an expression cassette
encoding the Pichia pastoris URA5, which rendered
strain yGLY702 prototrophic for uracil. The URA5
expression cassette was removed by counterselecting
yGLY702 on 5-FOA plates to produce strain yGLY704 in
which, so that the Pichiapastoris PDIl gene has been
stably replaced by the human PDI gene and the strain
is auxotrophic for uracil. The replacement of the
Pichiapastoris PDIl with the human PDI using plasmid
vector pGLY642 was confirmed by colony PCR using the
following primers specific to only the PpPDIl ORF;
PpPDI/UPi-1, S'-GGTGAGGTTGAGGTCCCAAGTGACTATCAAGGTC-a';
(SEQ ID NO: 7); PpPDI/LPi-1,
5'-GACCTTGATAGTCACTTGGGACCTCAACCTCACC-S'; (SEQ ID NO:
8); PpPDI/UPi-2, 5' CGCCAATGATGAGGATGCCTCTTCAAAGGT
TGTG-3'; (SEQ ID NO: 9); and PpPDI/LPi-2,
5'-CACAACCTTTGAAGAGGCATCCTCATCATT GGCG-3'; (SEQ ID NO:
10). Thus, the absence of PCR product indicates the
knockout of PpPDIl. The PCR conditions were one cycle
of 95C for two minutes, 25 cycles of 95C for 20
seconds, 58C for 20 seconds, and 72C for one minute,
and followed by one cycle of 72C for 10 minutes.
Additional PCR was used to confirm the double
crossover of pGLY642 at the PpPDIl locus using PCR
primers; PpPDI-5' JP, S'-GGCGATTGCATTCGCGACTGTATC-S';
(SEQ ID NO: 11); and, hPDI-3'/LP
5'-CCTAGAGAGCGGTGGCCAAGATG-S'; (SEQ ID NO: 12).
PpPDI-5'/UP primes the upstream region of PpPDIl that
is absent in PpPDIl (5') of pGY642 and hPDI-37LP
primes human PDI ORF in pGLY642. The PCR conditions
were onecycle of 95 C for two minutes, 25 cycles of
95C for 20 seconds, 500C for 30 seconds, and 72 C for
2.5 minutes, and followed by one cycle of 72C for 10
minutes. The integration efficiency of a plasmid
vector as a knockout (i.e., a double cross over event)
or as a 'roll-in' (i.e., a single integration of the
plasmid vector into the genome, can be dependent upon
a number of factors, including the number and length
of homologous regions between vectors and the
corresponding genes on host chromosomal DNA, selection
markers, the role of the gene of interest, and the
ability of the knocked-in gene to complement the
endogenous function. The inventors found that in some
instances pGLY642 was integrated as a double cross
over, resulting in replacement of the endogenous PpPDI
gene with human PpPDI, while in other cases, the
pGLY642 plasmid vector was integrated as a single
integration, resulting in presence of both the
endogenous PpPDIl gene and a human PpPDI gene. In
order to distinguish between these events, the
inventors utilized PCR primers of Sequence ID Nos. 11
through 14, described herein. If the PpPDI gene has
been retained after integration of the pGLY642 plasmid
vector, PpPDI-5' JP and hPDI-3'/LP, directed to the
internal PpPDI coding sequence, will result in an
amplification product and a corresponding band. In the
event of a knockout or double cross over, these
primers will not result in any amplification product
and no corresponding band will be visible. The roll-in
of pGLY642 was confirmed with the primers; PpPDI/UPi
(SEQ ID NO: 7) and PpPDI/LPi-1 (SEQ ID NO: 8) encoding
PpPDIl, and hPDI/UP, 5'- GTGGCCACACCAGGGGGCATGGAAC-S
1; (SEQ ID NO: 13); and hPDI-37LP, 5>-
CCTAGAGAGCGGTGGCCAAG ATG-3'; (SEQ ID NO: 14); encoding
human PDI. The PCR conditions were one cycle of 95C
for two minutes, 25 cycles of 95C for 20 seconds, 580C
for 20 seconds, and 72C for one minute, and followed
by 1 cycle of 720C for 10 minutes for PpPDIl, and 1
cycle of 95C for two minutes, 25 cycles of 950C for 20
seconds, 500C for 30 seconds, and 72C for 2.5 minutes,
and followed by one cycle of 72C for 10 minutes for
human PDI. Strain yGLY714 is a strain that contains
both the Pichiapastoris PDIl locus and expresses the
human PDI and was a result of integration via a single
crossover event. Strain yGLY714 was generated from
strain yGLY24-l by integrating plasmid vector pGLY642,
which comprises the human PDI gene under constitutive
regulatory control of the Pichiapastoris GAPDH
promoter, into the PpPDI 51UTR region in yGLY24-l .
Integration of this vector does not disrupt expression
of the Pichia pastoris PDIl locus. Thus, in yGLY714,
the human PDI is constitutively expressed in the
presence of the Pichiapastoris endogenous PDIl. Strain
yGLY733 was generated by transforming with plasmid
vector pGLYl 162, which comprises an expression
cassette that encodes the Trichoderma Reesei
mannosidase 



(TrMNSl) operably linked to the Pichia pastoris AOXl
promoter (PpAOXl-TrMNSl), into the PROl locus of
yGLY704. This strain has the gene encoding the
Pichiapastoris PDl replacedwith the expression
cassette encoding the human PDIl, has the
PpAOXl-TrMNSl expression cassette integrated into the
PROl locus, and is a URA5 prototroph. The PpAOXl
promoter allows overexpression when the cells are
grown in the presence of methanol. Strain yGLY762 was
constructed by integrating expression cassettes
encoding TrMNSl and mouse mannosidase IA (MuMNSlA),
each operably linked to the Pichia pastoris GAPDH
promoter in plasmid vector pGFI207t into strain
yGLY733 at the 51PROl locus UTR in Pichiapastoris
genome. This strain has the gene encoding the
Pichiapastoris PDIl replaced with the expression
cassette encoding the human PDI, has the
PpGAPDH-TrMNSl and PpGAPDH-MuMNSl A expression
cassettes integrated into the PROl locus, and is a
URA5 prototroph. Strain yGLY730 is a control strain
for strain yGLY733. Strain yGLY730 was generated by
transforming pGLYl 162, which comprises an expression
cassette that encodes the Trichoderma Reesei
mannosidase (TrMNSl) operably linked to the Pichia
pastoris AOXl promoter (PpAOXl-TrMNSl), into the PROl
locus of yGLY24-l . This strain has the Pichia
pastoris PDIl, has the PpAOXl-TrMNSl expression
cassette integrated into the PROl locus, and is a URA5
prototroph. Control Strain yGLY760 was constructed by
integrating expression cassettes encoding TrMNSl and
mouse mannosidase IA (MuMNSlA), each operably linked
to the Pichia pastoris GAPDH promoter in plasmid
vector pGFI207t into control strain yGLY730 at the 5'
PROl locus UTR in Pichia pastoris genome. This strain
has the gene encoding the Pichia pastoris PDIl, has
the PpGAPDH-TrMNSl and PpGAPDH-MuMNS1A expression
cassettes integrated into the PROl locus, and is a
URA5 prototroph. Strain yGLY2263 was generated by
transforming strain yGLY645 with
integration/expression plasmid pGLY2260, which targets
an expression cassette encoding the anti-DKKl antibody
to the TRP2 locus. Strain yGLY2674 was generated by
counterselecting yGLY733 on 5-FOA plates. This strain
has the gene encoding the Pichiapastoris PDIl replaced
with the expression cassette encoding the human PDI,
has the PpAOXl-TrMNSl expression cassette integrated
into the PROl locus, and is a URA5 auxotroph. Strain
yGLY2677 was generated by counterselecting yGLY762 on
5-FOA plates. This strain has the gene encoding the
Pichiapastoris PDIl replaced with the expression
cassette encoding the human PDI, has the PpAOXl-TrMNSl
expression cassette integrated into the PROl locus,
has the PpGAPH-TrMNSl and PpGAPDH-MuMNSl A expression
cassettes integrated into the PROl locus, and is a
URA5 auxotroph. Strains yGLY2690 was generated by
integrating plasmid vector pGLY2232, which encodes the
human EROl aprotein, into the PRBl locus. This strain
has the gene encoding the Pichia pastoris PDIl
replaced with the expression cassette encoding the
humanPDI1has the PpAOXl-TrMNSl expression cassette
integrated into the PROl locus, the human EROl
aexpression cassette integrated into the PRBl locus,
and is a URA5 prototroph. Strains yGLY2696 was
generated by integrating plasmid vector pGLY2233,
which encodes the human GRP94 protein, into the PEP4
locus. This strain has the gene encoding the Pichia
pastoris PDIl replaced with the expression cassette
encoding the human PDI, has the PpAOXl-TrMNSl
expression cassette integrated into the PROl locus,
has the PpGAPDH-TrMNSl and PpGAPDH-MuMNSl A expression
cassettes integrated into the PROl locus, has the
human GRP94 integrated into the PEP4 locus, and is a
URA5 prototroph. Strain yGLY3628 was generated by
transforming strain yGLY2696 with
integration/expression plasmid pGLY2261, which targets
an expression cassette encoding the anti-DKKl antibody
to the TRP2 locus. Strain yGLY3647 was generated by
transforming strain yGLY2690 with
integration/expression plasmid pGLY2261, which targets
an expression cassette encoding the anti-DKKl antibody
to the TRP2 locus. The yield of protein produced in a
strain, which expresses the human PDI protein in place
of the Pichia pastoris PDIl protein, was compared to
the yield of the same protein produced in a strain,
which expresses both the human and Pichiapastoris PDI
proteins, and a strain, which expresses only the
Pichia pastoris PDIl protein. Strain yGLY733, which
expresses the human PDI protein in place of the Pichia
pastoris PDIl protein, strain yGLY714, which expresses
both the human and Pichia pastoris PDIl proteins, and
strain yGLY730, which expresses only the Pichia
pastoris PDIl protein were evaluated to determine the
effect of replacing the Pichiapastoris PDIl protein
with the human PDI protein on antibody titers produced
by the strains. All three yeast strains were
transformed with plasmid vector pGLY2261, which
encodes the anti-DKKl antibody. Titer improvement for
culture growth was determined from deep-well plate
screening in accordance with the NIH ImageJ software
protocol, as described in Rasband, ImageJ, U. S.
National Institutes of Health, Bethesda, Maryland,
USA, 1997-2007; and Abramoff, et al., Biophotonics
International,! 1: 36-42 (2004). Briefly, antibody
screening in 96 deep-well plates was performed
essentially as follows. Transformants were inoculated
to 600 mL BMGY and grown at 24C at 840 rpm for two
days in a Micro-Plate Shaker. The resulting 50 mL seed
culture was transferred to two 96-well plates
containing 600 mL fresh BMGY per well and incubated
for two days at the same culture condition as above.
The two expansion plates were combined to one prior to
centrifugation for 5 minutes at 1000 rpm, the cell
pellets were induced in 600 mL BMMY per well for two
days and then the centrifuged 400 mL clear supernatant
was purified using protein A beads. The purified
proteins were subjected to SDSPAGE electrophoresis and
the density of protein bands were analyzed using NIH
ImageJ software.Representative results are shown in
Figure 1. Figure 1 (Panel B) shows that while yGLY714,
which expresses both Pichiapastoris PDIl and human
PDI, improved yield two-fold over the control
(yGLY730) (Panel A), a five-fold increase in yield was
achieved with strain yGLY733, which expresses only the
human PDI (Panel C). The results are also presented in
5 Table 1. Strains yGLY730 and yGLY733 were
transformed with plasmid vector pGLY2012 which encodes
the anti-ADDL antibody. The transformed strains were
evaluated by 10 96 deep well screening as described
above and antibody was produced in 500 mL SixFors and
3L 



fermentors using the following procedures. Bioreactor
Screenings (SIXFORS) were done in 0.5 L vessels
(Sixfors multi-fermentation system, ATR Biotech,
Laurel, MD) under the following conditions: pH at 6.5,
240C, 0.3 SLPM, and an initial stirrer speed of 550
rpm with an initial working volume of 350 mL (330 mL
BMGY medium and 2OmL inoculum). IRIS multi- 15
fermenter software (ATR Biotech, Laurel, MD) was used
to linearly increase the stirrer speed from 550 rpm to
1200 rpm over 10 hours, one hour after inoculation.
Seed cultures (200 mL of BMGY in a 1 L baffled flask)
were inoculated directly from agar plates. The seed
flasks were incubated for 72 hours at 240C to reach
optical densities (OD Oo) between 95 and 100. The
fermenters were inoculated with 200 mL stationary
phase flask cultures that were concentrated to 20 20
mL by centrifugation. The batch phase ended on
completion of the initial charge glycerol (18- 24h)
fermentation and were followed by a second batch phase
that was initiated by the addition of 17 mL of
glycerol feed solution (50% [w/w] glycerol, 5 mg/L
Biotin, 12.5 mL/L PTMl salts(65 g/L FeSO4 J H2O, 20
g/L ZnCl2, 9 g/L H SO4 , 6 g/L CuSO4.5H2O, 5 g/L H2SO4
, 3 g/L MnSO -7H2O, 500 mg/L CoCl2-6H2O, 200 mg/L
NaMoO4 -2H2O, 200 mg/L biotin, 80 mg/L 25 NaI, 20 mg/L
H BO4 )) Upon completion of the second batch phase, as
signaled by a spike in dissolved oxygen, the induction
phase was initiated by feeding a methanol feed
solution (100% MeOH 5 mg/L biotin, 12.5 mL/L PTMl) at
0.6 g/h for 32-40 hours. The cultivation is harvested
by centrifugation.Bioreactor cultivations (3L) were
done in 3L (Applikon, Foster City, CA) and 15L
(Applikon, Foster City, CA ) glass bioreactors and a
4OL (Applikon, Foster City, CA) stainless steel, steam
in place bioreactor. Seed cultures were prepared by
inoculating BMGY media directly with frozen stock
vials at a 1% volumetric ratio. Seed flasks were
incubated at 240C for 48 hours to obtain an optical
density (OD oo) of 205 to ensure that cells are
growing exponentially upon transfer. The cultivation
medium contained 40 g glycerol, 18.2 g sorbitol, 2.3 g
K2HPO4 , 11.9 g KH2PO , 10 g yeast extract (BD,
Franklin Lakes, NJ), 20 g peptone (BD, Franklin Lakes,
NJ), 4 x 10-3 g biotin and 13.4 g Yeast Nitrogen Base
(BD, Franklin Lakes, NJ) per liter. The bioreactor was
inoculated with a 10% volumetric ratio of seed to
initial media. Cultivations were done in fed-batch
mode under the following conditions: temperature set
at 240.5C, pH controlled at to 6.50. 1 with NH4OH,
dissolved oxygen was maintained at 1.70. 1 mg/L by
cascading agitation rate on the addition of O2 . The
airflow rate was maintained at 0.7 vvm. After
depletion of the initial charge glycerol (40 g/L), a
50% glycerol solution containing 12.5 mL/L of PTMl
salts was fed exponentially at 50% of the maximum
growth rate for eight hours until 250 g/L of wet cell
weight was reached. Induction was initiated after a 30
minute starvation phase when methanol was fed
exponentially to maintain a specific growth rate of
0.01 h- . When an oxygen uptake rate of 150 mM/L/h was
reached the methanol feed rate was kept constant to
avoid oxygen limitation. The results are shown in
Table 2, which shows about a three-fold increase in
antibody titer. The antibodies were also analyzed to
determine whether replacing the Pichia pastoris PDIl
gene with an expression cassette encoding the human
PDI would have an effect on O-glycosylation of the
antibodies. In general, O-glycosylation of antibodies
intended for use in humans is undesirable. O-glycan
determination was performed using a Dionex-HPLC
(HPAEC-PAD) as follows. To measure O-glycosylation
reduction, protein was purified from the growth medium
using protein A chromatography (Li et al. Nat.
Biotechnol. 24(2):210-5 (2006)) and the O-glycans
released from and separated from protein by alkaline
elimination (beta -elimination) (Harvey, Mass
Spectrometry Reviews 18: 349- 451 (1999)). This
process also reduces the newly formed reducing
terminus of the released O-glycan (either oligomannose
or mannose) to mannitol. The mannitol group thus
serves as a unique indicator of each O- glycan. 0.5
nmole or more of protein, contained within a volume of
100 mL PBS buffer, was required for beta elimination.
The sample was treated with 25 mL alkaline borohydride
reagent and incubated at 500C for 16 hours. About 20
uL arabitol internal standard was added, followed by
10 mL glacial acetic acid. The sample was then
centrifuged through a Millipore filter containing both
SEPABEADS and AO 5OW-X8 resin and washed with water.
The samples, including wash, were transferred to
plastic autosampler vials and evaporated to dryness in
a centrifugal evaporator. 150 mL 1% AcOH/MeOH was
added to the samples and the samples evaporated to
dryness in a centrifugalevaporator. This last step was
repeated five more times. 200 mL of water was added
and 100 mL of the sample was analyzed by high pH
anion-exchange chromatography coupled with pulsed
electrochemical detection-Dionex HPLC (HPAEC-PAD).
Average O-glycan occupancy was determined based upon
the amount of mannitol recovered. As shown in Table 2,
O-glycosylation was reduced in strains in which the
Pichia pastoris PDIl was replaced with an expression
cassette encoding the human PDI. In strain yGLY733,
O-glycan occupancy (number of O-glycosylation sites
O-glycosylated) was reduced and for those sites
occupied, the percent of O-glycans consisting of only
one mannose was increased. These results suggest that
replacing the Pichia pastoris PDIl with an expression
cassette encoding the human PDI will enable the
production of antibodies in Pichia pastoris with
reduced O-glycosylation. The above three strains
(yGLY730, yGLY714, and yGLY733) produce glycoproteins
that have Pichia pastoris TV-glycosylation patterns.
GS 2.0 strains are Pichia pastoris strains that have
been genetically engineered to produce glycoproteins
having predominantly Man5GlcNAc2 iV-glycans. The
following experiment was performed with GS 2.0 strains
that produce glycoproteins that have predominantly
Man5GlcNAc2 JV-glycans to determine the effect of
replacing the Pichia pastoris PDIl protein with the
human PDI protein on antibody titers produced by these
strains. Strains yGLY2690 and yGLY2696 are GFI 2.0
strains that produce glycoproteins that have
predominantly Man5GlcNAc2 JV-glycans and have the
Pichia pastoris PDIl gene replaced with the expression
cassette encoding the human PDI protein {See Figure
3). These two strains were transformed with plasmid
vector pGLY2261, which encodes the anti-DKKl antibody,
to produce strains yGLY3647 and yGLY3628 {See Figure
3) and the strains evaluated by 96 deep well screening
as described above. Antibody was producedin 500 ml
SixFors and 3L fermentors using the parameters
described above to determine the effect of replacing
the Pichiapastoris PDIl protein with the human PDI
protein on antibody titers produced by the strains.
The results are shown in Table 3. Strain yGLY2263 is a
control in which plasmid vector pGLY2260 was
transformed into strain yGLY645, which produces
glycoproteins having predominantly Mans GIcNAc2
iV-glycans and expresses only the endogenous PDIl
gene. 



Table 3 shows that replacing the gene encoding the
Pichiapastoris PDIl with an expression cassette
encoding the human PDI in yeast genetically engineered
to produce glycoproteins that have predominantly Man
GlcNAc2 7V-glycans effects an improvement in the
titers of antibodies produced by the yeast. Table 3
also shows that O-glycosylation occupancy was still
reduced in these strains genetically engineered to
produce glycoproteins having predominantly MansGlcNAc
2 iV-glycans. Additionally, Table 3 shows an increase
in the amount of iV-glycosylation in the strains with
the endogenous PDIl replaced with the human PDI.
EXAMPLE 2 A benefit of the strains shown in Tables 2
and 3 is that making yeast strains that have replaced
the endogenous PDIl gene with an expression cassette
that encodes a heterologousPDI not only effects an
increase in protein yield but also effects a decrease
in both the number of attached 0-glycans (occupancy)
and a decrease in undesired Man2 0-glycan structures.
Recombinant proteins produced in yeast often display
aberrant O-glycosylation structures relative to
compositions of the same glycoprotein produced from
mammalian cell culture, reflecting the significant
differences between the glycosylation machinery of
mammalian and yeast cells. These aberrant structures
may be immunogenic in humans. The inventors noted that
host cells of Pichia pastoris carrying the human PDI
gene in place of the endogenous Pichia pastoris PDIl
gene were strain more resistant to PMT protein
inhibitors {See published International Application
No. WO2007061631), suggesting that these strains might
be better suited to tolerate deletions of various PMT
genes. This is because in prior attempts to make DPMT
knockouts in DOCH1/DPNO1/DPBS2 strains of Pichia
pastoris, APMTl knockouts and DPMT2 knockouts could
not be obtained; presumably because they are lethal in
this genetic background (unpublished results). DPMT4
knockouts could be obtained, but they typically
exhibited only weak growth and poor protein expression
compared to parental strains {See Figures 6 and T).
While DPMT5 and DPMT6 knockouts could be obtained, the
deletions exhibited little or no effect on cell growth
or protein expression compared to parental strains,
suggesting that these PMT genes were not effective in
reduction of O-glycosylation. PMT knockout yeast
strains were created in the appropriate Pichia
pastoris strains following the procedure outlined for
Saccharomyces cerevisiae in Oentzsch and Tanner, EMBO
J . 15: 25752-5759 ( 1996), as described further in
Published International Application No. WO 200706
1631. The nucleic acid molecules encoding the Pichia
pastoris PMTl and PMT4 are shown in SEQ ID NOs: 47 and
49. The amino acid sequences of the Pichia pastoris
PMTi and PMT4 are shown in SEQ ID NOs: 48 and 50. The
primers and DNA templates used for making the PMT
deletions using the PCR overlap method are listed
below. To make a PMTl knockout, the following
procedure was followed. Three PCR reactions were set
up. PCR reaction A comprised primers PMTl-KOl :
5'-TGAACCCATCT GTAAATAGAATGC-S1(SEQ ID NO: 17) and
PMTl -KO2: 5'-GTGTCACCTAAATCGTA TGTGCCCATTTACTGGA
AGCTGCTAACC-31(SEQ ID NO: 18) and Pichia pastoris
NRRLYl 1430 genomic DNA as the template. PCR reaction
B comprised primers PMT1-KO3: 5'-
CTCCCTATAGTGAGTCGTATTCATCATTGTACTTT GGTATATTGG-3' (SEQ
ID NO: 19) and PMTl -KO4:
5'-TATTTGTACCTGCGTCCTGTTTGC-3 1(SEQ ID NO: 20) and
Pichia pastoris NRRL-Yl 1430 genomic DNA as the
template. PCR reaction C comprised primers PR29:
5'-CACATACGATTTAGGTGACAC-S' (SEQ ID NO: 21) and PR32:
5'-AATAC GACTCACTATAGGGAG-3' (SEQ ID NO: 22) and the
template was plasmid vector pAG25 (Goldstein and
McCusker, Yeast 15: 1541 (1999)). The conditions for
all three PCR reactions were one cycle of 980C for two
minutes, 25 cycles of 98C for 10 seconds, 54C for 30
seconds, and 72C for four minutes, and followed by one
cycle of 72C for 10 minutes.Then in a second PCR
reaction, primers PMTl-KOl + PMT1-KO4 from above were
mixed with the PCR-generated fragments from PCR
reactions A, B, and C above. The PCR conditions were
one cycle of 98C for two minutes, 30 cycles of 98C for
10 seconds, 56C for 10 seconds, and 72C for four
minutes, and followed by one cycle of 72C for 10
minutes. The fragment generated in the second PCR
reaction was gel-purified and used to transform
appropriate strains in which the Pichiapastoris PDIl
gene has been replaced with an expression cassette
encoding the human PDIl protein. Selection of
transformants was on rich media plates (YPD)
containing 100 mg/mL nourseothricin. To make a PMT4
knockout, the following procedure was followed. Three
PCR reactions were set up. PCR reaction A comprised
primers PMT4-KO1 : 5'- TGCTCTCCGCGTGCAATAGAAACT
-31(SEQ ID NO: 23) and PMT4-KO2: 5'-
CTCCCTATAGTGAGTCGTATTCACAGTGTACCATCT TTCATCTCC -3'
(SEQ ID NO: 24) and Pichia pastoris NRRL-Yl 1430
genomic DNA as the template. PCR reaction B comprised
primers PMT4-KO3:
5'-GTGTCACCTAAATCGTATGTGAACCTAACTCTAA TTCTTCAAA GC -3'
(SEQ ID NO: 25) and PMT4-KO4:
5'-ACTAGGGTATATAATTCCCAAGGT -3' (SEQ ID NO: 26) and
Pichiapastoris NRRL-Yl 1430 genomic DNA as the
template. PCR reaction C comprised primers PR29:
5'-CACATACGATTTAGGTGACAC-S' (SEQ ID NO: 21) and PR32:
51-AATACGACTCACTATAGGGAG-31(SEQ ID NO: 22) and plasmid
vector pAG25 as the template. The conditions for all
three PCR reactions were one cycle of 980C for two
minutes, 25 cycles of 98C for 10 seconds, 54C for 30
seconds, and 720C for four minutes, and followed by
one cycle of 72C for 10 minutes. Then in a second PCR
reaction, primers PMT4-KO1 + PMT4-KO4 from above were
mixed with the PCR-generated fragments from PCR
reactions A, B, and C above. The PCR conditions were
one cycle of 98C for two minutes, 30 cycles of 98C for
10 seconds, 56C for 10 seconds, and 72C for four
minutes, and followed by one cycle of 72C for 10
minutes. The fragment generated in the second PCR
reaction was gel-purified and used to transform
appropriate strains in which the Pichia pastoris PDIl
gene has been replaced with an expression cassette
encoding the human PDI protein. Selection of
transformants was on rich media plates (YPD)
containing 100 mg/mL nourseothricin. To test the
ability of the strains to produce antibodies with
reduced Oglycosylation, expression vectors encoding an
anti-Her2 antibody and an anti-CD20 antibody were
constructed. Expression/integration plasmid vector
pGLY2988 contains expression cassettes encoding the
heavy and light chains of an anti-Her2 antibody.
Anti-Her2 heavy (HC) and light (LC) chains fused at
the N-terminus to a-MAT pre signal peptide were
synthesized by GeneArt 



AG. Each was synthesized with unique 5' EcoKl and 3'
Fsel sites. The nucleotide and aminoacid sequences of
the ant i-Her2 HC are shown m SEQ ID Nos 29 and 30,
respectively The nucleotide and amino acid sequences
of the anti-Her2 LC are shown in SEQ ID Nos 31 and 32,
respectively Both nucleic acid molecule fragments
encoding the HC and LC fusion proteins were separately
subcloned usmg 5' EcRl and 3' Fsel unique sites into
an expression plasmid vector pGLY2198 (contains the
Pichiapastoris TRP2 targeting nucleic acid molecule
and the Zeocm-resistance marker) to form plasmid
vector pGLY2987 and pGLY2338, respectively The LC
expression cassette encoding the LC fusion protein
under the control of the Pichiapastoris AOXl promoter
and Saccharomyces cerevisiae Cyc terminator was
removed from plasmid vector rGLY2338 by digesting with
amHI and Notl and then cloning the DNA fragment into
plasmid vector pGLY2987 digested with BamHl and Notl,
thus generating the final expression plasmid vector
pGLY2988 (Figure 15) Expression/integration plasmid
vector pGLY3200 (map is identical to pGLY2988 except
LC and HC are anti-CD20 with a-amylase signal
sequences) Anti-CD20 sequences were from GenMab
sequence 2C6 except Light chain (LC) framework
sequences matched those from VKappa 3 germline Heavy
(HC) and Light (LC) variable sequences fused at the
N-termmus to the a-amylase (from Aspergillus niger)
signal peptide were synthesized by GeneArt AG Each was
synthesized with unique 5' EcoKl and 3' Kpn sites
which allowed for the direct cloning of variable
regions into expression vectors containing the IgGl
and V kappa constant regions The nucleotide and ammo
acid sequences of the anti-CD20 HC are shown in SEQ ID
Nos 37 and 38, respectively The nucleotide and ammo
acid sequences of the anti-CD20 LC are shown in SEQ ID
Nos 35 and 36, respectively Both HC and LC fusion
proteins were subcloned into IgGl plasmid vector
pGLY3184 and V Kappa plasmid vector pGLY2600,
respectively, (each plasmid vector contains the
Pichiapastoris TRP2 targeting nucleic acid molecule
and Zeocin-resistance marker) to form plasmid vectors
pGLY3192 and pGLY3196, respectively The LC expression
cassette encoding the LC fusion protein under the
control of the Pichiapastoris AOXl promoter and
Saccharomyces cerevisiae Cyc terminator was removed
from plasmid vector pGLY3196 by digesting with BamHI
and Notl and then cloning the DNA fragment into
plasmid vector pGLY3192 digested with BamHl and Notl,
thus generating the final expression plasmid vector
rGLY3200 (Figure 16) Transformation of appropriate
strains disclosed herein with the above anti-Her2 or
anti-CD20 antibody expression/integration plasmid
vectors was performed essentially as follows
Appropriate Pichiapastoris strains were grown in 50 mL
YPD media (yeast extract (1%), peptone (2%), dextrose
(2%)) overnight to an OD of between about 0 2 to 6
After incubation on ice for 30 minutes, cells were
pelleted by centrifugation at 2500-3000 rpm for
5rmnutes Media was removed and the cells washed three
times with ice cold sterile IM sorbitol before
resuspension in 0 5 ml ice cold sterile IM sorbitol
Ten mL linearized DNA (5-20 ug) and 100 mL cell
suspension was combined m an electroporation cuvette
and incubated for 5 minutes onice. Electroporation was
in a Bio-Rad GenePulser Xcell following the preset
Pichia pastoris protocol (2 kV, 25 mF, 200 W),
immediately followed by the addition of 1mL YPDS
recovery media (YPD media plus 1M sorbitol). The
transformed cells were allowed to recover for four
hours to overnight at room temperature (240C) before
plating the cells on selective media. Cell Growth
conditions of the transformed strains for antibody
production was generally as follows. Protein
expression for the transformed yeast strains was
carried out at in shake flasks at 24C with 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. The induction medium for protein
expression was buffered methanol-complex medium (BMMY)
consisting of 1% methanol instead of glycerol in BMGY.
Pmt inhibitor (Pmti-3) in methanol was added to the
growth medium to a final concentration of 0.2 mM, 2
mM, or 2OuM at the time the induction medium was
added. Cells were harvested and centrifuged at 2,000
rpm for five minutes. SixFors Fermenter Screening
Protocol followed the parameters shown in Table 4. At
time of about 18 hours post-inoculation, SixFors
vessels containing 350 mL media A (See Table 6 below)
plus 4% glycerol were inoculated with strain of
interest. A small dose (0.3 mL of 0.2 mg/mL in 100%
methanol) of Pmti-3
(5-[[3-(l-Phenyl-2-hydroxy)ethoxy)-4- (2-
phenylethoxy)]phenyl]methylene]-4-oxo-2-thioxo-3-thiaz
olidineacetic Acid) (See Published International
Application No. WO 2007061631) was added with
inoculum. At time about 20 hour, a bolus of 17 mL 50%
glycerol solution (Glycerol Fed-Batch Feed, See Table
7 below) plus a larger dose (0.3 mL of 4 mg/mL) of
Pmti-3 was added per vessel. At about 26 hours, when
the glycerol was consumed, as indicated by a positive
spike in the dissolved oxygen (DO) concentration, a
methanol feed (See Table 8 below) was initiated at 0.7
mL/hr continuously. At the same time, another dose of
Pmti-3 (0.3 mL of 4 mg/mL stock) was added per vessel.
At time about 48 hours, another dose (0.3 mL of 4
mg/mL) of Pmti-3 was added per vessel. Cultures were
harvested and processed at time about 60 hours
post-inoculation.SYSTEM FOR DISPENSING A FLUID I N
NON-CONTROLLED ENVIRONMENTS Field of the Invention The
present invention relates to the field
radiopharmaceutical preparation. More specifically,
the present invention relates to a device and method
for good manufacturing practices (GMP) dispensing in a
non-controlled environment. Background of the
Invention The dispensing philosophy of a sterile kit
and associated hardware have been reviewed and
approved for use by UK regulatory authorities (MHRA).
This enables the delivery of injectable
radiopharmaceuticals directly from a shielded
enclosure whilst utilizing aseptic dispensing
techniques. Figure 1 depicts a schematic of a dispense
system 10 of the prior art as operated within the
confines of a laminar flow cabinet which ensures all
connections may be made in a controlled, desirably a
GMPcompliant, environment. Dispense system 10 accepts
a feed fluid into a bulk collection vial 12 through
the "Product Inlet". The feed fluid is typically
provided by a separate manufacturing unit either
directly or via an alternate storage or transportation
device through the Product Inlet. A feed fluid
flowpath leads the fluid from vial 12 through a first
valve 14 to a syringe pump 16. Valve 14 actuates so
that dispensement from pump 16 is directed towards a
second valve 18. Valve 18 either directs gas flow from
a filter integrity test unit 20 towards a dead-end
filter 22 for integrity testing, or directs the feed
fluid through filter 22. A filtrate fluid flow path 



leads from filter 22 to a series of valves 24, 26,
which selectably direct the filtrate fluid to one of a
number of product dispense vials 28, 30, 32.
Application of this dispensing system within other
radiopharmaceutical production laboratories, however,
is limited as the dispensing kit had been designed to
work with a specific hardware design integrated within
a GMP shielded enclosure. The associated hardware
would be difficult to retrofit into an existing
shieldedenclosure. In addition, other
radiopharmaceutical production facilities may not be
GMP compliant which may undermine the dispensing
philosophy and thus not gain MHRA approval. There is
therefore a need for adapting a GMP dispensing system
for use in an uncontrolled, in even non-GMP compliant,
laboratory. There is also a need for a device and
apparatus which may be retrofitted to an existing
system for allowing GMP compliant dispensing in an
uncontrolled or non-GMP compliant environment, ie,
outside of an existing GMP compliant dispense area. In
order to further reduce operator exposure to hazardous
liquids which may be dispensed by the system of the
present invention, there is also a need for a device
which will remotely separate the filling hardware from
the dispense vials. To further assist the operator,
there is a need for a device which helps ensure proper
insertion and retention of filling hardware into a
dispense vial. Summary of the Invention The present
invention provides a method for introducing a GMP
compliant dispensing system into an
environmentally-uncontrolled laboratory. The present
invention provides a dispenser cassette which provides
at least one product dispense vial to be filled. The
cassette provides a filtrate conduit extending between
the dispense vial and a filter unit so that flowpath
of the filtrate conduit and the dispense vial is
provided and maintained as an
environmentallycontrolled, or GMP-compliant, volume.
The resulting product dispensed into the dispense vial
is thus dispensed in a GMP-compliant environment. In
one preferred embodiment, the present invention
provides a dispenser cassette for dispensing a fluid
provided by a fluid source. The cassette includes a
housing defining a housing cavity. The housing
supports in the cavity the fluid transfer components
for directing the fluid from the fluid source to at
least oneproduct dispense vial. The housing includes
an elongate feed flowpath, an elongate filtrate
flowpath, and a sterilizing filter providing a filter
element positioned in fluid communication with the
delivery passageways of the feed and filtrate
flowpaths. A pump means is operably connected to the
feed flowpath for directing a fluid through the filter
element. A first valve provides selectable fluid
communication between the pump and either the fluid
source or the filter. The product dispense vial has a
vial cavity which is provided in fluid communication
with the delivery passage of the filtrate flowpath.
Additionally, the vial cavity and the delivery passage
of the filtrate flowpath are provided as an
environmentally-controlled volume. The cassette may
further include a controller for selectively operating
the syringe pump and the valves so as to direct fluid
from the fluid source to the product dispense vial.
The present invention also provides a laminar flow
hood adaptor defining an adaptor cavity. The laminar
flow hood adaptor connects a laminar flow hood, itself
having a primary hood cavity, such that the adaptor
cavity is placed in fluid communication with the
primary hood cavity so as to thereby conduct
GMPcompliant air flow from said primary hood cavity
through said adaptor cavity. The adaptor thus enlarges
the GMP-compliant volume of the laminar flow hood. The
adaptor cavity supports a dispenser cassette therein
which includes the necessary conduits, valves, and
pump mechanism for GMP dispensing of a product fluid
into product vials. The present invention also
provides a needle plate lift mechanism for separating
filled dispense vials from any fluid delivery and/or
venting needles inserted into the vial to effect fluid
transfer. Furthermore, the present invention provides
a vial clip for directing and maintaining one or more
needles used for dispensing operations through the
pierceable septum of a dispense vial. Brief
Description of the DrawingsFigure 1 depicts a
schematic of a dispense system of the prior art.
Figure 2 depicts a dispenser cassette of the present
invention. Figure 3 depicts an alternate embodiment of
a dispense cassette of the present invention. Figure 4
depicts an alternate embodiment of a dispenser
cassette of the present invention which includes
needle plate hardware. Figure 5 depicts the fluid
transfer mechanisms of a dispense cassette of the
present invention. Figure 6 depicts a flow hood
adaptor having an environmentally-controlled
dispensing kit of the present invention for dispensing
into an uncontrolled environment. Figure 7 depicts
another dispensing kit of the present invention
employing gas detectors with the fluid conduit. Figure
8 depicts yet another dispensing kit adapted to be
connected to a prior art dispense system while
providing a filtrate flowpath that is maintained at an
environmentally-controlled condition. Figure 9 depicts
a needle plate lift mechanism of the present
invention. Figure 10 depicts the needle plate lift
mechanism of Figure 9 in a retracted position allowing
removal of the vials. Figure 11 depicts a vial clip of
the present invention.Figure 12 depicts a
cross-sectional view of the vial clip of Figure 11.
Detailed Description of the Preferred Embodiment The
present invention is a method for providing a sterile
dispensement of a pharmaceutical from a non-sterile
dispense system. Alternatively, the present invention
adapts a GMP-compliant dispensing system for use in an
uncontrolled, a non-sterile, or a non-GMP-compliant,
environment. GMP is the short-hand notation 



for good manufacturing practice, those standards
required by the pharmaceutical industry for sterile or
controlled production of pharmaceutical products.
Alternatively still, the present invention may be
adapted for dispensing any fluid which must be
dispensed in a 'clean' environment. In one embodiment,
the present invention provides a kit for attachment to
an existing dispenser. The kit includes the dispensing
hardware required to direct the dispensed fluid from
the collection vial to various product vials.
Alternatively, the present invention provides the
entire dispensing hardware as a complete preassembled
sterile kit. The kit includes a feed fluidpath from
the collection vial (aka a product dispense vial), a
filter, and associated tubing connecting each
dispensing vial so that the environment between the
filter and the interior of the dispensing vials is
provided and maintained as an
environmentallycontrolled, desirably a sterile, and
more desirably a GMP-compliant, dispense system. The
kit also includes any necessary valving between the
filter and the collection vial, e.g., when more than
one dispense vial is to be provided. Desirably, the
kit includes associated tubing leading to the filter
from a filter integrity test source for integrity
testing of the filter after flowing through the
filter. The kit is desirably provided as a
self-contained cassette with appropriate connections
for a source of product fluid and the integrity test
source. The kit may also include a needle plate for
simultaneously lifting all of the necessary fluid
conduits from the collection vials once dispensing is
complete. In one embodiment, the present invention
provides the kit for a single-use dispense into the
provided product vials. Alternatively, the present
invention further provides an adaptor for a laminar
flow hood so as to allow the volume under thelaminar
flow hood to include the kit and to allow for
subsequent replacement of the dispense vials within
the adaptor while connected with the laminar flow hood
and thus provide for continued dispensing within a
controlled environment. Figure 2 is a schematic for a
GMP-compliant dispensing cassette 110 of the present
invention. Dispensing system 110 is shielded within a
cassette housing 112 as represented by the dotted
line. Housing 112 defines a housing cavity 114 which
supports the fluid transfer mechanisms of dispense
cassette 110. Housing cavity 114 is accessible to a
user for removing the product dispense vials. Dispense
cassette 110 includes a sterilizing filter 116. Filter
116 is desirably a dead-end design filter in which
filters a source fluid into a cleaner filtrate. A
dead-end filter is sufficient when dispense cassette
110 is used as a single-use system and even for most
dispenses should it be re-used. Filter 116 desirably
provides a 0.22 micron filter although the filter
specifications may be selected as desired for the
particular operation. Dispense cassette 110 provides a
feed flowpath 118 through which a source fluid flows
from an exterior fluid source to filter 116. Dispense
cassette 110 also provides a filtrate flowpath 120
leading from filter 116 to at least one product
dispense vial 122. Feed flowpath 118 defines a feed
passageway 124, filter 116 defines a filter passageway
126, and filtrate flowpath 128 defines a filtrate
flowpath 128. Feed passageway 124 is thus in filtered
fluid communication with filtrate passageway 128
through filter passageway 126. Product dispense vial
122 includes an open container body 130 sealed close
by an elastomeric septum 132 and defines a vial cavity
134. Vial cavity 134 is in fluid communication with
filtrate passageway 126 of filtrate flowpath 120
through needle 180. Filter 116, filtrate flowpath 120,
and dispense vial 122 are connected together in an
environmentally-controlled environment, desirably a
sterile or a GMP-compliant environment, so that all of
the fluid flowspace beyond filter 116 is continues to
meet the standards of the controlled environment.
Desirably, a Class A environment is provided and
maintained by the present invention. An elongate vent
cannula, or vent needle, 136 may also be provided
extending through septum 132 so as to allow any
entrapped air within cavity 134 to escape while still
maintaining the product filtratefluid within vial 122.
Vent cannula 136 typically includes an elongate hollow
vent conduit body 138 supporting a filtration media
140 therein for allowing air to vent from vial cavity
134 while maintaining the controlled environment
thereof. Dispense cassette 110 includes a pump 142
operably connected to feed flowpath 118 for directing
a fluid through filter 116. Pump 142 is desirably a
syringe pump which is electrically or pneumatically
controlled to draw a source fluid therein and to then
expel the source fluid back out. A first valve 144
operably connected to feed flowpath 118 provides
selectable fluid communication either between pump 142
and the bulk collection vial 146 or between pump 114
and filter 116. Valve 144 may be a stopcock valve
although any valve useful for performing the same
function may be employed. Dispense cassette 110
further includes a PLC controller 148 for selectively
operating syringe pump 142 and valve 144 so as to
direct fluid from fluid source 146 to product dispense
vial 122. For convenience, associated electrical
connections from controller 148 are not shown in
Figure 2. Alternatively, dispense cassette 110 may
include connectors for mating with an exterior
controller or hardware platform which provides
appropriate actuation of the elements within housing
112. As shown in Figure 2, dispense cassette 110
provides connections to an integrity test unit 150 for
integrity testing of the filter. For this purpose a
second valve 152 is operably connected to feed
flowpath 118 so as to provide selectable communication
either between filter 116 and integrity test unit 150
or between pump 142 and filter 116. An integrity fluid
conduit 155 is connected to second valve 152 and
extends outside of housing 112 for connection to
integrity test unit 150. A suitable integrity test
unit 150 may be selected from the Palltronic(r)
Flowstar XC filter integrity yest instruments sold by
Pall Corporation of East Hills, New York. When
dispensing radioactive fluids with a cassette of the
present invention, the integrity test unit may be
located outside of the hot cell while still being
connectable to second valve 152 via conduit 155.The
present invention contemplates that it would be
desirable to provide more than one product dispense
vial for dispensing the filtrate fluid flowing through
filter 116 into. As shown in Figure 2, a second
product dispense vial 154 and a third 



product dispense vial 164 are provided for this
purpose. Second product dispense vial 154 includes an
open container body 156 sealed close by an elastomeric
septum 158 and defines a vial cavity 160. Vial cavity
160 is in fluid communication with filtrate passageway
126 of filtrate flowpath 120 through needle 182. Third
product dispense vial 164 includes an open container
body 166 sealed close by an elastomeric septum 168 and
defines a vial cavity 170. Vial cavities 160 and 170
are in fluid communication with filtrate passageway
126 of filtrate flowpath 120 through needle 184.
Similarly, second and third vials 154 and 164 are
connected to filter 116 and filtrate flowpath 120 in
an environmentally-controlled environment, desirably a
GMPcompliant environment, so that all of the fluid
flowspace beyond filter 116 continues to meet the
standards of the controlled environment. Vent cannulas
162 and 172, each of similar construction to vent
cannula 136 are provided to extend through septum 158
and 168, respectively, so as to allow any entrapped
air within cavity 160 and 170, respectively, to escape
while still maintaining the product filtrate fluid
within vial 154 and 164, respectively, as well as the
environmentally-controlled conditions within the
vials. In order to selectably direct flow into each of
these additional product dispense vials, dispense
cassette 110 incorporates third valve 174 and fourth
valve 176 into filtrate flowpath 120. Third valve 174
is operably connected to filtrate flowpath 120 to
provide selectable fluid communication either between
filter 116 first product dispense vial 122 or between
filter 116 and fourth valve 176. Fourth valve 176 is
operably connected to filtrate flowpath 120 to provide
selectable fluid communication either between third
valve 174 and second product dispense vial 154 or
between third valve 174 and third product dispense
vial 164. To ensure filtrate flowpath integrity, each
of segments 120a, 120b, and 120c of filtrate flowpath
120, which connect to vials 122, 154, and 164,
respectively, include an elongate dispense needle 180,
182, and 184, respectively, which extendsthrough
septum 132, 158, and 168, respectively. Each dispense
needle defines a opposed first and second open ends
and an elongate needle flowpath extending in open
fluid communication therebetween. Each of needles 180,
182, and 184 have a cross-sectional diameter which
ensures that the septum through which it is inserted
is able to fully seal about the needle so as to
maintain the environmental integrity of its respective
vial cavity as well as to re-seal as the needle is
withdrawn therefrom. Each vent cannula provides a
similar feature so as to maintain septum and vial
integrity. In operation, bulk collection vial 146 is
connected to feed flowpath 118 at a location outside
of housing 112. Valve 144 is actuated to allow pump
142 to draw the fluid from source 146 thereinto. Valve
144 is then actuated to allow pump 142 to expel the
fluid from pump 142 towards second valve 152. Valve
152 directs the fluid flow through filter 116 into
filtrate flowpath 120. The purified fluid may then be
directed, according to the actuation of third valve
174 and fourth valve 176 into product dispense vials
122, 154, and/or 164. Once the product dispense vials
have received the appropriate amount of fluid, valve
152 may be actuated to direct the flow from the
integrity test unit 150 to filter 116 to perform an
integrity test of the filter. Once completed each vial
may be removed from its respective needle 180, 182, or
184 for transfer towards an end use. The vent cannulas
would also desirably be removed at this time. It is
contemplated that the interior volume of pump 142 may
be smaller than either of vials 122, 154, and 164.
Therefore, pump 142 would likely undergo multiple
intake and expulsion cycles to direct the feed fluid
to its appropriate destination. Alternatively, pump
142 may have a large interior volume which is
sufficient to hold and expel all of the source fluid
in a single expulsion stroke. In either case, one of
ordinary skill in the art would know to provide the
proper actuation control for pump 142 and for first
valve 144. As noted hereinabove, actuation of pump 142
and valves 144, 152, 174 and 176 may be directed by an
onboard PLC controller or by an off-unit hardware
platform which holds and operates dispense cassette
110.Additionally, dispense cassette 110 may be
delivered in a sterile polymer bag to further protect
the controlled environment within the filtrate
flowpath and the dispense vials. Figure 3 depicts an
alternate embodiment of dispense cassette 110, which
incorporates a bulk collection vial 145 between the
fluid source input and first valve 144. In this
embodiment, bulk collection vial 145 is also located
within cavity 114 of housing 112. Bulk collection vial
145 may be initially filled through a product inlet
conduit 115. Dispensing operations would otherwise be
similar as described hereinabove. The fluid in bulk
collection vial 145 would first be drawn through valve
144 into pump 142. Valve 142 would then actuate to
allow pump 142 to dispense through feed flowpath 118,
through properly actuated valve 152 and through the
media 126 of filter 116. The filtrate emerging from
filter 116 flows through filtrate flowpath 120 so as
to be directed via valve 174 into either flowpath 120a
into product dispense vial 122 or through valve 176
either through flowpath 120b into product dispense
vial 154 or through flowpath 120c into product
dispense vial 164. Operation of the valves and pump
would be directed by controller 148. Additionally,
integrity test unit 150 is connectable to cassette 110
via conduit 155 to provide integrity testing of filter
116. Figure 4 depicts a dispenser cassette 210 of the
present invention. Cassette 210 is similar to cassette
110, and like numbering will indicate like components.
Cassette 210 further incorporates needle lifting
hardware which separates the vial from the fluid and
vent needles and reduces operator exposure to the
radioactivity of certain radiopharmaceutical product
fluids. Cassette 210 fits within the lead shielded
laminar flow cabinet so that environmentally
controlled air may enter the cassette cavity during
fluid dispensing. Additionally, the lead shielding of
the cabinet provides additional protection for the
operator of the cassette while handling the product
dispense vials.Dispensing system 210 is shielded
within a cassette housing 212. Housing 212 defines a
housing cavity 214 which supports the fluid transfer
mechanisms of 



dispense cassette 210. Housing 212 allows cavity 214
to be accessible to the operator so that the product
dispense vials may be removed and inserted. Dispense
cassette 210 includes a sterilizing filter 216. Filter
216 is desirably a dead-end design filter in which
filters a source fluid into a cleaner filtrate.
Dispense cassette 210 provides a feed flowpath 218
through which a source fluid flows from an exterior
fluid source through cassette 210. Dispense cassette
210 also provides a filtrate flowpath 220 leading from
filter 216 to at least one product dispense vial 222.
Feed flowpath 218 defines a feed passageway 224,
filter 216 defines a filter passageway 226, and
filtrate flowpath defines a filtrate flowpath 228.
Feed passageway 224 is thus in filtered fluid
communication with filtrate passageway 228 through
filter passageway 226. Product dispense vial 222
includes an open container body 230 sealed closed by
an elastomeric septum 232 and defines a vial cavity
234. Vial cavity 234 is in fluid communication with
filtrate passageway 226 of filtrate flowpath 220.
Filter 216, filtrate flowpath 220, and dispense vial
222 are connected together in an
environmentally-controlled environment, desirably a
GMP-compliant environment, so that all of the fluid
flowspace beyond filter 216 is continues to meet the
standards of the controlled environment. An elongate
vent cannula 236 may also be provided extending
through septum 232 so as to allow any entrapped air
within cavity 234 to escape while still maintaining
the product filtrate fluid within vial 222. Vent
cannula 236 typically includes an elongate hollow vent
conduit body 238 supporting a filtration media 240
therein for allowing air to vent from vial cavity 234
while maintaining the controlled environment within
the vial cavity. Dispense cassette 210 includes a pump
242 operably connected to feed flowpath 218 for
directing a fluid through filter 216. Pump 242 is
desirably a syringe pump which is electrically or
pneumatically controlled to draw a source fluid
therein and to then expel the source fluid back out. A
first valve 244 operably connected to feed flowpath
218 provides selectable fluid communication either
between pump 242 and bulk collection vial 245 or
between pump 242 and filter 216. Housing 214defines an
aperture 215 through which a feed fluid is provided
from a feed fluid source (not shown but denoted by the
reference number 246). Dispense cassette 210 may
further include a PLC controller 248 for selectively
operating syringe pump 242 and valve 244 so as to
direct fluid from fluid source 246 to product dispense
vial 222. For convenience, associated electrical
connections from controller 248 are not shown in
Figure 5. Alternatively, it is further contemplated
that dispense cassette 210 may include connectors for
mating with an exterior controller or hardware
platform which provides appropriate actuation of the
elements within housing 212. As shown in Figure 4,
dispense cassette 210 provides connections to an
integrity test unit 250 for filter integrity testing.
For this purpose a second valve 252 is operably
connected to feed flowpath 218 so as to provide
selectable fluid communication either between pump 242
and filter 216, or the integrity test unit 250 and
filter 216. An integrity fluid conduit 255 is
connected to second valve 252 and extends outside of
housing 212 for connection to integrity test unit 250.
It is desirable to perform the integrity test on the
filter after fluid is flowing through filter 216. The
present invention contemplates that it would be
desirable to provide more than one product dispense
vial for dispensing the filtrate fluid flowing through
filter 216 into. As shown in Figure 5, a second
product dispense vial 254 and a third product dispense
vial 264 are provided for this purpose. Second product
dispense vial 254 includes an open container body 256
sealed close by an elastomeric septum 258 and defines
a vial cavity 260. Vial cavity 260 is in fluid
communication with filtrate passageway 226 of filtrate
flowpath 220. Third product dispense vial 264 includes
an open container body 266 sealed close by an
elastomeric septum 268 and defines a vial cavity 270.
Vial cavities 260 and 270 are in fluid communication
with filtrate passageway 226 of filtrate flowpath 220.
Similarly, second and third vials 254 and 264 are
connected to filter 216 and filtrate flowpath 220 in
an environmentallycontrolled environment, desirably a
GMP-compliant environment, so that all of the fluid
flowspace beyond filter 216 continues to meet the
standards of the controlledenvironment. Vent cannulas
262 and 272, each of similar construction to vent
cannula 236 are provided to extend through septum 258
and 268, respectively, so as to allow any entrapped
air within cavity 234 to escape while still
maintaining the product filtrate fluid within vial 222
as well as the environmentally-controlled conditions
within the vials. In order to selectably direct flow
into each of these additional product dispense vials,
dispense cassette 210 incorporates third valve 274 and
fourth valve 276 into filtrate flowpath 220. Third
valve 274 is operably connected to filtrate flowpath
220 to provide selectable fluid communication either
between filter 216 first product dispense vial 222 or
between filter 216 and fourth valve 276. Fourth valve
276 is operably connected to filtrate flowpath 220 to
provide selectable fluid communication either between
third valve 274 and second product dispense vial 254
or between third valve 274 and third product dispense
vial 264. To ensure feed flowpath integrity, each of
segments 220a, 220b, and 220c of filtrate flowpath
220, which connect to vials 222, 254, and 264,
respectively, include an elongate dispense needle 280,
282, and 284, respectively, which extends through
septum 232, 258, and 268, respectively. Each dispense
needle defines a opposed first and second open ends
and an elongate needle flowpath extending in open
fluid communication therebetween. Each of needles 280,
282, and 284 have a crosssectional diameter which
ensures that the septum through which it is inserted
is able to fully seal about the needle so as to
maintain the environmental integrity of its respective
vial cavity as well as to re-seal as the needle is
withdrawn therefrom. Each vent cannula provides a
similar feature so as to maintain septum, vial, and
filtrate flowpath integrity. Dispense cassette 210
further includes vial supports 290, 292, and 294 for
holding the dispense vials 222, 254 and 264 thereon.
An elongate planar vial 



retaining plate 308 is fixed across each of vials 230,
254, and 264 so as to be in abutting engagement with
septums 232, 258 and 268. Vial retaining plate 308
defines apertures therethrough in overlying registry
with vial cavities 302, 304, and 306 so asto allow
needles 280, 282, and 284 of filtrate flowpath 220 and
the associated vent cannulas to extend therethrough.
Cassette cavity 214 further includes therein an
elongate planar needle plate 310 and a needle plate
lifting mechanism 312 for raising needles 280, 282,
and 284 as well as vent cannulas 236, 262 and 272 out
from their respective vial septums and clear of vial
retaining plate 308. Needle plate lifting mechanism
312 is desirably an automated pneumatic or
electro-mechanical device, such as a piston cylinder.
Needle plate 310 defines apertures therethrough in
spaced registry over vial cavities 302, 304, and 306.
Each of needles 280, 282, and 284 and vent cannulas
236, 262 and 272 are held and moved by needle plate
310 as it is raised from vial retaining plate 308 by
lifting mechanism 312. Needle plate 310 is thus caused
to move between a first position whereby needles 280,
282, and 284 and vent cannulas 236, 262 and 272 extend
through the respective septums of vials 222, 254, and
264, and a second position whereby each of the needles
and vent cannulas are raised clear thereof so that the
product vials may be removed from cassette 210.
Additionally, cassette 210 provides posts 316a-d to
which vial retaining plate 308 is fixed so as to
remain stationary while needle plate 310 is lifted
away therefrom. Once needles 280, 282, and 284 and
vent cannulas 236, 262 and 272 are clear of septums
232, 258 and 268, product vials 222, 254 and 264 may
be accessed and removed from cassette 210. In
operation, fluid source 246 is connected to feed
flowpath 218 at a location outside of housing 212. The
feed fluid from fluid source 246 passes through
aperture 215 of cassette housing 212 and into bulk
collection vial 245. The fluid transfer is
accomplished by pump 242, while valve 244 is properly
actuated, to draw the fluid from source 246 into bulk
collection vial 245 and then thereinto pump 242
itself. Valve 244 is then actuated to allow pump 242
to expel the fluid from pump 242 towards second valve
252. Valve 252 may be actuated to direct the fluid
flow towards integrity test unit 250 where so a
quality assessment of the fluid may be performed.
Valve 252 may then, or alternatively, direct the fluid
flow through filter216 into filtrate flowpath 220. The
purified fluid may then be directed, according to the
actuation of third valve 274 and fourth valve 276 into
product dispense vials 222, 254, and/or 264. Once the
product dispense vials have received the appropriate
amount of fluid, needle plate lifting mechanism 312 is
actuated to raise needle plate 310 so that needles
280, 282, and 284 and vent cannulas 236, 262 and 272
are raised clear of vial retaining plate 308. The
product dispense vials may be removed with their
individual shield blocks for transfer towards an end
use. If needles 280, 282, and 284 and vent cannulas
236, 262 and 272 are maintained within a controlled
environment, it is possible that a new set of product
dispense vials may be provided under needle plate 310
so that needles 280, 282, and 284 and vent cannulas
236, 262 and 272 are urged through the respective
septums by needle plate lift mechanism 312 for a new
round of dispensement. At all times the feed flowpath
and filtrate flowpaths remain within the lead shielded
laminar flow cabinet so as to minimize operator
exposure to any radioactive fluid product remaining
therein. Again, it is contemplated that the interior
volume of pump 242 may be smaller than either of vials
222, 254, and 264. Therefore, pump 242 would likely
undergo multiple intake and expulsion cycles to direct
the feed fluid to its appropriate destination.
Alternatively, pump 242 may have a large interior
volume which is sufficient to hold and expel all of
the source fluid in a single expulsion stroke. In
either case, one of ordinary skill in the art would
know to provide the proper actuation control for pump
242 and for first valve 244. As noted hereinabove,
actuation of pump 242 and valves 244, 252, 274 and 276
may be directed by an onboard PLC controller or by an
off-unit hardware platform which holds and operates
dispense cassette 210. Figure 5 depicts another
dispense cassette 310 of the present invention.
Cassette 310 is similar in design and function to
cassettes 110 and 210, however the bulk vial and
product dispense vials are provided at a location
outside of its cassette housing 312. Cassette 310 is
depicted after bulk collection vial and product
dispense vials have been removed. Cassette 310 fits
within the lead shielded laminar flow cabinet so that
environmentally controlled air may enter the cassette
cavity duringfluid dispensing. Alternatively, cassette
310 may be located away from the laminar flow cabinet
while a bulk collection vial is located within the
flow cabinet and connected as a source for cassette
310. Housing 312 defines a housing cavity 314 which
supports the fluid transfer mechanisms of dispense
cassette 310. Housing 312 allows cavity 314 may be
either open and accessible by the operator or closed
but for the terminal conduits of the fluid flowpaths
such that the operator need only be able to connect
the bulk vial thereto and disconnect the product vials
therefrom. Dispense cassette 310 includes a
sterilizing filter 316. Filter 316 is desirably a
dead-end design filter in which filters a source fluid
into a cleaner filtrate. Dispense cassette 310
provides a feed flowpath 318 through which a source
fluid flows from an exterior fluid source through
cassette 310. Dispense cassette 310 also provides a
filtrate flowpath 320 leading from filter 316 to at
least one product dispense vial. Feed flowpath 318
defines a feed passageway 324, filter 316 defines a
filter passageway, and filtrate flowpath 320 defines a
filtrate flowpath 328. Feed passageway 324 is thus in
filtered fluid communication with filtrate passageway
328 through filter 316. With the product dispense
vials connected to needles 280, 282, and 284 as
previously described, in an environmentally-controlled
environment, the product vials cavities provide the
same GMP-compliant environment, such that all of the
fluid flowspace beyond filter 316 continues to meet
the standards of the controlled environment in which
the needles are inserted into the product vials.
Likewise vent cannulas may also be provided to extend
through the septum of a vial so as to allow 



any entrapped air within the vial cavity to escape
while still maintaining the product filtrate fluid
within the vial. The vent cannulas includes an
elongate hollow vent conduit body supporting a
filtration media therein for allowing air to vent from
the vial cavity while maintaining the controlled
environment within the vial cavity. Dispense cassette
310 includes a pump 342 operably connected to feed
flowpath 318 for directing a fluid through filter 316.
Pump 342 is desirably a syringe pump which is
electrically or pneumatically controlled to draw a
source fluid thereinand to then expel the source fluid
back out. A first valve 344 operably connected to feed
flowpath 318 provides selectable fluid communication
either between pump 342 and bulk collection vial 345
or between pump 342 and filter 316. Dispense cassette
310 may further include a PLC controller 348 for
selectively operating syringe pump 342 and valve 344
so as to direct fluid from fluid source 346 to product
dispense vial 322. Associated electrical connections
from controller 348 are shown but not labeled in
Figure 5. Alternatively, it is further contemplated
that dispense cassette 310 may include connectors for
mating with an exterior controller or hardware
platform which provides appropriate actuation of the
elements within housing 312. As shown in Figure 5,
dispense cassette 310 provides connections to an
integrity test unit 350 for filter integrity testing.
For this purpose a second valve 352 is operably
connected to feed flowpath 318 so as to provide
selectable fluid communication either between pump 342
and filter 316, or the integrity test unit 350 and
filter 316. An integrity fluid conduit 355 is
connected to second valve 352 and extends outside of
housing 312 for connection to integrity test unit 350.
Dispense cassette 310 includes third valve 374 and
fourth valve 376 incorporated into filtrate flowpath
320. Third valve 374 is operably connected to filtrate
flowpath 320 to provide selectable fluid communication
either between filter 316 and a first product dispense
vial pierced by needle 380 or between filter 316 and
fourth valve 376. Fourth valve 376 is operably
connected to filtrate flowpath 320 to provide
selectable fluid communication either between third
valve 374 and a second product dispense vial pierced
by needle 382 or between third valve 374 and a third
product dispense vial pierced by needle 384. Each
dispense needle defines a opposed first and second
open ends and an elongate needle flowpath extending in
open fluid communication therebetween. Each of needles
380, 382, and 384 have a cross-sectional diameter
which ensures that the septum through which it is
inserted is able to fully seal about the needle so as
tomaintain the environmental integrity of its
respective vial cavity as well as to re- seal as the
needle is withdrawn therefrom. In operation, a bulk
fluid source 346 is connected to feed flowpath 318.
Fluid transfer through cassette 310 is accomplished by
pump 342, while valve 344 is properly actuated, to
draw the fluid from the bulk fluid source into pump
342 itself. Valve 344 is then actuated to allow pump
342 to expel the fluid from pump 342 towards second
valve 352. Valve 352 may be actuated to allow a fluid
directed by integrity test unit 350 to impinge on the
filter media of filter 316 so that a quality
assessment of the filter may be performed. Valve 352
may then, or alternatively, be actuated to direct the
fluid flow from pump 342 through filter 316 into
filtrate flowpath 320. The purified fluid may then be
directed, according to the actuation of third valve
374 and fourth valve 376 into the product dispense
vials through needles 382, 384 or 386. Once the
product dispense vials have received the appropriate
amount of fluid, they may be removed from the needles
and transported towards an end use. If needles 380,
382, and 384 and the associated vent cannulas are
maintained within a controlled environment, it is
possible that a new set of product dispense vials may
be provided for connection and a new round of
dispensement. It may be desireable to at all times
maintain the feed flowpath and filtrate flowpaths
within a lead shielded laminar flow cabinet so as to
minimize operator exposure to any radioactive fluid
product remaining therein and allow for subsequent
connections to new product dispense vials. Again, it
is contemplated that the interior volume of pump 342
may be smaller than either of vials 322, 354, and 364.
Therefore, pump 342 would likely undergo multiple
intake and expulsion cycles to direct the feed fluid
to its appropriate destination. Alternatively, pump
342 may have a large interior volume which is
sufficient to hold and expel all of the source fluid
in a single expulsion stroke. In either case, one of
ordinary skill in the art would know to provide the
proper actuation control for pump 342 and for first
valve 344. As noted hereinabove, actuation ofpump 342
and valves 344, 352, 374 and 376 may be directed by
PLC controller 348 or by an off-unit hardware platform
which controls operation of dispense cassette 310.
Figure 6 depicts another dispense cassette 410 of the
present invention. Cassette 410 effectively
incorporates all of the same internal components as
dispenser cassette 210 so the numbering nomenclature
will be retained for this description. However,
cassette 410 includes a cassette housing 412 which is
shaped in a manner that allows a portion of cassette
410 to extend through an opening in a surface of a
laminar flow cabinet 416 while the remainder of
cassette 410 remains physically outside the laminar
flow cabinet. Cassette housing 412 is sealed such from
the ambient environment so that cassette cavity 414 is
in sealed fluid communication with the interior cavity
of the laminar flow cabinet. Cassette 410 therefore
allows a significant portion of its fluid transfer
apparatus to remain within the shielded enclosure of
the laminar flow cabinet to further reduce operator
exposure while handling the shield blocks or product
dispense vials. It is further contemplated that
housing 412 is provided mechanically separable from
the internal components such that all of the internal
components may be switched out after dispensing.
Connections to a source of feed fluid and to the
integrity test unit may be made under the lead
enclosure of the laminar flow cabinet. Housing 414
will thus provide an adaptor for expanding the
environment of the laminar flow cabinet 416.
Typically, the volume of housing 414 outside of the
laminar flow cabinet may be about 15625 cm3 [25cm x
25cm x 25cm]. The laminar 



flow cabinet includes a hood defining a pass-through
hole 417 of 30-40mm diameter accommodate housing 412.
It envisaged that the two enclosures will be designed
to allow the air flow from the laminar flow cabinet to
also pass through cavity 414. The external laminar
flow cabinet 412 will house the shielded product vial
transport containers and needle plate lifting
mechanism, whilst the internal enclosure will house
the cassette and syringe actuation hardware. In use, a
sterile bagged kit will be opened within the external
laminar flow cabinet where the assembled needle plate
and associated vial clips and product vialswill be
positioned in the shielded containers. During this
process, the needles penetrating the product vials
cannot be moved or disturbed. The needle plate will
connect to the plate lifting mechanism. The vial
retaining plate will slot into position (n.b. the
purpose of the vial retaining plate is to prevent the
vials lifting from the shielded containers whilst the
needle plate withdraws the needles from the product
vials - it is envisaged that this plate will be
cleanable and not removed from the laminar flow
cabinet). Once the product vials are in position, the
valve/filter cassette, syringe and collect vial can be
passed through to the internal enclosure and placed
onto the actuation hardware. From a health and safety
perspective, additional secondary shielding may be
required outside the laminar flow cabinet to protect
the operator from the unshielded transfer lines within
the cabinet. Alternatively, if sufficient resource and
infrastructure are available, a lead shielded laminar
flow cabinet can be attached to the non-GMP hot-cell
to house the entire dispensing system. Figure 7
depicts a dispense system 510 incorporating gas
detectors 502 and 504 for detecting a gas bolus within
the fluid conduits. Dispense system 510 includes a
housing 512 defining a cavity 542 in which is
supported a first manifold supporting valves 544, 545,
and 552. Valve 544 directs fluid from a bulk
collection vial 546 towards valve 545. Valve 544 also
provides an input to allow fluid to be directed from
an integrity tester 550 towards valve 545. The
integrity test fluid is directed against the filter
membrane of filter 516 to detect any failure in the
filter. Valve 545 directs fluid flow between valve 544
to valve 552 or towards a gas-venting vial 559. A 20ml
syringe pump 542 is connected to valve 552 so as to
draw fluid from the feed vial 546 thereinto and to
then dispense fluid out from the manifold and towards
filter 516. Beyond filter 516, fluid is directed to
the serially-connected first and second dispense
manifolds 517 and 519 which provide the valving 574a-f
and fluid conduits 520a-g to direct the dispensed
fluid to the product dispense vials 522a-g,
respectively. Each of the product vials 522a-g and the
gas-venting vial 558 include an open container body
sealed by an elastomeric septum so as to define an
enclosed vial cavity. A fluid delivery needle 580a-h
is supported at the end of each respective
conduitsegment extending freely from the manifolds.
These fluid delivery needles are each inserted into a
septum of one of the vials 522a-g and 559. Each of the
product vials 522a-g and gas-venting vial 559 further
support a vent needle 540a-g inserted through its
septum to allow for entrapped gas to escape from the
vial as it is displaced by fluid. The present
invention contemplates that, for a 20ml syringe pump,
and filtrate passageway less than approximately 50cm
in length and about lmm in diameter, multiple fills
are possible without first venting the syringe prior
to product vial fill. Should the length and the
dimensions of the tubing result in accumulation of gas
in the syringe, then there will be a gas cushion on
top of the product within the syringe pump. This gas
should be vented prior to dispense in order to
increase accuracy and robustness of the dispensing.
Without venting, pulling gas the plunger will generate
a under pressure, and pushing the plunger will
generate an over pressure which results in compression
of the gas which adds inaccuracy in the syringe motor
control. Initial experiments indicate that a tube of
1.5m results gives 2-3ml of gas while pulling, and
l-2ml while pushing, and if the gas is pushed all the
way out the filter will be unusable as the filter is
hydrophilic and will prevent gas from passing through
the membrane. Forcing gas through threatens to breach
the filter integrity and require rejection of the
entire batch from clinical use. For increased accuracy
of the venting operation a gas/fluid detector 502 is
installed that will reduce or eliminate product loss
as system 510 will be able to accurately detect a
bolus. The location of detector 502 may be between
valves 544 and 545, or between valves 545 and 552
depended on process response delay. It is expected
that such a solution will increase robustness and the
process will be less challenging to validate as most
gas is vented prior to dispensing which ensures filter
operation. Additionally, in order to automatically
detect air bubbles when performing the filter
integrity bubble point test, an additional gas/fluid
detector 504 may be installed between filter 516 and
valve 574a. Operation and control of the system 510 is
contemplated to be provided by either onboard
electrocontroller 548 or from outside of housing
512.Figure 8 depicts a kit 600 of the present
invention. Kit 600 provides a fluid pathway 610 to be
attached to the output port of a dispense system.
Fluid pathway 610 includes a filtrate flowpath 612
extending between a sterile filter 614 positioned
across one end of fluid pathway 610 and the product
cavities of various product vials provided with the
kit. Filtrate flowpath 612 further includes a first
and second three-way valve 616 and 618, each
controlling fluid flow from an input port 620, 630
thereof to up to two output ports 622, 624 and 632,
634, respectively, thereof. Filtrate flowpath 612
further includes a first segment 640 of fluid conduit
connected to input port 620, a second segment 642 of
fluid conduit connected to first output port 622, and
a third segment 644 of fluid conduit connected to
second output port 624 of valve 620. Conduit segment
644 extends between output port 624 to input port 630
of valve 618. A conduit segment 646 extends from first
output port 632 of valve 618, while conduit segment
648 extends from second output port 634 of valve 618.
Conduit segment 642 supports an elongate hollow needle
650 at the free end thereof for insertion into the
cavity 602 of a first product vial 601. Similarly,
conduit segments 646 and 648 each support an elongate
needle 652 and 654 for insertion into the cavity 604
and 606 of 



second and third product vials 603 and 605,
respectively. Each of product vials 601, 603, and 605
include an open-ended container body sealed by an
elastomeric septum so as to define the sterile vial
cavity 602, 604, and 606, respectively. The septums
are penetrable by the needles of the kit. Filter 614
spans across said fluid pathway 610 and defines a
filtrate passageway 660 therethrough in fluid
communication with the fluid passageway of first
segment 640 of filtrate flow path 612. As provided in
kit 600, filtrate flowpath 612 is provided in, and
sealed to maintain, a controlled environment suitable
for dispensing a pharmaceutical fluid product
therethrough. Kit 600 is thus adaptable for connection
to a dispenser system and then directing fluid from
the dispenser system to the product vials. Desirably,
kit 600 is stored and transported in a sealed
elastomeric bag which also provides a controlled
environment. For both the filtrate flowpath 612 and
the elastomeric bag, the controlled environments
described are GMP-compliant for sterile fluid transfer
operations. The present invention contemplates that
kit 600may be provided in the sterile bag with the
product vials either separated off from the needles or
with the needles inserted therein. Should the product
vials be provided separated from the needles, the bag
should be opened and the needles inserted into the
vials in an environmentally controlled environment.
After dispensement into the product vials, each may be
removed from its respective needle and stored or
transported to the end user. Removing the product
vials in a controlled environment, such as under a
laminar flow hood, allows for subsequent product vials
to be connected for subsequent dispensing. Figure 9
and 10 depict another needle plate lifting mechanism,
or lift, 850 of the present invention. Lift 850
accommodates a first and second dispense vial 822 and
824. Vials 822 and 824 are shown to be of differenct
sizes so as to illustrate that the operating principle
of lift 850 may be applied to dispense vials of
varying sizes and capacities. Each of vials 822 and
824 provide a container body 822a and 824a,
respectively, as described hereinabove. Vials 822 and
824 also provide vial caps 822b and 824b which seal
the vials with a pierceable elastomeric septum. The
caps provide open access to their respective septums
to allow each to be pierced by a fluid needle and vent
needle as previously described. Additionally, vials
822 and 824 include a relatively narrow neck portion
822c and 824c between their container body and cap.
The provisions of neck portions 822c and 824c allows
each vial to be held thereat by lift 850 as will be
described more fully hereinbelow. The present
invention contemplates that the lifts may be provided
as part of a kit with the dispense cassettes of the
present invention or, alternatively, as a separate
device for use with conventional dispense systems.
Lift 850 includes an elongate planar needle plate 852
and an elongate planar vial plate 854 which may be
urged towards and away from each other while each
holds one or more dispense vails or one or more
dispense and vent needles. The dispense and vent
needles are contemplated to be either held directly by
the needle plate (as described hereinabove) or by a
needle clip of the present invention, described more
fully with the description of Figures 11 and 12. Lift
850 also includes an elongate planar base 856 which
supports upstanding posts 858a-d as well as first
andsecond pistons 860a and 860b. Base plate 856 and
needle plate 852 are each fixed to opposing ends of
posts 858a-d. Pistons 860a and 860b include a piston
rod 862 fixed to base 856 and a overlying and
slideably extendable piston cylinder 864a and 864b.
Vial plate 854 is affixed to piston cylinders 864a and
864b so as to moveable towards and away from needle
plate 852. For each vial to be accommodated by lift
850, needle plate 852 and vial plate 854 define an
elongate open notch 870 and 872, respectively, for
receiving a needle clip or the neck portion of a vial.
The needle and vial plates provide a perimetrical edge
852a and 854a about their respective notches 870 and
872 for engaging the vial clip and vial neck,
respectively. For simplicity, operation of lift 850
will be described for vial 822 although it will be
clear to one of ordinary skill in the art that similar
procedures would be followed for vial 824 or any
similarly-constructed vial. Operation of lift 850 is
contemplated to be controlled by the controller of a
dispense cassette of the present invention, although
it is further contemplated that actuation may be
controlled separately. Lift 850 is designed to begin
from the position shown in Figure 9, with the needle
and vial plates brought in near proximity to one
another, with piston cylinders 864a and 864b in the
extended configuration. In this configuration an
operator loads vial 822, with vial clips 950 attached,
onto lift 850 such that the neck portion 822c is
received within notch 872 such that vial 822 is held
about neck portion 822c by edge 854a. Similarly, in
this same motion, vial clip 950, at trench 962
(described more fully for Figures 11 and 12), is
received in notch 870 and held thereabout by edge
852a. The fluid needle 180 and vent needle 162
(described hereinabove) may be inserted through vial
clip 950 and vial cap 822a either before or after
loading the vial and clip onto lift 850, at the
operator's discretion. Similarly, Needle 180 may be
connected to a dispense system as appropriate for the
present invention. During dispense of a fluid into
vial 822, lift 850 holds vial 822 and vial clip 850 in
place. Once dispensing is completed, pistons cylinders
860a and 860b may be retracted away from needle plate
852 so as to pull vial 822 clear of both the vent
needle and the fluid needle. The operator may then
remove vial 822 from lift 850.It will be appreciated
by those of skill in the art that the linkage
mechanism of lift 850 may be refit so that needle
plate 852 is affixed to cylinders 860a and 860b such
that separation of vial 822 from clip 950 is
accomplished by extending piston cylinders to raise
needle plate away from the vial plate, which in this
case is affixed to the opposed ends of posts 858a-d
from base 85. Such a configuration, described for the
embodiment, e.g., in Figure 6 would similarly work for
lift 850. Figures 11 and 12 depict a vial clip 950 of
the present invention. Vial clip 950 includes an
elongate clip body 952 typically formed from a plastic
material that is suitable for use in pharmaceutical
dispense operations. Clip body 952 includes opposed
first and second ends 954 and 956, respectively. First
end 954 is adapted to 



be removably attatched about the cap of a vial and for
this purpose body 952 defines a number of deflectable
petals 958 freely extending to end 954. Clip body 952
defines open grooves 960 about each petal 958 so as to
facilitate the deflection of the petals during
attachment to and removal from a vial cap. Clip body
952 also defines an annular trench 962 between opposed
sidewalls 964 and 966. Trench 962 is adapted to
provide mating engagement between clip 950 and one
plate of a vial lift mechanism of the present
invention by receiving the plate's opposed notch edges
therein. As seen in Figure 12, first end 954 defines a
vial cap cavity 968 into which the cap of an inserted
vial is received. Additionally, each of petals 958
supports an inwardly facing detent 970 which will
deflect away from a vial cap during insertion and
removal operations while also providing an interfering
holding force against the vial cap when fully inserted
into cavity 968. Second end 954 includes a first
transverse surface 972 and a second transverse surface
974 longitudinally separated by an upstanding headwall
976. Surface 972 defines a first aperture 980 and
surface 974 defines a second aperture 982. Cap body
954 defines a first elongate passageway 984 extending
in fluid communication between aperture 980 and cavity
968. Cap body 954 also defines a second elongate
passageway 986 extending in fluid communication
between aperture 982 and cavity968. Each of
passageways 984 and 986 are arranged to provide for
insertion of a needle therethrough so as to direct the
needle through the septum of an inserted vial cap and
thereby place the needle passageway in fluid
communication with the vial cavity. As shown in Figure
12, clip body 952 defines passageways 984 and 986 in a
longitudinally-tapering orientation such that the two
passageways join at a junction 988 in registry with
cavity 968. Junction 988 is located so as that the
pierceable septum of a vail cap is positioned in
underlying registry therewith. Desirably, one of
passageways 984 and 986 will provide transit of a
fluid delivery needle while the other of passageways
984 and 986 will accommodate a vent needle
therethrough so that each pierce an underlying vial
cap septum. Clip 950 provides a convenient and
reliable assembly for holding and directing each
needle through the septum of a vial so as to enable
proper fluid dispensement while also holding each
needle within clip 950 as the vial and clip 950 are
separated after dispensing operations are complete.
Due to the tapered alignment of passageways 984 and
986, it is contemplated that clip 950 will be attached
to a vial prior to either the fluid delivery needle or
the vent needle being inserted therethrough prior to
dispensing operations. However, the present invention
comtemplates that, space permitting, one or both of
passageways 984 and 986 may extend longitudinally
through clip body 952 so as to more easily allow a
vial clip of the present invention to hold the two
needle bodies as the clip is attached to a vial cap.
While the particular embodiment of the present
invention has been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from the
teachings of the invention. The matter set forth in
the foregoing description and accompanying drawings is
offered by way of illustration only and not as a
limitation. The actual scope of the invention is
intended to be defined in the following claims when
viewed in their proper perspective based on the prior
art.WHAT IS CLAIMED IS: 1. A dispenser cassette for
dispensing a fluid provided by a fluid source, said
cassette comprising: a housing defining a housing
cavity, said housing supporting in said cavity an
elongate feed flowpath defining a delivery passageway;
an elongate filtrate flowpath defining a delivery
passageway; a sterilizing filter providing a filter
element defining a filtration passageway positioned in
fluid communication between the delivery passageways
of said feed and filtrate flowpaths; a pump means
operably connected to said feed flowpath for directing
a fluid through said filter element; a first valve
providing selectable fluid communication between one
of said pump and the fluid source and said pump and
said filter; at least one product dispense vial having
a vial cavity, wherein said vial cavity is provided in
fluid communication with said delivery passage of said
filtrate flowpath, and wherein said vial cavity and
said delivery passage of said filtrate flowpath is
provided as an environmentally-controlled volume; and
a controller for selectively operating said syringe
pump and said valves so as to direct fluid from the
fluid source to said at least one product dispense
vial. 2. A dispenser cassette of claim 1, further
comprising: an integrity test flowpath; a second valve
providing selectable fluid communication between said
delivery passageway of said feed flowpath and one of
said integrity test flowpath and said filter. 3. A
dispenser cassette of claim 1, further comprising: a
second product dispense vial;a third valve providing
selectable fluid communication between said filter and
one of said at least one product dispense vial and
said second dispense vial. 4. A dispenser cassette of
claim 3, further comprising: a third product dispense
vial; a fourth valve providing selectable fluid
communication between said filter and one of said
second product dispense vial and said third dispense
vial. 5. A dispenser cassette of claim 1, further
comprising: a bulk collection vial having a bulk
collection cavity positioned in intermediate fluid
communication between the fluid source and said first
valve. 6. A dispenser cassette of claim 1, wherein
said pump means comprises a syringe pump. 



7. A dispenser cassette of claim 1, wherein said at
least one product dispense vial further comprises a
container body having an opening sealed by an
elastomeric septum, wherein said filtrate flowpath
removably extends through said septum. 8. A dispenser
cassette of claim 7, further comprising a first
dispense needle supported on said filtrate flowpath,
said first dispense needle having opposed first and
second open ends and defining an elongate needle
flowpath extending therebetween, said first dispense
needle extending through said septum of said at least
one product dispense vial. 9. A dispenser cassette of
claim 8, wherein said at least one product dispense
vial further comprises a vent conduit extending
through said septum, said vent conduit supporting a
filtration media therein for allowing air to vent from
said vial cavity while maintaining the controlled
environment of said vial cavity.10. A dispenser
cassette of claim 3, wherein said second product
dispense vial further comprises a container body
having an opening sealed by an elastomeric septum,
wherein said filtrate flowpath removably extends
through said septum. 11. A dispenser cassette of claim
10, further comprising a second dispense needle
supported on said filtrate flowpath, said second
dispense needle having opposed first and second open
ends and defining an elongate needle flowpath
extending therebetween, said second dispense needle
extending through said septum of said second product
dispense vial. 12. A dispenser cassette of claim 11,
wherein said second product dispense vial further
comprises a second vent conduit extending through said
septum thereof, said second vent conduit supporting a
filtration media therein for allowing air to vent from
said vial cavity of said second product dispense vial
while maintaining the controlled environment of its
vial cavity. 13. A dispenser cassette of claim 4,
wherein said third product dispense vial further
comprises a container body having an opening sealed by
an elastomeric septum, wherein said filtrate flowpath
removably extends through said septum. 14. A dispenser
cassette of claim 13, further comprising a third
dispense needle supported on said filtrate flowpath,
said third dispense needle having opposed first and
second open ends and defining an elongate needle
flowpath extending therebetween, said third dispense
needle extending through said septum of said third
product dispense vial. 15. A dispenser cassette of
claim 14, wherein said third product dispense vial
further comprises a third vent conduit extending
through said septum thereof, said vent conduit
supporting a filtration media therein for allowing air
to ventfrom said vial cavity of said third product
dispense vial while maintaining the controlled
environment of its vial cavity. 16. A dispenser
cassette of claim 4, wherein at least one of said
first valve, third valve, and fourth valve is a
stopcock valve. 17. A dispenser cassette of claim 2,
wherein said second valve is a stopcock valve. 18. A
dispenser cassette of claim 1, further comprising a
sterile bag enclosing said dispenser cassette. 19. A
dispenser cassette of claim 8, further comprising a
needle support plate urgeable between a first position
in which said dispense needle extend into the cavity
of said at least one product dispense vials and a
second position in which said dispense needle is
retracted clear of said at least one product dispense
vial. 20. A dispenser cassette of claim 19, further
comprising an actuator for moving said needle support
plate between said first and second positions. 21. A
dispenser cassette of claim 1, further comprising a
flowhood adaptor, said flowhood adaptor comprising a
flowhood adaptor housing defining an adaptor cavity
for receiving said dispenser cassette therein, said
flowhood adaptor housing further defining at least a
first aperture therethrough for conducting airflow
therethrough, said first aperture being positionable
within a laminar flow cabinet. 22. A laminar flow hood
adaptor having an adaptor cavity connectable to a
first laminar flow hood having a first cavity so as to
allow a fill conduit located within said first cavity
of said first laminar flow hood to extend into said
adaptor cavity, wherein said adaptor cavity contains
the dispenser cassette of claim 1.23. A dispenser
cassette comprising: a cassette housing; a sample
withdrawal conduit; a fluid integrity conduit; an
internal transfer conduit; at least one product
delivery conduit having a free end supporting a
needle; a sterilizing filter connected said product
delivery conduit of the dispenser cassette such that
any fluid passing through said at least one product
delivery conduit must flow through said sterilizing
filter; a syringe pump; a first valve connected
between said sample withdrawal conduit, said syringe
pump, and said internal transfer conduit; a second
valve connected between said internal transfer
conduit, said fluid integrity conduit, and said at
least one product delivery conduit; a controller for
operating said pump and said valves; at least one
product vial having a vial cavity; and a needle
support plate urgeable between a first position in
which said needle supported at said free end of said
at least one product delivery conduit extend into the
vial cavity of said at least one product vial and a
second position in which said needle is retracted
clear of said at least one product vial. 



24. A dispenser cassette of claim 25, further
comprising: a bulk collection vial having a container
cavity, wherein said sample withdrawal conduit is
connected to said bulk collection vial such that
contents within said container cavity may be withdrawn
through said sample withdrawal conduit by the action
of said syringe pump. 25. A dispenser cassette of
claim 24, further comprising a sterile delivery
package containing said dispenser cassette.26. A
dispenser cassette of claim 24, further comprising a
laminar flow hood adaptor defining a adaptor cavity
which connects to a laminar flow hood having a primary
hood cavity, such that said adaptor cavity is in fluid
communication with said primary hood cavity so as to
conduct GMP-compliant air flow from said primary hood
cavity through said adaptor cavity, and wherein said
adaptor cavity supports said dispenser cassette
therein. 27. A kit for a dispenser system, said kit
comprising: an elongate fluid pathway, said pathway
comprising at least one three-way valve for
controlling fluid flow from an input port of said
valve to up to two output ports of said valve, said
pathway further comprising a first segment of fluid
conduit connected to the input port of said at least
one valve, a second segment of fluid conduit connected
to the first output port of said at least one valve,
and a third segment of fluid conduit connected to the
second output port of said at least one valve; a first
elongate hollow dispense needle connected to said
second segment of fluid conduit, a second elongate
hollow dispense needle connected to said third segment
of fluid conduit, a fluid filter spanning across said
fluid pathway such that said filter defines a filtrate
passageway therethrough in fluid communication with
the fluid passageway of said first segment of fluid
conduit, wherein said fluid pathway between said
filter and said at least one valve embodies a
controlled environment suitable for dispensing a
pharmaceutical fluid product therethrough; said kit
adaptable for connection to a dispenser system and
directing fluid from said dispenser system to at least
one product container. 28. The kit of claim 27,
further comprising a container enclosing said kit,
said container defining an interior cavity, said
cavity comprising a controlled environment for holding
said kit. 29. The kit of claim 27, wherein said cavity
comprises a GMP-compliant environment.30. The kit of
claim 27, further comprising a first product vial
comprising an open-ended container body sealed by an
elastomeric septum so as to define a sterile vial
cavity, and a second product vial comprising an
open-ended container body sealed by an elastomeric
septum so as to define a sterile vial cavity, said
septums penetrable by one of said needles of said kit.
31. The kit of claim 30, wherein said first needle
extends through the septum of said first product vial
and said second needle extends through the septum of
said second product vial, said kit providing a
controlled environment within said fluid pathway
extending between said filter and each of said vial
cavities. 32. The kit of claim 27, further comprising
a manifold, said manifold comprising a manifold body
supporting said at least one valve therein, said
manifold body further defining a channel network for
support portions of said first, second, and third
fluid conduit segments. 33. A vial clip for
interfacing between one or more elongate cannulas and
a vial cap supporting a septum to be pierced by the
one or more cannulas, said vial clip comprising: A
clip body having opposed first and second ends, said
first end defining a vial cap cavity for receiving the
vial cap, said clip body further defining one or more
elongate open passageways extending in fluid
communication between said second end and said vial
cap cavity, said passageways adapted to receive a
needle therethrough for piercing the septum of the
vial cap. 


