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WO 98/13473
GENETICALLY ENGINEERED YEAST WITH MODIFIED
SIGNAL PEPTIDASE COMPLEX
This invention was made with government support under grant numbers
5 9513819 and 9604669, awarded by the National Science Foundation. The
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government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Field of the invention

The present invention provides a genetically engineered yeast cell
comprising a eukaryotic homologue of a yeast signal peptidase complex subunit.
Specifically, this invention provides a yeast cell having functional subunits of the
yeast signal peptidase complex, comprising eukaryotic homologues of the yeast
Seclip, Spcip, Spc2p and Spc3p subunits. The yeast cells can also lack one or
more functional subunits of the yeast signal peptidase complex and comprise
eukaryotic homologues of the yeast Secl 1p, Spclp, Spc2p and Spc3p subunits.
Methods for constructing these yeast cells as well as methods for production of

heterologous proteins in these yeast cells are also provided.

Background Art

Signal peptidase complex (SPC) in the endoplasmic reticulum (ER)
functions in the cleavage of N-terminal signal peptides from proteins that are in
transit across the ER membrane (4,39). This almost immediate recognition of
translocating polypeptides is critical in maintaining homeostasis in all eukaryotic
cells. Despite the importance of the signal peptide cleavage reaction, surprisingly
little is known concerning the function of each subunit. The partially purified SPC
from yeast appears to contain four subunits, known as Secl1p, Spclp, Spc2p and

Spc3p (13,61) (Table 1).

Genetic and biochemical analyses have demonstrated that (i) Secllp
genetically interacts with Spclp, Spc2p, and Spe3p; (i) Secllp is essential for

growth, signal peptidase activity and protein degradation (6,33); (iii) a "core
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complex" containing Secl1p and Spc3p is sufficient for cell growth and signal
sequence cleavage in vivo; and (iv) although not essential for cell growth, Spclp
is important for efficient signal peptidase activity and Spc2p is important for signal

peptidase activity and cell viability at high temperatures.

Protein purification studies in other eukaryotic systems have shown that
a multisubunit SPC is also present in canine cells (11). The complementary DNAs
(cDNAs) encoding all five canine subunits have been cloned and sequenced
(19,20,26,45,46). As shown in Table 2, the yeast subunit, Secl1p, is homologous
to SPC18 and SPC21 of the mammalian SPC, yeast subunit Spclp i1s homologous
to mammalian SPC12, yeast subunit Spc2p is homologous to mammaiian SPC25
and yeast subunit Spc3p is homologous to mammalian SPC22/23.  The yeast and
canine homologues display similarities in their sequences, isoelectric points, and

hydropathy profiles as determined by the method of Kyte and Doolittle (30).

SPC purified from avian cells contains only two subunits (p19 and gp23),
which are homologous to Secl1p and SPC22/23 (a glycoprotein), respectively
(2,35). Unlike the situation in eukaryotes, bacterial leader peptidase contains a
single polypeptide with a MW of 36 kDa (63). Leader peptidase is related to
Seclip, SPC18 and SPC21 in that these proteins contain three regions of
sequence homology (3,7,54). Because leader peptidase catalyzes signal peptide
cleavage as a monomer, these regions of homology may represent all or part of the

catalytic site in eukaryotic signal peptidase.

The yeast Saccharomyces cerevisiae has become increasingly popular for
the expression and secretion of foreign proteins in pharmaceutical and
biotechnology industries for the following reasons: (i) yeast and humans possess
similar cellular machinery for the expression and the proper modification of
heterologous eukaryotic gene products; and (ii) yeast can be grown economically.
However, processing of mammalian signal sequences in yeast is often inefficient.

To solve this problem, yeast expression vectors containing one of several yeast
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signal sequences (e.g., o factor, CPY, invertase, etc.) upstream of mammalian
genes are currently being used to obtain more efficient processing. This approach
has limited success due to the fact that the efficient processing of mature
heterologous proteins by the yeast signal peptidase can be affected by sequences

on the carboxy! side of the cleavage site (25).

The present invention overcomes these limitations by providing a yeast cell
comprising eukaryotic signal peptidase subunits homologous to the yeast SPC
subunits, that process mammalian signal sequences more efficiently than yeast
SPC, thereby increasing production of the heterologous proteins in these
genetically engineered cells. Thus, the yeast cells of the present invention are
improved hosts for heterologous expression and secretion of mammalian proteins

than currently available yeast strains.

SUMMARY OF THE INVENTION

The present invention provides a yeast cell comprising a nucleic acid
functionally encoding a eukaryotic (e.g., mammalian) protein homologue of a
subunit (Secl 1p, Spclp, Spc2p and/or Spc3p) of the yeast signal peptidase
complex. The yeast cell of this invention can be, for example, of the genus
Saccharomyces, Schizosaccharomyces, Pichia, Hansenula, Kluyveromyces
and/or Yarrowia. Furthermore, the yeast cell can lack one or more functional
subunits (Secl 1p, Spclp, Spc2p and/or Spe3p) of the yeast signal peptidase

complex.

The present invention further provides a method for producing a
protein heterologous to a yeast cell comprising expressing, in the yeast cell of
this invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid as a precursor
protein having a signal peptide and processing of the precursor protein to a

signal peptide-cleaved form of the protein.
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A method is also provided for obtaining increased production of a
protein heterologous to a yeast cell comprising expressing, in the yeast cell of
this invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid as a precursor
protein having a signal peptide and processing of the precursor protein to a

signal peptide-cleaved form of the protein.

Furthermore, the present invention provides a method for producing a
yeast cell capable of producing a protein heterologous to the yeast cell,
comprising introducing into the yeast cell (with or without one or more
functional SPC subunits) a nucleic acid which functionally encodes one or more
eukaryotic protein homologues of a subunit of the yeast signal peptidase
complex under conditions permitting the expression of the nucleic acid as the

protein homologues.

Additionally provided is a method for producing a yeast cell capable of
increased production of a protein heterologous to the yeast cell, comprising
introducing into the yeast cell (with or without one or more functional SPC
subunits) a nucleic acid which functionally encodes one or more eukaryotic
protein homologues of the signal peptidase complex under conditions

permitting the expression of the nucleic acid as the protein homologues.

Various other objectives and advantages of the present invention will

become apparent from the following description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention may be understood more readily by reference to
the following detailed description of specific embodiments and the Examples

included herein. As used in the claims, "a" can include muitiples.



WO 98/13473

10

15

20

25

30

The present invention provides a yeast cell comprising a nucleic acid
The subunit of the SPC can be Secl1p, Spcip, Spc2p and/or Spc3p. The yeast
cell of this invention can comprise a nucleic acid encoding a subunit homologue
of the yeast SPC subunit from, for example, mammals, birds, fish, reptiles,
amphibians, arthropods, plants, fungi and other eukaryotic organisms
possessing a multisubunit SPC. The yeast cell comprising a nucleic acid
encoding a subunit homologue of the yeast SPC subunit can contain all of the
yeast SPC subunits in functional form or the yeast cell can lack one or more

functional yeast SPC subunits.

Examples of eukaryotic subunit homologues which can be present in
the yeast cells of this invention include, but are not limited to, the canine
subunits SPC12, SPC25, SPC28, SPC21 and SPC 22/23; human SPC12:
Secl1p and SPC18 homologues in rats; SPC22/23 homologue in
Caenorhabditis elegans, SPC22/23 and SPC18 homologues in chicken; or
other eukaryotic SPC subunit homologous to any of the five canine subunits or
other eukaryotic subunits. Typically, the species of the subunit homologue
selected will correspond to the species of protein desired to be expressed (e.g .,
a human SPC subunit homologue would be selected for expression of a human
protein in the yeast cell). On the basis of the high degree of sequence
homology and similarity in function among homologues of various non-yeast
eukaryotes as well as among homologues of the yeast SPC subunits of
difference yeast genera, it can be predicted that any eukaryotic yeast SPC
subunit homologue can be used in this invention in any genus of yeast having a

multisubunit signal peptidase complex.

Examples of mammals from which the SPC subunit homologue of this
invention can be obtained can include, but are not limited to, human, cow, pig,
goat, sheep, mouse, guinea pig, hamster, squirrel, horse, cat, etc. Any human
SPC subunit now known or later identified can be determined to be a

homologue of a yeast SPC subunit by sequence comparison and functional
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homology as described herein. Homologue, as used herein, includes
modifications or deletions or insertions to the nucleotide sequence and amino
acid sequence of the encoded protein that retain the signal peptidase activity.
Introduction of a nucleic acid functionally encoding a eukaryotic SPC subunit

homologue into a yeast cell is taught in the Examples provided herein.

Yeast cells of the present invention can include, but are not limited to,
Saccharomyces species (e.g., S. cerevisiae; S. carlsbergensis)
Schizosaccharomyces species (e.g., S. pombi), Pichia species (e.g., P. pastoris,
Hansenula species (e.g., H. polymorpha), Kluyveromyces species (e.g. K.
lactis), Yarrowia species (e.g., Y. lipolytica) and any other yeast cell genus
having a multisubunit SPC in which eukaryotic subunit homologues can be
substituted or co-expressed. Yeast cells can be obtained from a variety of
commercial sources and research resource facilities, such as, for example, the

American Type Culture Collection in Rockville, MD.

In one embodiment, the yeast cell of the present invention can comprise
a nucleic acid functionally encoding a eukaryotic subunit homologue of Secl1p
of the yeast signal peptidase complex, such as, for example, the canine subunit
protein SPC18, the canine subunit protein SPC21, or a truncated form of the
canine subunit protein SPC21, wherein the negative element (described below)
has been deleted. The yeast cell can also contain one or more of these
subunits in any combination (e.g. SPC18; SPC18 and SPC21; SPCI8 and a
truncated SPC21; SPC18, SPC21 and a truncated SPC21; or SPC21 and a
truncated SPC21).

The nucleic acid functionally encoding a eukaryotic homologue of a
subunit of the yeast SPC can be any nucleic acid that functionally encodes the
eukaryotic subunit homologue. To functionally encode a protein (i.e., allow an
exogenous nucleic acid to be expressed in the yeast cell), the nucleic acid can

include, but is not limited to, expression control sequences, such as an origin of
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replication, a promoter, regions upstream or downstream of the promoter, such
as enhancers that may regulate the transcriptional activity of the promoter,
appropriate restriction sites to facilitate cloning of inserts adjacent to the
promoter, marker genes which can serve to select for cells containing the
nucleic acid or the vector containing the nucleic acid, in addition to necessary
information processing sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites and transcription termination sequences, as well as other
sequences which may facilitate the expression of the nucleic acid in the yeast

cell.

Preferred expression control sequences are promoters derived from
GAL]1 genes, GAL10 genes, ADH1 genes, metallothionine genes, actin genes,
immunoglobulin genes, CMV, SV40, adenovirus, bovine papilloma virus, etc.
A nucleic acid encoding a eukaryotic subunit homologue can readily be
determined based upon the genetic code for the amino acid sequence of the
homologue and many nucleic acid sequences will encode a given eukaryotic
subunit homologue Modifications in the nucleic acid encoding the subunit
homologue are also contemplated. Modifications that can be useful are
modifications to the sequences controlling expression of the subunit homologue
to make production of the subunit homologue inducible or repressible as
controlled by the appropriate inducer or repressor. Such means are standard in
the art (see, e.g., ref. 42). The nucleic acid can be generated by means
standard in the art, such as by recombinant nucleic acid techniques, as
described in the Examples herein and by synthetic nucleic acid synthesis or in

vitro enzymatic synthesis.

After a nucleic acid encoding a particular eukaryotic subunit homologue
, or a region of that nucleic acid [e.g., wherein the nucleic acid encoding the
amino acids of the negative element (described below) has been deleted], is
constructed, modified, or isolated, that nucleic acid can then be cloned into an

appropriate vector, which can direct the in vivo or in vitro synthesis of that
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nucleic acid. The vector is contemplated to have the necessary functional
elements that direct and regulate transcription of the inserted nucleic acid

which are well known in the art, as described herein.

The nucleic acid of this invention can be introduced into the yeast cell
of the present invention by any method by which nucleic acid can be introduced
into a cell. The introduction of exogenous nucleic acid into yeast cells (i.e.,
transformation) is well known in the art. Yeast cells can be transformed by a
variety of standard protocols. For example, such methods can include, but are
not limited to, lithium chloride electroporation, lithium acetate transformation,
mixing of nucleic acid with yeast spheroplasts created by enzymatic digestion
of the cell wall (spheroplast transformation), particle acceleration (64) and any
other method for introducing exogenous nucleic acid into a cell now known or

later discovered.

The production of heterologous proteins by expression of exogenous
nucleic acid in transformed yeast cells in culture is standard in the art and the
culture conditions for a given yeast strain would be well known to one of skill
in the art. The heterologous protein can be maintained within the yeast cell and
released upon cell lysis or the heterologous protein can be secreted into the
culture medium via a mechanism provided by a coding sequence (either native
to the exogenous nucleic acid or engineered into the expression vector) which
directs secretion of the protein from the cell. The presence of the heterologous
protein in the cell lysate or culture medium can be verified by a variety of
standard protocols for detecting the presence of a protein. Such protocols can
include, but are not limited to, Western blotting or radioimmunoprecipitation
with an antibody specific for the heterologous protein, binding of a ligand
specific for the heterologous protein, specific enzyme activity of the

heterologous protein, etc. as would be well known to the artisan.
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The exogenous nucleic acid can be in the form of an expression vector
which can be a plasmid, phage, transposon, cosmid or virus particle. The
exogenous nucleic acid can be maintained extrachromosomally or it can be

integrated into the yeast cell chromosomal DNA.

The exogenous nucleic acids are typically replicable in cells either as
episomes or as an integral part of the host chromosomal DNA. The nucleic
acids encoding the eukaryotic protein homologues can be expressed in yeast
cells after the sequences have been positioned, for example, in an expression
vector to ensure the functioning of an expression control sequence.

Commonly, expression vectors can contain selection marker genes encoding
proteins required for cell viability under selected conditions (e.g., URA3, which
encodes an enzyme necessary for uracil biosynthesis or TRP1, which encodes
an enzyme required for tryptophan biosynthesis) to permit detection and/or
selection of those cells transformed with the desired nucleic acids (see, e.g.,

U.S. Patent 4,704,362).

As used herein, "negative element" means 1) a region of amino acids
present in the amino acid sequence of a eukaryotic SPC subunit homologue
which is not present in the yeast SPC subunit; 2) which has the negative effect
of preventing functional replacement of the yeast SPC subunit by the subunit
homologue in yeast cells expressing the homologue; and 3) for which the
negative effect is eliminated upon deletion of all or some of the amino acids in
this region. For example, the canine subunit protein SPC21 contains a 24
residue amino terminal extension that is not present in the yeast subunit protein,
Secllp. The presence of this amino terminal sequence on SPC21 in yeast cells
has the negative effect of preventing functional replacement of Secl 1p by
SPC21 in cells expressing this homologue. Deletion of the amino terminal 24
amino acids from SPC21 resulted in the functional replacement of Secl 1p cells
in yeast cells expressing this truncated form of SPC21. As another example, the

canine subunit homologue SPC25 contains 25 amino acid residues at its amino

PCT/US97/17597
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terminus that do not exist in its yeast counterpart. All or part of this region can

be deleted for functional replacement of Spc2p by SPC25 in a yeast cell.

To identify negative elements in other eukaryotic SPC subunit
homologues, the amino acid sequences of the yeast subunits can be compared
with the amino acid sequences of other eukaryotic SPC subunit homologues for
the detection of amino acid sequences present in the homologues that do not
exist in the yeasi subunit. Homologues of yeast SPC subunits having additional
amino acids which are not present in the yeast SPC subunits can be tested for
function according to the methods provided herein If the presence of this
unmatched region on the subunit homologue expressed in the yeast cell
prevents functional replacement of the corresponding yeast subunit and
deletion of all or part of this unmatched region resuits in the functional
replacement of the yeast subunit, as determined according to the methods
provided herein, then the deleted region has been identified to be a negative

element.

The deletion of amino acids in a negative element region can be carried
out according to standard methods known in the art of genetic engineering and
protein cleavage. An example of how a truncated form of the canine subunit

protein SPC21 can be created is provided in the Examples herein.

The yeast cell of this invention can also comprise a nucleic acid
functionally encoding a eukaryotic subunit homologue of Spc3p of the yeast

signal peptidase complex, such as for example, the canine subunit SPC22/23.

Additionally, the yeast cell of the present invention can also comprise a
nucleic acid functionally encoding a eukaryotic subunit homologue of both
subunits Secl1p and Spc3p of the yeast signal peptidase complex. For
example, the yeast cell can comprise a nucleic acid encoding SPC18, SPC21

and/or a truncated SPC21, with negative element deleted (as homologues of
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yeast subunit Secl1p) and nucleic acid encoding SPC22/23 (as homologue of
yeast subunit Spc3p), in any combination. The creation of a yeast cell
comprising a nucleic acid functionally encoding a eukaryotic protein
homologue of subunit Secl1p and subunit Spc3p of the yeast signal peptidase

complex is described in the Examples provided herein.

The present invention also provides a yeast cell comprising a nucleic
acid functionally encoding a eukaryotic subunit homologue of Spclp of the
yeast signal peptidase complex. For example, the yeast cell can comprise the
canine subunit protein, SPC12. In addition, the yeast cell of the present
invention can comprise a nucleic acid functionally encoding a eukaryotic
subunit homologue of Spc2p of the yeast signal peptidase complex. For
example, the yeast cell can comprise the mammalian subunit protein, SPC25.
A yeast cell comprising a nucleic acid functionally encoding a eukaryotic
subunit homologue of Spclp and Spe2p is also contemplated. Such a yeast cell
can contain, for example, the mammalian protein SPC12 (as homologue of
Spclp) and the mammalian protein SPC25 (as homologue of Spc2p). The
yeast cell of the present invention can contain eukaryotic subunit homologues
of one, two, three or four of the yeast SPC subunits in any combination with
regard to the number of different homologues for a given subunit, the
eukaryotic source of the subunit homologue and the presence or absence of a

given functional yeast SPC subunit in the yeast cell (as described below).

Also provided is a yeast cell lacking a functional yeast SPC subunit.
The yeast cell can lack one, two, three or four functional yeast SPC subunits in
any combination. As used herein, a yeast cell lacking a functional SPC subunit
is a yeast cell which is naturally occurring or has been genetically engineered
such that a gene of the functional subunit which is lacking, has been deleted or
has been disrupted so that no complete or functional form of the yeast SPC

subunit is present in the yeast cell.
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For example, the cell of the present invention can be a yeast cell lacking
a functional Secl1p subunit of the yeast signal peptidase complex, wherein the
yeast cell comprises a nucleic acid functionally encoding a eukaryotic subunit
homologue of Secl1p. A yeast cell lacking a functional Sec] 1p subunit can be
created according to the methods taught herein in the Examples. Such a yeast
cell can comprise, for example, the canine subunit protein SPC21; the canine
subunit protein SPC18; a truncated form of SPC21, wherein the negative
element has been deleted; SPC18 and SPC21; SPC18 and a truncated SPC21;
or SPC18, SPC21 and a truncated SPC21

The present invention also provides a yeast cell lacking a functional
Spe3p subunit of the yeast signal peptidase complex, wherein the yeast cell
comprises a nucleic acid functionally encoding a eukaryotic subunit homologue
of Spc3p, such as, for example, the canine subunit protein SPC22/23 A yeast
cell lacking a functional Spc3p subunit can be created according to the methods

taught herein in the Examples.

Also provided is a yeast cell lacking both a functional Secl Ip unit and a
functional Spc3p subunit of the yeast signal peptidase complex, wherein the
yeast cell comprises a nucleic acid functionally encoding a eukaryotic subunit
homologue of Sec! 1p and/or Spc3p, respectively. A yeast cell lacking both a
functional Sec11p subunit and functional Spc3p subunit can be created
according to the methods taught herein in the Examples. Such cells can
comprise, for example, a nucleic acid encoding SPC18, SPC21 and/or a
truncated SPC21, with negative element deleted (as homologues of yeast
subunit Sec11p) and/or nucleic acid encoding SPC22/23 (as homologue of
yeast subunit Spc3p), in any combination. The creation of a yeast cell
comprising a nucleic acid functionally encoding a eukaryotic protein
homologue of subunit Sec11p and subunit Spe3p of the yeast signal peptidase

complex is described in the Examples provided herein.
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The yeast cell of the present invention can also lack a functional Spcip
subunit, a functional Spc2p subunit or both a functional Spclp subunit and
functional Spc2p subunit. Methods for making a yeast cell lacking a functional
Spcip subunit and/or a functional Spc2p subunit are provided in the Examples
herein. Such cells can comprise, for example, nucleic acids functionally
encoding mammalian subunit proteins SPC12, SPC25 or SPC12 and/or SPC25.
It is also contemplated that the present invention provides yeast cells lacking
functional yeast SPC subunits in any and all combinations and comprising
substituted and/or co-expressed eukaryotic subunit homologues in any and all

corresponding combinations.

Furthermore, the present invention provides a method for producing a
protein heterologous to a yeast cell comprising expressing, in a yeast cell of the
present invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid as a precursor
protein having a signal peptide and processing of the precursor protein into a
signal peptide-cleaved form of the protein. Purification of the heterologous
proten from a cell lysate or culture medium, if desired, can be carried out

according to isolation and purification protocols well known in the art

It is contemplated that the yeast cells of the present invention can
produce increased levels of the heterologous protein in comparison to the
levels of heterologous proteins produced in yeast cells comprising only yeast
SPC subunits with no eukaryotic protein homologues in the cell. Thus, the
present invention further provides a method for obtaining increased production
of a protein heterologous to a yeast cell comprising expressing, in a yeast cell
of the present invention, a nucleic acid functionally encoding the heterologous
protein under conditions which permit the expression of the nucleic acid as a
precursor protein having a signal peptide and processing of the precursor

protein into a signal peptide-cleaved form of the protein.
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As described herein, the yeast cell of this invention can comprise 1) a
nucleic acid functionally encoding a eukaryotic subunit homologue of Secl1p;
2) a nucleic acid functionally encoding a eukaryotic subunit homologue of
Spc3p; 3) a nucleic acid functionally encoding a eukaryotic subunit homologue
of Secl1p and Spc3p; 4) a nucleic acid functionally encoding a eukaryotic
subunit homologue of Spclp; 5) a nucleic acid functionally encoding a
eukaryotic subunit homologue of Spc2p; and/or 6) a nucleic acid functionally

encoding a eukaryotic subunit homologue of Spcip and Spc2p.

As used herein, a protein heterologous to the yeast cell is any protein
which is not naturally produced in the yeast cell or which is encoded by a
nucleotide sequence which does not originate in the yeast cell and is therefore
foreign to the yeast cell. As used herein, "processing of the precursor protein"
means the post translational modifications made to the protein (i.e.,
glycosylation, acylation, disulfide bond formation), as well as proteolytic
cleavage of the signal sequence, to yield the signal peptide-cleaved form of the
protein, as the protein is synthesized and transported via the ER and Golgi .

apparatus to its final destination either within or outside of the cell.

The yeast cell of the above-described methods can contain a nucleic
acid encoding one or more eukaryotic subunit proteins which are homologues
of the yeast SPC subunits Secl Ip, Spclp, Spc2p or Spc3p, in any combination,
such as, for example, SPC22/23 and/or SPC18, SPC22/23 and/or SPC21;
SPC22/23 and/or a truncated SPC21, wherein the negative element has been
deleted; SPC22/23, SPC18 and/or SPC21; SPC22/23, SPC18 and/or a
truncated SPC21; SPC22/23, SPC18, SPC21 and/or a truncated SPC21 and/or
SPC25 and/or SPC12.

The yeast cell of this method can comprise a nucleic acid functionally
encoding a heterologous protein such as, for example, growth factors (e.g.,

insulin-like growth factor-1, epidermal growth factor); interferons (e.g., human

PCT/US97/17597



WO 98/13473 PCT/US97/17597

10

15

20

25

30

15

interferon-alpha, human interferon-beta, human interferon-gamma); protease
inhibitors (e.g., human pancreatic secretory trypsin inhibitor, also known as
human antitrypsin); antigens (e.g., hepatitis B virus antigens; influenza virus
hemagglutinin; herpes simplex virus glycoprotein B; Epstein Barr virus
glycoprotein; human immunodeficiency virus envelope glycoprotein); and
hormones (e.g., preproinsulin), as well as any other heterologous protein,

containing a signal peptide, that can be expressed in a yeast cell.

The present invention additionally provides a method for producing a
protein heterologous to a yeast cell comprising expressing, in a yeast cell of the
present invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid as a precursor
protein having a signal peptide and processing of the precursor protein into a
signal peptide-cleaved form of the protein, wherein the yeast cell can lack
either 1) a functional Secl1p; 2) a functional Spc3p; or 3) a functional Secl1p
and Spc3p and can comprise either 1) a nucleic acid functionally encoding a
eukaryotic protein homologue of Secl1p; 2) a nucleic acid functionally
encoding a eukaryotic protein homologue of Spc3p; or 3) a nucleic acid
functionally encoding a eukaryotic protein homologue of Sec11p and Spc3p.
The yeast cell can comprise, for example, mammalian subunit proteins
SPC22/23 and/or SPC18; SPC22/23 and/or a truncated SPC21, wherein the
negative element has been deleted; SPC22/23, SPC18 and/or SPC21;
SPC22/23, SPC18 and/or a truncated SPC21; or SPC22/23, SPC18, SPC21
and/or a truncated SPC21.

The present invention additionally provides a method for producing a
protein heterologous to a yeast cell comprising expressing, in a yeast cell of the
present invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid into a
precursor protein having a signal peptide and processing of the precursor

protein into a signal peptide-cleaved form of the protein, wherein the yeast cell
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can lack either 1) a functional Spclp; 2) a functional Spc2p; or 3) a functional
Spclp and Spc2p and/or can comprise either 1) a nucleic acid functionally
encoding a eukaryotic subunit homologue of Spclp, 2) a nucleic acid
functionally encoding a eukaryotic subunit homologue of Spc2p; or 3) a
nucleic acid functionally encoding a eukaryotic subunit homologue of Spclp
and Spc2p. The yeast cell can comprise, for example, mammalian subunit

proteins SPC12, SPC25 or SPC12 and/or SPC25.

A method is also provided for obtaining increased production of a
protein heterologous to a yeast cell comprising expressing, in a yeast cell of the
present invention, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid into a
precursor protein having a signal peptide and processing of the precursor
protein into a signal peptide-cleaved form of the protein, wherein the yeast cell
can lack either 1) a functional Secllp; 2) a functional Spc3p, or 3) a functional
Secl1p and Spc3p and can comprise either 1) a nucleic acid functionally
encoding a eukaryotic subunit homologue of Secl1p; 2) a nucleic acid
functionally encoding a eukaryotic subunit homologue of Spc3p; or 3) a
nucleic acid functionally encoding a eukaryotic subunit homologue of Secllp
and Spc3p. The yeast cell can comprise, for example, mammalian subunit
proteins SPC22/23 and/or SPC18; SPC22/23 and/or a truncated SPC21,
wherein the negative element has been deleted, SPC22/23, SPC18 and/or
SPC21; SPC22/23, SPC18 and/or a truncated SPC21; or SPC22/23, SPC18,
SPC21 and/or a truncated SPC21.

The present invention further provides a method for obtaining increased
production of a protein heterologous to a yeast cell comprising expressing, in a
yeast cell of the present invention, a nucleic acid functionally encoding the
heterologous protein under conditions which permit the expression of the
nucleic acid into a precursor protein having a signal peptide and processing of

the precursor protein into a signal peptide-cleaved form of the protein, wherein
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the yeast cell can lack either 1) a functional Spclp; 2) a functional Spc2p; or
3) a functional Spclp and Spc2p and/or can comprise either 1) a nucleic acid
functionally encoding a eukaryotic subunit homologue of Spclp; 2) a nucleic
acid functionally encoding a eukaryotic subunit homologue of Spc2p; or 3) a
nucleic acid functionally encoding a eukaryotic subunit homologue of Spclp
and Spc2p. The yeast cell can comprise, for example, mammalian subunit

proteins SPC12, SPC25 or SPC12 and/or SPC25.

A method for producing a yeast cell capable of expressing a nucleic
acid functionally encoding a protein heterologous to the yeast cell is also
provided, comprising introducing into the yeast cell a nucleic acid which
functionally encodes any eukaryotic subunit homologue of Secl 1p and/or
Spc3p of the yeast signal peptidase complex under conditions permitting the
expression of the nucleic acid as the subunit homologue or homologues. The
yeast cell of this method can comprise, for example, a nucleic acid which
functionally encodes mammalian subunit proteins SPC22/23 and/or SPC18:
SPC22/23 and/or SPC21, SPC22/23 and/or a truncated SPC21, wherein the
negative element has been deleted; SPC22/23, SPC18 and/or SPC21;
SPC22/23, SPC18 and/or a truncated SPC21; or SPC22/23, SPC18, SPC21

and/or a truncated SPC21.

Furthermore, the present invention provides a method for producing a
yeast cell capable of expressing a nucleic acid of a protein heterologous to the
yeast cell, comprising introducing into a yeast cell lacking a functional Secl Ip
subunit and/or a functional Spc3p subunit of the yeast signal peptidase complex
a nucleic acid which functionally encodes a eukaryotic subunit homologue of
Secl1p and/or Spc3p under conditions permitting the expression of the nucleic
acid as the subunit homologue or homologues. The yeast cell of this invention
can comprise, for example, nucleic acid functionally encoding mammalian
subunit proteins SPC22/23 and/or SPC18; SPC22/23 and/or a truncated
SPC21, wherein the negative element has been deleted; SPC22/23, SPC18
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and/or SPC21; SPC22/23, SPC18 and/or a truncated SPC21, or SPC22/23,
SPC18, SPC21 and/or a truncated SPC21.

A method for producing a yeast cell capable of expressing a nucleic
acid functionally encoding a protein heterologous to the yeast cell is aiso
provided, comprising introducing into the yeast cell a nucleic acid which
functionally encodes a eukaryotic subunit homologue of Spclp and/or Spc2p of
the yeast signal peptidase complex under conditions permitting the expression
of the nucleic acid as the subunit homologue or homologues. The yeast cell of

this method can comprise, for example, mammalian subunit proteins SPC12,

SPC25, or SPC12 and/or SPC25.

Furthermore, the present invention provides a method for producing a
yeast cell capable of expressing a nucleic acid of a protein heterologous to the
yeast cell, comprising introducing into a yeast cell lacking a functional Spcip
subunit and/or a functional Spc2p subunit of the yeast signal peptidase
complex, a nucleic acid which functionally encodes a eukaryotic subunit
homologue of Spclp and/or Spc2p under conditions permitting the expression
of the nucleic acid as the subunit homologue or homologues. The yeast cell of

this invention can comprise, for example, mammalian subunit proteins SPC12,

SPC25, or SPC12 and/or SPC25.

The yeast cells of the methods described above, having functional yeast
SPC subunits, can comprise eukaryotic subunit homologues in any and all
combinations. In addition, the yeast cells of these methods lacking functional
yeast SPC subunits in any and all combinations can comprise nucleic acid
encoding eukaryotic subunit homologues in any and all combinations. For
example, the yeast cells can lack a functional Sec11p subunit and a functional
Spc2p subunit, or a functional Secl1p subunit and a functional Spclp subunit,
or a functional Secl1p subunit, a functional Spclp subunit and a functional

Spc3p subunit, as well as any other combination. The yeast cells can comprise,
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for example, SPC18 and SPC12, SPC12, a truncated SPC21 and SPC25 or
SPC18, SPC21 and a nonmammalian eukaryotic subunit homologue to Secl1p,

Spclp, Spc2p or Spe3p, as well as any other combination.

The present invention is more particularly described in the following
examples which are intended as illustrative only since numerous modifications

and variations therein will be apparent to those skilled in the art.

EXAMPLES

Plasmid constructs bearing the SPC3 gene. Plasmid pSPC3 bearing
SPC3 was isolated from a high copy (2 um) plasmid library marked with LEU2
(ATCC No. 37323). Among 5,500 transformants of strain CMYD1 (sec//-7),
pSPC3 was isolated from one colony that grew at 32°C. The SPC3 gene was
amplified from pSPC3 by PCR using the forward oligonucleotide primer
CGGGATCCACACGTGAATACTACC (SEQ ID NO:15), which is located
204 bp upstream of the SPC3 start codon, and the reverse primer
CGGAATTCAATAAATGGGAACAG (SEQ ID NO:16), which is located 189
bp downstream of the SPC3 stop codon. The amplified fragment was
restricted with BamHI and EcoRI and inserted into a low copy (CEN) plasmid
pRS314 (TRPI) (21). The resulting plasmid was named pHF332. A 1.5 kb
HindIII-Xbal restriction fragment containing the SPC3 gene was excised from
plasmid pSPC3 and inserted into 2 yum plasmid pRS426 (71). The resulting
plasmid was named pHF931.

Construction of yeast cells lacking functional Secl1p and Spc3p
subunits. A strain of yeast cells containing Asec11 Aspc3 (Asec11::HIS3
Aspc3::LEU2) mutations, chromosomally located, was constructed by
disrupting these two genes according to methods described previously (13,14).
Briefly, the 1.5 kb HindIII-Xbal restriction fragment containing the SPC3 gene
was inserted into the polylinker of pUC19 (72). The resulting plasmid was
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restricted with NHEI, which cuts 30 bp upstream of the SP("3 open reading
frame and SPEI, which cuts 3 bp downstream of the stop codon of SPC3. The
SPC3 gene was replaced with a 1.6 kb Nhel DNA fragment containing the
LEU?2 gene. This Nhel fragment was obtained from a modified YDp-L plasmid
(73) that contains LEU?2 flanked by two Nhel sites (a Nhel linker was inserted
at the Smal site of YDp-L). This construct containing a replacement of SPC3
with the LEU?2 gene was restricted with HindIII and Xbal and transformed into
diploid strain SEY6210.5 (1) with selection for leucine prototrophs.
Homologous recombination of the sequences flanking the SPC3 disruption
produced diploid cells containing the heterozygous disruption of the SPC3
gene. Transformants bearing a replacement of the SPC3 gene with the LEU2
gene were confirmed by genomic PCR using oligonucleotide primers described

above.

The SEC11 gene, which encodes Secl ip, was similarly deleted from
the chromosome of diploid yeast cells except that the HIS3 gene was inserted

between two SnaBI sites that flank the SEC11 gene.

Both SPC3 and SEC11 are essential genes. Diploid cells bearing
heterozygous disruptions of these genes are viable because these cells contain
one good copy of each gene. However, haploid cells bearing disruptions of
either or both genes are nonviable. Therefore, before sporulating the
heterozygous diploid cells, a plasmid containing SPC3 and SEC11 genes must
be introduced into cells. SPC3 (HindlII - Xbal fragment) and SEC11 (BamHI
- Sacl fragment) genes were cloned onto plasmid pRS316 (25). This plasmid
carries the URA3 marker gene (which encodes an enzyme required for uracil
biosynthesis). It is important to use a marker that can be selected against in
order to eliminate this plasmid at a later step. Heterozygous SPC3 disruption
strain and heterozygous SEC11 disruption strain were transformed with the
plasmid bearing SPC3 and SEC11 and then subjected to sporulation. Haploid
cells bearing the disruption of SPC3 (marked by Leu+ phenotype) and distinct
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haploid cells bearing the disruption of SEC11 (marked by His+ phenotype)
were obtained. These cells also contained the plasmid bearing SEC11 and
SPC3 (marked by their viability and Ura+ phenotype). To make cells
containing both disruptions, different strains containing these disruptions were
checked for mating type (either MATa or MATalpha) using tester strains of
defined mating type. Strains containing the disruptions of SPC3 and SEC11
were identified of the opposite mating type. Having identified such strains, cells
were mated, thus producing diploid cells containing a heterozygous disruption
of SPC3 and SEC11. The plasmid bearing SPC3 and SEC11 was maintained in
these diploid cells through selection for the URA3 marker. Diploid cells were
then allowed to sporulate and haploid cells phenotypically Leu+, His+ and
Ura+ were identified. These cells contained a disruption of SPC3 and a
disruption of SEC11. Their viability was ensured because cells contained a

plasmid bearing the SPC3 and SEC11 genes.

Construction of yeast cells lacking functional Spclp and Spc2p.
The plasmid used for disruption of SPC1 was constructed as follows. The 2.3
kb EcoRlI fragment containing SPC1, which encodes Spclp (17), was inserted
into vector pUC19 (65). The resulting plasmid was digested with Spel, which
removes the entire SPC1 coding region. A 0.8 kb Nhel fragment containing
the TRP1 gene was inserted into this Spel site. The Nhel fragment was
obtained from a modified YAP-W plasmid (66) that contains TRP1 flanked by
two Nhel sites (a Nhel linker was inserted at the Smal site of the plasmid
YAP-W). This construct was linearized by digestion with EcoRI, then
transformed into diploid strain SEY6210.5 (1). Selection for the disruption
mutation was performed on minimal agar plates supplemented appropriately

but lacking tryptophan.

The construct used for disruption of SPC2, which encodes Spc2p, was
produced as described (17). Genomic SPC2 of strain NGY21B was amplified
through PCR using forward primer GTTGATCATCATCTTAGA (SEQ ID
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NO:1) and reverse primer CGACGTGCTGTATAATGA (SEQ ID NO:2), that
flank the coding sequence. The reaction was carried out using a GENE AMP
kit according to manufacturer's specifications (Perkin Elmer Cetus, Norwalk,
CT). The amplified fragment (1.8 kb) was restricted with BglII and Nsil. The
BglII-Nsil restriction fragment was inserted into modified pRS315 (68)
(lacking the HindlII site) at BamHI and Pstl sites. The resulting plasmid
contained two HindlII sites located within the SPC2 coding sequence. A 1.2
kb HindIII fragment containing the URA3 gene was inserted into these HindIII
sites, resulting in the deletion of a 0.2 kb sequence of the SPC2 gene. This
construct was linearized with Spel and Xhol and transformed into diploid
strain SEY6210.5. Selection for the disruption mutation was performed on

minimal agar plates supplemented appropriately but lacking uracil (18).

Plasmid pHF324 containing the GAL1/GAL10 divergent promoter
fragment (24) followed by the SPC2 gene was constructed as follows. The
SPC2 gene was amplified by PCR using a forward oligonucleotide-bearing
BamHI site upstream of the start codon of SPC2,
CGCGAATCCAAGGAAAAGAGACGC (SEQ ID NO:17) and the above-
described reverse primer, which is located 260 nucleotides downstream of the
SPC2 stop codon The PCR product was digested with BamHI and Nsil and
the resulting DNA fragment was cloned into pRS315 (21) at the BamHI and
Pstl sites. A 0.7 kb BamHI fragment bearing the GAL1/GAL10 promoter (13)
was inserted into the BamHI site upstream of SPC2. The SPC?2 gene was
inserted into a 2 um plasmid as follows. The BgllI-Nsil DNA fragment
containing SPC2 was cloned into pRS425 (71) at the BamHI-Pstl sites.

To verify construction of the SPC1 and SPC2 mutations, genomic
DNA was isolated from yeast cells according to previously described methods

(69) and subjected to Southern blotting (70).
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Upon selection for Ura+ and Trp+ prototrophs of strain SEY6210.5
bearing heterozygous disruptions of SPC1 or SPC2, diploid cells are sporulated
and subjected to tetrad analysis. Ura+ haploid cells bearing a disruption of
SPC2 and Trp+ haploid cells bearing a disruption of SPC1 are obtained. These

cells are viable since SPC1 and SPC2 are nonessential for yeast cell growth.

Alternatively, to introduce SPC1 and SPC2 disruptions into haploid
strains carrying one or more eukaryotic homologues of signal peptidase
subunits, the disruptions can be directly made in these strains using the methods
described above. The only provision is that the strains employed contain
nonrevertable mutations in URA3 and TRP1 genes (deletion of these genes in

the strains is preferable).

Cloning and expression of mammalian SPC12, SPC18, SPC21,
SPC22/23 and SPC25 in yeast cells. To clone the mammalian signal
peptidase subunit genes encoding SPC18, SPC21, SPC22/23 and SPC25, the
sequences of which are known (19,20,26,45,46), total RNA was prepared from
canine spieen. The SPC12 gene was amplifted from fetal human brain RNA as
described (26). RT-PCR was performed using a kit from Clontech. Briefly,
first strand synthesis was performed using random hexamer primers and
Moloney murine leukemia virus reverse transcriptase. The SPC12, SPC18,
SPC21, SPC22/23 and SPC25 genes were amplified by PCR reactions using
the forward oligonucleotide and reverse oligonucleotide primers described in
Table 3. The PCR products were purified by phenol extraction, precipitated
and subsequently digested with appropriate restriction enzymes (BamHI +
EcoRI for SPC12, SPC18, SPC21 and SPC25 and BamHI + Clal for
SPC22/23). The PCR-derived sequences were verified by DNA sequencing
from M13-based vectors. The digested DNA fragments were inserted into the
appropnate sites of vector pRS314 (CEN, TRP1) (25). A 1.5 kb BamHI
fragment bearing the ADH1 promoter (22) was inserted into the plasmid at the

BamHI site immediately upstream of the SPC genes. This BamHI promotor
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fragment was obtained from the plasmid pNG107 described previously (18).
ADHL1 is a yeast promotor that permits expression of foreign proteins in yeast,

however, other promoters, such as the GAL1 promotor (24), can be used.

Replacement of Secl1p with mammalian SPC proteins in yeast
Asecl1 mutant. A series of Asecl1 mutants bearing a URA3-marked plasmid
containing the wild-type SEC11 gene (pSEC11-URA3) and bearing no
additional plasmid, or a TRP1-marked plasmid containing either the SEC1]
(pSEC11-TRP1), spci8 (pSPC18-TRP1), spc21 (pSPC21-TRP1), or spc21AN
(pSPC21AN-TRP1) genes were grown to log phase (Aggp=1) in a medium
selecting for these plasmids. Ten pl of cells was placed on a SC-CAS (18) agar
plate suppiemented with uracil and 5'-fluoroorotic acid, the latter of which
selects against cells bearing a URA3-marked plasmid (5). Through
employment of the plasmid shuffle technique (5), SPC18 was found to
functionally replace Secl1p in a Asecl1 mutant. In contrast, SPC21 did not
replace Secl1p as measured by a cell growth assay, indicating that SPC18 and

SPC21 are not functionally equivalent as measured in yeast cells.

The mammalian protein SPC22/23 did not replace its yeast homologue
Spc3p in cells containing all the other yeast subunits as indicated by a growth
assay. However, yeast cells containing mammalian SPC18 and SPC22/23 but
lacking Secl1p and Spc3p were viable, indicating that these yeast strains utilize
a two-subunit mammalian SPC for signal peptidase activity and cell growth.

This "core" complex contains SPC18 and SPC22/23.

Cloning of SPC21DN, encoding a truncated form of SPC21
wherein the negative element has been deleted. SPC18, which does not
contain an amino acid region that does not exist in its yeast counterpart,
Secl1p, was able to functionally replace Secl1p in yeast cells in which a
nucleic acid encoding this subunit homologue was expressed. In contrast,

SPC21, which contains a 24 amino acid region at its amino terminus which
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does not exist in its yeast counterpart, Secl1p, did not functionally replace
Secllp in yeast cells in which a nucleic acid encoding this protein homologue
was expressed. Therefore, to determine if this unmatched extension prevented
functional replacement of Sec11p by SPC21, a construct was prepared
comprising a gene, SPC21DN, encoding a truncated form of SPC21, in which
the amino terminal 24 amino acids had been deleted. To clone SPC21DN, the
following nucleotides were used to amplify DNA encoding SPC21DN from
SPC21 DNA that was already cloned:

Forward primer: 5'-CGGGATCCATGAACAAGCGGCAG- 3' (SEQID
NO:3)

Reverse primer: 5'-GGGGAATTCTCTTTTTAGGATTCACGT -3' (SEQ ID
NO:4)

The PCR product was purified by phenol extraction and precipitated
and subsequently digested with appropriate restriction enzymes (BamHI and
EcoRI). The digested DNA fragments were inserted into the appropriate sites
of vector pRS314 (CEN, TRP1) (25). A 1.5 kb fragment bearing the ADHI-
promoter (22) was inserted into the plasmid at the BamHI site immediately
upstream of the SPC genes. This BamHI promoter fragment was obtained
from the plasmid pNG107 described previously (18). The final construct
placed Met25 of SPC21 immediately downstream of the ADH]1 promoter.

Expression of foreign genes in yeast cells comprising eukaryotic
homologues of yeast SPC subunits. Nucleic acids encoding proteins
heterologous to yeast cells can be expressed in yeast cells (with or without
functional SPC subunits) comprising eukaryotic protein homologues of
subunits of the yeast signal peptidase complex using a number of published
vectors for foreign gene expression in yeast (8,22). Conditions for expression
of the nucleic acids encoding the heterologous proteins in the yeast cell and the
purification of the heterologous proteins from the yeast expression system are

well known in the art. Expression can be mediated from plasmids or from
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chromosomally located genes. For plasmid expression, a variety of promoters
can be used such as the fairly constitutive promotor (ADH1) (22) or the
regulated promotor GAL1 (24). For chromosomal expression, the gene of

interest can be cloned into a yeast integrative plasmid (8).

Various eukaryotic proteins, such as human e-antitrypsin (23) and
human interferons (IFN-a2, IFN-f31) (25,40) can be expressed in the yeast cells
of this invention. Nucleic acid encoding the heterologous protein can be
obtained from commercially available cDNA libraries and amplified by PCR.
The gene product can be expressed by cloning into the yeast expression vectors
described herein. The amount of the eukaryotic protein in the cell and in the
medium can be monitored by techniques such as Western blot analysis or
immunoprecipitation with commercially available antibodies according to
protocols well known in the art. The heterologous protein can be isolated and
purified from the culture supernatant or cell extract according to methods well

known in the art.

Throughout this application, various publications are referenced. The
disclosures of these publications in their entireties are hereby incorporated by
reference into this application in order to more fully describe the state of the art

to which this invention pertains.

Although the present invention has been described with reference to
specific details of certain embodiments thereof, it is not intended that such
details should be regarded as limitations upon the scope of the invention except

as and to the extent that they are included in the accompanying claims.
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Table 1. Characterization of the subunits of the yeast signal peptidase complex

MW, Gene Essential for Proposed

Protein (kDa) Disruption Cell Growth Function

Secllp 18 Asecll::HIS3 Yes catalytic subunit
Spclp 11 Aspcl::TRP1 No enzyme efficiency
Spc2p 20 Aspc2::URA3  No complex stability

Spc3p 25  Aspc3::LEU2  Yes catalytic subunit
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Table 2. Sequence comparisons between subunits of canine and yeast SPCs.

The values are based on the number of amino acids in the yeast subunits.

Homologies were derived by the method described in reference 38.

Canine Yeast Identity Similarity  Reference
SPC18 Sectip 48% 75% (6,45)
SPC21 Secllip 45% 75% (6,20)
SPC12 Spclp 24% 63% (13,26)
SPC25 Spc2p 20% 55% (19,33)
SPC22/23 Spc3p 24% 59% (17,46)
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Table 3
Oligonucleotides used for PCR cloning of human SPC12:
Forward primer: 5-GGGGATCCACGCCAGCCATGCTGGAGC-3' (SEQID

NO:5)

BamHI
Reverse primer: 5'-GGGGAATTCAACCCAACTGGGCTAGAAA-3' (SEQ
ID NO:6)

EcoRI

Oligonucleotides used for PCR cloning of canine SPC18:

Forward primer: 5'-GGGGATCCGGCCGCGCCATGCTGTCTC-3' (SEQID

NO:7)
BamH]I

Reverse primer: 5-“GGGGAATTCTTACTCACGATGGACCAG-3' (SEQ ID

NO:8)

EcoRI
Oligonucleotides used for PCR cloning of canine SPC21:

Forward primer: 5-GGGGATCCAGCCCGCCATGGTGCGCGCGG-3' (SEQ

ID NO:9)
BamHI .
Reverse primer: SGGGGAATTCTCTTTTTAGGATTCACGT-3' (SEQID
NO:10)
EcoRI

Oligonucleotides used for PCR cloning of canine SPC22/23:

Forward primer: 5-GGGGATCCATGAACACGGTGCTGTCG (SEQID

NO:11)
BamHI
Reverse primer: 5-GGGATCGATTTAATAACTCTTCGTTA (SEQ ID
NO:12)
Clal

Oligonucleotides used for PCR cloning of canine SPC25:

Forward primer: 5-GGGGATCCACAGACAAGATGGCGGCGGCGTCT-3'
(SEQ ID NO:13)

BamH]I
Reverse primer: 5'-GGGGAATTCTACTTTATCCATTTTAAGTTCTG-3'
(SEQ ID NO:14)

EcoRl
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SEQUENCE LISTING

{1) GENERAL INFORMATION:

(1) APPLICANT: VANDERBILT UNIVERSITY
305 Kirkland Hall
Nashville, TN 37240

{ii) TITLE OF INVENTION: GENETICALLY ENGINEERED YEAST WITH
MODIFIED SIGNAL PEPTIDASE COMPLEX

{iii) NUMBER OF SEQUENCES: 17

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: NEEDLE & ROSENBERG, P.C.
(B) STREET: Suite 1200, 127 Peachtree Street
(C) CITY: Atlanta
{D) STATE: Georgia
({E} COUNTRY: USA
(F) ZIP: 30303

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 25 SEPT 19987
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: MILLER, MARY L.
(B} REGISTRATION NUMBER: 39,303
(C) REFERENCE/DOCKET NUMBER: 22000.0066/P

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 404/688-0770
(B) TELEFAX: 404/688-9880

(2) INFORMATION FOR SEQ ID NO:1l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:
GTTGATCATC ATCTTAGA 18

(2) INFORMATION FOR SEQ ID NO:Z:
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{1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (gencmic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CGACGTGCTG TATAATGA 18

(2) INFORMATION FOR SEQ ID NO:3:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CGGGATCCAT GAACAAGCGG CAG 23
(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(11) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:4:
GGGGAATTCT CTTTTTAGGA TTCACGT 27
{(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GGGGATCCAC GCCAGCCATG CTGGAGC 27
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1ii1) MOLECULE TYPE: DNA (genomic)

{%x1) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GGGGAATTCA ACCCAACTGG GCTAGAAA 28
{2) INFORMATION FOR SEQ ID NO:7:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base palrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GGGGATCCGE CCGCGCCATG CTGTCTC 27
(2) INFORMATION FOR SEQ ID NO:8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base palrs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GGGGAATTCT TACTCACGAT GGACCAG 27
{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



WO 98/13473 PCT/US97/17597

37

(11) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GGGGATCCAG CCCGCCATGG TGCGCGLGG 29
(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
GGGGAATTCT CTTTTTAGGA TTCACGT 27
(2) INFORMATION FOR SEQ ID NO:11:
(1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear
{(i1) MOLECULE TYPE: DNA {genomic)
(%1} SEQUENCE DESCRIPTION: SEQ ID NO:11l:
GGGGATCCAT GAACACGGTG CTGTCG 26
(2) INFORMATION FOR SEQ ID NO:12:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 26 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
26

GGGATCGATT TAATAACTCT TCGTTA

(2) INFORMATION FOR SEQ ID NO:13:
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{1) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{11) MOLECULE TYPE: DNA (genomic)
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GGGGATCCAC AGACAAGATG GCGGCGGCGT CT 32

(2) INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {(genomic)

{X1) SEQUENCE DESCRIPTION: SEQ ID NO:14:

GGGGAATTCT ACTTTATCCA TTTTAAGTTC TG 32

(2) INFORMATION FOR SEQ ID NO:15:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(X1) SEQUENCE DESCRIPTION: SEQ ID NO:15:

CGGGATCCAC ACGTGAATAC TACC 24

(2) INFORMATION FOR SEQ ID NO:16:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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(X1) SEQUENCE DESCRIPTION: SEQ ID NO:16:
CGGAATTCAA TAAATGGGAA CAG 23
(2) INFORMATION FOR SEQ ID NO:17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:17:

CGCGARATCCA AGGAAAAGAG ACGC 24
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What is claimed is:

1. A yeast cell comprising a nucleic acid functionally encoding a
eukaryotic protein homologue of a subunit of the yeast signal peptidase

complex.

2. The yeast cell of claim 1, wherein the eukaryotic protein homologue

is a homologue of the Sec! 1p subunit of the yeast signal peptidase complex.

3. The yeast cell of claim 2, wherein the protein homologue is

mammalian.

4. The yeast cell of claim 3, wherein the mammalian protein

homologue is SPC18.

5. The yeast cell of claim 3, wherein the mammalian protein

homologue is SPC21.

6. The yeast cell of claim 3, wherein the mammalian protein
homologue is a truncated form of SPC21, wherein the negative element has

been deleted from SPC21.

7. The yeast cell of claim 3, wherein the nucleic acid functionally

encodes the mammalian protein homologues SPC18 and SPC21.

8. The yeast cell of claim 3, wherein the nucleic acid functionally
encodes the mammalian protein homologues SPC18 and a truncated SPC21,

wherein the negative element has been deleted from SPC21.
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9. The yeast cell of claim 3, comprising the eukaryotic protein
homologues SPC18, SPC21 and a truncated SPC21, wherein the negative
element has been deleted from SPC21.

10. The yeast cell of claim 1, wherein the yeast cell is Saccharomyces.

11. The yeast cell of claim 1, wherein the yeast cell is

Schizosaccharomyces.

12. The yeast cell of claim |, wherein the yeast cell is Pichia.

13. The yeast cell of claim I, wherein the yeast cell is Hansenula.

14. The yeast cell of claim 1, wherein the yeast cell is Kluyveromyces.

15. The yeast cell of claim 1, wherein the yeast cell is Yarrowia.

16. The yeast cell of claim 1, wherein the eukaryotic protein homologue

is a homologue of the Spc3p subunit of the yeast signal peptidase complex.

17. The yeast cell of claim 16, wherein the protein homologue is

mammalian.

18. The yeast cell of claim 17, wherein the mammalian protein

homologue is SPC22/23.

19. The yeast cell of claim 1, wherein the eukaryotic protein homologue
is a homologue of the Spc3p subunit and a homologue of the Sec11p subunit of

the yeast signal peptidase complex.
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20. The yeast cell of claim 19, wherein the protein homologue is

mammalian.

21. The yeast cell of claim 20, wherein the mammalian protein
homologue is SPC22/23 and a homologue selected from the group consisting
of SPC18, SPC21 and a truncated form of SPC21, wherein the negative
element has been deleted from SPC21.

22. The yeast cell of claim 1, wherein the eukaryotic protein

homologue is a homologue of the Spclp subunit.

23. The yeast cell of claim 22, wherein the eukaryotic protein

homologue is mammalian.

24. The yeast cell of claim 23, wherein the mammalian protein

homologue is SPC12.

25. The yeast cell of claim 1, wherein the eukaryotic protein

homologue is a homologue of the Spc2p subunit.

26. The yeast cell of claim 25, wherein the eukaryotic protein

homologue is mammalian.

27. The yeast cell of claim 26, wherein the mammalian protein

homologue is SPC25.

28. The yeast cell of claim 1, wherein the eukaryotic protein
homologue is a homologue of the Spclp subunit and a homologue of the

Spc2p subunit of the yeast signal peptidase complex.
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29. The yeast cell of claim 28, wherein the eukaryotic protein

homologue is mammalian.

30. The yeast cell of claim 29, wherein the mammalian protein

homologue is SPC12 and SPC 25.

31. The yeast cell of any of claims 1-30 or 32-34, wherein the cell lacks

a functional Secl1p of the yeast signal peptidase complex.

32. The veast cell of any of claims 1-31 or 33-34 wherein the cell lacks

a functional Spc3p of the yeast signal peptidase complex.

33. The yeast cell of any of claims 1-32 or 34, wherein the cell lacks a

functional Spclp of the yeast signal peptidase complex.

34. The yeast cell of any of claim 1-33, wherein the cell lacks a

functional Spc2p of the yeast signal peptidase complex.

35. A method for producing a protein heterologous to a yeast cell
comprising expressing, in the yeast cell of any of claims 1-34, a nucleic acid
functionally encoding the heterologous protein under conditions which permit
the expression of the nucleic acid as a precursor protein having a signal peptide
and processing of the precursor protein to a signal peptide-cleaved form of the

protein.

36. A method for obtaining increased production of a protein
heterologous to a yeast cell comprising expressing, in the yeast cell of any of
claims 1-34, a nucleic acid functionally encoding the heterologous protein
under conditions which permit the expression of the nucleic acid as a precursor
protein having a signal peptide and processing of the precursor protein to a

signal peptide-cleaved form of the protein
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37. A method for producing a yeast cell capable of producing a protein
heterologous to the yeast cell, comprising introducing into the yeast cell a
nucleic acid which functionally encodes one or more eukaryotic protein
homologues of a subunit of the yeast signal peptidase complex under
conditions permitting the expression of the nucleic acid as the protein

homologues.

38. The method of claim 37, wherein the eukaryotic protein
homologue is a homologue of a yeast signal peptidase complex subunit selected

from the group consisting of Secl1p, Spclp, Spc2p and Spe3p.

39. The method of claim 37, wherein the cell lacks one or more

functional subunits of the yeast signal peptidase complex.

40. The method of claim 39, wherein the eukaryotic protein
homologue is a homologue of a yeast signal peptidase complex subunit selected

from the group consisting of Secl1p, Spclp, Spc2p and Spc3p.

41. A method for producing a veast cell capable of increased
production of a protein heterologous to the yeast cell, comprising introducing
into the yeast cell a nucleic acid which functionally encodes one or more
eukaryotic protein homologues of the signal peptidase complex under
conditions permitting the expression of the nucleic acid as the protein

homologues.

42. The method of claim 41, wherein the eukaryotic protein homologue
is a homologue of a yeast signal peptidase complex subunit selected from the

group consisting of Secl1p, Spclp, Spc2p and Spc3p.
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43. The method of claim 41, wherein the cell lacks one or more

functional subunits of the signal peptidase complex.

44. The method of claim 41, wherein the eukaryotic protein
homologue is a homologue of a yeast signal peptidase complex subunit selected

from the group consisting of Secl1ip, Spclp, Spc2p and Spc3p.
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