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WHAT IS CLAIMED:

1. An expression system comprising:
(2} “ahost cell in which the endogenous gene encoding an auxotrophic

selectable marker protein has been removed from the genome of the host cell; and /
(b) an integration vector comprising:

§)] a nucleic acid having an open reading frame (QRF) encoding a
function that is complementary to the function of the endogenous gene eng ing the auxotrophic
selectable marker protein and which is operably linked to a weak promo r, an attenuated
endogenous or heterologous promoter, a cryptic promoter, a truncated’endogenous or

heterologous promoter, or no promoter;

(2)  anucleic acid having an insertion/$ite for the insertion of one or

more expression cassettes comprising a nueleic acid encoding peptides, proteins, and/or
functional nucleic acids of interest, and _
(3) a targeting nucleic acid thdt directs insertion of the integration

vector into a particular location of the genome of the ost cell by homologous recombination.

2. The expression system of/claim 2 wherein the auxotrophic selectable
marker protein is encoded by a gene selecteddrom the group consisting of ADE, URA4, and LY.

3. The expression sy stem of claim 2 wherein the auxotrophic selectable
marker protein is encoded by the AL, 7 gene.

4, The systern of claim 2 wherein the auxotrophic selectable
marker protemn 1s encoded by {he ADE2 gene.
expresmon systern of claim 2, wherem the integration vector
comprises multiple 1sert10n sites for the insertion of one or more expression cassettes encoding
erologous peptides or proteins.

the one or more hef

The expression system of claim 2, wherein the integration vector

compnse fnore than one expression cassette.

7. The expression system of claim 6, wherein the integration vector

prises little or no homologous DNA sequence between the expression cassettes.
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8. The expression system of claim 6, wherein the mtegration vector
comprises a first expression cassette encoding a light chain of a monoclonal antibody and a
second expression cassette encoding a heavy chain of a monoclonal antibody.

9. The expression system of claim 2, wherein the host cell is a lower
eukaryote.

10.  The expression system of claim 9, wherein the host cell is figm a species
selected from the group consisting of Pichia pastoris, Pichia finlandica, Pichia ehalophila,
/Pichia lindneri),

, Pichia pijperi,

Pichia koclamae, Pichia membranaefaciens, Pichia minuta (Ogataea minutg
Pichia opuntiae, Pichia thermotolerans, Pichio salictaria, Pichia guercuy
Pichia stiptis, Pichia methanolica, Pichia sp., Saccharomyces cerevisige, Saccharomyces sp.,
Hansenula polymorpha, Kluyveromyces sp., Kluyveromyces lactis, Candida albicans,
Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae, Tric, oderma reesei, Chrysosporium
lucknowense, Fusarium sp., Fusarium gramineurn, F usarium Fenenatum, FPhyscomitrella patens,

and Meurospora crassa.
11.  The expression system of claipd , wherein the host cell 1s Pichia pastoris.
12. The expression system of claim 11, wherein the Pichia pastoris cell has
been modified to be capable of producing glycoproteins having hybrid or complex N-glycans.

13. A method for gxpressing a recombinant peptide, proteins, and/or nucleic
acid of interest in a host cell comppsing: '

function that is complementary to the function of the endogenous gene encoding the auxotrophic

selectable markegprotein and which is operably linked to a weak promoter, an attenuated
endogenous oeterologous promoter, a cryptic promoter, a truncated endogenous or
heterologos promoter, Of no promoter;

" (2)  anucleic acid having one or more expression cassettes comprising
a nugleic acid encoding peptides, proteins, and/or functional nucleic acids of interest, and

(3)  atargeting nucleic acid that directs insertion of the integration

/vecior into a particular location of the genome of the host cell by homologous recombination,

U
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wherein the transformed host cell produces the recombinant peptide, protein /

and/or nucleic acid of interest.

14.  The method of claim 14 wherein the auxotrophic marker is ' bya
gene selected from the group consisting of ADE, URA, and LYS. "

15, The method of claim 14 wherein the auxotrophic mark protein 1s
encoded by the 4ADE] gene

- 16, The method of claim 14 wherein the r marker protein is
encoded by the ADE2 gene.
17. The method of claim 13, wherein the ombinant vector comprises

multiple insertion sites for the insertion of one or more expfession cassettes encoding the one or
more heterologous peptides or proteins. '

18.  The method of claim 13, v the recombinant vector comprises more

than one expression cassette.

i5. The method of clai 8, wherein the recombinant vector comprises little

or no homologous DNA sequence betwgen the expression casseties.

20. The method/of claim 18, wherein the recombinant vector comprises a first
expression cassetie encoding a i ght chain of 2 monoclonal antibody and a second expression
cassette encoding a heavy of 2 monocional antibody.

21. ? method of claim 13, wherein the host cell is a lower eukaryote.

The method of claim 21, wherein the host cell is from a species selected
from the group Sonsisting of Pichia pastoeris, Pichia finlandica, Pichia trehalophila, Pichia
koclamae, Pithia membranaefaciens, Pichia minuta (Ogataea minuta, Pichia lindneri), Pichia

opuntiae, Pichia thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi, Pichia

Aucknowense, Fusarium sp., Fusarium gramineum, Fusarium venenatum, Physcomitrella patens,

and Newrospora crassa.
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23, The method of claim 13, wherein the host cell is Pichia pastoris.

24, The method of claim 23, wherein the Pichia pastoris cell has begt |
meodified to be capable of producing glycoproteins having hybrid or complex N-glycahs.

25.  An isolated nucleic acid comprising the ADE2 gene of Pichia pastoris.

26.  The nucleic acid of Claim 25 wherein the nucleic aéid comprises the open

reading frame that encodes the Ade2p protein.

27. The nucleic acid of Claim 26 wherem the 7 ficleic acid has a nucleotide

sequence with 95% identity to the nucleic acid sequence showy{ in SEQ ID NO:6¢ from
nucleotide 127 to nucleotide 1,815.
28, A vector comprising the nucleig cid of Claim 27.

functional.
30. The Pichia pastoris of Claim 29 wherein a vector comprising an ADE?2
open reading frame 1s integrated into a location in the Pichia pastoris genome other than the

location where the endogenous ADEZ gene had been located.

31 A;l} olated polypeptide comprising an amino acid sequence with 95%
identity to the amino acid sequence shown in SEQ ID NO:61.

An exXpression system comprising:

a Pichia pastoris host cell in which the endogenous 4 DE2 gene encoding
Ade2p has béen removed from the genome of the host cell; and
(b)  an integration vector comprnsing:
(1) a nucleic acid encoding the Ade2p;
(2)  anucleic acid having an insertion sife for the insertion of one or
Ore expression cassettes comprising a nucleic acid encoding one or more heterologous

peptides, proteins, and/or functional nucieic acids of interest, and
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3 a targeting nucleic acid that directs insertion of the integration
vector into a particular location of the genome of the host cell by homologous recombination.

33. A method for producing a recombinant Pichia pastoris host cell tha
expresses a heterologous peptide, proteins, and/or nucleic acid of interest comprising:
| (a) - providing the host cell in which the endogenous 4DE2 gene eptoding an
AdeZp has been removed from the genome of the host cell; and
(a}  transforming the host cell with an integration vector comprising:
(1) a nucleic acid encoding the Ade2p;
2) a nucleic acid having one or more expressigh cassettes comprising
a nucleic acid encoding one or more heterologous peptides, proteins, and/or functional nucleic
acids of interest, and _
(3) a targeting nucleic acid that directyinsertion of the integration
vector into a particular location of the genome of the host cell by homologous recombination,
wherein the transformed host cell produces } ¢ recombinant peptide, protein,

and/or nucleic acid of interest.




WHAT IS CLAIMED:

1. An expression system comprising:

{a) a Pichia host cell in which the ADE2 gene represented by SEQ 1D NO: 60 has been removed from the

genome of the host cell; wherein the cell is auxotrophic for adenine; and

{b) an integration vector comprising:
(1} a nucleic acid having an open reading frame encoding a function that is complementary to the
function of the endogenous ADE2 gene operably linked to a promoter or no promoter wherein the
nucleic acid consists of the nucleic acid sequence shown in SEQ ID NO: 60 from nucleotide 127
to nucleotide 1,815;
(2) a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding peptides, proteins, and/or functional nucleic acids of interest,
and
(3) a targeting nucleic acid that directs insertion of the integration vector into & particular location
of the genome of the host cell by roll-in single-crossover homelogous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucleic acid having the open

reading frame when the nucleic acid is in the host cell.

2. An expression system comprising:

(a) a Pichia host cell in which the ADE] gene has been removed from the genome of the host cell;

wherein the cell is auxotrophic for adenine; and

(b) an integration vector comprising:
(1) A nucleic acid having an open reading frame encoding a function that is complementary o the
function of the endogenous ADE] gene operably linked to a promoter or no promoter;
(2) a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding peptides, proteins, and/or functional nucleic acids of interest,
and
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucleic acid having the open

reading frame when the nucleic acid is in the host cell.
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3. An expression system of claim 2, comprising:

(2) a Pichia host cell in which the ADE] gene represented by SEQ ID NO: 56 has been removed from the

genome of the host cell; wherein the cell is auxotrophic for adenine; and '

(b} an integration vector comprising: _
(1) a nucleic acid having an open reading frame encoding a function that is complementary to the
function of the endogenous 401 gene operably Hnked to a promoter or no promoter wherein the
nucieic acid consists of the nucleic acid sequence shown in SEQ ID NO: 56;
(2) a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding peptides, proteins, and/or functional nucleic acids of interest,
and
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucleic acid having the open

reading frame when the nucleic acid is in the host cell.

4, The expression systemn of any one of claims 1 to 3, wherein the integration vector comprises mulliple
nsertion sites for the insertion of one or more expression cassettes encoding the one or more heterologous

peptides or proteins.

5, The expression system of any one of claims 1 to 3, wherein the integration vector comprises more than

one expression cassette.

6. The expression system of claim 5, wherein the integration vector comprises little or no homologous

DNA sequence between the expression cassettes.

7. The expression system of claim 5, wherein the integration vector comprises a first expression cassette
encoding a light chain of a monoclonal antibody and a second expression cassette encoding a heavy chain

of a monoclonal antibody.

8. The expression system of any one of claims 1 to 3, wherein the Pichia host cell is selected from the
group consisting of Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamag, Pichia
membranaefaciens, Pichia minuta {Ogataeq minuta, Pichia lindneri), Pichia opuntiae, Pichia
thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi, Pichia stiptis, and Pichia

methanolica.
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9. The expression system of claim 8, wherein the Pichia host cell is Pichia pastoris.

10. The expression system of claim 9, wherein the Pichia pastoris cell has been modified to be capable of

producing glycoproteins having hybrid or complex N-glycans.

11. A method for expressing a recombinant peptide, proteins, and/or nucleic acid of interest in a Pichia
host cell comprising:
(a) providing the host cell in which the endogenous ADE2 gene represented by SEQ ID NO: 60 has been
removed from the genome of the host cell; wherein the host cell is auxotrophic for adenine; and
(b} transforming the host cell with an integration vector comprising:
(1} a nucleic acid having an open reading frame encoding a function that is complementary to the
function of the endogenous ADE? gene operably linked te a promoter or no promoter wherein the
nucleic acid consists of the macleic acid sequence shown in'SEQ 1D NO: 60 from nucleotide 127
to nucleotide 1,815; .
(2) a nucleic acid having one or more expression cassettes comprising a nucleic acid encoding
peptides, proteins, and/or functional nucleic acids of interest, and
(3) a targeting nucleic acid fhat directs insertion of the integration vector into a particular location '
of the genome of the host cel! by roll-in single crossover homologous recombination, wherein the
transformed host cell produces the recombinant peptide, protein and/or nucleic acid of interest;
wherein the auxotrophy of said host cell is not fully complemented by the nucleic acid having the

open reading frame when the nucleic acid 15 in the host cell.

12. A method for expressing a recombinant peptide, protein and/or nucleic acid of interest in a Pichia host
cell comprising:
{a) providing the host cell in which the endogenous ADE] géne has been removed from the genome of the
host cell, wherein the host cell is auxotrophic for adenine; and
(b) transfomling the host cell with an integration vector comprising:
{1} a nucleic acid having an open reading frame encoding a funciion that is complementary to the
function of the endogenous ADET gene operably linked to a promoter or no promoter;
{2) a nucleic acid having ohe or more expression casseﬁes comprising a nucleic acid encoding
peptides, proteins, and/or functional nucleic acids of interest,
and '
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location

of the genome of the host cell by roll-in single crossover homologous recombination, wherein the
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transformed host cell produces the recombinant peptide, protein and/or nucleic acid of interest;
wherein the auxotrophy of said host cell is not fully complemented by the nucleic acid having the

open reading frame when the nucleic acid is in the host cell.

13. The method of claim 12, comprising:

a) providing the host cell in which the endogenous ADE{ gene represented by SEQ 1D NO: 56 has been

removed from the genome of the host cell, wherein the host cell 1s auxotrophic for adenine; and

{b) transforming the host cell with an integration vector comprising: '
(1) a nucleic acid having an open reading frame encoding a function that is complementary to the
function of the endogenous ADET gene operably linked to a promoter or o promoter wherein the
nucleic acid consists of the nucleic acid sequence shown in SEQ ID NO: 56;
(2 ) a nucleic acid having one or more expression cassettes comprising a nucleic acid encoding
peptides, proteins, and/or functional nucleic acids of interest,
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single crossover homologous recombination,
wherein the transformed host cell produces the recombinant peptide, protein and/or nucleic acid
of interest; and wherein the auxotro_phy of said host cell is not fully complemented by the nucleic

acid having the open reading frame when the nucleic acid is in the host cell.

14. The method of any one of claims 11 to 13, wherein the recombinant vector comprises multiple
insertion sites for the insertion of one or more expression cassettes encoding the one or more heterologous

peptides or proteins.

15. The method of any one of claims 11-13, wherein the recombinant vector comprises more than one

expression cassette,

16. The method of claim 15, wherein the recombinant vector comprises little or no homologous DNA

sequence between the expression casseftes.
[7. The method of claim 15, wherein the recombinant vector comprises a first expression cassette

encoding a light chain of a monoclonal antibody and a second expression cassette encoding a heavy chain

of a monoclonal antibody.
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18. The method of any one of claims 11 to 13, wherein the Pichia host cell is selected from the group
consisting of FPichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia
membranaefaciens, Pichia minuta (Ogataea minuta, Pichia lindneri), Pichia opuntiae, Pichia
thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi, Pichia stiptis, and Pichia

methanolica.
19. The method of claim 1§, wherein the Pichia is Pichia pastoris.

20. The method of claim 19, wherein the Pichia pastoris cell has been modified to be capable of

producing glycoproteins having hybrid or complex N-glycans,

21. A Pichia pastoris cell prototrophic for adenine comprising a deletion or disruption of the endogenous
ADE2 gene, or any other modification, rendering the ADE2 gene or Ade2p non-functional and more than
one copy of a vector comprising an ADE? open reading frame operably linked to a promoter or no
promoter integrated by roll-in single-crossover homologous recombination into a location in the Pichia

pastoris genome other than the location where the endogenous ADE2 gene had been located.

22. An expression system comprising:
(a) a Pichia pastoris host cell in which the endogenous ADE2 gene encoding Adelp represented by SEQ
I3 NO:60 has been removed from the genome of the host cell; wherein said cell is auxotrophic for
adenine; and
(b) an integration vector comprising:
{1) a nucleic acid encoding the AdeZp protein having the amino acid sequence set forth in SEQ
ID NO: 61;
{2) a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding one or more heterologous peptides, proteins, and/or
functional nucleic acids of interest, and
(3} a targeting nucleic acid that directs insertion of the integration vector info a particular Jocation
of the genome of the host cell by roll-in single-crossover homologous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucieic acid having the open

reading frame when the nucleic acid is in the host ceil.
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23. An expression system comprising:

(&) a Pichia pastoris host cell in which the endogenous ADET gene enceding Adelp has been removed

from the genome of the host cell; wherein said cell is auxotrophic for adenine; and

{b) an integration vector comprising: '
(1} a nueleic acid encoding the Adelp;
(2) a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding one or more heterologous peptides, proteins. and/or
functional nucleic acids of interest and
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucleic acid having the. open

reading frame when the nucleic acid is in the host cell.

24, The expression system of claim 23, comprising:
(a) a Pichia pastoris-host cell in which the endogenous ADET gene encoding Adelp represented by SEQ
ID NO:56 has been removed from the genome of the host cell; wherein said cell is auxotrophic for
adenine; and |
(b) an integration vector comprising:
(1) a nucleic acid encoding the Adel protein having the amino acid sequence set forth in SEQ 1D
NO: 57,
(2} a nucleic acid having an insertion site for the insertion of one or more expression cassettes
comprising a nucleic acid encoding one or more heterologous peptides, proteins and/or functional
ruelelc acids of interest, and
(3} a targeting nucleic acid that directs insertion of the integration vector inte a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination; wherein the
auxotrophy of said host cell is not fully complemented by the nucleic acid having the open

reading frame when the nucleic acid is in the host cell.

25. A method for producing a recombinant Pichia pastoris host cell that expresses a heterologous peptide,
proteins, and/or nucleic acid of interest comprising;

(a) providing the host cell in which the endogenous ADE?Z gene encoding Ade2p represented by SEQ 1D
NO: 60 has been removed from the genome of the host cell; wherein said cell is auxotrophic for adenine;
and

(b) transforming the host cell with an integration vector comprising:
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(1) a muclesc acid encoding the Ade2p protein having the amino acid sequence set forth in SEQ
ID NO: 61;

(2) a nucleic acid having one or more expression cassettes comprising a nucleic acid encoding
one or more heterologous peptides, proteins, and/or functional nucleic acids of interest, and

(3) a targeting nucleic acid that directs insertion of the integration vector into é particular location
of the genome of the host cell by roll-in single~crossover homologous recombination, wherein the
transformed host cell produces the recombinant peptide, protein, and/or nucleic acid of interest;
wherein the auxoirophy of said host cell is not fully complemented by the nucleic acid having the

open reading frame when the nucleic acid is in the host cell.

26. A method for producing a recombinant Pichia pastoris host celi that expresses a heterologous peptide,
proteins, and/or nucleic acid of interest comprising:
{a) providing the host cell in which the endogenous ADE/ gene encoding Adelp has been removed from
the genome of the host cell; wherein said cell is auxotrophic for adenine; and
(b) transforming the host cell with an integration vector comprising:
(1} a nucleic acid encoding the Adelp;
(2)a nuc}eié acid having one or more expression cassettes comprising a nucleic acid encoding
one or more heterologous peptides, proteins and/or functional nucleic acids of interest, and
(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination, wherein the
transformed host cell produces the recombinant peptide, protein, and/or nucleic acid of interest;
wherein the auxotrophy of said host cell is not fully complemented by the nucleic acid having the

open reading frame when the nucleic acid 1s in the host cell.

27, The method of claim 26, comprising:

{a) providing the host cell in which the endogenous ADE] gene encoding Adelp represented by SEQ ID
NO:56 has been removed from the genome of the host cell; wherein said cell is auxotrophic for adenine;
and
(b) transforming the host cell with an integration vector comprising:

(1) a nucieic acid encoding the Adelp protein having the amino acid sequence set forth in SEQ
1D NO: 57,
(2) a nucleic acid having one or more expression cassettes comprising a nucleic acid encoding

one or more heterologous peptides, proteins, and/or functional nucleic acids of interest, and
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(3) a targeting nucleic acid that directs insertion of the integration vector into a particular location
of the genome of the host cell by roll-in single-crossover homologous recombination, wherein the
transfom1ed host cell produces the recombinant peptide, protein, and/or nueleic acid of interest;

wherein the auxotrophy of said host cell is not fully complemented by the nucleic acid having the

open reading frame when the nucleic acid is in the host cell.
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