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It is desirable to provide improved recombinant eukaryotic cell lines to produce
fermentation products that can be isolated with high yields. Therefore, it is the object of
the present invention to provide for alternative regulatory elements suitable for

recombinant production methods, which are simple and efficient.

SUMMARY

The object is solved by the subject matter as claimed.

According to the disclosure there is provided an isolated nucleic acid sequence
comprising a promoter, which is a native sequence of Pichia pastoris comprising or
consisting of the pCS1 nucleic acid sequence of SEQ ID 1, or a functionally active
variant thereof which is a size variant, a mutant or hybrid of SEQ ID 1, or a
combination thereof.

In one aspect, there is provided an isolated pCS1 promoter nucleic acid
sequence, which is a native sequence of Pichia pastoris comprising the pCS1 nucleic
acid sequence (SEQ ID 1), or a functionally active variant thereof which is a size
variant, a mutant or hybrid of SEQ ID 1, or a combination thereof, which has a length
of 200-1500 bp and at least 8280% sequence homology to the sequence of SEQ 1D 1.

According to a specific embodiment, there is provided an isolated nucleic acid
sequence comprising a promoter, which is a native sequence of Pichia pastoris comprising or
consisting of the pC3S1 nucleic acid sequence of SEQ 1D 1, or a functionally active variant
thereof which is a size variant, a mutant or hybrid of SEQ ID 1, or a combination thereof,
wherein said functionally active variant exhibits substantially the same activity as pCS1,
specifically the pCS1 nucleic acid sequence of SEQ ID 1.

Specifically, the pCS1 nuclectide sequence is identical with the sequence of SEQ
D 1.

Preferably, the nucleic acid sequence of the disclosure is not identical to the nucleic
acid of SEQ ID 87 as listed in W0O2007/015178 A2 (i.e. SEQ ID 24 of this application).

Specifically, the functionally active variant is

a) a size variani of pCS1 of SEQ ID 1, preferably consisting of or comprising the

nucleic acid sequence selected from the group consisting of SEQ ID 2, 3, 4, 5, 6, 7 and 8;
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- at least one further sequence selected from the group consisting of pCS1 of
SEQ ID 1, a size variant of a), a mutant of b), and a heterologous sequence; or

d) a sequence which hybridizes under stringent conditions to any of the size
variant, or the mutant nucleic acid sequences of a), or b).

Preferably, the size variant of pC31 of SEQ ID 1 consists of any of SEQ ID 2,
SEQID 3, SEQID4, SEQID50orSEQID 6

According to a specific embodiment, the functionally active variant is selected
from the group consisting of homologs with

i) at least about 60% nucleotide sequence identity;

ii) homologs obtainable by modifying the nucleotide sequence of pCS1 of SEQ

ID 1 or size variants thereof, by insertion, deletion or substitution of one or more

nucleotides within the sequence or at either or both of the distal ends of the sequence,
preferably with a nucleotide sequence of 80 bp to 1500 bp, or of 200 bp to 1500 bp,
more preferably at least 200 bp;and

iif} analogs derived from species other than Pichia pastoris.

Specifically the functionally active variant of the disclosure has substantially the same
promoter activity as pCS1.

According to a specific embodiment, the nucleic acid sequence is operably linked to a
nuclectide sequence encoding a protein of interest (POI), which nucleic acid is not natively
associated with the nucleotide sequence encoding the PO,

According to a specific embodiment, the nucleic acid sequence further comprises a
signal peptide gene enabling the secretion of the PQI, preferably wherein the signal peptide
gene is located adjacent to the §' end of the nucleotide sequence encoding the POL.

Accordingly, the disclosure specifically refers o the nucleic acid sequence which further
comprises a nucleic acid sequence encoding a signal peptide enabling the secretion of the
POI, preferably wherein nucleic acid sequence encoding the signal peptide is located adjacent
to the 5’ end of the nucleotide sequence encoding the POI.

In ancther aspect, there is provided an expression construci comprising the nuclsic

acid sequence described herein,

o b by -providedDisciosed Is an expression construct comprising the

nucleic acid sequence as defined herein, preferably an autonomously replicating vector or
plasmid, or one which integrates into the chromosomal DNA of a host cell.

In another aspect, there is provided a recombinant host cell which comprises a nucleic

acid seguence described hersin or an expression construct described herein.

i @ t-therg-s-providedDisclosed is a recombinant host cell which comprises a

nucleic acid sequence as defined herein or an expression construct as defined herein,
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preferably a eukaryotic cel, more preferably a yeast or filamentous fungal cell, more preferably
a yeast cell of the Saccharomyces or Pichia genus.

According to a specific embodiment, the recombinant host cell comprises muitiple
copies of the nucleic acid sequence, and/or multiple copies of the expression construct. For
exampie, the recombinant cell comprises 2, 3, 4, or more copies {gene copy number, GCN).

Specifically, the recombinant host cell is selected from the group consisting of
mammalian, insect, yeast, filamentous fungi and plant cells, preferably a yeast, preferably any
of the P. pastoris strains CBS 704, CBS 2612, CBS 7435, CBS 9173-9189, DSMZ 70877, X-
33, G8115, KM71 and S8MD1168. in some embodiments, the recombinant host cell is a P.
pastoris strain other than X-33,

In one aspect, there is provided a stable culture of a plurality of the cell as defined
hersin.

In one aspect, there is provided a method of producing a protein of interes{ (PO!) by

culturing a recombinant host cell fine comprising the promoter as defined herein, or the
expression construct as defined herein, and a nucleic acid encoding the POl under the
transcriptional control of said promoter, or the recombinant host cell as defined herein,
comprising the steps of

a) cultivating the cell line under conditions to express said POI, and

b) recovering the POI.

Specifically, the POl is expressed under growth-limiting conditions, e.9. by cultivating
the cell line at a growth rate of less than the maximal growth rate, typically less than 90%,
preferably less than 80%, less than 70%, less than 60%, less than 50%, less than 40%. less
than 30%, less than 20%, less than 10%, less than 5%, less than 3%, less than 2%, less than
1%, less than 0,5%, less than 0,4%, less than 0,3%, or less than 0,2% of the maximum growth
rate of the cells. Typically the maximum growth rate is individually determined for a specific
host cell.

According to a specific embodiment, the cell line is cultivated under baich, fed-batch or
continuous cultivation conditions, and/or in media containing limited carbon subsirate.

Specifically, the cultivation is performed in a bioreactor starting with a batch phase
followed by a fed-batch phase or a continuous culiivation phase,

Specifically, the host cells are grown in a carbon source rich medium during the phase
of high growth rate (e.g. at least 50%, or at least 60%, atl least 70%, at least 80%, at least

90%, at least 95%, at least 98%, at least ©99%, or up to the maximum
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or at least 0,07 h™, at least 0,08 h™", at least 0,09 h™", at least 0,1 h™", e.g. at a growth
rate of 0,15 h™!, and a second one representing a low growth rate, such as less than
the first one, e.g. less than 0,05 h'", preferably tess than 0,04 h™, less than 0,03 b, or
less than 0,02 h'', e.g. at a growth rate of 0,015 h'. The transcription level is
specifically determined by analysis of the gene expression patterns using DNA
microarrays, e.g. according to Example 11 below.

The disclosure further provides for the use of an isolated nucleic acid sequence
comprising or consisting of a promoter which when operatively linked to a nucleotide
sequence encoding a POI directs the expression thereof in a host cell at an expression
level that is higher than under control of the native pGAP promoter at high and low
growth rates, preferably in a method of producing a POI! by cultivating a host cell
transformed with the nucleic acid sequence, wherein the cultivation is performed in a
bioreactor starting with a batch phase followed by a fed-batch phase or a continuous
cultivation phase.

Specifically, the expression level is determined at a high growth rate and a low growth
rate within the range of 0,01 to 0,2 h™, preferably within the range of 0,015 to 0,15 &, e.g. by
examining at least two samples of a cell culture, a first one representing a high growth rate,
such as at least 0,05 h”', preferably at least 0,06 h”", or at least 0,07 h™', at least 0,08 h™", at
least 0,09 h", atleast 0,1 h™, e.g. ata growth rate of 0,15 h”', and a second one representing a
low growth rate, such as less than the first one, e.g. less than 0,05 h”, preferably less than
0,04 h, less than 0,03 h”, or less than 0,02 h™, e.g. at a growth rate of 0,015 h™'. The
expression level is specifically determined under growth-limited conditions. An example of
determining the expression strength in growth-limited conditions e.g. in a glucose-limited
chemostat cultivation, at high and low growth rates is provided in Example 10 below.

Specifically, the expression level is at least 1.1-fold higher compared to the pGAP
promoter, preferably at least 1.2-fold, preferably at least 1.3-fold, preferably at least 1.4-fold,
preferably at least 1.5-fold, preferably at least 1.6-fold, preferably at least 1.7-fold, preferably at
ieast 1.8-fold, preferably at least 1.9-fold, preferably at least 2-fold, preferably at least 3-fold,
preferably at least 4-fold, preferably at least 5-fold, preferably at least 10-fold, or at least 15-
fold higher.

in another aspect. there is provided a use of the isolated nucleic acid sequence
described herein or the expression construct described herein in a method of producing a
protein of intersst (PCH by cultivating a host cell transformed with the nudleic acid sequsnce
and/or the expressicn construct.

= T s e-providedlisclosed is the use of the isolated nucleic acid
sequence as defined herein or the expressmn construct as defined herein in a method of
producing a POl by cultivating a host cell transformed with the nucleic acid sequence and/or
the
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3

1. An lsolated pCS1 promoter nucielc acld sequence, which Is & ngti@e

sequence of Pichia pastorls comprising the pC81 nucleic acid sequence (SE(;»"‘I”I‘Z} 1,

or & functionally active vartent thereof which is 2 slze variant, a8 mutant o;;«'ﬁ"ybrid of

5 SEQID 1, or & combination thereof, which has a length of 200-1500 bgséﬁd at least
60% saquence homology to the sequence of SEQ ID 1.

2. The nuelslc acld sequence according to clalm 1, which q_pﬁ;ztsts of the pCS1

nuclelo acid sequence (SEQ ID 1).

3. The nuclelc acid according to claim 1 or 2, whergirf said functionally active

10  variant exhiblts substanflally the same activity as the pCS'! nucleic acld segusnce
(SEQ 1D 1),

/’l

4. The nucleic acld sequence according to r;la/lh 1 or 2, wherein the functionally

active variant is <

I

8) a size variant of SEQ 1D 1, prafera_blﬁl compriging or consisting of the nucleic
15 acid sequence selected from the group conslsting of SEQ ID 2, 3, 4, §, and 6, most
prefarably the nuclelc acld sequsnca ? siste of SEQID 2,3, 4,6, or 8;
b} & mutant of SEQ ID 1, or &' mutant of the slze varlant of a), which mutant has
at lsast 60% homoalogy to the seqﬁence SEQ ID 1 or to the size variant;
¢) & hybrid cc:mprislng/
20 ~a sequer;ge"f selected from the group consisting of SEQ ID 1, a size
variant of &), and a mutant of b); and
- at least one further sequence selected from the group consisting of SEQ
D1, a si;{faﬁant of a), a mutant of b), and a heterologous sequence; or
d) a §é€uence which hybridizes undsr stringent conditions to any of the size
25  variant, cyﬁfwe mutant nuclsic acid seguences of a}, or b).

CAMENDED SHEET (ARTICLE-19)
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5. The nucleic acid sequence according to any of claims 1 to 4, wherein the
functlonally active variant is selected from the group consisting of

1) homelogs obtainable by modlfying the nucieotide ssquence of SEQ ID 1 of
size variants thereof, by Insertion, deletion or substitution of one or mare nucleqﬂc/fes
within the sequence or at elther or both of the distal ends of the sequencs; and /

If) analogs derived from specles other than Pichia peatoris. )

8. The nucleic acid ssquence according to any of claims 1 tpf/ﬁ, which ls
operably linked to a nucleotide sequence encoding a protein of Ente&;e"ét (PO}, which
nucleic acid is not natively assoclated with the nucieotide sequence,éhcod!ng tha PO,

7. The nucleic acid sequence according to claim 8, whgch further comprises g
nucisic acid sequence encoding 2 signal peptide enablinq /th/é secretion of the POI,
preferably wherein nucleic acid sequence encoding t?)é' signal peptide is localed
adjacent to the §' end of the nucleotide sequence encoding the PO,

B, An expression construct comprising the r},u'éleic acld sequence according 1o
any of claims 1 toi?, preferably an autonomnus{y/ ;apiicating vector or plasmid, or ons
which Integratas into the chromosomal DNA of4 host call,

8. A recombinant host celi which cormprises a nuclelc acid sequence according
to any of clalms 1 t0 7 or an expressipﬁf construct according to claim 8, preferably a
eukaryotic cell, more preferably a yeé:ét or filamentous fungal celi, more praferably a
yeast cell of the Saccharomyces _or"";Pichia genus,

10. The recomblinant hpsi cell according to claim 8, comprising multiple copies
of the nucleic acld sequenqa;:;andior multiple copies of the expression construot.

11. The recombir;aﬁ"t host cell according to claim 8 or 10, which is selected from
the group conaisting“,d% mammallan, insect, yeast, fllamentous fungi and plant cells,
preferably a yeast, "Ereferabiy any of the P, pestoris strains CBS 704, CBS 26812, CBS
7435, GBS g1“{:319189. DSMZ 70877, X-33, 68115, KM71 and SMD1188,

12. A stabls culture of a plurality of the cell acsording to any of diaim , 10 or 11.

-AMENDED SHEET (ARTICLE-19)
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13. A method of producing a POl by culturing a recombinant host cell lige’f
comprising the promoter according to any of claims 1 to 7 or the expression constvt"éct
according to claim 8, and a nucleic acid encoding the POl under the transcr'é;onal
control of said promoter, or the recombinant host cell according to any of ¢laims 9 to
11, comprising the steps of /;’

a) cultivating the cell line under conditions to express said PO, aﬁa

b) recovering the POI. /

14. The method according to claim 13, wherein the PO‘/I/?MS expressed under
7

growth-limiting conditions. 7

15. The method according to claim 13 or 14, where'ﬁfthe cell line is cultivated
under batch, fed-batch or continuous cultivation COHdI‘IiO}lS and/or in media containing
limited carbon substrate. f

16. The method according to ciaim 15, wherem the cultivation is performed in a
bioreactor starting with a batch phase foilowed by a fed-batch phase or a continuous
cultivation phase. ‘.f’

17. Method according to any of clazms 13 to 16, wherein the POl is a
heterologous protein, preferably seiected from therapeutic profeins, including
antibodies or fragments thereof, enzymes and peptides, protein antibiotics, toxin fusion
proteins, carbohydrate - protem/conjugates structural proteins, regulatory proteins,
vaccines and vaccine like prg;telns or particles, process enzymes, growth factors,

hormones and cytokines, or:?,,a""{;metabotite of a POL.




&)
B

18. Use of the isolated nucleic acid sequence of any of claims 1 to 7 or the

expression construct of claim 8 in a method of producing a POl by cultivating a host .

cell transformed with the nucleic acid sequence and/or the expression construc

preferably wherein the cultivation is performed in a bioreactor starting with a bétch

o

phase foliowed by a fed-batch phase or a continuous cultivation phase. 7
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CLAIMS

1. An isolated pCS1 promoter nucleic acid sequence, which is a native
sequence of Pichia pastoris comprising the pCS1 nucleic acid sequence (SEQ ID 1),
or a functionally active variant thereof which is a size variant, a mutant or hybrid of
SEQ ID 1, or a combination thereof, which has a length of 200-1500 bp and at least
90% sequence homoiogy to the sequence of SEQ ID 1.

2. The nucleic acid sequence according to claim 1, which consists of the pCS1
nucieic acid sequence (SEQ ID 1).

3. The nucleic acid according to claim 1 or 2, wherein said functionally active
variant exhibits substantially the same activity as the pCS1 nucleic acid sequence
(SEQ 1D 1).

4. The nucleic acid sequence according to claim 1 or 2, wherein the functionally
active variant is

a) a size variant of SEQ 1D 1;

b) a mutant of SEQ ID 1, or a mutant of the size variant of a), which mutant has
at least 90% homology to the sequence SEQ ID 1 or to the size variant;

¢) a hybrid comprising

- a sequence selected from the group consisting of SEQ ID 1, a size
variant of a), and a mutant of b); and
- at least one further sequence seiected from the group consisting of SEQ

ID 1, a size variant of a), a mutant of b), and a heterologous sequence; or

d) a seguence which hybridizes under stringent conditions to any of the size
variant, or the mutant nucleic acid sequences of a), or b).

5. The nucleic acid sequence according to claim 4 a), wherein the size variant of
SEQ ID 1 comprises or consists of the nucleic acid sequence selected from the group
consisting of SEQ ID 2, 3, 4, §, and 6.

6. The nucleic acid seguence according to claim 5, wherein the nucleic acid

sequence consists of SEQ ID 2, 3, 4, 5, or 6.
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7. The nucleic acid sequence according to any of claims 1 to 8, wherein the
functionally active variant is selected from the group consisting of

i) homologs obtainable by modifying the nucleotide sequence of SEQ ID 1 or
size variants thereof, by insertion, deletion or substitution of one or more nucleotides
within the sequence or at either or both of the distal ends of the sequence; and

ii) analogs derived from species other than Pichia pastoris.

8. The nucleic acid sequence according to any of claims 1 to 7, which is
operably linked to a nucleotide sequence encoding a protein of interest (POI), which
nucteic acid is not natively associated with the nucleotide sequence encoding the POL

9. The nucleic acid sequence according to claim 8, which further comprises a
nucleic acid sequence encoding a signal peptide enabling the secretion of the POL

10. The nucleic acid sequence according to claim 9, wherein the nucleic acid
sequence encoding the signal peptide is located adjacent to the 5 end of the
nucleotide sequence encoding the POI.

11. An expression construct comprising the nucleic acid sequence according to
any of claims 1 to 10.

12. The expression construct according to claim 11, wherein the expression
construct is an autonomously replicating vector or plasmid, or one which integrates into
the chromosomal DNA of a host cell.

13. A recombinant host cell which comprises a nucleic acid sequence according
to any of claims 1 to 10 or an expression construct according to claims 11 or 12.

14, The recombinant host cell according to claim 13, wherein the recombinant
host cell is a eukaryotic cell.

15. The recombinant host cell according to claim 14, wherein the eukaryotic
host cell is a yeast or filamentous fungal cell.

16. The recombinant host cell according to claim 15, wherein the yeast cell is a
yeast cell of the Saccharomyces or Pichia genus.

17. The recombinant host cell according fo any of ciaims 13 to 16, comprising
multiple copies of the nucleic acid sequence, and/or multiple copies of the expression
construct.

18. The recombinant host cell according to any of claims 13 to 17, which is
selected from the group consisting of mammalian, insect, yeast, filamentous fungi and

plant cells.
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19. The recombinant host cell according to claim 18, wherein the recombinant
host cell is a yeast.

20. The recombinant host cell according to claim 19, wherein the yeast cell is
any of the P. pastoris strains CBS 704, CBS 2612, CBS 7435, CBS 9173-9189, DSMZ
70877, X-33, GS115, KM71 and SMD1168.

21. A stable culture of a plurality of the cell according o any of claims 13 to 20.

22. A method of producing a protein of interest (POI) by culturing a recombinant
host cell line comprising the promoter according to any of claims 1 to 10 or the
expression construct according to claims 11 or 12, and a nucleic acid encoding the
POl under the transcriptional control of said promoter, or the recombinant host cell
according to any of claims 13 {o 20, comprising the steps of

a) cultivating the cell line under conditions to express said POIl, and

b} recovering the POL

23. The method according to claim 22, wherein the POl is expressed under
growth-limiting conditions.

24. The method according to claim 22 or 23, wherein the cell line is cultivated

under batch, fed-batch or continuous cultivation conditions, and/or in media containing

limited carbon substrate.

25. The method according to claim 24, wherein the culfivation is performed in a
bioreactor starting with a baich phase followed by a fed-batch phase or a continuous
cultivation phase.

26. The method according to any of claims 22 to 25, wherein the POl is a
heterologous protein. _

27. The method according o claim 26, wherein the heterologous protein is
selected from therapeutic proteins, including antibodies or fragments thereof, enzymes
and peptides, protein antibiotics, toxin fusion proteins, carbohydrate - protein
conjugates, structural proteins, regulatory proteins, vaccines and vaccine like proteins
or particles, process enzymes, growth factors, hormones and cytokines, or a
metabolite of a POI.

28. Use of the isolated nucleic acid sequence of any of claims 1 to 10 or the
expression construct of claims 11 or 12 in a method of producing a protein of interest
(PO by cultivating a host cell fransformed with the nucleic acid sequence and/or the

expression construct.
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29. The use according to claim 28, wherein the cullivation is performed in a
bioreactor starting with a batch phase followed by a fed-baich phase or a continuous

cultivation phase.



