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DESCRIPTION

[0001] The present invention relates to the use of orthologous promoters in yeast cells.

[0002] Recombinant proteins such as biopharmaceuticals or industrially relevant biocatalysts are
produced most commonly by means of heterologous gene expression In microorganisms.
Escherichia coli, Saccharomyces cerevisiae and fllamentous fungi have been used frequently and for
a long time for recombinant protein production. In the last two decades, the methylotrophic yeasts
Komagataella (Pichia) pastoris, Komagataella (Pichia) phaffii (Pp), Komagataella Kurtzmanii, Ogataea
(Hansenula) polymorpha (Hp), Candida boidinii (Cb) and Ogataea (Pichia) methanolica (Pm) have
become established as efficient alternative production strains. These strains make it possible to
achieve high expression rates for heterologous proteins with a high cell density. Of the
aforementioned four yeast species, P pastoris (Komagataella phaffi) has In the meantime been used
most commonly for heterologous protein production.

[0003] All methylotrophic yeasts have strictly regulated strong promoters which are involved In the
regulation of expression of genes of methanol utilization (MUT). Promoters of genes of methanol
utilization are usually repressed on repressing carbon sources such as glucose and are greatly
upregulated In the presence of methanol as a carbon source. If the repressing carbon source IS
depleted or In the presence of a non-repressing carbon source, then the promoter Is activated by
derepression.

[0004] This mechanism of promoter regulation can be used for the production of recombinant
proteins. WO 00/56903 describes a soluble minimal medium for use In large-scale cultures of

recombinant methylotrophic yeasts.

[0005] The strength of the above mentioned repressing and derepressing effect can vary greatly
between species and even within the same organism. The promoter of the alcohol oxidase-1-gene In
P pastoris GS115 (PPpAOX1), for example, has only a 2-4% activity under derepressing conditions In
comparison with methanol-induced conditions. In contrast thereto the promoter of the orthologous
gene (methanol oxidase, MOX) Iin H.

polymorpha (PHpMOX) has an activity of up to 70% under depressing conditions in comparison with
methanol-induced conditions. Also the promoters of the orthologous gene Iin C. boidinii (alcohol
oxidase 1, AOD1) and P. methanolica (methanol oxidase 1/2, MOD1/2) have a comparable behavior.

[0006] Induction of expression with toxic and flammable methanol is undesirable especially on a large
Industrial scale for reasons of operational safety so that strong derepressed promoters constitute a
favorable alternative. Accordingly PPpAOX1 variants, alternative promoters and novel MUT
promoters with different derepressing properties have been developed recently to enable a
methanol-free protein expression on an industrial scale.

[0007] WO 03/095653 A1 discloses a DNA comprising at least one promoter sequence, which Is
derived from a wild-type promoter (e.g. MOX-promoter) of a methylotrophic yeast. The transcription
efficiency of said promoter sequence 1S modulated in comparison to the efficiency of the wild-type
promoter by inserting or modifying a DNA binding site.
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[0008] Since the rates of expression of such promoters are usually much lower in comparison with
methanol-induced promoters, one object of the present invention Is to make available alternative
possibilities for inducible and strong methanol-free overexpression of recombinant proteins In yeasts
such as P, pastoris.

[0009] This object I1s achieved with a yeast cell of the Komagataella genus comprising an orthologous
promoter of a methylotrophic yeast cell or a variant thereof inducible by derepression, wherein the
orthologous promoter is an orthologous formate dehydrogenase (FMD) promoter of a methylotrophic
yeast cell comprising nucleic acid sequence SEQ ID No. 1 and the variant thereof comprising nucleic
acid sequence SEQ ID No. 27:

GCGGCGAX1TCAAGARAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAG
ATCCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCG
CCAACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAAT
AGTCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTA
ATATTTTCCTAAAACATGCAATCGGCTGCCCCGCXoACGGGAAAAAGAATGACTTTGGCACTCT
TCACCAGAGTGGGGTGTCCCGCTCGTGTGTGCARATAGGCTCCCACTGGTCACCCCGGATTTTG
CAGAAAAAXSAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCA
CGGAGTCTACATCAAGCTGTCTCCGATACACTCGACTACCAXACCGGGTCTCTCX X 6X 7 XgX 0X 10

X-- X12X13X14X5X16X13X12CACX 19,

wherein X4 IS adenine or no nucleotide, X, Is adenine or guanine, Xq IS cytosine or thymine, X4 IS
thymine or guanine, Xg IS adenine or cytosine, Xg IS guanine or cytosine, X7 Is adenine or cytosine, Xg
IS guanine or cytosine, Xg IS adenine, guanine or cytosine, X4g IS guanine or cytosine, X44 IS guanine
or cytosine, X1o IS guanine or cytosine, X413 IS guanine or cytosine, X414 IS adenine or cytosine, Xq5 IS
adenine or cytosine, X4g IS thymine or cytosine, X417 IS guanine or cytosine, X4g IS guanine or cytosine,
X9 IS a nucleic acid sequence selected from the group consisting of

TATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC (SEQ 1D No. 28),
TATATAAACTGGTGATAATTCCTTCGTTICTGAGTTCCATCTCATACTCAAACTA-
TATTAAAACTACAACA (SEQ 1D No. 29), TATAAATACAAGACGAG-
TGCGTCCTTTTCTAGACTCACCCATAAACAAATAATCAATAAAT  (SEQ 1D No. 30) and
TATAAATACTGCCTACTTGTCCTCTATTCCTTCATCAATCACATC (SEQ ID No. 31), wherein the
orthologous promoter I1s operably linked to a nucleic acid molecule coding for a heterologous or
homologous polypeptide.

[0010] In this process, the orthologous promoter Iin the methylotrophic yeast cell iIs capable of
controlling the expression of polypeptides under derepressing conditions. The original regulation
profile of the orthologous promoter in yeast cells of the Komagataella genus iIs retained.

[0011] It has surprisingly been found that promoters capable of controlling the expression of
polypeptides under derepressing conditions in other methylotrophic yeast cells, which preferably do
not belong to the Komagataella (Pichia) genus, are capable of controlling the expression of
polypeptides under derepressing conditions (for example, increasing expression in comparison with
non-derepressing conditions), also have comparable properties in yeast cells of the Komagataella
(Pichia) genus.

[0012] Furthermore, It has surprisingly been found that a formate dehydrogenase (FMD) promoter
and/or a methanol oxidase (MOX) promoter of a methylotrophic yeast cell that does not occur
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naturally in a yeast cell of the Komagataella genus and/or in the same yeast cell has special
properties In such a cell. An orthologous FMD and/or MOX promoter Is significantly stronger in
Komagataella cells under both derepressing conditions and under methanol-induced conditions than
all the naturally occurring promoters from Komagataella that are involved In the regulation of the
expression of genes of methanol utilization ("MUT promoters™) and have been tested so far. Thus, an
orthologous FMD and/or MOX promoter Is significantly stronger under derepressing conditions than
the CAT1 and GAP promoters occurring naturally in Komagataella cells, for example. Orthologous
FMD and/or MOX promoters are surprisingly even just as strong as the AOX (AOX1 and AOX2)
promoters occurring naturally in Komagataella under methanol-induced conditions under the
screening conditions used under derepressing conditions than the AOX promoters used under
methanol-inducing conditions. Such effects can usually be Intensified under controlled C-source
doses In a bioreactor experiment. Orthologous FMD and/or MOX promoters can replace the AOX
promoters generally used in Komagataella. Essentially identical or even higher protein expression
ylelds can be achieved In this way In comparison with traditional methanol-induced expression
systems but without using any methanol as the induction agent. It Is surprising here that a formate
dehydrogenase (FMD) promoter of a methylotrophic yeast cell (for example, of H. polymorpha) which
IS also significantly derepressed In this yeast cell (for example, In H. polymorpha), retains this
regulation profile even In another methylotrophic yeast cell (for example, P pastoris). In contrast
thereto earlier studies have shown that in a transfer of promoters between methylotrophic yeasts, the
regulation profile of the foreign promoter 1s not transferred (for example, the P pastoris AOXT
promoter, for example, is not stringently repressed in H. polymorpha as it Is naturally in P pastoris,;
see, for example, W.C. Raschke et al. Gene 177 (1996):163-167 and L. Rodriguez et al. Yeast 12
(1996):815-822). Accordingly, the current opinion In the technical world Is that different types of
regulation between methylotrophic yeast cells do not occur due to the promoter sequence but instead
due to different regulation mechanisms in the yeast cells (see, for example, F.S. Hartner et al. Microb.
Cell Fact 5 (2006):39-59). However, It has surprisingly been found that the strong activation of a
formate dehydrogenase (FMD) promoter of a methylotrophic yeast cell (for example, of H.
polymorpha) due to derepression can be transferred not only to other methylotrophic yeast cells,
such as, for example, Komagataella phaffil, but instead even exceeds the technical properties of the
strong homologous promoters such as that of the AOX1 gene and CAT1 gene.

[0013] Use of orthologous promoter sequences also has other technical advantages. For example,
the possibility of homologous recombination IS reduced by their use, resulting in a higher genetic
stability of the expression strains.

[0014] "Yeast cell of the Komagataella genus” Includes all yeast cells of this genus, such as
Komagataella kurtzmanii, Komagataella pasftoris, Komagataella phaffi, Komagataella popull,
Komagatlaella pseudopastoris, Komagataella ulmi and Komagataella sp. 11-1192. "Yeast cells of the
Komagataella genus” naturally also include those from specific strains of the genus as mentioned
above, such as, for example, Komagataelia pastoris G3S115, X-33, KM71, KM/71H, CBS7435 or NRLL
Y11430, CBS/704, BG10, BG11 and/or other derivatives of these strains.

[0015] The term "orthologous”, as used herein, relates to nucleic acid or amino acid molecules from
different species, which at least have functional homology with corresponding nucleic and amino acid
molecules of other species. "Orthologs” come from different organisms which occur due to generation
and are also derived from a common predecessor. The sequences of the "orthologs"™ can vary
significantly among one another, but the biclogical and/or biochemical function thereof is usually not
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affected (for example, AOX from Komagataella pastoris 1S orthologous with MOX from Hansenula
polymorpha and vice versa, FMD from Hansenula polymorpha 1s orthologous to FDH1 In
Komagataella pastoris and vice versa).

[0016] The term "promoter”, as used herein, includes at least one transcription Initiation start site, a
binding site for a nucleic acid polymerase complex and additional nucleotides so that these two
elements can be functionally active and may retain the original regulation profile of the starting cell of
the orthologous promoter In yeast cells of the Komagataella genus. These additional nucleotides may
form transcription factor binding sites, for example. A "promoter inducible by derepression” IS a
promoter that Is activated under derepressing conditions (see below), so that nucleic acid molecules
operably linked to it are transcribed so that they code for heterologous or homologous polypeptides.

[0017] The orthologous promoter according to the invention, 1.e. the orthologous FMD promoter,
preferably comprises between 50 and 2000, even more preferably between 100 and 1000, even
more preferably between 150 and 800 nucleotides from the region before the start codon (upstream
from the &' end) of the region of the corresponding gene comprising the promoter and coding for a
protein/polypeptide, preferably the region of the FMD gene which codes for FMD which may
comprise 1 to 1000, preferably 1 to 900, even more preferably 1 to 800 nucleotides. The orthologous
FMD promoter comprises preferably nucleotides 1 to 1000, preferably 1 to 900, even more preferably
1 to 800, upstream from the &' end of the region of the gene that codes for the polypeptide, 1.e. the
region of the FMD gene that codes for FMD.

[0018] "Variants” of the orthologous promoter of the Invention, 1.e. of the orthologous formate
dehydrogenase (FMD) promoter, include nucleic acid molecules, which differ in one or more (for
example, 2, 3, 4, 5, 10, 15, 20, 25, 50) nucleotides from the naturally occurring orthologous
promoters, I.e. the orthologous FMD promoter. Such promoter variants are at least 80%, preferably
at least 90%, even more preferably at least 95%, even more preferably at least 98% identical to the
corresponding regions of the naturally occurring promoters.

[0019] The variants of orthologous promoters that can be used according to the invention may
comprise deletions, substitutions and insertions in comparison with the naturally occurring promoters,
l.e. FMD promoters. The variants of the promoters also have the property of enabling expression of
proteins under derepressing conditions. Variants are preferably used, which are capable of
expressing under derepressing conditions at least 50%, preferably at least 60%, even more
preferably at least /0%, even more preferably at least 80%, even more preferably at least 90%, even
more preferably at least 100%, even more preferably at least 120%, even more preferably at least
150%, of the amount of protein that would be expressed by a yeast cell of the Komagataella genus
Including a naturally occurring orthologous promoter, i1.e. an orthologous FMD promoter.

[0020] Methods of identifying and producing promoter variants are sufficiently well known. Mutations
are usually introduced Iinto the promoter, whereupon a test Is performed showing whether and how
the properties (for example, expression rate of a model pro-tein) of the promoter variants have
changed.

[0021] "Variants” of the orthologous promoter of the present invention, 1.e. of the orthologous formate
dehydrogenase (FMD) promoter, also Include promoter variants which include the regulatory
elements of the naturally occurring orthologous promoter or variants thereof as defined above
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(differing In one or more, for example, 2, 3, 4, 5, 10, 15, 20, 25, 50 nucleotides from the naturally
occurring sequence) and an alternative minimal promoter and/or core promoter. The minimal
promoter and/or core promoter Is part of a promoter that contains only the general promoter
elements which are necessary for transcription (TATA box and transcription start). Therefore, the
regulatory elements of the variants of the orthologous promoters according to the invention include
preferably between 100 and 1000, even more preferably between 150 and 800 nucleotides from the
region upstream from the start codon (upstream from the &' end) without 20 to 100, preferably
without 25 to 80, even more preferably without 30 to 70, nucleotides directly before the starting point
of the transcription.

[0022] "Identity” and "identical”, respectively, refer to the degree of correspondence between two or
more nucleic acid and/or amino acid sequences which can be determined by the correspondence
between the sequences. The percentage of "identity” I1s derived from the percentage of identical
regions In two or more sequences, taking into account gaps or other sequence particulars (1.e., %
identity refers to the number of identical positions/total number of positions x 100). A particularly
preferred method for determining Iidentity Is the BLAST program of the National Centre for
Biotechnology Information (NCBIl) (see S. Altschul et al.,, J Mol Biol 215 (1990):403-410 among
others). The BLOSUM®G62 algorithm i1s preferably used with the parameters "gap" "existence™.11 and
"extension”:1.

[0023] The term "methylotrophic yeast cells”, as used herein, includes yeast cells capable of growing
on culture media containing as carbon source substances with only one carbon atom, for example

methanol.

[0024] "Derepressing conditions”, as used In culturing the yeast cells according to the invention,

means that the yeast cells are first cultured In the presence of a repressing carbon source (e.g.
glucose) until this carbon source has been mostly or entirely consumed. After reducing the
concentration of the repressing carbon source (e.g. glucose), the cells are In derepressing conditions
with respect to the repressing carbon source and glucose, respectively. The strength of the
repression effects may depend on the type of carbon source.

[0025] According to the present invention the orthologous FMD promoter 1s operably linked to a
nucleic acid molecule coding for a heterologous or homologous polypeptide. The orthologous
promoter Is operably linked to a nucleic acid molecule coding for a heterologous (not originating from
Komagataella) or homologous polypeptide (originating from Komagataella) and can thus influence
the expression of this polypeptide and/or control it. The resulting polypeptide Includes at least 5,
preferably at least 10, even more preferably at least 50 amino acid residues and thus includes
molecules, which are also referred to as polypeptides or proteins.

[0026] The nucleic acld molecule codes preferably for polypeptides such as antibodies or fragments
thereof, enzymes, structural proteins, etc.

[0027] "Operably linked”, as used herein, means that the nucleic acid molecule coding for a
heterologous or homologous polypeptide I1s linked to the promoter in a way which permits expression
of the nucleotide sequence In a yeast cell according to the Invention. The promoter Is thus operably
linked to a coding nucleic acid sequence when this has an influence on the transcription of the coding

sequence.
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[0028] According to another preferred embodiment of the present invention, the heterologous or
homologous polypeptide comprises a signal peptide, In particular a secretion signal peptide.

[0029] To secrete a recombinant homologous or heterologous polypeptide from the yeast cell, the
polypeptide encoded by the nucleic acid molecule includes a signal peptide.

[0030] The term "signal peptide”, as used herein, refers to a peptide linked to the C-terminus or N-
terminus of the polypeptide, which controls the secretion of the polypeptide. The signal sequence
used In the present invention may be a polynucleotide which codes for an amino acid sequence
which Initiates the transport of a protein through the membrane of the endoplasmic reticulum (ER).
The nucleic acid sequence of these sighal sequences may correspond to the natural sequence of the
original host cell or may be codon-optimized. The non limited examples of the signal sequence
Include MF-alpha ("mating factor alpha" signal sequence), the signal sequence of the CBH2 protein
from [richoderma reesei, the signal sequence of the xylanase A from Thermomyces lanuginosus, K1
Killer toxin signal, the signal peptide for invertase secretion, the signal sequence of the Kkiller toxin
from Kluyveromyces lactis, the signal sequence of the killer toxin from Pichia acaciae, the signal
sequence of the killer toxin from Hanseniaspora uvarum and from Pichia (Hansenula) anomala or
variants thereof as described for example, by Cereghino et al. (Gene 519 (2013):311-317). The
preferred signal sequence of the invention iIs MF-alpha ("mating factor alpha” signal sequence).

[0031] According to a particularly preferred embodiment of the present invention, the orthologous
FMD promoter originates from a methylotrophic yeast cell of the genus Hansenula (Ogataea).

[0032] According to another preferred embodiment of the present invention, the methylotrophic yeast
cell Is selected from the group consisting of Pichia methanolica, Komagataella pastoris, Komagaltaella
phaffii, Komagataella pseudopastoris, Komagataella ulmi and Komagataelia sp. 11-1192.

[0033] The orthologous FMD promoter and the nucleic acid molecule operably linked thereto, coding
for the heterologous or homologous polypeptide, can be present In the genome, as an
extrachromosomal nucleic acid construct on a plasmid with autonomously replicating sequence (ARS)
or as a vector/expression cassette integrated into the genome.

[0034] The orthologous FMD promoter and the nucleic acid molecule operably linked thereto may be
present extrachromosomally or integrated into the genome of the yeast cell according to the
Invention.

[0035] According to the present Invention, the orthologous promoter comprises nucleic acid
sequence SEQ ID No. 1 or a variant thereof. According to a preferred embodiment of the present
Invention, the orthologous promoter consists of a nucleic acid sequence SEQ ID No. 1 or a variant

thereof.
SEQ ID No. 1 (FMD promoter) :

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATT TAGAG
GCGGCGATCAAGAAACACCTGCTGGEGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGEGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAARAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGEGETGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
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AAARACAGCAAGTTCCGEGGGETGETCTCACTGGTGTCCGCCAATAAGAGGAGLCCGGCAGGCACGGA
GTCTACATCAAGUTGTCTCCGATACACTCGACTACCATCUGGGETCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID No. 2 (MOX promoter) :

CGACGCGGAGAACGATCTCCTCGAGCTGCTCGCGGATCAGCTTGTGGCCCGGTAATGGAACCAG
GCCGACGGCACGCTCCTTGCGGACCACGGETGGCTGGCGAGCCCAGTTTGTGAACGAGGTCGTTT

AGAACGTCCTGCGCAAAGTCCAGTGTCAGATGAATGTCCTCCTCGGACCAATTCAGCATGTTCT
CGAGCAGCCATCTGTCTTTGGAGTAGAAGCGTAATCTCTGCTCCTCGTTACTGTACCGGAAGAG
GTAGTTTGCCTCGCCGCCCATAATGAACAGGTTCTCTTTCTGGTGGCCTGTGAGCAGCGGGEGAC
GTCTGGACGGCGTCGATGAGGCCCTTGAGGCGCTCGTAGTACTTGTTCGCGTCGCTGTAGCCGEG
CCGCGGTGACGATACCCACATAGAGGTCCTTGGCCATTAGT TTGATGAGGTGGGGCAGGATGGG
CGACTCGGCATCGAAATTTTTGCCGTCGTCGTACAGTGTGATGTCACCATCGAATGTAATGAGC
TGCAGCTTGCGATCTCGGATGGTT T TGGAATGCGAAGAACCGCGACATUTCCAACAGLCTGGEECCG
TGTTGAGAATGAGCCGGACGTCGTTGAACGAGGGGGCCACAAGCCGGCGTTTGCTGATGGCGCG
GCGCTCGTCCTCGATGTAGAAGGCCTTTTCCAGAGGCAGTCTCGTGAAGAAGCTGCCAACGCTC
GGAACCAGCTGUCACGAGUCGAGACAATTCGGEEETGUCGGLCTT TGGTCATTTCAATGTTGLCGET
CGATGAGGAGTTCGAGGTCGTGGAAGATTTCCGCGTAGCGGCGTTTTGCCTCAGAGTTTACCAT
GAGGTCGTCCACTGCAGAGATGUCGTTGCTCTTCACCGCGTACAGGACGAACGGCGETGGCCAGC
AGGCCCTTGATCCATTCTATGAGGCCATCTCGACGGTGTTCCTTGAGTGCGTACTCCACTCTGT
AGCGACTGGACATCTCGAGACTGGGCTTGCTGTGCTGGATGCACCAATTAATTGCTTGCCGCATG
CATCCTTGCACCGCAAGTTTTTAAAACCCACTCGCTTTAGCCGTCGCGTAAAACTTGTGAATCT
GGCAACTGAGGGGGTTCTGCAGCCGCAACCGAACTTTTCGCTTCGAGGACGCAGCTGGATGGTG
TCATGTGAGGCTCTGET T 'GCTGGECETAGCCTACAACGTIGACCTTGCCTAACCGGACGGLCGCTAC
CCACTGCTGTCTGTGCCTGCTACCAGAAAATCACCAGAGCAGCAGAGGGCCGATGTGGCAACTG
GTGGGGTGTCGGACAGGCTGTTTCTCCACAGTGCAAATGCGGGTGAACCGGCCAGAAAGTAAAT
ICTTATGCTACCGTGCAGTGACTCCGACATCCCCAGTTITTTGCCCTACTTGATCACAGATGGGEE
TCAGCGCTGCCGCTAAGTGTACCCAACCGTCCCCACACGGTCCATCTATAAATACTGCTGCCAG
TGCACGGTGGTGACATCAATCTAAAGTACAAAAACAAA

[0036] According to the pre-sent invention the variant of SEQ No. 1 comprises SEQ ID No. 27.
According to a preferred embodiment of the present invention the variant of SEQ No. 1 consists of
SEQ ID No. 27. SEQ ID No. 27 has the following nucleic acid sequence:
AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG

GCGGCGAX{TCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGA

TCCCACCGCGITCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGC
CAACCGAGICTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATA
GICCCTGGAGGTIGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAA
TATTTTCCTAAAACATGCAATCGGCTGCCCCGCXoACGGGAAAAAGAATGACTTTGGCACITCTIC

ACCAGAGTGGGGTIGTCCCGCTICGTGTGTGCAAATAGGCTCCCACTGGTICACCCCGGATTTTGCA
GAAAAAX3AGCAAGTTCCGGGGTIGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGE

AGTCTACATCAAGCTGTCTCCGATACACTCGACTACCAX4,CCGGGTCTCTC XXX XaXgX 10X 11X
12X13X14X15X16X17X18CACX19, Wherein

[0037] X4 Is adenine or no nucleotide, X, IS adenine or guanine, X3 IS cytosine or thymine, X4 IS

thymine or guanine, Xg IS adenine or cytosine, Xg IS guanine or cytosine, X7 1S adenine or cytosine, Xg



DK/EP 3394281 T3

IS guanine or cytosine, Xg IS adenine, guanine or cytosine, Xqg IS guanine or cytosine, X44 IS guanine
or cytosine, X4o IS guanine or cytosine, Xq3 IS guanine or cytosine, X414 IS adenine or cytosine, Xq5 IS
adenine or cytosine, X4g IS thymine or cytosine, X417 IS guanine or cytosine, X4g IS guanine or cytosine,
X9 IS a nucleic acid sequence selected from the group consisting  of

TATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC (SEQ 1D No. 28),
TATATAAACTGGTGATAATTCCTTCGTTCTGAGTTCCATCTCATACTCAAACTATATTAAAAC-
TACAACA (SEQ 1D No. 29),
TATAAATACAAGACGAGTGCGTCCTTTTCTAGACTCACCCATAAACAAATAATCAATAAAT (SEQ ID No.
30), TATAAATACTGCCTACTTGTCCTCTATTCCTTCATCAATCACATC (SEQ ID No. 31), in particular
SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30 and SEQ ID No.31, in particular SEQ ID No. 28. At
least one nucleotide within SEQ ID No. 27 Is different at the corresponding position of SEQ ID No. 1,
thus resulting in a variant of SEQ ID No. 1.

[0038] It turned surprisingly out that at least one, preferably at least 2, 3, 4, 5,6, 7, 8, 9 or 10, point
mutations (insertions and/or substitutions) within SEQ ID No. 1 (see SEQ ID No. 27) result In a
promoter variant exhibiting superior effects compared to a promoter region consisting of or
comprising SEQ ID No. 1. Yeast cells comprising such promoters operably linked to a nucleic acid
molecule encoding for a polypeptide show at least the same or even an increased expression rate, at
least within the first 24 hours of culturing, compared to yeast cells carrying a promoter consisting of
SEQ ID No. 1. Therefore, it i1s particularly preferred to modify SEQ ID No. 1 at one or more of the
positions indicated In its corresponding nucleic acid sequence SEQ ID No. 27 as X4 to X48 and X4 to

X19.

[0039] Mutations of one or more (2, 3, 4, 5, 6 or 7) of nucleotides X1, X3, X4, X5, Xg, X1 and X7 of

SEQ ID No. 27 resulting in a nucleotide sequence different from SEQ ID No. 1 are preferred since
such promoters show also an Increased polypeptide and protein expression compared to the use of
SEQ ID No. 1 after 48 hours of cultivation under derepressing conditions.

[0040] Particularly preferred are mutations of one or more (2, 3, 4 or 5) of nucleotides X1, X4, Xg, X146
and X417 of SEQ ID No. 27 resulting in a nucleotide sequence different from SEQ ID No. 1 since such

promoters show also an Increased polypeptide and protein expression compared to the use of SEQ
ID No. 1 after 72 hours of cultivation using methanol, for instance, as carbon source.

[0041] As mentioned above Xig of SEQ ID No. 27 can be the core promoter naturally occurring in

SEQ ID No. 1 (i.e. TATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC (SEQ ID No.
28)) or an alternative core promoter. Particularly preferred core promoters comprise or consist of
SEQ ID No. 29, SEQ ID No. 30 and SEQ ID No.31. All these core promoters show In combination with
SEQ ID No. 1 or SEQ ID No. 27 (the naturally occurring core promoter Is substituted with one of these
alternative core promoters at position Xq4g of SEQ ID No. 27) a significantly enhanced polypeptide

expression rate compared to the promoter encoded by SEQ ID No. 1 under derepressing conditions.

[0042] Particularly preferred variants of SEQ ID No. 1 are selected from the group consisting of the

following nucleic acid sequences
SEQ ID NO. 35 (vl; see example 2):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
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GCGGUGAATCAAGAAACACCTGUCTGGEGUCGAGCAGTCTGGAGCACAGTCTTCGATGGGCLCCUCGAGA
TCCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGC

CAACCGAGTCICTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATA
GTCCCTGGAGGTGACGGAATATATATGTCTCGGAGGGTARATCTGACAGCGCTGTAGCAAAGGTARA
TATTTTCCTAAAACATGCAATCGGCTGCCCCGCARCGGGRAARAAGRATGACTTITGGCACTCTITC
ACCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCA
GARAMACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGG
AGTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGG
CACTATAAATACCGCCTCCTITGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 36 (v2):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGUCGACGGGARAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAARAACAGCAAGTTCCGGGETGTCTCACTGGTGTCCGUCAATAAGAGGAGCUCGGCAGGCACGGA
GICTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCARATC

SEQ ID NO. 37 (v3):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARACAGCTTCTGGATATCTTCCGUTGCGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCARAGGTAAT
ATTTTCCTAAAACATGCAATCGLCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARATAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTITGCGUTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 38 (v4d):

AATGTATCTAAACGCABACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT

CCCACCGCGITCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGETGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
ARRAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGETCTCTCAGAGGGGGGAATGEGL
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC
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SEQ ID NO. 39 (vh):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCLCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCARAGGTAAT
ATTITCCTAAAACATGCAATCGGUTGUCCCCGCAACGGGAAAAAGAATGACUTTTIGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAMARACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCAGCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 40 (vb):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCARAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGUCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCCGAGAGGGGAATGGEC
ACTATAAATACCGCCTCCTTGUCGCTCTCTGCCTTCATCAATCARATC

SEQ ID NO. 41 (v7):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTIGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCITTCA
CCAGAGTGGGGTGTCCCGUTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
ARAAACAGCAAGTTCCGGGGTIGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCACAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTIGCCTTCATCAATCAAATC

SEQ ID NO. 42 (vo):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGITICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGCGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAARAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
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AAAAALUAGLAALL IULGLLG LGLICLLAL LLL LU LLLGLULAA L AAGAGLEALLLGLUAGGUALGGEA
GTICTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGCGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 435 (v9):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACRAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTITCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGLCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAARACATGCAATCGGCTGLCCCCGLCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTITGCAG
AAAARACAGCAAGTTCCGGGGETGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGETCTCTCAGACAGGGGAATEGC
ACTATAAATACCGCCTCCTIGCGCTCTCTGUCTTCATCAATCAAATC

SEQ ID NO, 44 (v1lQ):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTITAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGLCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGUTGCCUCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTITGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGCGGGGAATGGC
ACTATAAATACCGCCTCCTTIGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 45 (vl1l):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCARATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGARAAAGAATGACTTTIGGCACTCTICA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGIGTCTCACTGGTGTCCGCCAATARGAGGAGCCGGCAGGCACGGA
GTICTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGLGTCTCTCAGAGACGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCARATC

SEQ ID NO. 46 (v12) :

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTICTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
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ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAARAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTCTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGCGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 47 (v13):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACRAATTTAGAG
GCGGCGATCAAGAAACACLCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTARAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGARAAAAGAATGACTTTIGCGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCEGGTICTCTCAGAGAGGCGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCARATC

SEQ ID NO. 48 (wvl1l4):

AATGTATCTAAACGCAAACTCCGAGCTGGAAARAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGUGATCAAGAAACACCTGCTGGEGCGAGCAGTCTGGAGCACAGTCTTICGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCRAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGUTGUCCCGCAACGGGAAAAAGAATGACTTTIGGCACTCTTCA
CCAGAGTGGGGETGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARAACAGCAAGTTCCGGEGETGTCTCACTGETGTCCGUCAATAAGAGGAGCUCGGCAGGCACGGA
GTICTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGCAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCUTTCATCAATCAAATC

2

EQ ID NO. 49 (vlh):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCARATATACCAGGCGCC
AACCGAGTCTCTCGGAARACAGCTTCTGGATATCTTCCGUTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGETGTAGCAARAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARRACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGCATGGEC
ACTATAAATACCGCCTCCTTGUGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 50 (vl1é):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGARACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT

B VaFalWalralFaalalsnlana Vil nFanlala iy nly W Fa Ve Ve Py, UFas Facly RV iy Wl Ve iy SV Fa Ve FA 2 r B B Ve L e Fan b s i Bri Wiy, Wir . Uie ey Wie niv S e e By WP b o A I i Wi
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LAl Lol ol LU 1 Ool gl AL OGS sALL L oAU A U U oALALLU AL UCAAA T ALTLALULCA TS T SL O
AACCGAGTICTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATARGAGGAGCCGGCAGGCACGGA
GICTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGACTGGC
ACTATARAATACCGCCTCCTITGCGCTCTCTGCCTTCATCAATCARATC

SEQ ID NO. 51 (vl7):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGLCGCC
AACCGAGTUCTICTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGUGLCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAABACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATARAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAACGGC
ACTATAAATACCGCCTCUCTIGCGCTCTCTGUCCTTCATCAATCAAATC

SEQ ID NO. 52 (v18):

AATGTATCTAAACGCRAAACTCCGAGCTGGAAAARATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCARATATACCAGGCGCC
AANCCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGARAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGETGTCCCGCTUGTGTGTGCAAATAGGCTCUCCACTGGTCACCCCGGATTTTGCAG
AAAABCAGCAAGTTCCGGGGTIGTCTCACTGGTGTCCGCCAATARGAGGAGCCGGCAGGCALCGGA

GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGICTCTCAGAGAGGGGAATCGC
ACTATAAATACCGCCTCCTIGUCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 53 (vl9):

AATGTATCTARACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGEGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTIGCAG
AAARACAGCAAGTTCCGGGGETGTCTCACTGGTGTCCGECAATAAGAGGAGCCGGCAGGLCACGGA
GTICTACATCAAGCTGTICTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGCC
ACTATAAATACCGCCTCCTTGUCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 54 (v20):
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AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCARATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAARACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGEETGTCCCGCTUGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGLCAG
GITCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATATAAACTGGTGATAATTCCTTCGTTICTGAGTTCCATCTCATACTCAAACTATATTAAAA
CTACAACA

SEQ ID NO. 55 (v21):

AATGTATCTAAACGCAAACTCCGAGCTGGAAARAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGARACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTICGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCEC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGARAAAAGAATGACTTTGGCACTCTTCA

CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTITGCAG
AARAACAGCAAGTTCCGGGGIGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACAAGACGAGTIGCGTCCTTITCTAGACTCACCCATAAACAAATAATCAATAAAT

SEQ ID NO. 56 (v22):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGLUTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGUCTGCCUCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGEGGETGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGLCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGEGC
ACTATAAATACTGCCTACTTIGTCCTCTATTCCTTCATCAATCACATC

[0043] Variants of the FMD promoter consisting of or comprising SEQ ID No. 1 showing a reduced

expression rate under derepression comprise or consist of the following sequences:
SEQ ID NO. 57 (v23):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGARACACCTGCTGGEGUCGAGCAGTCTGGAGCACAGTCTICGATGGGCCUGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
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ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AARAACAGCAAGTTCCGGGGTIGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACCGATAGGGCAGAAATATATAAAGTAGGAGGTTGTATACCAAATATACCAACGCAGTACAAGC
AACTCTTGGTTTAAACGGAAGAAACAATTCTTCGAACATTTACAACAAAGAAGGTACCGTAACA
TTAATAATCGGAAGGGT

SEQ ID NO., H28 (vz4):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGLCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARAACAGCTTCTGGATATCTTCCGCTGGCGGUGCCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCARATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGETETCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACGTAATCTTTCGGTICAAT TGTGATCTCTCT IGTAGATATTTAATAGGACGGCCAAGGTAGAAA
AAGATACATAACTAGT TAGCAAACTTCAATTGCTTAAGT TACAAGTGCAATCCATATCTTAAAG
ITATTACATTATTTATA

SEQ ID NO. 59 (vzhHh):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGUGGACAATT TAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGLGTTCCTGEGTACCGEGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAARAACAGCTTCTGGATATCTTCCGCTGGCGGCECAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAARAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGEETGETCTCACTGGETGTCCGCCAATAAGAGGAGCCGGLCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACCCTCCTCTAGGTTTATCTATAAAAGUTGAAGTCGTTAGAATTTTTCATTTAAAGCATAATCA
AACATCTAGATTCGAATCGATAAAAAGCAGATAGAAGTTATTAAGATTATAGGTTACATTCTAG
AGTAGTATAGGAAGGTA

[0044] According to a further preferred embodiment of the present invention the variant of SEQ ID
No.1 is selected from the group consisting of SEQ ID No. 35, SEQ ID No. 37, SEQ ID No. 39, SEQ ID
No. 40, SEQ ID No. 44, SEQ ID No. 51, SEQ ID No. 52, SEQ ID No. 54, SEQ ID No. 55 and SEQ ID
No. 56, more preferably selected from the group consisting of SEQ ID No. 35, SEQ ID No. 39, SEQ ID
No. 44, SEQ ID No. 51, SEQ ID No. 52, SEQ ID No. 54, SEQ ID No. 55 and SEQ ID No. 56.

[0045] Another aspect of the present invention relates to a method for producing a heterologous
polypeptide, comprising the step of culturing a yeast cell according to the present invention.
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[0046] The yeast cell according to the Invention, comprising an orthologous FMD promoter, Is
sultable Iin particular for overexpression of homologous or heterologous polypeptides. Because of the
excellent properties, 1t I1s possible with the yeast cell according to the Invention to express a
polypeptide and/or protein under derepressing conditions as well as under methanol-induced
conditions or suitable alternative inducing conditions and optionally to secrete it from the cell.

[0047] According to a preferred embodiment of the present invention, during cultivation, the
expression of the heterologous polypeptide Is Induced or its expression rate IS Increased by
derepressing conditions.

[0048] Promoter derepression can be achieved by a reduced feeding rate with a repressing carbon
source (C source: e.g., glucose, glycerol) or by using a non-repressing C source (e.g., sorbitol). The
repressing C source can achieve its properties through direct repression or through repressing
properties of metabolites of the C source. The feed rate with repressing C sources can approach
zero In the extreme case. Additional induction effects due to other compounds such as fatty acids,
formaldehyde or formic acid are also possible.

[0049] To Increase protein yield during cultivation and/or during Iits expression, methanol or an
alternative Inductor, preferably methanol, 1Is added during the culturing under derepressing
conditions.

[0050] Those skilled In the art are sufficiently familiar with the general cultivation conditions, such as
temperature, medium, etc. (see for example, Krainer FW et al. Microbial Cell Factories 11 (2012) :22)

[0051] The present invention will be defined In greater detail on the basis of the following figures and
examples but without being limited to them.

FIg. 1 shows the fluorescence intensities of a green fluorescent reporter protein (an improved variant
of the green fluorescent protein (GFP)) In culturing yeast cells of the Komagataella genus in which a
nucleic acid coding for the green fluorescent protein Is operably linked to orthologous and
endogenous promoters. The orthologous promoters (and endogenous promoters from P pastoris as
reference) were operably linked to the GFP reporter gene and transformed as vectors in P, pastoris.
The strains were cultured for 60 hours on minimal medium (BMD1) In microtiter plates with 96 deep
wells (deep well plate (DWP)) and then Induced with methanol. The fluorescence of the reporter
protein and OD 600 (as a measure of biomass) was measured under glucose-repressed conditions
(16 h), derepressed conditions (60 h) and measured at various points In time after methanol
Induction. The fluorescence measurements were normalized with respect to the OD 600 values.
Averages and standard deviations of four transformants each are shown in the figure.

Fig. 2 shows the curve of measurements of protein expression over time. Selected strains from Fig. 1
were cultured In shaking flasks. The protein fluorescence (Fig. 2A; ratio RFU/=D600; RFU = relative
fluorescence unit), while the OD600 (Fig. 2B) and the amount of glucose (Fig. 2C) were measured
over time. The glucose concentration at the start of the measurements was 55.5 mM (10 g/L). The
averages (MV) and standard deviations of three transformants each are shown.

Figs. 3A to 3C show that the orthologous HpFMD promoter i1s also capable of upregulating the
expression of other reporter proteins such as horseradish per oxidase (HRP) (Fig. 3A), lipase B from
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Candida antarctica (CalB) (Fig. 3B) and a hydroxynitrile lyase from manihot esculenta (MeHNL) (Fig.
3C). The strains were cultured in DVWPs In minimal medium to the point of glucose depletion after 60
h and then additionally induced with methanol. HRP and CalB enzyme activities were measured In the
culture supernatant. The activity of MeHNL was measured using digested cells. Averages and
standard deviations of four transformants each are shown.

Fig. 4 shows reporter protein fluorescence of the HpFMD promoter (P_FMD) and the AOX1 promoter
(P_AOX1) wild type sequence promoters tested. The strain background Is the P. pastoris Bgll KU70.
Cultivation was done In deep well plate (DWP). Reporter protein fluorescence and OD600 were
measured under glucose derepressed (24 and 48 h) and two different time points of methanol

Induction (72 and 96 h). The strain harboring the FMD promoter was used as reference strains for
testing various promoter variants.

EXAMPLES:

Example 1:

Materials and methods

Cloning the promoters

[0052] The orthologous promoters were amplified by means of PCR and cloned before a GFP
reporter gene. To do so, the reporter plasmid pPpT4mutZeoMlyl-iIntARG4-eGFP-Bmrlistuffer (T. Vogl
et al. ACS Synth Biol. 2015, DOI: 10.1021/acssynbio.5b00199; published on 22 November 2015).

[0053] This plasmid Is based on the pPp T4 vector, which was described by L. Naatsaari et al. (PLoS
One 7 (2012): €39/720). The promoters were cloned seamlessly (l.e., without any restriction enzyme
cleavage sites or linker sequences between the promoter and the start codon) to obtain the natural
context. Primers were designed on the basis of literature references (HpFMD promoters (H. Song et
al. Biotechnol Lett 25 (2003):1999-2006; A.M. Ledeboer et al. Nucleic Acids Res 13 (1985):3063-
3082), CbAOD1 promoter (H. Yurimoto et al. Biochim Biophys Acta 1493 (2000):56-63), CbFLD1
promoter (B. Lee et al. Microbiology 148 (2000): 269/-704), Pm MOD1 and MOD2 promoters (C.K.
Raymond et al. Yeast 14 (1998):11-23; 1. Nakagawa et al. J Biosci Bioeng 91 (2001):225-7; T.
Nakagawa et al. Yeast 23 (2006):15-22). The primer sequences used are given In Table A:

Table A: Primers for amplification of the orthologous promoters

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

SEQID

HpFMDfwd | AATGTATCTAAACGCAAACTCCGAGCTG 3
HpFMDrev {GATTTGATTGATGAAGGCAGAGAGCGCAAG 4

T L LA TL L LA L L LA L LL L LT L LTL LT L LSS LS L LSS

'HoMOXfwd i TCGACGCGGAGAACGATCTCCTCGAGCT 5
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Sequence

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

TTTGTTTTTGTACTTTAGATTGATGTCACCACCGTGCACTGG

HpMOXrev
CAG

PmMOD1fwd | CGAGATGGTACATACTTAAAAGCTGCCATATTGAG . /

TTTGAGAAATTAATAGTAAGATTTTTTTTTCGTAARAAAGTTTT
GATTGAGTTAATTC

PmMMOD1rev

PmMOD2fwd { GGATCCACTACAGTTTACCAATTGATTACGCCAATAG 9

TTTGAATTTTAGTTTTAGATAGATAAATATAATTTTCAATCC
TGTTATAAAATAGTATAT

PmMOD2rev

o0

- -
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Al AL LA T L L LA L L L LA T TLL L LT L LA L LL L LT L L L L LT L L L L LA L LLL LA LA LL L LT L L L L LT LL L LT LL L LT LLL LA LLL LT LL L LA L LLL LA LS L L LT L L L L LT LLL LA LA LL L LT L L L L LT L LL L LT LL L LT LL LA LL LA L TLL L LT LLL LT L LLL LA LT LL LA L LLL L LA AL L L LT L L L LSS L L LA

11
GGAGTATACGTAAATATATAATTATATATAATCATATATATC
CbAOD1fwd
AATACAATGAAAC
12
TATTGAAAAATAATTTTGTTTTTTTTTTTTTGTTTTTTTAAA
CbAOD1rev -
AGTTCGCGTTAAAATTCG
CbFLD1fwd iGGATCCCTTCAACAGCGGAGTCTCAAAC 13
14
TTTTGTGGAATAAAAAATAGATAAATATGATTTAGTGTAGTT
CbFLD1rev
GATTCAATCAATTGAC

[0054] Genomic DNA of the strains Hp (Hansenula polymorpha) DSM 70277, Cb (Candida boidinii)
DSM /70026 and Pm (Pichia methanolica) DSM 2147 were 1solated and used as templates for the
PCR reactions. The PCR products were cloned by TA cloning In the vector pPpT4mutZeoMlyl-
INtARG4-eGFP-Bmrlstuffer (see also US 2015/0011407 and T. Vogl et al. (ACS Synth Biol. 2015, DOI:
10.1021/acssynbio.5b00199; published on 22 November 2015)). The control vectors for the P
pastoris endogenous promoters AOX1, CAT1 and GAP are taken from US 2015/0011407.

[0055] The alternative reporter vectors, containing HRP (iIscenzyme A2A; L. Naatsaari et al. BMC
Genomics 15 (2014) :227), CalB and MeHNL downstream from the corresponding promoters, were
taken from US 2015/0011407 or created by installing the eGFP reporter gene that had been cut from
the above-mentioned eGFP vectors (restriction enzymes Nhel and Notl) and the PCR products of
HRP, CalB and MeHNL were Installed seamlessly by recombinant cloning. The primers indicated In
Table B were used for the PCR amplifications.

Table B: Primers for cloning promoters upstream from various reporter genes
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15

cttgcgcetctcectgecttecatcaatcaaatcatyg

agattccecatctattttcaccgcectgtce
pHpFMD-MFalpha-Gib

cacttgctctagtcaagacttacaattaaaatqg

0CAT1-MeHNL-Gib

gttactgctcacttcgtcttgattcac

16

caaatggcattctgacatcctecttgageggecg §

AOX1TT-Notl-CalB L . .
cttatggggtcacgataccggaacaaqg §

17

caaatggcattctgacatcctcttgageggccyg §

AOX1TT-Notl-HRPAZ2A , ,
cttaggatccgttaactttcttgcaatcaagtc g

seq-pHpHMD- 18
149..126fwd actggtgtccgccaataagaggag
19

PHPFMD-MeHNL cttgcgctctectgecttcatcaatcaaatcatg §
gttactgctcacttecgtcttgattcac §

20 |

caaatggcattctgacatectettgagecggecg §

AOX1TT-Notl-MeHNL , S
cttaagcgtaagcgtcggcaactttcctg §

21

[0056] The HRP and CalB vectors mentioned In the literature where therefore used as PCR
templates (US 2015/0011407 and T. Vogl et al. (ACS Synth Biol. 2015,
DOI:10.1021/acssynbio.5b00199; published on 22 November 2015). The MeHNL sequence was
optimized for the P, pastoris codon and designed as a synthetic doublestranded DNA fragment with
overhangs to the AOX1 promoter and terminator (see Table B). This fragment was used as a

template for PCRs. The following sequence was used:
cgacaacttgagaagatcaaaaaacaactaattattgaaagaattccgaaacgATGCGTTACTGC

TCACTTCGTCTTGATTCACACTATCTGTCATGGTGCTTGGATCTGGCACAAGT TGAAGCCAGCA
TTGGAGAGAGCTGGACATAAGGTTACCGCTCTTGATATGGCTGCATCTGGTATTGATCCTCGTC
AAATCGAACAAATCAATTCATTCGACGAGTACTCAGAGCCACTGCTGACCTTCTTGGAAAAGTT
GCCTCAAGGTGAAAAGGTGATCATCGTTGGTGAATCCTGTGCTGGATTGAACATTGCCATTGCA
GCTGATAGATATGTCGATAAGATCGLUCTGUTGGTGTCTTCCACAACTCTCTGTTACCAGATACTG
TTCACTCTCCATCTTACACTGTCGAGAAGTTGTTAGAATCATTCCCAGATTGGAGAGATACTGA
ATACTTTACTTTCACTAACATCACTGGAGAGACTATCACCACCATGAAACTTGGATTCGTTTTG
TTGAGAGAAAACCTTTTCACCAAGTGTACTGATGGTGAATACGAATTGGCCAAGATGGTTATGA
GAAAGGGTTCTITTGTTTCAGAATGTTCTTGCACAAAGACCAAAGTTCACCGAAAAGGGTTACGG
TTCTATCAAGAAGGTCTACATCTGGACTGATCAGGACAAGATCTTCCTGCCAGACTTCCAAAGA

T YA NN T T NANTT AN DN AT AN TAYNT AN AT NAN T YT O NTOOYACNNNANTT T A
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AN\ T AL LAAT AN L AN AN T L AT T LA\ LN AN T LA T LA\ T\ LT LA AN MAAATL 1L AN

AATTGACCAAGACCGARGAGGTCGCTCACATCTTGCAGGAAGTTGCCGACGCTTACGCTTARAGE

ggccgctcaagaggatgtcagaatgeccatttgectg (SEQ ID No. 22)

[0057] The protein coding sequence here Is large and the start and stop codon Is shown In bold font,
while overhangs to the vector for recombinant cloning are written In lower case letters, ECORI and
Notl, which are cleavage sites typically used for cloning in the pPp T4 vector family, are underlined.

[0058] The same forward primer (pHpFMD-MFalpha-Gib) was also used for PCR amplification of the
HRP and CalB genes because the two genes are fused to an MFalpha signal sequence. Genes
cloned In the vectors were sequenced by using primers that bind to the AOX1 terminator and the
respective promoters (seq-pHpHMD-149..1261wd for the HpFMD promoter).

strains, materals, fluorescence measurements and enzyme assays

[0069] Enzymatic HRP and CalB activity were determined with the substrates 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)diammonium salt (ABTS) and p-nitrophenyl butyrate (p-NPB)
according to protocols in Krainer FW (Microb Cell Fact 11 (2012) :22) .

[0060] For the transformations of all promoter comparisons with GFP, the CBS7435 wild type strain
was used. HRP and CalB plasmids were transformed into the mutS strain (L. Naatsaari et al. (PLoS
One (2012); 7:€39720) because it has a higher protein expression (F.W. Krainer et al. Microb Cell
Fact 11 (2012) :22). For MeHNL activity measurements, the cells were lysed by Y-PER digestion
according to the manufacturer's instructions (Thermo Fisher Scientific, Y-PER™ Yeast Protein
Extraction Reagent) and the activity was measured using a "mandelonitrile cyanogenase assay,” as
described by R. Wiedner et al. Comput Struct Biotechnol J10 (2014):58-62) (final mandelonitrile
concentration 15mM).

Results

[0061] Six heterologous promoters of HpFMD, HpMOX, CbFLD1, CbAOD1, PmMOD1 and PmMOD2
genes were tested In P, pastoris. The promoters were compared with the methanol-inducible AOX1
promoter, the constitutional GAP promoter and the derepressed/methanol-inducible CAT1 promoter
In P. pastoris, namely the orthologous promoters were amplified by genomic DNA PCR and cloned In

vectors with GFP as reporter gene. The following promoter sequences were used:
HpFMD (SEQ ID No. 1):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGETACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGRAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGARAAAGAATGACTTTGGCACTCTTCA

CCAGAGTGGGGTGTCCCGCTICGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTITGCAG
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AARARACAGCAAGTTCCGGGEGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGETCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCARTCARATC

HoMOX (SEQ ID No. 2):

CGACGCGGAGAACGATCTCCTCGAGCTGCTCGCGGATCAGCTTGTGGCCCGGTAATGGAACCAG
GCCGACGGCACGCTCCTTGCGGACCACGGTGGCTGGCGAGCCCAGTTTGTGAACGAGGTCGTTT
AGAACGTCCTGCGCAAAGTCCAGTGTCAGATGAATGTCCTCCTCGGACCAATTCAGCATGTTICT
CGAGCAGCCATCTGTCTTTGGAGTAGAAGCGTAATCTCTGCTCCTCGTTACTGTACCGGAAGAG
GTAGTTTGCCTICGCCGCCCATAATGAACAGGTICTCTTTCTGGTGGCCTGTGAGCAGCGGGGAC
GTCTGGACGGCGTCGATGAGGCCCTTGAGGCGCTCGTAGTACTTGTTCGCGTCGCTGTAGCCGG
CCGCGGTGACGATACCCACATAGAGGTCCTTGGCCATTAGTTTGATGAGGTGGGGCAGGATEGEE
CGACTCGGCATCGAAATTTITGCCGTCGTCGTACAGTGTGATGTCACCATCGAATGTAATGAGC
TGCAGCTTGCGATCTCGGATGGTTTTGGAATGGAAGAACCGCGACATCTCCAACAGCTGGGCCG
TGTTGAGAATGAGCCGGACGTICGTTGAACGAGGGGGCCACAAGCCGGCGTTITGCTGATGGLGCG
GCGCTCGTCCTCGATGTAGAAGGCCTTTTCCAGAGGCAGTCTICGTGAAGAAGCTGCCAACGLTC
CGRAACCAGCTGCACGAGCCGAGACAATTCGGGGGTGCCGGCTTTGGTCATTTCAATGTTGTCGT
CGATGAGGAGTTCGAGGTCGTGGAAGATTTCCGCGTAGCGGCGETTTTGCCTCAGAGTTTACCAT
GAGGTCGTCCACTGCAGAGATGCCGTTGCTICTTCACCGCGTACAGGACGAACGGCGTGGCCAGC
AGGCCCTTGATCCATTCTATGAGGCCATCTCGACGGTGTTCCTTGAGTGCGTACTCCACTCTGT
AGCGACTGGACATCTCGAGACTGGGCTTGCTGTGCTGGATGCACCAATTAATTGTTGCCGCATG
CATCCTTGCACCGCAAGTTTITTAARACCCACTCGCTTTAGCCGTCGCGTARAAACTTGTGAATCT
GGCAACTGAGGGGGTTCTGCAGCCGCAACCGAACTTTTCGCTTCCGAGGACGCAGCTGCGATGGTG
TCATGTGAGGCTCTGTTTGCTGGCGTAGCCTACAARCGTGACCTTGCCTAACCGGACGGCGCTAC
CCACTGCTGTCTGTGCCTGCTACCAGAAAATCACCAGAGCAGCAGAGGGCCGATGTGGCAACTG
CTGGGGTGTCGGACAGGCTGTTTCTCCACAGTGCARATGCGGCTGAACCGGCCAGAAAGTAARAT
TCTTATGCTACCGTGCAGTGACTCCGACATCCCCAGTTTITGCCCTACTTGATCACAGATGGGG
TCAGCGCTGCCGCTAAGTGTACCCAACCGTCCCCACACGGTCCATCTATAAATACTGCTGCCAG
TGCACGGTGGTGACATCAATCTAAAGTACAAAAACARA

CoFLD1 (SEQ ID No. 23):

GGATCCCTTCAACAGCGGAGTICTCAAGCAGTGGCTATTATCAGTGTATTTAATTACTGATGCAT
TGTATTATAGTGCATACATAGTTAATAATTACTCTCTGTTATCATTGAAARATTTTGAAATTCTC
ACTCTCACGCAGTGCAARAACTTTIGCCTAATTGAGTAAGTGGAACGCAATATTTAGGCTACATAT
TTTGGATTCCCTTARAGTATGTAATCAAAGATCATTCATACTCGCCATCTTATAATATTGGAGTAT

TATTATGTTGCTATACTGTTCTACCTGTTTATTCTATTGTATGCGTCTAAATCTTTCCATCAGT
TTCTATACTATCTTTCGTI TTGCAATGAAATATTACTCCAATTCGUCTTGTTITCAACTCGCTTGCC
TTCTCICTTGCCTTCTTITTTTTCTTTTCATTTTATCGTTGTTTAAACGGTATATAAATATGTAA
CGTTGICGCTTAGTTTTGAGAAATCACTITTGTTGCTCTCAATTCTGTTTITGACATCTTAAGGT
TAGTCAATTGATTGAATCAACTACACTAAATCATATTTATCTATTTTTTATTCCACAARAA

CbAOD1 (SEQ ID No. 24):

GGAGTATACGTAAATATATAATTATATATAATCATATATATGAATACAATGCAATGARAAGTGAA
TATGATAAGATTGAAATAATAACAAACAGCGATAAATATATCTCAAAATGGAGTTACACAACAA
ATAATAATAAAATATAAATTATAAATTATAAATTATAAAAGAATAAAARATAALCCCCACTAAT

TTATTTTATTAARAAC ATAT AT T Y TATTTTAMNATTAATARANCARANTTOTOCAAATTTTATTAACTTA
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LLALLLLIAL LAAAAGALAGAL LUULALLLLLALL LAALAACAAL LULGAMAALLLLALLGACL LA
ATTTTATTTAACTTATTTAATTTATTTTTACCCCAGTTTTTCAGTACAATGCAGCTCCGAAACT
TTATTTGGCTGTGATTTGGCTGTGATTTGGCTGTGATTTGGCTTGGCTTGGCTGGCTGGAATTG
TCTCCTGCAGGAATTGCTCGCGGCGTCCGGTTCTCCCGCTGGCTGGCTATTTGCGCGGGCTGGCTAT
TTGGCGGGCTGGCTGGCTGGCTGCTCTGCCATCTGCTGTGGCCACCCCGCATCTCTGGATGCAC
GCCGTGCAGCTGGACGTGCGTCTACCCTGCAGCCGTGTGCCTTATTTCCCAATCTCCCAATCTC
TCAATCTGCCAGTCAGCCAAAACACCGGCCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGTGAA
GCCTTCCCACGCCCCACTCCGCATAAACATCCCCAGCAGTTTCCCCAGCAGTTITCCCCAGCTTT
TCAATTTAATAAAATAGCCTGTTTCTGTTTCTGTTTTATATTATACAATTTTTTATCCTAATAA
TTACTCTTTCGCGRAATTAAATAATAATTATATCATATACCCATATCACATTTTACTATATTTAC
TATCTATAAATAAATTCATATTATAATATTAATTTATATTICGCTTAATTAARATGCTCTTTICC
ATCATCATCATCATCATCATCATCACGAGTITTCGGTTATCAATACTCTTTTCATTAATTTCTA
GAATTTCATTATTTATTTTTTATTGACTGGAAATTTTCAATCAATTTTATTTATTTTTATTTAT
TTATTTTCATATTCTTAGATTTAAACTTTTTAGATGACCGCTATTTTACTTACTTACTTACTGT
TCTTTTATAT TATGATAAGAATTAATTTTICATATTTATGATGATGATGATGTAAATTTAACCTA
GTATACTATTTTAAAGTTATCACTATCTITTAGTGCTGGCATTTTTTATTCTATTTTCATATAT
GTATATACGTAAATTAAGTATCATCACGCTGCTTACTGTACGTTTAAAATGTGGAGATGGAAAT
AGAGATGGGCGATGAAGATGAAGATGATGAGAATTATAAACCATTCATTCATTAATCAATCAATA
TAACTTATAAAAAAATTTATATTTAAATGAATTAATTTCCTTTATTTTAATAATATCGTTAATT
CTTTTAAATTCTATTTTATTTITAATTCTTICTTTATCATAGTTATCATATAACARATTATATAAC
ATAGATACACAATTATTATTICATTATCATATTATTTTTITAAAATATTGATTATTTTTAAAATA
ATATCTTAATTAATTRAATTTTTACGRAATATACAAATTTTAACGACTTACTTTTTTTAACGAATT
TTAACGAACTTTTARARAAACARARAAAAARAAAACARAAATTATTTTTCAATA

PmMOD1 (SEQ ID No. 25):

CGAGATGGTACATACTTAAAAGCTGCCATATTGAGGAACTTCARAGTTTITATCTGTTTTTAGAA
TTAAAAGACGATTGTTGTAACAAAACGTTIGTGCCTACATAAACTCAAATTAATGGAAATAGCCT
CGTITTTGARAAAATACACCTTICTTAAGTACTGACAAAGTTITGITAAATGACTATCGAACAAGCCA
TGAAATAGCACATTTCTGCCAGTCACTTITAACACTTTCCTGCTTGCTGGTTGACTCTCCTCAT
ACAAACACCCAAAAGGGAAACTTTCAGTGTGGGGACACTTGACATCTCACATGCACCCCAGATT
AATTTCCCCAGACGATGCGGAGACAAGACAAAACAACCCTTTGTCCTGCTCTITTTCTTTCTCAC
ACCGCGTGGGTGTGTGCGCAGGCAGGCAGGCAGGCAGCGGGCTGCCTGCCATCTCTAATCGCTG
CTCCTCCCCCCTGGCTTCAAATAACAGCCTGCTGCTATCTGTGACCAGATTGGGACACCCCCCT
CCCCTCCGAATGATCCATCACCTTTTGTCGTACTCCGACAATGATCCTTICCCTGTCATCTTICTG
GCAATCAGCTCCTTCAATAATTAAATCAAATAAGCATAAATAGTAAAATCGCATACAAACGTCA
TGAAAAGTTTTATCTCTATGGCCAACGGATAGTCTATCTGCTTAATTCCATCCACTTTGGGAAC
CGTTCTCTICTTTACCCCAGATTCTCAAAGCTAATATCTGCCCCTTGTCTATTGTCCTTTCTICCG
TGTACAAGCGGAGCTTTTGCCTCCCATCCTCTTGCTTTGTTTCGGTTATTTTTITTTTCTTTTGA
AACTCTTGGTCAAATCAAATCAAACAAAACCAAACCTTCTATTCCATCAGATCAACCTTGTTCA
ACATTCTATAAATCGATATAAATATAACCTTATCCCTCCCTTGTTTTTTACCAATTAATCAATC
TTCAAATTTCAAATATTTITCTACTTGCTTITATTACTCAGTATTAACATTTGTTTAAACCAACTA
TAACTTTTAACTGGCTTTAGAAGTTTTATTTAACATCAGTTTCAATTTACATCTTTATTITATTA
ACGRAAATCTTTACGAATTAACTCAATCAAAACTTTTACGAAAAAAAAATCTTACTATTAATTTC
TCAAA

PmMODZ (SEQ ID No. 26):

GGATCCACTACAGTTTACCAATTGATTACGCCAATGTGTTTATTTCACCAAGTAATTACAAAAC
TEAGATTTGGTTATGTOATTATGTATTTTOGGCARTGACTETAATTTAARC TEGATTAGGETTA
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ATTAACGTTTAGCCTACGAAAGCGGCTAGCTTTTATTTCTIGCTTTTGTTITTGAGCCCGTTTCTA
ATTCCAATCTTTGCAATTTCGTTCCATCTTTTAAAATTAAGTGCTCTTTTCTAATCTGATAAAG
ATAAGCCATCGTAGAGTAAGTAAAACAAAATAATGTACTGTATATTAAGCGGARAAACTTGGAA
AAGTCGTATGATCTTGAAGCGAGCAARAGAATGACTAATATTAGGAGATTTAAGCRAAACAATCTTG
AGGGGAACAGGACGATTAACCCCTTATAGAGGAAGCGTCTTTGATGTTCGAAGGGGGAGGGGTC
AARAGCACTGAGCAGTGCTAATTAGTAACCAATTTCTGTAAGCAATGARAACTIGTTGCTATTIGG
AAATACTATTAAGTAATACAAGGTACAGACTAATGGGEGTGAGCCGGTAGTTICAGGCTATCTTA
TAGACAGACTATTCCGGATTGTCTAATCATTGGTGCACCTGGTTAATAATTATCAGTCAACTCT
TTTACGGTGCTGATAGGTICTTTGCGRACTTGCCCTTGTGGAATTTGGTTGTTAATCAAACTGTT

GGTTTGAAGCTTTAATGCTCTTAACTAACAGCAATCCATCACCGTCAACCTTAARCCCCCCTGGT
GCTTGCTGTCTTTATCCTTCGTATCTTTTTCATGTTGCACCGCCCTGTTCCTTATACGGTTGTT
CCCCCATAGGCTAACTTCICIGTTTCCGACCATCTCTGCAATAACAAAGAATTICTATACGCTTA
CACTATAATCATACAATGACTCTACATGCCATTTTCACTTITACTTACTTGCCATCGGAAGATAC

TGAATCAGAAAGCCATAGTAACTACATAACTTCAARACACACCCTTTTTACAGATTAGTTACAA
TITTTGTCAATGTTTGTTTGATAACCCAAGGTGGAACGTTTCCAGTTAGACCTGTTTAATCCAAC
TCACTTTACCACCCCAAAACTTTCCTACCGTTAGACAAATACTGGCTAAATCTGACGAAAACAA
CCAATCAACAATTGAATCCACTGGGAGGTATCTCTAATCCACTGACAAACTTTGCTAAAALCAAG
AAALDAGTGGGEGGCCTCCGTTGCGGAGAAGACGTGCGCAGGCTTAAARACACAAGAGAACACTTG
GAAGTACCCCAGATTTTTAGCTTCCTACTATTCTGACACCCCCTATTCAAGCACGACGGTGATT
GATTCATTCAATTTTGCTGCTCCAATGATAGGATAAACCCTITTTGGACTTCAATCAGACCTCTG
TCCTCCATAGCAATATAAATACCTTCTAGTTGCCCCACTTCCTCTCTCCTGTACTGCCCCAATG
AGTGACTTATTCAAGTTACTTITCTCTCTTTTCCTAACAATTAAACAAGAAGCTTTATTATAACA
ITAATATACTATTTTATAACAGGATTGAAATTATATTTATCTATCTAAAACTAAAATTCAAA

[0062] P pastoris transformants containing plasmids with CbAOD1, PmMOD1 and PmMOD2
promoters did not have any reporter protein fluorescence (Fig. 1). The CbFLD1 promoter exhibited
repression on glucose and weak Induction by methanol by approximately 10% of the PpAOX1
promoter. Both tested H. polymorpha promoters surprisingly retained their natural regulation profile
from H. polymorpha and also In Pichia pastoris repression, derepression and methanol induction
(Figs. 1 and 2). The HpFMD promoter surprisingly exceeded the constitutional PpGAP promoter
under derepressed conditions and also achieved approximately 75% of the methanol-induced
PpAOX1 promoter, even without feeding with additional carbon sources. The derepressed expression
of the HpFMD promoter exceeded that of the reporter protein fluorescence of the strongest
endogenous MUT promoter from P. pastoris (PpCAT1) by a factor of approximately 3.5. After
methanol Iinduction, the HpFMD promoter exceeded the PpAOX1 promoter by a factor of
approximately 2. These results on a small scale (Fig. 1) have been confirmed by experiments In
shaking flasks (Fig. 2), wherein glucose measurements also show clearly the derepressed regulation
profile. A further increase In the technical advantages of the HpFMD promoter can be achieved by an
optimized feeding rate in the bioreactor.

[0063] To Investigate whether the unexpectedly strong expression of the HpFMD reporter can also
be reproduced for other proteins in addition to GFP, the HpFMD promoter was cloned upstream from
the coding sequences of other proteins: the secreted proteins horseradish peroxidase (HRP) and
Candida antarctica lipase B (CalB) and the intracellular hydroxynitrile lyase from manihot esculenta
(cassava, MeHNL) (Figs. 3Ato 3C).
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[0064] With respect to the final yields of active protein In the culture supernatant in the shaking flask
experiment, the derepressed expression of all proteins by the HpFMD promoter was equal to the
constitutional expression by the GAP promoter and clearly exceeded the derepressed expression by
the CAT1 promoter. Methanol-induced enzyme activities of the HpFMD promoter exceeded the AOX1
promoter activity by a factor of 2.5.

[0065] The strong expression the HpFMD promoter could also be observed with four different
secreted reporter proteins as well as Intracellular reporter proteins (eGFP, HRP, CalB, MeHNL). The
orthologous HpFMD promoter even exceeded endogenous promoters in P pastoris.

[0066] The orthologous promoters interestingly have very low or no sequence identities with
promoters in Pichia. A BLAST search of the HpFMD promoter did not yield any significant hits in the
Pichia pastoris genome; a direct alignment of the HpFMD promoter with the PpFDH1 promoter also
did not yield any significant similarities (BLASTN 2.2.32+, Blast 2 sequences, setting for "somewhat
similar sequences (blastn)”; molecule type: nucleic acid).

[0067] Such low sequence identity IS a desirable property of promoters because these foreign
sequences cannot recombine with the identical sequences In the genome of Pichia and therefore
cannot be lost, for example, due to homologous recombination events with similar sequences already
present in the genome.

[0068] Orthologous promoters may surprisingly be highly useful tools for protein expression, as
demonstrated by the higher activities by a factor of as much as 2.5 due to the HpFMD promoter.
Unexpectedly, the HpFMD promoter also retained its derepressed regulation profile from H.
polymorpha In P pastoris and thus constitutes the strongest derepressed promoter in P pastoris.
Therefore, efficient production processes free of toxic and highly inflammatory methanol can be
made possible.

Example 2: FMD promoter variants

1. Cloning of promoters

[0069] The pPpT4mutZeoMlyl-intArg4-EGFP-P_FMD, containing the FMD promoter having SEQ ID
No. 1 served as template for PCR amplification of the promoter variants v01 to v22. Primers were
designed In a way to introduce point mutations, insertions or different core promoters to the FMD
promoter sequence. The promoter variants were amplified in two parts and then assembled with the
packbone of the pPpT4mutZeoMlyl-intArg4-eGFP-P_FMD vector, which had been previously cut with
the restriction endonuclease Sall. For the generation of the promoter variants v23 to v25 only one
part was PCR amplified and the other part was ordered as synthethic DNA. In this case the two DNA
fragments were assembled with the backbone of the pPpT4mutZeoMlyl-intArg4-eGFP-P_FMD
vector, which had been previously cut with the restriction endonuclease Nhel. For the assembly of the
DNA fragments with the vector backbone assembly cloning based on sequence homology was used,
resulting in a seamless transition from promoter to the reporter gene eGFP.
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2. P. pastoris transformations and screening

[0070] For transformations of the vectors harboring the different promoter variants v01 to v25 into
yeast the P, pastoris Bgll AKU70 strain was used. Compared to the wild type strain, this strain has two
gene knock outs: First, the KU/70 gene, which encodes for a protein involved In the non-homologous
end joining machinery. By knocking out this gene, homologous recombination events are more likely
to happen In P. pastoris. This facilitates targeting of the vectors into a defined locus, In this case the
ARG4 locus to avoid unexpected effects by different integration locl In the genome. The second
knocked out gene Is the AOXT gene (mutS/Bg11 strain). By using this knock out strain higher yields of
heterologous expressed proteins under the control of a methanol inducible promoter can be achieved
(Krainer FW et al. Microb. Cell Fact. 11(2012)p. 22).

[0071] P pastoris Bgll AKU/0 was transformed with Bglll linearized plasmids according to the
condensed protocol of Lin-Cereghino et al. (Biotechniques 38(200%):44-4G6). To have reference
strains for the screening the same vector as for the promoter variants - but with the non modified
FMD promoter of SEQ ID NR1 and the AOX1 promoter instead - were transformed as well. About 500
ng, which Is relatively low amounts of DNA were transformed to avoid multi copy Integrations. For
example, using 1 yg of a linearized pPpl4_S vector typically only yields single copy transformants
(Vogl T et al. ACS Synth. Biol. 3(2014):188-191).

[0072] For 9 constructs 42 transformants were screened to show the uniformity of the expression
landscapes. Since the landscape for all of those tested constructs proved to be uniform, only 16
transformants per construct were picked and cultivated on two different deep well plates (DWP) In the
second screening round. DWP cultivations were adapted from the protocol reported by Weis et al.
(Weis R et al. FEMS Yeast Res. 5 (2004):179-89). Single colonies were picked and used to inoculate
BMD (250 ul) into 96 well DWPs and cultivated for 48 h. Then BMM2 (250 pl) was added to Induce
the cells for the first the time. The cells were induced another 3 times with BMM10 (50 ul) after 60, 72
and 84 hours of cultivation in the DWP. Samples were taken and measured after 48, 72 and 96
hours. Samples were taken as followed: 10 ul cell culture was mixed with 190 ul of deionized water In
micro titer plates (Nunc MicroWell 96-Well Optical-Bottom Plates with Polymer Base, Black; Thermo
Fisher Scientific). eGFP fluorescence measurements were performed using a FLUOstar® Omega
plate reader (BMG LABTECH GmbH, Ortenberg, Germany). Fluorescence was measured at 488/507/
nm (excitation/emission) and for data evaluation the resulting relative fluorescence units (RFU) me
were normalized to the OD600.

Table C: Primers and synthetic DNA for generation of FMD promoter variants

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

o

" £ F

Name . Sequence SEQID |

No
.......................................... . .................... .....................
P_FIVI D-vO1 fwd §agaggcggchatcaagaaacacc 61
P FMD-v01 rev ggtgtttcttgat Tcgccgcectcet B2
P_FIVI D-vO2_fwd  ctgccccgcGacgggaaaaagaatg 63
P_FMD-v02_rev | cattctttttcccgtCgeggggeag 64

P FMD-v03 fwd i ggattttgcagaaaaalagcaagttccggg 65
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Name iSequence SEQID |
§ No. g

P FMD-v0O3 rev i cCccggaacttgctAtttttctgcaaaatcce 66
P_FMD-v04_fwd  gtctctcagagGggggaatggc 67
P_FMD-v04 rev i gccattccecCcetctgagagac 68
P_FMD-v05_fwad : cactcgactaccaGecgggtetcte 69
P_FMD-v05_rev | gagagacccggCtggtagtcgagtg 70
71

{ CACTCGACTACCATCCGGGTCTCTCCGAGAGGG g

P_FMD-06_fwd .
i GAATGGCACTATARATAC g

72

{ CACTCGACTACCATCCGGGTCTCTCACAGAGGG g

P_FMD-0/_fwd P
i GAATGGCACTATAAATAC g

73

{ CACTCGACTACCATCCGGGTCTCTCAGCGAGGG g

P_FMD-08_fwd P .
} GAATGGCACTATAAATAC §

74

{ CACTCGACTACCATCCGGGTCTCTCAGACAGGG g

P_FMD-09_fwd P ,
! GAATGGCACTATARATAC §

75

{ CACTCGACTACCATCCGGGTCTCTCAGAGCGGG §

P_FMD-10_fwd , B
| GAATGGCACTATAAATAC §

76

! CACTCGACTACCATCCGGGTCTCTCAGAGACGG §

P_FMD-11_fwd P B
i CAATGGCACTATARATAC §

77

{ CACTCGACTACCATCCGGGTICTCTCAGAGAGCG §

P_FMD-12_fwd . |
i GAATGGCACTATAAATAC g

78

{ CACTCGACTACCATCCGGGTCTCTCAGAGAGGC g

P_FMD-13_fwd
i GAATGGCACTATARATAC §

79

{ CACTCGACTACCATCCGGGTCTCTCAGAGAGGEG §

P_FMD-14_fwd ; o . §
{ CAATGGCACTATAARATAC §

80

{ CACTCGACTACCATCCGGGTCTCTCAGAGAGGG §

P_FMD-15_fwd P
i GCATGGCACTATAAATAC §

81

! CACTCGACTACCATCCGGGRTCTCTCAGAGAGGG §

P_FMD-16_fwd ,
T T Y (CACTGGOACTATAAMATAC :
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Name Sequence SEQID

No.

il il st s il i ol i st i i s s i i i i i i

I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R CQCCQCQQCQQCQQCQ66‘66‘06‘00‘00‘06‘06‘06CQCCQCQQCQQCQQCQ66‘66‘06‘00‘00‘06‘06‘06CQCCQCQQCQQCQQCQ66‘66‘06‘00‘00‘06‘06‘06CQCCQCQQCQQC\ QQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG
P FMD-17 fwd
— — GAACGGCACTATAAATAC

183
CACTCGACTACCATCCGGGTCTCTCAGAGAGGG

GAATCGCACTATAAATAC

84
CACTCGACTACCATCCGGGTCTCTCAGAGAGGG

GAATGCCACTATAAATAC

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
3
b
b
b
b
b
b
b
b
b
b
b
b
b
-— b
b
b
— — N
b
b
b
b
b
b
b
3
b
b
b
b
b
b
b
b
b
b
b
b

b

-— B,
b

b

— — \
b

b

b

b

b

b

b

3

b

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A R R R R R R R R R R R R R R R R T T T T T R R T R R R R R T R T R R R T T R R R R T T R R T R R R R R R R R R R R R R R R R CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCH\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCC

ctcatactcaaactatattaaaactacaacaAT

P FMD-v20 fwd
GGCTAGCAAAGGAGAAGAACTTTTCAC

87
cgttgtagttttaatatagtttgagtatgagat

tatagtgccattccectcectctgag

83
gactcacccataaacaaataatcaataaatATG
P_FMD-v21_fwd

P FMD-v20 rev ! ggaactcagaacgaaggaattatcaccagttta
} GCTAGCAARAGGAGAAGAACTTTTCAC

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

atttattgattatttgtttatgggtgagtctag
P FMD-v21 rev ., ' ' .
agaaggacgcactcgtcttgtatttatagtgcce

attceceeTetetgag

90

acttgtcctctattccttcatcaatcacatcAT

P_FMD-v22_fwd o ,
GGCTAGCARAGGAGAAGAACTTTTCAC

01
gatgtgattgatgaaggaatagaggacaagtag

P FMD-v22 rev | | _.
— — gcagtatttatagtgeccattcceceTectectgag

c92

atLcaagctgtctccgatacactcgactaccatc
cgggtectectcagaghAggggaatggcacCGATAG
GGCAGAAATATATAAAGTAGGAGGTTGTATACC
AAATATACCAACGCAGTACAAGCAACTCTTGGT

S AL LA AL L L LT LL L LT LLL L LT LL L LT L LLL LA L L L L LA L LLL LA LLLL LA L LL L LT L LA LT LLL LT L L LT LL L LA T LLL LA L L L L LT LL L LT L LL L LT L L LS AL L L L LT L L LA LLL LA LLL L LT L AL LT LLL L LT L L L L LTS LL L LA L L LT L L L LA L LL LA L LL LA LS LL L LT LL L LT L L L LT L L L LA L LLL LA L LLL L LT LL L LT L LA L LLL LSS L L L LT LLL L LT L L L LT L L LA LLL LA L L L L LA LS LL L LT LLL L LT LL L LA TL LS LT LL L LA L L L LA L LL L LA L LLL LT AL LL L LT LL LS AL L LSS L L LSS

Pl st sl sl i i st s i s s i s st i i st i i s s i s s i i st i i s s i s s i i gl i i s s i s s i i s i i s i i s i i s s i i s i i s s i S ot i i s i i s st i s st i i st i i s s i s s i S s i i s S i s st i i s i i s s i s s i s s i i s i i S i s st i i s s i s s i s s i i s i i s i i S i i

Pcore FMD v23 (synthetic



DK/EP 3394281 T3

Name Sequence SEQID

TTAAACGGAAGAAACAATTCTTCGAACATTTAC
AACAAAGAAGGTACCGTAACATTAATAATCGGA
AGGGTATGGUTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

DNA)

sl il il s i i st s i s s i i s i i s s i s i i s s i i s i i s s i s s s i st s i s s i i i i i i

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

atcaagctgtctceccgatacactecgactaccatc
cgggtctctcagaghAggggaatggcacGTAATC
TTTCGGTCAATTGTGATCTCTCTTGTAGATATT
TAATAGGACGGCCAAGGTAGAAAAAGATACATA
ACTAGTTAGCAAACTTCAATTGCTTAAGTTACA
AGTGCAATCCATATCTTAAAGTTATTACATTAT
TTATAATGGUCTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

Pcore FMD v24 (synthetic
DNA)

94

atcaagctgtctceccgatacactcgactaccatc
cgggtctctcagaghggggaatggcacCCTCCT
CTAGGTTTATCTATAAAAGCTGAAGTCGTTAGA

Pcore FMD v25 (synthetic { ATTTTTCATTTAAAGCATAATCAAACATCTAGA

s il i il s i s i i s i i i i i i i i i i s i S i i i i i i i i i i i i i i i i S i S i s i s i i i s i i i i i i i i S i S i S i s i i i i i i i i i i i i S i s i S i s i i i i i i i i i i i i S i S i S i s i i i i i i i i i i i S i i i i S i i i i i i i i i i
A LA L L LT L L L L LT L L L L LT LLL LA LLLL LA L LL L LT LLL L LT L LL L LA LL L LA L L LA LLLL LT LL LA L LL L LTS L L L LT LL L LT L L LTS LL LT L L LA L LLL LS L LL LA L LL L LT L L L L LA LL L LA LL L LT L L L L L LT LL L LT LLL LA L LL L LT L L LS L LL LSS L LSS

DNA) TTCGAATCGATAAAAAGCAGATAGAAGTTATTA
AGATTATAGGTTACATTCTAGAGTAGTATAGGA
AGGTAATGGCTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

3. Results

[0073] The results of the reporter protein fluorescence of the HpFMD promoter (P_FMD) and the
AOX1 promoter (P_AOX1) wild type sequence promoters tested are shown in Fig. 4.

a) FMD promoter variants - point mutations and single nucleotide insertion

[0074]

Table D: Relative promoter activities of all promoter variants containing point mutations and single
nucleotide Insertions. Relative fluorescence values (RFU) of the eGFP reporter protein were
measured and these values were normalized to the OD600. These RFU/ODB00 values were
normalized to the RFU/OD600 value of the parental HpFMD promoter variant (wt = SEQ ID No. 1)
sequence resulting In relative promoter activities. The strains were cultivated in DWPs cultivation on
BMD1 media (24 and43 h) and subsequently induced with methanol (/2 and 96 h).
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172 h induced with {96 h induced with

24 h derepressed 48 h derepressed m athanol Methan oI

0,63 + 0,56 + 0,56 +

L T e e

0.91 +
14+014 V16
4046 vz 0.94 + 0.88 + 088 +
0.10 0.024 0.024
15+049 {v19 0,96 + 0,9+ 0,9+
0.053 0.066 0.066

(O (7 N TP O
2 N O R
2 e 0 O
B O

0,12

0§§0§§0§§0§§0§§0§§0§§0§§0§§0§ ‘Q§0§H0§§0‘50‘50‘50‘50§§0QQ*QQCQQCQQCQ§0§§0§§0§§0‘50‘50‘5“50§§0§§0§§0§§0§§0§§0§§0§§0§§QQ§0§§0§§0§§0§§0QQCQQCQQCQQCO§0§§0§§0§§0§§0§§0§§0§§0§§0§§ §§0§§0§50‘50‘50‘50‘50‘50‘5\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§

1,1+ 1,1 £ 0,
24+0 1,2 £ 1Zi

b) FMD promoter variants - core promoter exchanges
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[0075]

Table E: Relative promoter activities of all promoter variants containing with an exchanged core
promoter. Relative fluorescence values (RFU) of the eGFP reporter protein were measured and
these values were normalized to the OD600. These RFU/OD600 values were normalized to the
RFU/ODB600 value of the parental HoFMD promoter variant (wt = SEQ ID No. 1) sequence resulting In
relative promoter activities. The strains were cultivated in DVWPs cultivation on BMD1 media (24 and
48 h) and subsequently induced with methanol (72 and 96 h).

05oq5oq5oq5oqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoq50\50.coqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoq5oq5oq5oq5oq5oq5oq5oqcoqooqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqco\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

72 h induced with {96 h induced with
24 h derepressed 48 h derepressed m ethanol
0,36 £ O, 0,29 + 024+ 0,42 +
30 0,067 O 032 25 0,032
0,93 0 42 + 0,98 +
0,31 0 056

0,022

0,60 +
0,074

0,92 +
0,06

00000000000000000000000000\ 0000000000000000000000000000

0,99

05oq5oq5oq5oqcoqcoqcoqcoqcoqcoocoqcoqcoqcoqcoqcoqcoqcoqcoq50\50.coqcoqcoqcoqcoqcoqcoqcoqcoqooqcoq5oq5oq5oq5oq5oq5oq5oqcoqooqcoqcoqcoqcoqcoqcoqcoqcoQ\bqcoqcoqcoqcoqcoqcoqcoqcoqco\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Q0000000000Q.CQ.CQ.CQ.H000000.0000000000000000000Q.CQ.CQ.CQNCQ0000000000000000000000000000000000000000000000000000000000.Q.C00000000000000000000000\\00000”00000000000000000000\ 00000000000000000000000000000000000000000000000000000000

009816 013214 013415
0,36 3,7 wt
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Patentkrav

1. Garcelle at Komagataella-slegten omfattende en ortolog promotor af en methylotrof
gercelle eller en variant deraf inducerbar ved derepression, hvor den ortologe promotor
er en ortolog formiatdehydrogenase (FMD) -promotor at en methylotrof gaercelle

omfattende nukleinsyresekvens SEQ ID Nr.1 og varianten deraf omfattende

nukleinsyresekvens SEQ ID Nr. 27:

AATGTATCTAAACGCAAACTCUGAGUTGGAAAAATGTTACCGGUCGATGUGUGGACAATTTAGA
GGCGGCGAX- TCAAGAARAACACCTGUCTGGGEUGAGCAGTUCTGGAGCACAGTCT TCGATGGGCCCG
AGATCCCACCGUGTTCCTGGGTACCGGGACGTGAGGCAGCGUGACATCCATCAAATATACCAG
GCGCCAACCCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAA
TAATAGTCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAA
AGGTAATATTTTCCTAAAACATGCAATCGGCTGCCCCGUX ACGGGAAAAAGAATGACTTTGE
CACTCTTCACCAGAGTGLGGETGTCCCGCTCGTGTGTGUCAAATAGGUTCCCACTGGTCACCCCG
GALTTTTGCAGAAAAAR S AGCAAGT T CUGGEGE TG T ICACTGGTGTCCGUCAATAAGAGGAGCC
GGUCAGGUCACGGAGTCTACATCAAGUTGTCTCCGATACACTUGACTACCAX4CCGEGTCTCTUX
KeA7Xs XX 10X11X812X12X10 X141 A8 7X13CACK 13,

hvor X er adenin eller ingen nukleotid, X, er adenin eller guanin, X3 er cytosin eller
thymin, X, er thymin eller guanin, Xs er adenin eller cytosin, Xg er guanin eller cytosin,
X7 er adenin eller cytosin , Xg er guanin eller cytosin, Xg er adenin, guanin eller cytosin,
X0 er guanin eller cytosin, X;; er guanin eller cytosin, X, er guanin eller cytosin, X3
er guanin eller cytosin, X4 er adenin eller cytosin, X5 er adenin eller cytosin, Xi¢ er
thymin eller cytosin, X7 er guanin eller cytosin, X g er guanin eller cytosin, X9 €r en

nukleinsyresekvens valgt blandt gruppen bestaende af

TATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC (SEQ ID Nr.
28),
TATATAAACTGGTGATAATTCCTTCGTTCTGAGTTCCATCTCATACTCAAACT
A-TATTAAAACTACAACA (SEQ ID Nr. 29), TATAAATACAAGACGAG-
TGCGTCCTTTTCTAGACTCACCCATAAACAAATAATCAATAAAT (SEQ ID Nr.
30) og TATAAATACTGCCTACTTGTCCTCTATTCCTTCATCAATCACATC (SEQ
ID Nr. 31),

hvor den ortologe promotor er operativt bundet til et nukleinsyremolekyle, der koder for

et heterologt eller homologt polypeptid.

2. Garceelle 1fglge krav 1, hvor den ortologe promotor er inducerbar med methanol.
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3. Garcelle 1fplge krav 1 eller 2, hvor det heterologe eller homologe polypeptid
omfatter et signalpeptid, 1sar et sekretionssignalpeptid.

4. Gaercelle 1fglge et hvilket som helst af kravene 1 til 3, hvor den ortologe promotor

stammer {ra en methylotrot gaercelle at genren Hansenula.

5. Garcelle 1fplge et hvilket som helst at kravene 1 til 4, hvor den methylotrofe garcelle
er valgt blandt gruppen bestaende af Pichia methanolica, Komagataella pastoris,
Komagataella phaffii, Komagataella populi, Komagataella pseudopastoris,

Komagataella ulmi og Komagataella sp. 11-1192.

6. Garcelle 1fplge et hvilket som helst af kravene 1 t1l 5, hvor den ortologe promotor og
eventuelt nukleinsyremolekylet, der koder for det heterologe eller homologe polypeptid
1 genomet og ogsa operativt bundet til promotoren, eventuelt er til stede 1 genomet eller

som en ekstrakromosomal nukleinsyrekonstruktion.

7. Garcelle 1fplge et hvilket som helst af kravene 1 t1l 6, hvor varianten omfatter en
nukleinsyresekvens valgt blandt gruppen bestaende af SEQ ID Nr. 35, SEQ ID Nr. 36,
SEQ ID Nr. 37, SEQ ID Nr. 38, SEQ ID Nr. 39, SEQ ID Nr. 40, SEQ ID Nr. 41, SEQ
ID Nr. 42, SEQ ID Nr. 43, SEQ ID Nr. 44, SEQ ID Nr. 45, SEQ ID Nr. 46, SEQ ID Nr.
ID Nr. 47, SEQ ID Nr. 48, SEQ ID Nr. 49, SEQ ID Nr. 50, SEQ ID Nr. 51, SEQ ID Nr.
52, SEQ ID Nr. 53, SEQ ID Nr. 54, SEQ ID Nr. 55 og SEQ ID Nr. 56, fortrinsvis valgt
blandt gruppen bestaende af SEQ ID Nr. 35, SEQ ID Nr. 37, SEQ ID Nr. 39, SEQ ID
Nr. 40, SEQ ID Nr. 44, SEQ ID Nr. 51, SEQ ID Nr. 52, SEQ ID Nr. 54, SEQ ID Nr. 55
og SEQ ID Nr. 56, mere fortrinsvis valgt blandt gruppen bestaende af SEQ ID Nr. 35,
SEQ ID Nr. 39, SEQ ID Nr. 44, SEQ ID Nr. 51, SEQ ID Nr. 52, SEQ ID Nr. 54, SEQ
ID Nr. 55 og SEQ ID Nr. 56.

8. Fremgangsmade til fremstilling af et heterologt polypeptid, hvilken fremgangsmade

omfatter trinnet med dyrkning af en garcelle ifglge et hvilket som helst af kravene 1 til
7.
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9. Fremgangsmade ifglge krav 8, hvor ekspressionen af det heterologe polypeptid under
dyrkningen induceres, eller dets ekspressionshastighed gges ved derepressive

betingelser.

10. Fremgangsmade ifglge krav 8, hvor methanol eller en alternativ induktor tilsattes

under dyrkningen under derepressive betingelser.
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