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Yeast cell

The present invention relates to the use of orthologous pro-
moters in yeast cells.

Recombinant proteins such as biopharmaceuticals or industri-
ally relevant biocatalysts are produced most commonly by means
of heterologous gene expression in microorganisms. Escherichia
coli, Saccharomyces cerevisiae and filamentous fungi have been
used frequently and for a long time for recombinant protein pro-
duction. In the last two decades, the methylotrophic yeasts Ko-
magataella (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 expres-
sion rates for heterologous proteins with a high cell density.
Of the aforementioned four yeast species, P. pastoris (Komaga-
taella phaffii) has in the meantime been used most commonly for
heterologous protein production.

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 meth-
anol utilization are usually repressed on repressing carbon
sources such as glucose and are greatly upregulated in the pres-—
ence of methanol as a carbon source. If the repressing carbon
source 1s depleted or in the presence of a non-repressing carbon
source, then the promoter is activated by derepression, whereby
the strength of this effect can vary greatly between species and
even within the same organism. The promoter of the alcohol oxi-
dase-l-gene in P. pastoris GS115 (PPpAOXl), for example, has on-—
ly a 2-4% activity under derepressing conditions in comparison
with methanol-induced conditions. In contrast thereto the pro-
moter of the orthologous gene (methanol oxidase, MOX) in H. pol-
ymorpha (PHpMOX) has an activity of up to 70% under depressing
conditions in comparison with methanol-induced conditions. Also
the promoters of the orthologous gene in C. boidinii (alcohol
oxidase 1, AOD1l) and P. methanolica (methanol oxidase 1/2,

MOD1/2) have a comparable behavior.
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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 con-—
stitute a favorable alternative. Accordingly PPpAOX1l 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. 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 recom-
binant proteins in yeasts such as P. pastoris.

This object is achieved with a yeast cell of the Komagatael-
la genus comprising an orthologous promoter of a methylotrophic
yeast cell or a variant thereof that can be induced by derepres-—
sion, wherein the orthologous promoter is an orthologous formate
dehydrogenase (FMD) or a methanol oxidase (MOX) promoter of a
methylotrophic yeast cell; in this process, the orthologous pro-
moter in the methylotrophic yeast cell is capable of controlling
the expression of polypeptides under derepressing conditions.

This object is also achieved with a yeast cell of the Koma-
gataella (Pichia) genus comprising an orthologous formate dehy-
drogenase (FMD) promoter and/or a methanol oxidase (MOX) promot-—
er of a methylotrophic yeast cell or variants of these two pro-
moters, wherein the original regulation profile of the ortholo-
gous promoter in yeast cells of the Komagataella genus is re-
tained.

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 proper-
ties in yeast cells of the Komagataella (Pichia) genus.

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 nat-
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urally 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 and Komagataella that are involved in the regulation
of the expression of genes of methanol utilization ("MUT promot-
ers") and have been tested so far. Thus, an orthologous FMD
and/or MOX promoter is significantly stronger under derepressing
conditions than the CAT1l 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 (A0X1
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 inten-
sified under controlled C-source doses in a bioreactor experi-
ment. Orthologous FMD and/or MOX promoters can replace the AOX
promoters generally used in Komagataella. Essentially identical
or even higher protein expression yields can be achieved in this
way 1n 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) promot-
er of a methylotrophic yeast cell (for example, of H. polymor-
pha) 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. pas-—
toris). In contrast thereto earlier studies have shown that in a
transfer of promoters between methylotrophic yeasts, the regula-
tion profile of the foreign promoter is not transferred (for ex-—
ample, the P. pastoris AOX1l promoter, for example, is not strin-
gently repressed in H. polymorpha as it is naturally in P. pas-
toris; 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 ex-
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ample, F.S. Hartner et al. Microb. Cell Fact 5 (2006):39-59).
However, it has surprisingly been found that the strong activa-
tion 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 phaffii, but in-
stead even exceeds the technical properties of the strong homol-
ogous promoters such as that of the AOX1 gene and CAT1l gene.

Use of orthologous promoter sequences also has other tech-
nical advantages. For example, the possibility of homologous re-
combination is reduced by their use, resulting in a higher ge-
netic stability of the expression strains.

"Yeast cell of the Komagataella genus" includes all yeast
cells of this genus, such as Komagataella kurtzmanii, Komaga-
taella pastoris, Komagataella phaffii, Komagataella populi, Ko-
magataella 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 men-
tioned above, such as, for example, Komagataella pastoris GS115,
X-33, KM71, KM71H, CBS7435 or NRLL Y11430, CBS704, BG10, BGl1l
and/or other derivatives of these strains.

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
biological and/or biochemical function thereof is usually not
affected (for example, AOX from Komagataella pastoris is orthol-
ogous with MOX from Hansenula polymorpha and vice versa, FMD
from Hansenula polymorpha is orthologous to FDH1 in Komagataella
pastoris and vice versa).

The term "promoter", as used herein, includes at least one
transcription initiation start site, a binding site for a nucle-
ic 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 ortholo-
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gous 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.

The orthologous promoters according to the invention, i.e.
the orthologous FMD and/or MOX promoter, preferably comprise be-
tween 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 5' end) of the
region of the corresponding gene comprising the promoter and
coding for a protein/polypeptide, preferably the region of the
FMD and/or MOX gene which codes for FMD and/or MOX which may
comprise 1 to 1000, preferably 1 to 900, even more preferably 1
to 800 nucleotides. The orthologous promoter, preferably the
orthologous FMD and/or MOX promoter, comprises preferably nucle-
otides 1 to 1000, preferably 1 to 900, even more preferably 1 to
800, upstream from the 5' end of the region of the gene that
codes for the polypeptide, preferably the region of the FMD
and/or MOX gene that codes for FMD and/or MOX.

"Variants" of the orthologous promoter of the invention,
preferably of the orthologous formate dehydrogenase (FMD) pro-—
moter and/or of the methanol oxidase (MOX) promoter, include nu-
cleic 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, preferably the orthologous FMD
and/or MOX promoters. 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 re-
gions of the naturally occurring promoters.

The variants of orthologous promoters that can be used ac-
cording to the invention may comprise deletions, substitutions
and insertions in comparison with the naturally occurring pro-
moters, preferably FMD and/or MOX promoters. The variants of the
promoters also have the property of enabling expression of pro-

teins under derepressing conditions. Variants are preferably
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used, which are capable of expressing under derepressing condi-
tions at least 50%, preferably at least 60%, even more prefera-
bly at least 70%, 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 oc-—
curring orthologous promoter, preferably an orthologous FMD pro-
moter and/or an orthologous MOX promoter.

Methods of identifying and producing promoter variants are
sufficiently well known. Mutations are usually introduced into
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.

"Variants" of the orthologous promoter of the present inven
tion, preferably of the orthologous formate dehydrogenase (FMD)
promoter and/or of the orthologous methanol oxidase (MOX) pro-—
moter, also include promoter variants which include the regula-
tory elements of the naturally occurring orthologous promoter or
variants thereof as defined above (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 promot-
er and/or core promoter. The minimal promoter and/or core pro-—
moter is part of a promoter that contains only the general pro-
moter 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 in-
vention include preferably between 100 and 1000, even more pref-
erably between 150 and 800 nucleotides from the region upstream
from the start codon (upstream from the 5' 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.

"Identity" and "identical", respectively, refer to the de-
gree of correspondence between two or more nucleic acid and/or
amino acid sequences which can be determined by the correspond-
ence between the sequences. The percentage of "identity" is de-

rived from the percentage of identical regions in two or more
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sequences, taking into account gaps or other sequence particu-
lars (i.e., % identity refers to the number of identical posi-
tions/total number of positions x 100). A particularly preferred
method for determining identity is the BLAST program of the Na-
tional Centre for Biotechnology Information (NCBI) (see S. Alt-
schul et al., J Mol Biol 215 (1990):403-410 among others). The
BLOSUMG62 algorithm is preferably used with the parameters "gap"
"existence":11 and "extension":1.

The term "methylotrophic yeast cells", as used herein, in-
cludes yeast cells capable of growing on culture media contain-
ing as carbon source substances with only one carbon atom, for
example methanol.

"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 en-
tirely consumed. After reducing the concentration of the re-
pressing carbon source (e.g. glucose), the cells are in dere-
pressing conditions with respect to the repressing carbon source
and glucose, respectively. The strength of the repression ef-
fects may depend on the type of carbon source.

According to a preferred embodiment of the present invention
the orthologous FMD and/or the orthologous MOX promoter is oper-—
ably linked to a nucleic acid molecule coding for a heterologous
or homologous polypeptide.

The orthologous promoter may be operably linked to a nucleic
acid molecule coding for a heterologous (not originating from
Komagataella) or homologous polypeptide (originating from Koma-
gataella) and can thus influence the expression of this polypep-
tide 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.

The nucleic acid molecule codes preferably for polypeptides
such as antibodies or fragments thereof, enzymes, structural
proteins, etc.

"Operably linked", as used herein, means that the nucleic

acid molecule coding for a heterologous or homologous polypep-—



WO 2017/109082 PCT/EP2016/082398

tide is linked to the promoter in a way which permits expression
of the nucleotide sequence in a yeast cell according to the in-
vention. The promoter is thus operably linked to a coding nucle-
ic acid sequence when this has an influence on the transcription
of the coding sequence.

According to another preferred embodiment of the present in-
vention, the heterologous or homologous polypeptide comprises a
signal peptide, in particular a secretion signal peptide.

To secrete a recombinant homologous or heterologous polypep-—
tide from the yeast cell, the polypeptide encoded by the nucleic
acid molecule includes a signal peptide.

The term "signal peptide", as used herein, refers to a pep-
tide linked to the C-terminus or N-terminus of the polypeptide,
which controls the secretion of the polypeptide. The signal se-
quence 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 signal se-
quences 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" sig-
nal sequence), the signal sequence of the CBH2 protein from
Trichoderma reesei, the signal sequence of the xylanase A from
Thermomyces lanuginosus, Kl killer toxin signal, the signal pep-
tide for invertase secretion, the signal sequence of the killer
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 (Hansenu-
la) anomala or variants thereof as described for example, by
Cereghino et al. (Gene 519 (2013):311-317). The preferred signal
sequence of the invention is MF-alpha ("mating factor alpha"
signal sequence).

According to a particularly preferred embodiment of the pre-
sent invention, the orthologous FMD promoter and/or the ortholo-
gous MOX promoter, originates from a methylotrophic yeast cell
selected from the group consisting of the genera Hansenula (Oga-

taea), Candida, Komagataella and Pichia.
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According to another preferred embodiment of the present in-
vention, the methylotrophic yeast cell is selected from the
group consisting of Hansenula polymorpha, Candida boidinii,
Pichia methanolica, Komagataella pastoris, Komagataella phaffii,
Komagataella pseudopastoris, Komagataella ulmi and Komagataella
sp. 11-1192.

The orthologous FMD and/or MOX promoter and optionally 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 plas-—
mid with autonomously replicating sequence (ARS) or as a vec-—
tor/expression cassette integrated into the genome.

The orthologous FMD and/or MOX promoter and optionally the
nucleic acid molecule operably linked thereto may be present ex-—
trachromosomally or integrated into the genome of the yeast cell
according to the invention.

According to a particularly preferred embodiment of the pre-
sent invention, the orthologous promoter comprises or consists
of a nucleic acid sequence SEQ ID No. 1 or SEQ ID No. 2 or a

variant thereof.

SEQ ID No. 1 (FMD promoter):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTICA
CCAGAGTGGGGTGTICCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCICTGCCTTCATCAATCAAATC

SEQ ID No. 2 (MOX promoter):

CGACGCGGAGAACGATCTCCTCGAGCTGCTICGCGGATCAGCTTGTGGCCCGGTAATGGAACCAG
GCCGACGGCACGCTICCTTGCGGACCACGGTGGCTGGCGAGCCCAGTTTGTGAACGAGGTCGTTT
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AGAACGTCCTGCGCAAAGTCCAGTGTCAGATGAATGTCCTCCTCGGACCAATTCAGCATGTTICT
CGAGCAGCCATCTGTCTTTGGAGTAGAAGCGTAATCTCTGCTCCTCGTTACTGTACCGGAAGAG
GTAGTTTGCCTCGCCGCCCATAATGAACAGGTTCTCTTTCTGGTGGCCTGTGAGCAGCGGGGAC
GTCTGGACGGCGTCGATGAGGCCCTTGAGGCGCTCGTAGTACTTGTTCGCGTCGCTGTAGCCGG
CCGCGGTGACGATACCCACATAGAGGTCCTTGGCCATTAGTTTGATGAGGTGGGGCAGGATGGG
CGACTCGGCATCGAAATTTTTGCCGTCGTCGTACAGTGTGATGTCACCATCGAATGTAATGAGC
TGCAGCTTGCGATCTCGGATGGTTTTGGAATGGAAGAACCGCGACATCTCCAACAGCTGGGCCG
TGTTGAGAATGAGCCGGACGTCGTTGAACGAGGGGGCCACAAGCCGGCGTTTGCTGATGGCGCG
GCGCTCGTCCTCGATGTAGAAGGCCTITTTCCAGAGGCAGTCTCGTGAAGAAGCTGCCAACGCTC
GGAACCAGCTGCACGAGCCGAGACAATTCGGGGGTGCCGGCTTTGGTCATTITCAATGTTGTICGT
CGATGAGGAGTTCGAGGTCGTGGAAGATTTCCGCGTAGCGGCGTTTTGCCTCAGAGTTTACCAT
GAGGTCGTCCACTGCAGAGATGCCGTTGCTICTTCACCGCGTACAGGACGAACGGCGTGGCCAGC
AGGCCCTTGATCCATTCTATGAGGCCATCTCGACGGTGTTCCITGAGTIGCGTACTCCACTCTGT
AGCGACTGGACATCTCGAGACTGGGCTTIGCTGTIGCTGGATGCACCAATTAATTIGTTGCCGCATG
CATCCITGCACCGCAAGTTTTTAAAACCCACTICGCTITITAGCCGTCGCGTAAAACTIGTGAATCT
GGCAACTGAGGGGGTTICTGCAGCCGCAACCGAACTTITTCGCTTCGAGGACGCAGCTGGATGGTG
TCATGTGAGGCICTGTTITGCTGGCGTAGCCTACAACGTGACCTTGCCTAACCGGACGGCGCTAC
CCACTGCTGTCTGIGCCTGCTACCAGAAAATCACCAGAGCAGCAGAGGGCCGATGTGGCAACTG
GTGGGGTGTCGGACAGGCTGTTTCTICCACAGTGCAAATGCGGGTGAACCGGCCAGAAAGTAAAT
TCTTATGCTACCGTGCAGTGACTCCGACATCCCCAGTITTTITGCCCTACTTGATCACAGATGGGG
TCAGCGCTGCCGCTAAGTGTACCCAACCGTCCCCACACGGTCCATCTATAAATACTGCTGCCAG
TGCACGGTGGTGACATCAATCTAAAGTACAAAAACAAA

According to a particularly preferred embodiment of the pre-
sent invention the variant of SEQ No. 1 comprises or consists of
SEQ ID No. 27. SEQ ID No. 27 has the following nucleic acid se-

quence:

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGAXTCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGA
TCCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGC
CAACCGAGTCTICTCGGAAAACAGCTTICTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATA
GTCCCTIGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAA
TATTTTCCTAAAACATGCAATCGGCTGCCCCGCX,ACGGGAAAAAGAATGACTTTGGCACTCTTC
ACCAGAGTGGGGTIGTCCCGCTCGTIGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTITTGCA
GAAAAAX3AGCAAGTTCCGGGGTIGTCTCACTGGTIGTCCGCCAATAAGAGGAGCCGGCAGGCACGG
AGTCTACATCAAGCTGTICTCCGATACACTCGACTACCAXCCGGGTCTCTCX5X6X7XgX0X10X11X
12X13X14X15X16X17X18CACX 19, wherein
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X; is adenine or no nucleotide, X, is adenine or guanine, Xj
is cytosine or thymine, X, is thymine or guanine, Xs is adenine
or cytosine, X; is guanine or cytosine, X; is adenine or cyto-
sine, X is guanine or cytosine, Xy is adenine, guanine or cyto-
sine, X,;0 is guanine or cytosine, Xi;; is guanine or cytosine, Xi;
is guanine or cytosine, Xi3 is guanine or cytosine, Xi, is adenine
or cytosine, X;s is adenine or cytosine, X;s is thymine or cyto-
sine, X;7 is guanine or cytosine, X;s is guanine or cytosine, Xio
is a core promoter of an orthologous promoter, preferably of an
FMD and/or MOX promoter, particularly preferred a nucleic acid
sequence selected from the group consisting of TATAAATAC-
CGCCTCCTTGCGCTCTCTGCCTTCATCAATCAARATC (SEQ ID No. 28), TATA-
TAAACTGGTGATAATTCCTTCGTTCTGAGTTCCATCTCATACTCAAACTATATTAAAAC—
TACAACA (SEQ ID No. 29), TATAAATACAAGACGAGTGCGTCCTTTICTA-
GACTCACCCATAAACAAATAATCAATAAAT (SEQ ID No. 30), TATAAATACTGCC-
TACTTGTCCTCTATTCCTTCATCAATCACATC (SEQ ID No. 31), CGATAGGG-
CAGAAATATATAAAGTAGGAGGTTGTATACCAAATATACCAACGCAGTACAAGCAACTCTIT-
GGTTTAAACGGAAGAAACAATTCTTCGAACATTTACAACAAAGAAGGTACCGTAACATTAA-
TAATCGGAAGGGT (SEQ ID No. 32), GTAATCTITTCGGTCAATTGTGATCTCTICTT—
GTAGATATTTAATAGGACGGCCAAGGTAGAAAAAGATACATAACTAGTTAG-
CAAACTTCAATTGCTTAAGTTACAAGTGCAATCCATATCTTAAAGTTATTACATTATTTATA
(SEQ ID No. 33) and CCTCCTCTAGGTTTATCTATAAAAGCTGAAGTCGTTA-
GAATTTTTCATTTAAAGCATAATCAAACATCTAGATTCGAATCGATAAAAAGCAGATA-
GAAGTTATTAAGATTATAGGTTACATTCTAGAGTAGTATAGGAAGGTA (SEQ ID No.
34), 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 nu-
cleotide 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.

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 com-
pared 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
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the first 24 hours of culturing, compared to yeast cells carry-
ing a promoter consisting of SEQ ID No. 1. Therefore, it is par-
ticularly 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 X; to Xjs and X; to Xis.

Mutations of one or more (2, 3, 4, 5, 6 or 7) of nucleotides
Xy, X3, X4, X5, Xo, Xj5 and X;7 0of SEQ ID No. 27 resulting in a nu-
cleotide sequence different from SEQ ID No. 1 are preferred
since such promoters show also an increased polypeptide and pro-
tein expression compared to the use of SEQ ID No. 1 after 48
hours of cultivation under derepressing conditions.

Particularly preferred are mutations of one or more (2, 3, 4
or 5) of nucleotides X;, X4, X9, Xi16 and X17 of SEQ ID No. 27 re-
sulting in a nucleotide sequence different from SEQ ID No. 1
since such promoters show also an increased polypeptide and pro-
tein expression compared to the use of SEQ ID No. 1 after 72
hours of cultivation using methanol, for instance, as carbon
source.

As mentioned above X;o of SEQ ID No. 27 can be the core pro-
moter naturally occurring in SEQ ID No. 1 (i.e. TATAAATAC-
CGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC (SEQ ID No. 28)) or an al-
ternative 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 po-
sition Xio of SEQ ID No. 27) a significantly enhanced polypeptide
expression rate compared to the promoter encoded by SEQ ID No. 1
under derepressing conditions.

Particularly preferred variants of SEQ ID No. 1 are selected
from the group consisting of the following nucleic acid sequenc-—

es:
SEQ ID NO. 35 (vl; see example 2):
AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG

GCGGCGAATCAAGAAACACCTIGCTGGGCGAGCAGTCTIGGAGCACAGTCTTCGATGGGCCCGAGA
TCCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGC
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CAACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATA
GTCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAA
TATTTTCCTAARACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTC
ACCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCA
GAAAAACAGCAAGTTCCGGGGTIGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGG
AGTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGG
CACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 36 (v2):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCGACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTICGTGTIGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARACAGCAAGTTCCGGGGTIGTCTCACTGGTIGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTICTGCCTTCATCAATCAAATC

SEQ ID NO. 37 (v3):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAATAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCITGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 38 (v4d):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT



WO 2017/109082 PCT/EP2016/082398

CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGGGGGGAATGGC
ACTATAAATACCGCCTCCTITGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 39 (vb):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTICTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGICCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTITTGCAG
AAARAACAGCAAGTTCCGGGGTIGTCTCACTGGTIGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTIGTCTCCGATACACTCGACTACCAGCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTICTGCCTTCATCAATCAAATC

SEQ ID NO. 40 (vo6):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCCGAGAGGGGAATGGC
ACTATAAATACCGCCTCCITGCGCTCTCTIGCCTTCATCAATCAAATC

SEQ ID NO. 41 (v7):
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AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCTICTCACAGAGGGGAATGGC
ACTATAAATACCGCCTCCTITGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 42 (v8):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTICTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTICCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTITTGCAG
AAARACAGCAAGTTCCGGGGTIGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGCGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 43 (v9):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGACAGGGGAATGGC
ACTATAAATACCGCCTCCTITGCGCTCTICTGCCTITCATCAATCAAATC

SEQ ID NO. 44 (v10):
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AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGCGGGGAATGGC
ACTATAAATACCGCCTCCITGCGCTCTCTIGCCTTCATCAATCAAATC

SEQ ID NO. 45 (vll):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTIGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTICTCGGAAAACAGCTITCTGGATATCITCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTICCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTITTGCAG
AAARACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGACGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 46 (v12):

AATGTATCTAAACGCAAACTCCGAGCTGGAAARAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGCGGAATGGC
ACTATAAATACCGCCTCCITGCGCTCTICTGCCTTCATCAATCAAATC
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SEQ ID NO. 47 (v13):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGCGAATGGC
ACTATAAATACCGCCTCCITGCGCTCTCTIGCCTTCATCAATCAAATC

SEQ ID NO. 48 (v14):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTICTCGGAAAACAGCTITCTGGATATCTITCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTICCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGCAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 49 (vlb5):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGICTCACTIGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGCATGGC
ACTATAAATACCGCCTCCTITGCGCTCTICTGCCTTCATCAATCAAATC
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SEQ ID NO. 50 (vlo):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGACTGGC
ACTATAAATACCGCCTCCTITGCGCTCTICTGCCTITCATCAATCAAATC

SEQ ID NO. 51 (v17):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTICTCGGAAAACAGCTITCTGGATATCTITCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAACGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 52 (v18):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTICTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTICGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
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GTCTACATCAAGCTIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATCGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

SEQ ID NO. 53 (v19):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTICGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGAATGCC
ACTATAAATACCGCCTCCTITGCGCTCTICTIGCCTITCATCAATCAAATC

SEQ ID NO. 54 (v20):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTITCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTIGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATATAAACTGGTGATAATTCCTTCGTTCTGAGTTCCATCTCATACTCAAACTATATTAAAA
CTACAACA

SEQ ID NO. 55 (v21):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTIGGCACTICTTCA
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CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACAAGACGAGTGCGTCCTITTTCTAGACTCACCCATAAACAAATAATCAATAAAT

SEQ ID NO. 56 (v22):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTICTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTICGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGAATGGC
ACTATAAATACTGCCTACTITGTICCTCTATTCCTITCATCAATCACATC

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
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCTICTCAGAGAGGGGAATGGC
ACCGATAGGGCAGAAATATATAAAGTAGGAGGTTGTATACCAAATATACCAACGCAGTACAAGC
AACTCTTGGTTTAAACGGAAGAAACAATTCTTCGAACATTTACAACAAAGAAGGTACCGTAACA
TTAATAATCGGAAGGGT

SEQ ID NO. 58 (v24):
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AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCTIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTTCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTICTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTICTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGICTCCGATACACTCGACTACCATCCGGGTCICTCAGAGAGGGGAATGGC
ACGTAATCTITTCGGTCAATTGTGATCTCICTTGTAGATATTTAATAGGACGGCCAAGGTAGAAA
AAGATACATAACTAGTTAGCAAACTTCAATTGCTITAAGTTACAAGTGCAATCCATATCTTAAAG
TTATTACATTATTTATA

SEQ ID NO. 59 (v25):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTCTTCGATGGGCCCGAGAT
CCCACCGCGTTCCIGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGCC
AACCGAGTCTCTCGGAAAACAGCTITCTGGATATCTITCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTGGCACTCTTCA
CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAAAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACCCTCCTCTAGGTITTATCTATAAAAGCTGAAGTCGTTAGAATTTTTCATTTAAAGCATAATCA
AACATCTAGATTCGAATCGATAAAAAGCAGATAGAAGTTATTAAGATTATAGGTTACATTCTAG
AGTAGTATAGGAAGGTA

According to a further preferred embodiment of the present
invention the variant of SEQ ID No.l 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.

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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The yeast cell according to the invention, comprising an
orthologous FMD and/or MOX promoter, is suitable in particular
for overexpression of homologous or heterologous polypeptides.
Because of the excellent properties, it is 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.

According to a preferred embodiment of the present inven-—
tion, during cultivation, the expression of the heterologous
polypeptide is induced under derepressing conditions or its ex-
pression rate is increased.

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., sorbi-
tol). The repressing C source can achieve its properties through
direct repression or through repressing properties of metabo-
lites of the C source. The feed rate with repressing C sources
can approach zero in the extreme case. Additional induction ef-
fects due to other compounds such as fatty acids, formaldehyde
or formic acid are also possible.

To increase protein yield during cultivation and/or during
its expression, methanol is preferably added during the cultur-
ing under derepressing conditions.

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 Facto-
ries 11 (2012):22).

The present invention will be defined in greater detail on
the basis of the following figures and examples but without be-
ing limited to them.

Fig. 1 shows the fluorescence intensities of a green fluo-
rescent reporter protein (an improved variant of the green fluo-
rescent protein (GFP)) in culturing yeast cells of the Komaga-
taella genus in which a nucleic acid coding for the green fluo-
rescent protein is operbly linked to orthologous and endogenous
promoters. The orthologous promoters (and endogenous promoters

from P. pastoris as reference) were operably linked to the GFP
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reporter gene and transformed as vectors in P. pastoris. The
strains were cultured for 60 hours on minimal medium (BMD1l) 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 induc-
tion. The fluorescence measurements were normalized with respect
to the 0D 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 0D600 (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 is
also capable of upregulating the expression of other reporter
proteins such as horseradish per oxidase (HRP) (Fig. 3A), lipase
B from Candida antarctica (CalB) (Fig. 3B) and a hydroxynitrile
lyase from manihot esculenta (MeHNL) (Fig. 3C). The strains were
cultured in DWPs in minimal medium to the point of glucose de-
pletion after 60 h and then additionally induced with methanol.
HRP and CalB enzyme activities were measured in the culture su-
pernatant. 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 pro-
moter (P_FMD) and the AOX1 promoter (P_A0OX1l) 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 0OD600 were measured under glucose dere-
pressed (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 vari-

ants.
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EXAMPLES:
Example 1:
Materials and methods

Cloning the promoters

The orthologous promoters were amplified by means of PCR and
cloned before a GFP reporter gene. To do so, the reporter plas-—
mid pPpT4mutZeoMlyI-intARG4-eGFP-BmrIstuffer (T. Vogl et al. ACS
Synth Biol. 2015, DOI: 10.1021/acssynbio.5b00199; published on
22 November 2015).

This plasmid is based on the pPpT4 vector, which was de-
scribed by L. N&dtsaari et al. (PLoS One 7 (2012): e39720). The
promoters were cloned seamlessly (i.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) : 2697-704), Pm MOD1l and MOD2 promoters (C.K. Raymond et
al. Yeast 14 (1998):11-23; T. 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 pro-—

moters
Name Sequence SEQ ID No.
HpFMDfwd |AATGTATCTAAACGCAAACTCCGAGCTG 3
HpFMDrev GATTTGATTGATGAAGGCAGAGAGCGCAAG 4
HpMOXfwd | TCGACGCGGAGAACGATCTCCTCGAGCT 5
TTTGTTTTTGTACTTITAGATTGATGTCACCACCGTGCACTGG 6
HpMOXrev
CAG
PmMOD1 fwd |CGAGATGGTACATACTTAAAAGCTGCCATATTGAG 7
TTTGAGAAATTAATAGTAAGATTTTTTTTTCGTAAAAGTTTT 38
PmMODlrev
GATTGAGTTAATTC
PmMOD2 fwd | GGATCCACTACAGTTTACCAATTGATTACGCCAATAG 9
TTTGAATTTTAGTTTTAGATAGATAAATATAATTTTCAATCC 10
PmMOD2rev

TGTTATAAAATAGTATAT
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GGAGTATACGTAAATATATAATTATATATAATCATATATATG 11
CbAOD1 fwd

AATACAATGAAAG

TATTGAAAAATAATTTTGTTTTTTTTTTTTTGTTTTTTTAAA 12
CbAODlrev

AGTTCGTTAAAATTCG
CbFLD1fwd |GGATCCCTTCAACAGCGGAGTCTCAAAC 13

TTTTGTGGAATAAAAAATAGATAAATATGATTTAGTGTAGTT 14
CbFLDlrev

GATTCAATCAATTGAC

Genomic DNA of the strains Hp (Hansenula polymorpha) DSM
70277, Cb (Candida boidinii) DSM 70026 and Pm (Pichia methanol-
ica) DSM 2147 were 1isolated and used as templates for the PCR
reactions. The PCR products were cloned by TA cloning in the
vector pPpT4mutZeoMlyI-intARG4-eGFP-BmrIstuffer (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.

The alternative reporter vectors, containing HRP (isocenzyme
A2A; L. N&aidtsaari 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 NotI) 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 amplifi-
cations.

Table B: Primers for cloning promoters upstream from various

reporter genes

Primer Sequence SEQ ID No.

cttgcgctctctgcecttcatcaatcaaatcatg 15
pHpFMD-MFalpha-Gib |agattcccatctattttcaccgectgtce

caaatggcattctgacatcctcttgagcggec 16
AOX1TT-NotI-CalB 99 d gageggeey
cttatggggtcacgataccggaacaag

caaatggcattctgacatcctecttgagcggcecce 17
AOX1TT-Not I-HRPA2A 99 J gageggecy
cttaggatccgttaactttcttgcaatcaagtce

seg-pHpHMD- 18
149..126fwd actggtgtccgccaataagaggag

pPHpFMD-MeHNL cttgcgctctctgcecttcatcaatcaaatcatg 19
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gttactgctcacttcgtcttgattcac

caaatggcattctgacatcctcttgagcggccg 20
AOX1TT-NotI-MeHNL

cttaagcgtaagcgtcggcaacttectyg

. cacttgctctagtcaagacttacaattaaaatg 21
PCAT1-MeHNL-Gib

gttactgctcacttcgtcttgattcac

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; pub-
lished on 22 November 2015). The MeHNL sequence was optimized
for the P. pastoris codon and designed as a synthetic double-
stranded DNA fragment with overhangs to the AOX1l promoter and
terminator (see Table B). This fragment was used as a template

for PCRs. The following sequence was used:

cgacaacttgagaagatcaaaaaacaactaattattgaaagaattccgaaacgATGGTTACTGC
TCACTTCGTCTTGATTCACACTATCTGTCATGGTGCTTGGATCTGGCACAAGTTGAAGCCAGCA
TTGGAGAGAGCTGGACATAAGGTTACCGCTCTTGATATGGCTGCATCTGGTATTGATCCTCGTC
AAATCGAACAAATCAATTCATTCGACGAGTACTCAGAGCCACTGCTGACCTTCTTGGAAAAGTT
GCCTCAAGGTGAAAAGGTGATCATCGTTGGTGAATCCTGTGCTGGATTGAACATTGCCATTGCA
GCTGATAGATATGTCGATAAGATCGCTGCTGGTGTCTTCCACAACTCTCTGTTACCAGATACTG
TTCACTCTCCATCTTACACTGTCGAGAAGTTGTTAGAATCATTCCCAGATTGGAGAGATACTGA
ATACTTTACTTTCACTAACATCACTGGAGAGACTATCACCACCATGAAACTTGGATTCGTTTTG
TTGAGAGAAAACCTTTTCACCAAGTGTACTGATGGTGAATACGAATTGGCCAAGATGGTTATGA
GAAAGGGTTCTTTGTTTCAGAATGTTCTTGCACAAAGACCAAAGTTCACCGAAAAGGGTTACGG
TTCTATCAAGAAGGTCTACATCTGGACTGATCAGGACAAGATCTTCCTGCCAGACTTCCAAAGA
TGGCAAATCGCAAACTACAAACCAGATAAGGTCTACCAAGTCCAAGGTGGTGATCACAAGTTAC
AATTGACCAAGACCGAAGAGGTCGCTCACATCTTGCAGGAAGTTGCCGACGCTTACGCTTAAgC
ggccgctcaagaggatgtcagaatgccatttgectg (SEQ ID No. 22)

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 NotI, which are cleavage sites typically used for cloning in
the pPpT4 vector family, are underlined.

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
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the vectors were sequenced by using primers that bind to the
AOX1 terminator and the respective promoters (segq-pHpHMD-
149..126fwd for the HpFMD promoter).

Strains, materials, fluorescence measurements and enzyme as-—

says

Enzymatic HRP and CalB activity were determined with the
substrates 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic ac-—
id)diammonium salt (ABTS) and p-nitrophenyl butyrate (p-NPB) ac-
cording to protocols 1in Krainer FW (Microb Cell Fact 11
(2012) :22) .

For the transformations of all promoter comparisons with
GFP, the CBS7435 wild type strain was used. HRP and CalB plas-—
mids were transformed into the mutS strain (L. N&adtsaari et al.
(PLoS One (2012); 7:e39720) because it has a higher protein ex-
pression (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 Biotech-
nol J10 (2014):58-62) (final mandelonitrile concentration 15mM) .

Results

Six heterologous promoters of HpFMD, HpMOX, CbFLD1, CbAODI1,
PmMOD1 and PmMOD2 genes were tested in P. pastoris. The promot-—
ers were compared with the methanol-inducible AOX1l 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 vec-
tors with GFP as reporter gene. The following promoter sequences
were used:

HpFMD (SEQ ID No. 1):

AATGTATCTAAACGCAAACTCCGAGCTGGAAAAATGTTACCGGCGATGCGCGGACAATTTAGAG
GCGGCGATCAAGAAACACCTGCTGGGCGAGCAGTCTGGAGCACAGTICTTCGATGGGCCCGAGAT
CCCACCGCGTTICCTGGGTACCGGGACGTGAGGCAGCGCGACATCCATCAAATATACCAGGCGLCC
AACCGAGTICTCTCGGAAAACAGCTITCTGGATATCTTCCGCTGGCGGCGCAACGACGAATAATAG
TCCCTGGAGGTGACGGAATATATATGTIGTGGAGGGTAAATCTGACAGGGTGTAGCAAAGGTAAT
ATTTTCCTAAAACATGCAATCGGCTGCCCCGCAACGGGAAAAAGAATGACTTTIGGCACTICTTCA
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CCAGAGTGGGGTGTCCCGCTCGTGTGTGCAAATAGGCTCCCACTGGTCACCCCGGATTTTGCAG
AAARAACAGCAAGTTCCGGGGTGTCTCACTGGTGTCCGCCAATAAGAGGAGCCGGCAGGCACGGA
GTCTACATCAAGCTGTCTCCGATACACTCGACTACCATCCGGGTCTCTCAGAGAGGGGAATGGC
ACTATAAATACCGCCTCCTTGCGCTCTCTGCCTTCATCAATCAAATC

HpMOX (SEQ ID No. 2):

CGACGCGGAGAACGATCTCCTICGAGCTGCTCGCGGATCAGCTTGTGGCCCGGTAATGGAACCAG
GCCGACGGCACGCTCCTTGCGGACCACGGTGGCTGGCGAGCCCAGTTTGTGAACGAGGTCGTTT
AGAACGTCCTGCGCAAAGTCCAGTGTCAGATGAATGTCCTCCTICGGACCAATTCAGCATGTTCT
CGAGCAGCCATCTGTICTTTGGAGTAGAAGCGTAATCTCTGCTCCTCGTTACTGTACCGGAAGAG
GTAGTTTGCCTICGCCGCCCATAATGAACAGGTTCTICTITTCTIGGTGGCCTGTGAGCAGCGGGGAC
GTCTGGACGGCGTCGATGAGGCCCTTGAGGCGCTCGTAGTACTTGTITCGCGTCGCTIGTAGCCGG
CCGCGGTGACGATACCCACATAGAGGTCCTITGGCCATTAGTTTGATGAGGTGGGGCAGGATGGG
CGACTCGGCATCGAAATTTTITIGCCGTICGTCGTACAGTGTGATGTCACCATCGAATGTAATGAGC
TGCAGCTTGCGATCTCGGATGGTTTTGGAATGGAAGAACCGCGACATCTCCAACAGCTIGGGCCG
TGTTGAGAATGAGCCGGACGTCGTTGAACGAGGGGGCCACAAGCCGGCGTTTGCTGATGGCGCG
GCGCTCGTCCTCGATGTAGAAGGCCTTTTCCAGAGGCAGTCTCGTGAAGAAGCTGCCAACGCTC
GGAACCAGCTGCACGAGCCGAGACAATTCGGGGGTGCCGGCTTTGGTCATTTCAATGTTGTICGT
CGATGAGGAGTTCGAGGTCGTGGAAGATTTCCGCGTAGCGGCGTTTTGCCTCAGAGTTTACCAT
GAGGTCGTCCACTGCAGAGATGCCGTTGCTCTTCACCGCGTACAGGACGAACGGCGTGGCCAGC
AGGCCCTTGATCCATTCTATGAGGCCATCTCGACGGTGTTCCTTGAGTGCGTACTCCACTCTGT
AGCGACTGGACATCTCGAGACTGGGCTTGCTGTGCTGGATGCACCAATTAATTGTTGCCGCATG
CATCCTTGCACCGCAAGTTTTTAAAACCCACTCGCTTTAGCCGTCGCGTAAAACTTGTGAATCT
GGCAACTGAGGGGGTTCTGCAGCCGCAACCGAACTTTTCGCTTCGAGGACGCAGCTGGATGGTG
TCATGTGAGGCTCTGTTTGCTGGCGTAGCCTACAACGTGACCTTGCCTAACCGGACGGCGCTAC
CCACTGCTGTCTGTGCCTGCTACCAGAAAATCACCAGAGCAGCAGAGGGCCGATGTGGCAACTG
GTGGGGTGTCGGACAGGCTGTTTCTCCACAGTGCAAATGCGGGTGAACCGGCCAGAAAGTAAAT
TCTTATGCTACCGTGCAGTGACTCCGACATCCCCAGTTTTTGCCCTACTTGATCACAGATGGGG
TCAGCGCTGCCGCTAAGTGTACCCAACCGTCCCCACACGGTCCATCTATAAATACTGCTGCCAG
TGCACGGTGGTGACATCAATCTAAAGTACAAAAACAAA

CbFLD1 (SEQ ID No. 23):

GGATCCCTTCAACAGCGGAGTCTCAAGCAGTGGCTATTATCAGTGTATTTAATTACTGATGCAT
TGTATTATAGTGCATACATAGTTAATAATTACTCTICIGTTATCATTGAAAATTTTGAAATTCTC
ACTCTCACGCAGTGCAAAACTTTGCCTAATTGAGTAAGTGGAACGCAATATTTAGGCTACATAT
TTTGGATTCCCTITAAGTATGTAATCAAAGATCATTCATACTGCCATCTITATAATATTGGAGTAT
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TATTATGTTGCTATACTGTTCTACCTGTTTATTCTATTGTATGCGTCTAAATCTTTCCATCAGT
TTCTATACTATCTTITCGTTTGCAATGAAATATTACTCCAATTCGCTTGTTTCAACTCGCTTGCC
TTCTCTCTTGCCTTICTTTTTTTCTTTTCATTTTATCGTTGTTTAAACGGTATATAAATATGTAA
CGTTGICGCTTAGTTTTGAGAAATCACTTTTGTTGCTCTCAATTCTGTTTTGACATCTTAAGGT
TAGTCAATTGATTGAATCAACTACACTAAATCATATTTATCTATTTTTTATTCCACAAAA

CbAOD1 (SEQ ID No. 24):

GGAGTATACGTAAATATATAATTATATATAATCATATATATGAATACAATGCAATGAAAGTGAA
TATGATAAGATTGAAATAATAACAAACAGCGATAAATATATCTCAAAATGGAGTTACACAACAA
ATAATAATAAAATATAAATTATAAATTATAAATTATAAAAGAATAAAAAATAAACCCCACTAAT
TTATTTTATTAAAAGATAGATTGGTATCTTTACTTAATAACAATTICTGAAACTTTATTCACTTA
ATTTTATTTAACTTATTTAATTTATTTTTACCCCAGTTTTITCAGTACAATGCAGCTCCGAAACT
TTATTTGGCTGTIGATTTGGCTGTGATTTGGCTGTGATTTGGCTTGGCTTGGCTGGCTGGAATTG
TCTCCTIGCAGGAATTGCTCGGGGTCCGGTTCTICCCGCTGGCTGGCTATTTGGCGGGCTGGCTAT
TTGGCGGGCTGGCTGGCTGGCTIGCTCTIGCCATCTGCTGTGGCCACCCCGCATCTCTGGATGCAC
GCCGTGCAGCTIGGACGTGCGTICTACCCTGCAGCCGTIGTGCCTTATTITCCCAATCTCCCAATCTC
TCAATCTGCCAGTCAGCCAAAACACCGGCCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGTGAA
GCCTTCCCACGCCCCACTCCGCATAAACATCCCCAGCAGTTTCCCCAGCAGTTTCCCCAGCTTT
TCAATTTAATAARAATAGCCTGTTITCIGTTTCTGTITTTATATTATACAATTTTTITATCCTAATAA
TTACTCTTTCGGGAATTAAATAATAATTATATCATATACCCATATCACATTITTACTATATTTAC
TATCTATAAATAAATTCATATTATAATATTAATTTATATTCGCTTAATTAAAATGCTCTTTTCC
ATCATCATCATCATCATCATCATCACGAGTTTTCGGTTATCAATACTCTTTTCATTAATTTCTA
GAATTTCATTATTTATTITTITTATTGACTGGAAATTTTCAATCAATTTTATTTATTTTTATTTAT
TTATTTTCATATTCTTAGATTTAAACTTTTTAGATGACCGCTATTTTACTTACTTACTTACTGT
TGTTTTATATTATGATAAGAATTAATTTTCATATTTATGATGATGATGATGTAAATTTAACCTA
GTATACTATTTTAAAGTTATCACTATCTTTTAGTGCTGGCATTTTTTATTCTATTTTCATATAT
GTATATACGTAAATTAAGTATCATCACGCTGCTTACTGTACGTTTAAAATGTGGAGATGGAAAT
AGAGATGGGGATGAAGATGAAGATGATGAGAATTATAAACCATTCATTCATTAATCAATCAATA
TAACTTATAAAAAAATTTATATTTAAATGAATTAATTTCCTTTATTTTAATAATATCGTTAATT
CTTTTAAATTCTATTTTATTTTAATTCTITTICTTTATCATAGTTATCATATAACAATTATATAAC
ATAGATACACAATTATTATTTICATTATCATATTATTTTTTAAAATATTGATTATTTTTAAAATA
ATATCTTAATTAATTAATTTTITACGAATATACAAATTTTAACGACTTACTTITTITTTAACGAATT
TTAACGAACTTTTAAAAAAACAAAAAAAAAAAAACAAAATTATTTTTCAATA

PmMOD1 (SEQ ID No. 25):
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CGAGATGGTACATACTTAAAAGCTGCCATATTGAGGAACTTCAAAGTTTTATCTGTITTTTAGAA
TTAAAAGACGATTGTTGTAACAAAACGTTGTGCCTACATAAACTCAAATTAATGGAAATAGCCT
GTTTTGAAAAATACACCTTICTTAAGTACTGACAAAGTTTTGTTAAATGACTATCGAACAAGCCA
TGAAATAGCACATTTCTGCCAGTCACTTTTAACACTTTCCTGCTTGCTGGTTGACTCTCCTCAT
ACAAACACCCAAAAGGGAAACTTTCAGTGTGGGGACACTTGACATCTCACATGCACCCCAGATT
AATTTCCCCAGACGATGCGGAGACAAGACAAAACAACCCTTTGTCCTGCTCTTITTCTTTCTCAC
ACCGCGTGGGTGTGTGCGCAGGCAGGCAGGCAGGCAGCGGGCTGCCTGCCATCTICTAATCGCTG
CTCCTCCCCCCTGGCTTCAAATAACAGCCTGCTGCTATCTGTGACCAGATTGGGACACCCCCCT
CCCCTCCGAATGATCCATCACCTTTTIGTCGTACTCCGACAATGATCCTTCCCTGTCATCTICTG
GCAATCAGCTCCTTICAATAATTAAATCAAATAAGCATAAATAGTAAAATCGCATACAAACGTCA
TGAAAAGTTTTATCTCTATGGCCAACGGATAGTCTATCTGCTTAATTCCATCCACTTTGGGAAC
CGTTCICTCTTITACCCCAGATTCTCAAAGCTAATATCTGCCCCTIGTCTATTGTCCTTTCTICCG
TGTACAAGCGGAGCTTTTGCCTCCCATCCTCTTGCTITGTTTCGGTTATTTTTITTITCTITTTGA
AACTCTTIGGTCAAATCAAATCAAACAAAACCAAACCTTCTATICCATCAGATCAACCTTGTTICA
ACATTCTATAAATCGATATAAATATAACCTTATCCCTICCCTTGTTITTITACCAATTAATCAATC
TTCAAATTTCAAATATTTTCTACTTGCTTTATTACTCAGTATTAACATTTGTTTAAACCAACTA
TAACTTTTAACTIGGCTTTAGAAGTTTITATTTAACATCAGTITTCAATTTACATCTTTIATTITATTA
ACGAAATCTTTACGAATTAACTCAATCAAAACTTTTACGAAAAAAAAATCTTACTATTAATTTC
TCAAA

PmMOD2 (SEQ ID No. 26):

GGATCCACTACAGTTTACCAATTGATTACGCCAATGTGTTTATTTCACCAAGTAATTACAAAAC
TGAGATTTGGTTATGTCATTATGTATTTTCGGCAATGGCTGTAATTTAAACTGGATTAGGGTTA
ATTAACGTTTAGCCTACGAAAGCGGCTAGCTTTTATTTCTIGCTTTTGTTTTGAGCCCGTTTCTA
ATTCCAATCTTTGCAATTTCGTTCCATCTTTTAAAATTAAGTGCTCTTTTCTAATCTGATARAAG
ATAAGCCATCGTAGAGTAAGTAAAACAAAATAATGTACTGTATATTAAGCGGAAAAACTTGGAA
AAGTCGTATGATGTTGAAGGAGCAAAGAATGACTAATATTAGGAGATTTAAGCAAACAATGTTG
AGGGGAACAGGACGATTAACCCCTITATAGAGGAAGCGTCTITTGATGTTCGAAGGGGGAGGGGTC
AAAAGCACTGAGCAGTGCTAATTAGTAACCAATTTICTGTAAGCAATGAAACTTGTTGCTATTGG
AAATACTATTAAGTAATACAAGGTACAGACTAATGGGGGTGAGCCGGTAGTTCAGGCTATCTTA
TAGACAGACTATTCCGGATTGTCTAATCATTGGTGCACCTGGTTAATAATTATCAGTCAACTICT
TTTACGGTGCTGATAGGTCTTTGCGAACTTGCCCTTGTGGAATTTGGTTGTTAATCAAACTGTT
CTIGTATTTCATGTCATACTACTATTIGATATTATTAATGTTACTTACTCATCTGGCCATTTAACA
GGTTTGAAGCTTTAATGCTCTTAACTAACAGCAATCCATCACCGTCAACCTTAACCCCCCTIGGT
GCTTGCTGTICTTTATCCTTICGTATCTTTITTCATGTTGCACCGCCCTGTTCCTTATACGGTTIGTT
CCCCCATAGGCTAACTTICTICTGTTTICCGACCATCTCTGCAATAACAAAGAATTCTATACGCTTA
CACTATAATCATACAATGACTCTACATGCCATTITTCACTITTACTTACTTGCCATCGGAAGATAC
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TGAATCAGAAAGCCATAGTAACTACATAACTTCAAAACACACCCTTTTTACAGATTAGTTACAA
TTTTGTCAATGTTTGTTTGATAACCCAAGGTGGAACGTTTCCAGTTAGACCTGTTTAATCCAAC
TCACTTTACCACCCCAAAACTTTCCTACCGTTAGACAAATACTGGCTAAATCTGACGAAAACAA
CCAATCAACAATTGAATCCACTGGGAGGTATCTCTAATCCACTGACAAACTTTGCTAAAACAAG
AAAAAGTGGGGGCCTCCGTTGCGGAGAAGACGTGCGCAGGCTTAAAAACACAAGAGAACACTTG
GAAGTACCCCAGATTTTTAGCTTCCTACTATTICTGACACCCCCTATTCAAGCACGACGGTGATT
GATTCATTCAATTTITGCTGCTCCAATGATAGGATAAACCCTTTTGGACTTCAATCAGACCTICTG
TCCTCCATAGCAATATAAATACCTTCTAGTTGCCCCACTTCCTCTICTCCTGTACTGCCCCAATG
AGTGACTTATTCAAGTTACTTITCICTCTTTTCCTAACAATTAAACAAGAAGCTTITATTATAACA
TTAATATACTATTTTATAACAGGATTGAAATTATATTTATCTATCTAAAACTAAAATTCAAA

P. pastoris transformants containing plasmids with CbAOD1,
PmMOD1 and PmMOD2 promoters did not have any reporter protein
fluorescence (Fig. 1). The CbFLDl promoter exhibited repression
on glucose and weak induction by methanol by approximately 10%
of the PpAOX1l promoter. Both tested H. polymorpha promoters sur-—
prisingly retained their natural regulation profile from H. pol-
ymorpha and also in Pichia pastoris repression, derepression and
methanol induction (Figs. 1 and 2). The HpFMD promoter surpris-—
ingly exceeded the constitutional PpGAP promoter under dere-—
pressed conditions and also achieved approximately 75% of the
methanol-induced PpAOX1l promoter, even without feeding with ad-
ditional 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 induction, the
HpFMD promoter exceeded the PpAOX1l promoter by a factor of ap-
proximately 2. These results on a small scale (Fig. 1) have been
confirmed by experiments 1in shaking flasks (Fig. 2), wherein
glucose measurements also show clearly the derepressed regula-
tion profile. A further increase in the technical advantages of
the HpFMD promoter can be achieved by an optimized feeding rate
in the bioreactor.

To investigate whether the unexpectedly strong expression of
the HpPFMD 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 horse-

radish peroxidase (HRP) and Candida antarctica lipase B (CalB)
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and the intracellular hydroxynitrile lyase from manihot esculen-
ta (cassava, MeHNL) (Figs. 3A to 3C).

With respect to the final yields of active protein in the
culture supernatant in the shaking flask experiment, the dere-
pressed 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 promot-
er. Methanol-induced enzyme activities of the HpFMD promoter ex-
ceeded the AOX1 promoter activity by a factor of 2.5.

The strong expression the HpFMD promoter could also be ob-
served 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.

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 sim-—
ilarities (BLASTN 2.2.32+, Blast 2 sequences, setting for “some-
what similar sequences (blastn)”; molecule type: nucleic acid).

Such low sequence identity is a desirable property of pro-
moters 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.

Orthologous promoters may surprisingly be highly wuseful
tools for protein expression, as demonstrated by the higher ac-
tivities by a factor of as much as 2.5 due to the HpFMD promot-—
er. Unexpectedly, the HpFMD promoter also retained its dere-—
pressed regulation profile from H. polymorpha in P. pastoris and
thus constitutes the strongest derepressed promoter in P. pas-
toris. Therefore, efficient production processes free of toxic
and highly inflammatory methanol can be made possible.

Example 2: FMD promoter variants

1. Cloning of promoters
The pPpT4mutZeoMlyI-intArg4-EGFP-P_FMD, containing the FMD
promoter having SEQ ID No. 1 served as template for PCR amplifi-
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cation of the promoter variants v0l to v22. Primers were de-
signed in a way to introduce point mutations, insertions or dif-
ferent core promoters to the FMD promoter sequence. The promoter
variants were amplified in two parts and then assembled with the
backbone of the pPpT4mutZeoMlyI-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 syn-
thethic DNA. In this case the two DNA fragments were assembled
with the backbone of the pPpT4mutZeoMlyI-intArg4-eGFP-P_FMD vec-—
tor, which had been previously cut with the restriction endonu-
clease Nhel. For the assembly of the DNA fragments with the vec-
tor backbone assembly cloning based on sequence homology was
used, resulting in a seamless transition from promoter to the
reporter gene eGEFP.

2. P. pastoris transformations and screening

For transformations of the vectors harboring the different
promoter variants v0l 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 KU70 gene, which en-
codes 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 facili-
tates targeting of the vectors into a defined locus, in this
case the ARG4 locus to avoid unexpected effects by different in-
tegration loci in the genome. The second knocked out gene is the
AOX1 gene (mutS/Bgll strain). By using this knock out strain
higher yields of heterologous expressed proteins under the con-
trol of a methanol inducible promoter can be achieved (Krainer
FW et al. Microb. Cell Fact. 11(2012)p. 22).

P. pastoris Bgll AKU70 was transformed with BglII linearized
plasmids according to the condensed protocol of Lin-Cereghino et
al. (Biotechniques 38(2005):44-48). 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 pg of a linearized
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pPpT4_S vector typically only yields single copy transformants

(Vogl T et al.

ACS Synth. Biol.

3(2014):188-191) .

For 9 constructs 42 transformants were screened to show the

uniformity of the expression landscapes.

all of those tested constructs proved to be uniform,

Since the landscape for

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
well DWPs and cultivated for 48 h. Then BMMZ2 (250 pl) was added

to induce the cells for the first the time.
duced another 3 times with BMM10 (50 pl) after 60,
hours of cultivation in the DWP.
after 48, 72 and 96 hours.

(250 pl) into 96

The cells were in-
72 and 84
Samples were taken and measured

Samples were taken as followed: 10 nl

cell culture was mixed with 190 pl of deionized water in micro

titer plates

Polymer Base,

Black;

Thermo Fisher Scientific).

(Nunc MicroWell 96-Well Optical-Bottom Plates with
eGFP fluores-—

cence 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 evalu-

ation the resulting relative fluorescence units

normalized to the 0D60O0.

Table C:

promoter variants

(RFU) me were

Primers and synthetic DNA for generation of FMD

Name Sequence SEQ ID No.
intARG_fwd GCCAATTCTCAATTTGCTAGAGACTCTG 60
P_FMD-v01_fwd agaggcggcglhatcaagaaacacc 61
P_FMD-v01l_rev ggtgtttcttgatTcgccgcectcect 62
P_FMD-v02_fwd ctgccccgcGacgggaaaaagaatg 63
P_FMD-v02_rev cattctttttcecegtCgcggggcag 64
P_FMD-v03_fwd ggattttgcagaaaaaTagcaagttccggg 65
P_FMD-v03_rev cccggaacttgctAtttttctgcaaaatcc 66
P_FMD-v04_fwd gtctctcagagGggggaatggce 67
P_FMD-v04_rev gccattccccecCctctgagagac 68
P_FMD-v05_fwd cactcgactaccaGeccgggtctctce 69
P_FMD-v05_rev gagagacccggCtggtagtcgagtyg 70
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CACTCGACTACCATCCGGGTCTCTCCGAGAGGG 71
P_FMD-06_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCACAGAGGG | 72
P_FMD-07_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGCGAGGG 73
P_FMD-08_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGACAGGG 74
P_FMD-09_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGCGGG | 75
P_FMD-10_fwd

GAATGGCACTATAARATAC

CACTCGACTACCATCCGGGTCTCTCAGAGACGG 76
P_FMD-11_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGCG 77
P_FMD-12_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGC | 78
P_FMD-13_fwd

GAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG 79
P_FMD-14_fwd

CAATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG | 80
P_FMD-15_fwd

GCATGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG | 81
P_FMD-16_fwd

GACTGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG 82
P_FMD-17_fwd

GAACGGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG | 83
P_FMD-18_fwd

GAATCGCACTATAAATAC

CACTCGACTACCATCCGGGTCTCTCAGAGAGGG | 84
P_FMD-19_ fwd

GAATGCCACTATAAATAC
P_FMD_rev GAGAGACCCGGATGGTAGTCG 85

ctcatactcaaactatattaaaactacaacaAT 86
P _FMD-v20_fwd

GGCTAGCAAAGGAGAAGAACTTTTCAC

tgttgtagttttaatatagtttgagtatgagat 87
P_FMD-v20_rev ggaactcagaacgaaggaattatcaccagttta

tatagtgccattcccctctctgag

gactcacccataaacaaataatcaataaatATG 88
P_FMD-v21_fwd

GCTAGCAAAGGAGAAGAACTTTTCAC

atttattgattatttgtttatgggtgagtctag 89

P_FMD-v21_rev

aaaaggacgcactcgtcttgtatttatagtgcc
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attccccTctcectgag

acttgtcctctattccttcatcaatcacatcAT 90
GGCTAGCAAAGGAGAAGAACTTTTCAC

P_FMD-v22_fwd

gatgtgattgatgaaggaatagaggacaagtag 91
P_FMD-v22_rev
gcagtatttatagtgccattccccTctctgag

atcaagctgtctccgatacactcgactaccatc 92
cgggtctctcagagAggggaatggcacCGATAG
GGCAGAAATATATAAAGTAGGAGGTTGTATACC
AAATATACCAACGCAGTACAAGCAACTCTITGGT
TTAAACGGAAGAAACAATTCTTCGAACATTTAC
AACAAAGAAGGTACCGTAACATTAATAATCGGA
AGGGTATGGCTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

Pcore FMD v23
(synthetic
DNA)

atcaagctgtctccgatacactcgactaccatce 93
cgggtctctcagaghAggggaatggcacGTAATC
TTTCGGTCAATTGTGATCTCTCTTGTAGATATT
TAATAGGACGGCCAAGGTAGAAAAAGATACATA
ACTAGTTAGCAAACTTCAATTGCTTAAGTTACA
AGTGCAATCCATATCTTAAAGTTATTACATTAT
TTATAATGGCTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

Pcore_FMD_v24
(synthetic
DNA)

atcaagctgtctccgatacactcgactaccatc 94
cgggtctctcagagAggggaatggcacCCTCCT
CTAGGTTTATCTATAAAAGCTGAAGTCGTTAGA
ATTTTTCATTTAAAGCATAATCAAACATCTAGA
TTCGAATCGATAAAAAGCAGATAGAAGTTATTA
AGATTATAGGTTACATTCTAGAGTAGTATAGGA
AGGTAATGGCTAGCAAAGGAGAAGAACTTTTCA
CTGGAGTTGTCCCAATTCT

Pcore FMD v25
(synthetic
DNA)

3. Results

The results of the reporter protein fluorescence of the
HpFMD promoter (P_FMD) and the AOX1 promoter (P_AOX1l) wild type
sequence promoters tested are shown in Fig. 4.

a) FMD promoter variants - point mutations and single nucle-

otide insertion
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ants

tions.
protein were measured and these values were
0D600. These RFU/0D600 values were normalized to the RFU/0D600
value of the parental HpFMD promoter variant
sequence resulting in relative promoter activities.

were cultivated in DWPs cultivation on BMD1 media

Table D:

Relative promoter activities of

- 37

containing point mutations

Relative fluorescence values

and

single

(RFU) of

PCT/EP2016/082398

all promoter vari-

nucleotide

inser-—

the eGFP reporter

normalized to the

(wt

SEQ ID No. 1)

The strains

(24 and48 h)

and subsequently induced with methanol (72 and 96 h).
72 h 96 h
24 h 48 h
induced with induced with
derepressed derepressed
methanol methanol
1,0 = 0,62 =+ 0,56 + 0,56 =+
wt v13 v09 v09
0,53 0,058 0,031 0,031
1,0 + 0,63 =+ 0,56 + 0,56 =+
v12 vl12 v14d v14
0,51 0,071 0,073 0,073
1,1 + 0,67 =+ 0,57 % 0,57 %
v13 v1d v12 v1l2
0,58 0,088 0,028 0,028
1,2 =+ 0,70 =+ 0,58 =+ 0,58 =+
v09 v1ll v1ll v1ll
0,47 0,062 0,028 0,028
1,3 + 0,69 =+ 0,59 + 0,59 =+
v1l4 v09 v13 v13
0,52 0,088 0,029 0,029
1,3 + 0,75 =+ 0,69 + 0,69 =+
vl1l v15 v15 v15
0,37 0,062 0,051 0,051
1,3 =+ 0,83 =+ 0,74 =+ 0,74 =+
v04 v04 v04 v04
0,49 0,083 0,036 0,036
1,3 + 0,87 = 0,77 = 0,77 =
v19 v08 v06 v06
0,48 0,047 0,049 0,049
1,3 =+ 0,81 =+ 0,83 =+ 0,83 =+
v16 v07 v07 v07
0,41 0,071 0,076 0,076
1,4 + 0,91 =+ 0,83 =+ 0,83 =
v15 v16 v08 v08
0,14 0,082 0,056 0,056
1,4 + 0,94 =+ 0,88 =+ 0,88 =
v08 v02 v16 v16
0,46 0,10 0,024 0,024
1,5 + 0,96 =+ 0,9 + 0,9 +
vQ7 v19 v02 v02
0,49 0,053 0,066 0,066
1,5 =« 1,0 * 0,97 = 0,97 =+
v02 wt v19 v19
0,60 0,13 0,079 0,079
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1,5 =+ 1,1 + 0,99 =+ 0,99 =+
v18 v03 v03 v03

0,59 0,11 0,080 0,08

1,7 =% 1,1 =% 1,0 1,0 *
v03 v01l wt wt

0,62 0,12 0,088 0,088

1,7 % 1,1 =% 1,04 1,0 +
v06 v06 v01 v01

0,73 0,069 0,066 0,066

1,8 =+ 1,1 + 1,06 =+ 1,1 +
v17 v18 v17 v17

0,63 0,11 0,056 0,056

1,8 =+ 1,2 + 1,08 =+ 1,1 +
v01l v17 v18 v18

0,66 0,15 0,12 0,12

1,9 + 1,3 + 1,1 =+ 1,1 «
v10 v10 v05 v05

0,65 0,16 0,061 0,061

2,4 + 1,4 =+ 1,2 + 1,2 «
v05 v05 v10 v10

0,64 0,17 0,066 0,066

b) FMD promoter variants - core promoter exchanges

Table E: Relative promoter activities of all promoter vari-
ants containing with an exchanged core promoter. Relative fluo-
rescence values (RFU) of the eGFP reporter protein were measured
and these values were normalized to the 0D600. These RFU/0D600
values were normalized to the RFU/0D600 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 and 48 h) and subsequently
induced with methanol (72 and 96 h).

72 h 96 h
24 h 48 h
induced with induced with
derepressed derepressed
methanol methanol
0,36 0,29 « 0,24 « 0,42 +
v23 0,30 v25 0,067 v25 0,032 v25 0,032
0,53 + 0,42 « 0,41 « 0,58 £
v25 0,31 v24 0,056 v24 0,054 v24 0,022
0,59 « 0,54 « 0,50 0,60 £
v24 0,44 v23 0,070 v23 0,063 v23 0,074
1,0 £ 0,96 0,76 0,92 «
wt 0,44 v22 0,097 v2l 0,074 v2l 0,06
v2l 1,9 = v21 1,0 + v22 0,78 v22 0,99 %
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0,90 0,14 0,089 0,051
2,8 = 1,0 + 1,0+ 1,0 +
v22 0,36 wt 0,098 wt 0,132 wt 0,134
3,7 £ 1,6 =+ 1,4 + 1,5
v20 0,65 v20 0,14 v20 0,173 v20 0,072




